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AN APOLOGY

The substance of this memo is to initiate the na¥ve LISP user
into the intricacies of the system at the Project MAC A.I. Lab. It
is composed, at this time, of a Progress Report on the development of
the LISP system and a few appendices but as such should be nearly
adequate to start out a person who understands the basic ideas of LISP,
and has understood a minimal part of the LISP 1.5 Programmers manual
or a maximal part of Clark Weissman's LISP 1.5 Primer. At some un-
determined time in the future a comprehensive document will be issued,
consisting of an elementary introduction to LISP, a self-primer, the
core of this document, and numerous reference appendices. The com-
prehensive guide will then replace A.I. memos numbers 116A, 152, 157,
the LISP Progress Report, this memo and all informal notes and communica-
tions.

In the meantime, in order to inure the current user to the
shock of an information blackout, and in order to give him a glimmer
of what it is that he doesn't know about, the following list of Appendix
titles if offered:

A: The True Meaning of Top-level Global Variables in MACLISP

B: How to Speak to the LISP Allocator, When Initially
Allocating the Size of Storage Areas

C: Syntax for Use with STATUS and SSTATUS

D: All About TRACE and BREAK

E: The EDIT Feature in LISP

F: Using GRIND and INDEX

G: Setting up Displays on the CRT 340

H: Preparations for Compiling ‘

I: Coding in LAP

J: Moby I/0 Devices usable in LISP; The Vidissector, the Clock,

the Calcomp Plotter, A/D and D/A Converters
K: The PIC-PAC Package for Storing and Using Vidissector Pictures
L: An Annotated Index of Functions, Facilities and Terms

Preliminary versions of some of these appendices are attached to the
back of this memo, along with a very temporary Appendix X which attempts
'~ to update those changes which are missing or at variance with the main
body of this memo or with memo 116A. Except for such variances, memo
116A is still recommended as an annotated index of functions and terms.
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NCOTATION

The foliowing items of notation are observeu in tne writing of
this report:
ITEM The «couble=-quote character (%] is usea as the stantard
meta-linguistic wora or string quoting device. Alas, 1In scveral
instances it is used in the more vulgar sense ol inuicating a
non-standara or 1insecure meaning imputeu to & wora or pinrase,
unfortunately, the coupble-quote character is itself part of tne ASCII
alphabet that makes up the LISP input character set {in category (1)
of the kEAD syntax, see page 25}, and in oruer to avoid amoiguity, tne

examples of s-expressions on the succeeaing pages will not utilize it.

ITem  ®“LISPI1.5PM" 1is an abbreviation for tne LISP 1.5 Programmer’s

danual, published by the M.I.T. Fress. »

ITEM “MACLISP" refers to the PLP/6 implementation of the programming
language LISP in use at the Artificial Intelligence Group éf Project
MAC, |

ITEM Capital letters of the English alphabet are useu as atom
constituents 1in sample s-expressions, and small letters are usea &s
meta-linguistic variables whose ranée must be deduced from contaxt.
Thus "(cVvAL s)" coula Stano for "(EVAL ABC)", or

"(EVAL (CONS £ (LIST Y))J))" ana so on. Sometimes it is clear that tne
range of the variable is restricted to atoms, or to 1lists, bout
occasionally the variable may be a list fragments: e.g., "(LI3T fragl®

could be "(LIST A)", or "“(LIST A 21)", or "(LIST X Y (CAR Z2))".
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ITEW wany sample programs and functions are given in the d-language as
usea in LISF1.5PM, ana in some insténces suggestive names are used 10r
variaoles assumec to be permenantly set to some character object.
This is for emphasis, since no reference to an input «ciAl syntax, Or
to a wuniversal evaluator 1is necessary Ifor interpretation or the
meaning ol the program. S—expressions given as examples can only have
functional meaning, or computational meaning, wnen the means of
application 1s specifiedi that is, they inauce fTunctions when pairea
with a universal evaluator such as EvAL. Since various
implenentations differ in the action of £vAL, the one gescribea in
LISPl.bri will be considereu the common denominators the one employed
oy MACLISP, however, will Dbe the arbiter for interpretation in tnis
report. Some examples are best givenras s-expressions because of the
extenuea role that F-type functions {(FSUBR, FEeXPks pley for &VAL, and
because of the unity of function type within the i=language.

ITEM Normal input mode for MWACLISP is base eignt, and hence all
numbers appearing in this report are to oe understood as represented
in pbase eignt. Exceptionss the following constructions inaicate ovase
ten - page number references, English-cescribed numbers {(as opposed to
numé?al-describeo}, numnbers followed by a decimal=-point, nuwmbers
naving non-octal digits, and the phrase "36=-pit" when referring to
machine cell capacity.

I1Tci There are two print sets acceptea for the ASCII alphavet,
variously callea “ola ASCII" anag "new ASCII". Generally tnis report

&

attenpts to use or simulate the "olu" alphabet of the HModel 335

‘B> teletype, rather than the “new" alphabet of the Moael 37. There are




LISP P.R. 3/25/7¢  iv

only a few characters that are really different, & notable example
peing character number 136 which prints an an up-arrow in the %“ola®
ana as a carat in the "new",

Iiek Includea in the ASCII character set are non-printing charecters
obtaineu oy -aepressing a printing character while holaing down the
control keyj if this is done with "HY, for example, the character 1is

callea control=h &nd is denoted by "IH".

®
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INTRODUCTICN

MACL15P is & descendent of the first operational program evsr
written ror the bigital tquipment Corporation PUP/6 computer. It was
an interpreter and minimal LISP system, written ana gesuccoed 1n the
spring of 1¥64 by the stafl at UEC ana wmenmbers or the Tech ouel
failroad Club = an organization which along with the @.I.T. stuuent
radio station wlBS has supplied a continuing stream of prospective
programmers to the Artificial Intelligence Croup. Ihis‘unlikely feat
was accomplishec with the aic of a well-equipped PLP/4 Tor editing,
assembling and punching the program on paper tape. At about that time
a working PuUFP/6 was celiverea to Project MAC, ana the LISP progfam was -
an aid in tésting the new machine. |

~laeas from several other implementations influenced ‘the
initial agesign, notably the CISS version on the IoM 7¢94, and the very
minimal version for the PLP/1. however, the decision to dispense with
the a-list in the implementation, a major'factar in the space econonmy
and running speed of MACLISP, came some time latér., An improved
compiler was written as an aajunct to the system - compilation is done
Hoff-line"*, and the resulting LAP code loaded into the system when
desired. »Although’ the compiler’/s output is boﬁh‘space-efficient and

time-saving, it is the central focus of attention today for improved

schemes such as "fast arithmetic", in the hope that many reasonaovle

computations preogrammed in LISP may run in times comparanble to tneir
FOKTHRAN counterparts.

Indeea, beceuse of the prominence of LISP 1in Artiricial
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intelligence applications, there is no otner higher-level language

systems contrioute to the ease of using bpotn LISP anu wacaine
languages 1kC0, text eaitor witn cisplay scope, for creating ana
servicing paper. tape, magnetic tape, and magnetic cisc 1iles Airo
puncﬁed—caro equipment 1is available’s MIUASi ~& machine language
assemoler witn superb macro-generating featuress Dul, & monitor-like
system very helpful in ceougging {anc extendea in tnevtime-snaring
version to provice other service functions, such as olnary dunping and

loauing’ts ana 119, the Incompatiple Time-sharing System. The original

style of @wACLISF was console oriented - i.e., on-line anu interactive

-~ witn® KREAL 1input and control commands acceptea from an on-line.

teletype. Witn little moulfication, the same structure adapted itself
well to the time-shering framework, namely a job uncer tne IT5 system
controlling one of the many teletype-like consoles availanle as remote
terminals of the PLP/6 {currently tnere are four iocdel 35 teletypes,
four Genéral clectric remote keyboaros with character-scope displays,
one ArLS console, and three telephone data-sets for autoiatic
connaction to other ikodel 35 and #ocel 37 teletypes’. Initgally; when
the Jjob 1is stertec, MACLISP requests and accepts commanas for
allocating its memory usageb- ho& much core is to be used in tbtal,
how amucn of it is to pe useu for full-word space, how much for the
system pusn aown sST&ck, &and so on. From that time on, only a faw
control charactefs have_an immeciate cgmmand_effect; the mein running

of the job is controlled by a "top=-level" function {see page 13}

-



Refinements and Restrictions of the LISP Interpreter

There is no explicit a=list for EVAL. All varieble binuings
occur' as SPECIAL values, and EVAL coes net search an a=-list for
. variable binaings, but searches the p-list . [property list] of the
variabple to be EVALeaq, ’in order te find the aodress of its oP=CIlAL
value cell. On the whole, this implementation 1is consideraply faster
running since atom evaluation is quick and not depenoent on tne length
of the a-list {which increases, of course, with 1ncrea51nc depth of
function calling}. MACLISP, however, cannot ulspense w1th tne binding
)and unbinding of variables,r and a special stack 1is used to hold the
information for unbinding after'lambde conversion (also, for unbindihg
after PROG evaluation). Thus those variapoles whose valees are.chénged
by lambda or prog binding must be restored after the evaluatlon is
completed. The stack of restoration 1nformat10n is called The opec1al
POL {PDL for push down list) anad is a weak equivalent of the_a~1ist in
other systems. By means indicated below, a program may obtain a
pointer  into the‘stack area which will serve as an a-list to give as
an argument to subsequent explicitly called functlons, but whlch will
no longer have meaning if returned as a value of the functlon which
created it. In short, such an a-list will be useful at deeper‘levels
in the computation, but not at higher levels. The problem is, guite
simply, that this weak a-list is bnly a linear stack and does not have
the tree~like structure necessary in general. Needless to say, there
is no need for COMMON variables, since the interpreter has access to

the SPECIAL cells, and there arekno APVALs; nor ;functionS.CSEl or
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CSETAQ. In order to conserve space, a VALUE prOperty~pointihg to the
atom’S‘SPECIAL cell 1is not placed on its b-list until it 15' first
bouhd, either through lambda or prog binding ‘or through Qse‘of SET.
The interpreter admits three conventiéns for baséing‘arguments
to machine language functions {some systems have many more - the Bbolt,
Beranek & Newman LISP has five or eight depending on how one counts).
The name of each defined function carries on {ts p-list an indicator
of which convention is used, paired with the address of the subroutine
code., The three types are called SUER, FSUBR, and LSUBR. The first

two should be familiar enough to persons acquainted with LISP 1.5j the

third may be [loosely) viewed as indicating a function generalizedvﬂ

along the lines of the function LIST - there are a variable numberbof
arguments and EVAL, wheh working on a form FF whose car is an LSUBH,
obtains the arguments by successive evaantion of Cadr[FFJ, caddr[FFJ,
. . . . The arguments are placed on a stack, called the Regular
PDL, anua the number» of arguments is itself also passed along to the
subroutine. One may lagain loosely) view FSUBR’s. as indicating
functions generalized along the lines of the function QUCTE - there is
exactly one argument, and when EVAL is working on a form FF whose car
is an FSUBR; it simply passes alohg‘édr(FF] as argument.. EXPR’s and
FEXPR’s may be viewed simply as SUBR’s and FSUBR’s written in LISP
code rather than machine code. ~As  in other implementations, if the
LAMBDA expression paired with a FEXPR has twd iambdaivariables instead
of the 'expectea one, then*@ybon entry to .thé function the vsécond
variable iSlbounc to a representation of the current‘aFIist, which may

subsajuently oe given as an argument to EVAL or APPLY, Indeed, a=list

e
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manibulations are rare among the users of MACLISP and £VAL and APPLY
always permit the omission of arguments or lémbda‘variables pertaining
to a-lists. Thus one generally writes
(EVAL EXPRESSION)
ratner than
(EVAL EXPRESSION CURRENT=A-LIST)
and similarly one usually defines FEXPR’ s
(LAMBDA (L) (PRINT (CAR L))

In fact, another important‘application of LoUbk’s 1s for SUBH
"~ type routines which have, say, three arguments, the tnira of which is
almost always given some standard‘valueé_thus the subroutine uay be
called with two arguments only, the third being supplied by default;
Yet the third may be supplied explicitly in the calling program whéh
some non-standard value 1is desired. To obtain the L-type argument
convention for an EXPR, no new indicator is wused {(such as one might
expéct LEXPR}, but instead the lambda list is replaced by a non—=iIL.
atom which upon entry is bound to the number of argumentsi and in the
code, the form

(ARG N)
is used to obtain the n’th argument .

The MACLISP interpreter has been ’slightly extended in the
agirection of computea'functions.. The ihdicator MACRO is recognizea by
EVAL as followss when EVALZ/ing FF with car(FF]) being atomic and having
a MACRC brOperty, the function corresponding to the property is
applieu fo Fr yielding FFs, @anu the whole EVAL cycle'begihs anew on

FF’. Functional arguments and computed function descriptions are
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2

-

discovered by EVAL in the following cxrcumstance.

(1) carlFF] is not a lambda, label nor funarg expression,
(2) carlrrl is not an atom w1th some appropriate function
1n01cator on its p-list. :

In such a case, FF is replaced by FF/ = conslevallcariFrll;
cdrirrl]l and again the eval cycle begihs anew on Fr’. Appenqik,b of
LISP1.5Pi shows an implementatidn which woulu allow only ciri’s,
SUbr’s, and lambda, label and funarg expr9551ons to occur in such
circumstances. In fact, most systems have not genefaliZQu aopply to
accept an F-type function as argument. A soméwhat aroitrary choice
has pbeen mace for this generalizatlon in *ACLISP - the second.argument
to APPLY is passed along airectly as tne 51nglt argument to tne r=form
functlon - and although it has some appllcatlons, it has not. been uged

exten51vely ana is Stlll consiaered open to change. , '  L Q;D;,
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cxtenued Interpretation of ramiliar runctions

Conuitiocnal expression structure is ong 01 the wirst Lloe
concepts that cne wants to yeneralize, nalner tren try to eiulate

ALGUL patterns such as  #lp®w, "lpkEn", enu  M"el3z4%, tne Icllowing were

@gaditions mauz to the interpretation of COdL’7s3

(1) All COkl’/s will procuce & vealues iIf the CUOh clauses are
exhausted with none weing selecteu, Toen WIL 1s the velue to
ve returnes

(2) CUnL "pairs% are extenceu to CUNU n=tupless I tos Iirst
nemcer of an n-tuple evalugtes to non~-ull, thoen Che
reicaincer are evaluatea in orcer anad the valuc of the last
one 1s tae return value. Une=tuples are perwissiole, in
whnicn case the one value, if non-ill, is returnzu.

GC  and akbTUan may oe composed to any veptn In the scope ol a

0063 evaluation of either one is very wudch like tne appearance ol  &n

2rror auring ‘an error-set computation. Hewever, 1t shodla os

considereu a nisteke to execute & CU or wETURW which 1s not explicitly
witnin the scope of a PRUGG, Tor suca usage cannot bpe properly
compileu. Similarly, it is not possole to ¥“go™ to a tag oculside tae
immediately Jominating FPHOG. Computea oU’s are permitteas 11 tne
argumznt in a S0 is not explicitly an atom, then it 1s evaluatea and
an attempt is mace to Y“go* to the result. ror example, 1f X 1s bounay

to A, then

will go to tag A, whereas

(U (eval (LU0Te X))

Using tne LoUba convention, wany faailiar functions of  two
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arguments nave pgeen extendea to operate' on a variable numoer cf
arguaents, generally by repeated aplication of the fqnction frou l@ft
to rignt; APPEND, KCCHC, LSSk, UREATiRP,.MAx; Qlﬁ, PLUG, Tlars,
WUOTIL=dT, DlFEﬁAEHCE, WAPLIST, AR, mAPCON,V-AAPCAu, WAPC,y  wAPCAN,
500Lz (see page 16 for explanation of BOOLE). Thé order O arguinents
to the wAP series of functionals is in conflict with that or LISP 1.5
- tne Tirst arg is a. function Gu  of n arguments (n>¢) ana the

remaining n arguments are lists which will ve simultaneously mepped

into the arguments of CG. The lists need not be of equal lengtni the

prbcess stops when the shortest 1is exhausted.  wAPC, &APCAK, and
MAPCAN &re just like MAP, MAPLIST, and #4APCUN respectively except tnat

CAx of each successive sublist is taken as argument to the supplied-

function, ratner than the sublist dirécfly.v

PQOGZ;is implemehted as ah LSUEH with fwo of moré‘ arguments,
and. whose value is the second argument;,evalqation \ of course, still
follows fne'regular order; Every lamobua expression is élso implicitly
‘what in some other systems is callea PROGHN. Applying

(LAMBDA list el eZ . . . en)

will cause the evaluation of ¢l to en, in order, returning the - value
of en as result. |

LAST ané Ml BER have been extended to provide ;liéhtly more

usetul valuess

O
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-

last{1l} = [ nulllll v nulllcar(lll » 1
T % lastlcar{llll]

gemperlxs 1J = [ nullll]) > KIL

equallxs car(lll » 1

T » member [x; Coril]]]'
The new interpretetion of LAST provides a fast way to find tne enu  of
a list reather then the last element of the list. Similarly, 1f wzsibces
is to return a non-HIL value, it will be that tail of the originel
list whereat the aember Was founa. A function ibww 1s implementea
wnich is merely MolbbR using an bu  test rather than an cUWUAL Test as
displayed above. Simila}ly, ASSU 1s AS50C with an cu test (A050C uses
an £JUAL test).

PRINT will print out one full OS-expression {not necessarily
atomicl, anu when printing a literal atom whose PHNAWE contains
characters which are not syntactically legal for reAD’ing back in,
Palil  will print a slash before such 1illegal characters. Tnus the
atom with PNA#E "A.B" will print out as the four characters "A®, MH/#,
oW, upm, READ, in turn, recognizes slash as a special character
that in effect causes the next character to be treated syntactically
‘as an alphabetic character. For example, the string "A/(B//C " wouls
be read in as the literal atom with PNAME “A(E/C"; PrIAC  is a new
function - which will print out one S-expression, without inserting eny
slasnes before kcAD-illegal characters.  PHRINI is lmportant when one
wishes to write S—expressions out on auxilliary memory and reac asn
back in at & later timej PRINC is important wnhen one wants to generate
his own output format, or print a message which is stored as the FuAME

of some atoiia
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The function PRINT is defined as
M IxI1; prog[[j; terprills prini(xl; prinétépace]: refu:n[xlll'

The function TRACE is not built into EVAL, but is encodea in
EXPR form. No part of it is normélly resident in the system, put it
must Dbe read—in frdm an aﬁxilliary‘ file {(in the Time Sharing
‘environment, many such extra packages are stbred‘on & disc pack called
the COMMON devicele. A traced function has the function prdperty on
its p-list temporarily replaced by a standard form EXPR or FEXPR which
handles the traceing work before. actually applying the original
function. The facility has beeh extenced to wofk,with every function
{yes, even PRINT, COND, SETQ, etc.’ éxcept pOSsibly GO0 and RETURN. - A
program  switch exists to inhibit direct linking from Compiled'
functions, so that eveh calls from compiled code may be traced {see
page 21, STATUS). Provision has also been madek fof cohditibnal
tracing {at each <call of the traced function, a prédicateIWill 4be
evaluated to détermine whether or not to trace that call), and for
conditional break-upoh~entfy {a BREAK calls a 'reaa-e§al~pfint loop
similar to the normal top 1evel; but some input, usually $P, is
reservea to signal the/feturn from the BREAK and the contihuation‘»of
computation}.v | » . | |

The garbage cblléctor;‘ sometimés’called ‘thekbrecléimer, of
MACLISP performs a few more. fuhctions than that of more bstandard
implementations. Gn  the simplerAvsiae, an internal4sw;tch (set by
typing D on theljob éonsole or by caiiing,SSTATUS'With an‘appropriate
argumnent -ksee pageVZI} cén cause the garbage colleCtdgité print out,

on each collection, statistics telling why the “collection = was
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initiates ana now mUch space 1s avallaple in  eecn storage wred.
AXrays ana coapllea programs share ULhe binary progred space allovteu by

J

tne aACLloe allocator, anc wnile one seldcm expects Lo exnadst  als

wemory facilities with Toead" Dblnary prograius, Souw aoglicativins
create ana usstroy arrays with alarming rapluliye. ine  garoags

collector uynamically nandles the assignment anu reclameilvii oI spaca
for arrseys {calling the time shering core allocator, waen wll =else
fails, to try to extena tne Jjok’s meuory allotment/. vccasicnally,

the living arrays will pe relocated anu compacililed towarc tne  tep

sna  of orUsv space, Ut &s yet no facility 1s cvellable for Jyndainic

relocation of compiled programs {see chapter on Iuture plans, p&ge
357 Uccasionally, also, tne cavage collector will aeciue fhat Tar

‘zwtoo aucn sPUKSG space  is sitting idle, ana it will attempt to return

soime core memory to the time snaring system, althougn tnis feature nay
be aisenablea with SSTATUS.

Although atomic objects read in by REAL are placec in tne
UbLlsl to protect them from inadvertent collection and 1o insure

icentification of future tokens of the same atom, some applications in

natural language occasicnally get pocgea down witn & bloatew oblist in
wnicn not &ll etons are of continuing utility, and tne LISP programs

themselves are not eble to uecice which atoms shoula pe [ziCb’ea.  1he
concept of & [ruly wortilless Atom is defineud a TwA 1s an atom witn @
tri?ial p=list tonly a PrARKE oropertys ana which 1s part or noyliv;m@
list structure except the UDLLIST. i fewture of tnhe gargage colleclor
will reclaim any ThA, out such festure aay be turned cff or oir uncer

w;urogtra;n control; Lbeceuse nost applications uo not need 1t, it is not
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normally on {see page 21 on SsTATUS}.. Cémpiled Code'uir@btly.uccdssos
the dPiUIAL‘cellsvof'free {or SPbCiﬂL)vvafiables, Gnu NO Provisicii has
veen  made for’relocating such addreSSes When us e in nin&ry program
spacé; thus (his feature,j chosen for 'SPch consideratio&s, is whe
najor urawocack to implementétion of & compaétifying {or free sicrage

relocating) garbage collector, &nd is the 50le reason that an aton

IiA, even though the atom is no longer bounu to any value iseevpugﬁ P
for amore on the VALUE indicatory. |

MACLISP is essentially & machine language_implémentation of
the universal fUncfion EVAL along with sdmev3ihitiél' aFlist ;(f0r
Jenvironmént" ‘since MACLISP has nc the-a4list} and with'many other
subroutines‘ ‘useful for reading, manipulating, 'and‘ writing out
5~expressious., ,Tne system comes tb lifé"through its‘fﬂtop' 1evel"
function; that is, "top level® may,'be‘ viewéu as - the_cénﬁinuous
re-appliéatioﬁ in the top-level environmenﬁ .of some,vfunc§ionf¢f' no
arguments.' Eof systems using EVALJUUTE, tne top-level function is
very much like ‘ |
| ;X[[J{‘pfint{&pply[reaa[i; read[JIJ] |
where rbAl reaas in one $~eXpression_from the current;ihput‘ chennel,
The normél top—levél‘for'MACLISP‘is quivalénﬁ to

X{[J; erréetfpro@é[ferpri[J; printievéi[feaui]JJJ;~TJ]
In the Qeradcular cf programmers, one -could say that EVAL is the

top-level for WMACLISF, rather than cvALGUOTE.
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The oro¢ramner in WACLISP, however, nas tne capacility Lo cnange toe

form given to chrSET for evaluation. ror exanple, 1o oruer to caange

to bvALWUCTEz, one coula replace the rPaloe on the prececuing pase wilti,
5dY,
progZlterprills printlepplylreacll)s reautilll

{see uiscussion o¢f the functions o©lATUS and ColTAlus on page  <li.

fnree global variables, 1l.e. those witn Dbilnalags st toe top level,
have special relevance to the top-level Tfunction:

(1) If tne value of DAKGAU 1s nol wlL, then a vacktrace 1s
printeu out for any error whicn propogates all the way up Lo
the top level function (errcrs which nave ceen LiaSkT Go Not
pop back beyonc tne kEaxSEl 1n wnich tney cccuri. The
packtrace, essentially an inspection of the systen rul, will
print out “funl =EVALARGS" to inuicate that ovaL has at that
point commenced the evaluation of arguments for ths runction
funl, anua "runl=ciTER" to inuicate that function funl nas
‘:D oeen entereu but not yet exitedu. Ucasionally, BAKGAUL will
print out "iuni=funz® to inuicate that fung has ocegn entered
oy a call from funl,
(2) If the wvalue of %KSET is not NIL, then tne phase of
ERRSET which restores the pinaing of special variaoles 1s
oypassea {ana inaeed all variebles in #ACLISY are specials.
This applies only to the top=level HegaSELY™, but in many
cases allows the user to inspect the environment at tne time
of tne error.
(3) chiELIST, normally set to Ik, 1is a list or forms to De
cvial/eu wupon recovering from an error propogating to top
levels thnis allows the user to supply a little of his own
re-initializeation ror special purposes.

Botinh *KSET ana BAKGAG e&re alsc function names such that EviL/ing
(#252T T)  is  fully equivalent to rwvALZ/ing (SETuw *RoEl - T), anu

similarly for BAKGAG.  Typing TC con the joo console {or cVAL/ing (I0C

193]

)} has special relevance for the top-level &kkSET = an errcr 1
createa whicn no other £xkSET can catch, all I/70 chennel switches are
returneu to their initial state {(see pege 3¢/, the top-level <function

‘:D is  restored to the nermal cne for KACLISP, and the message “uJull® is
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printau on the éonsole. ‘Thus 16 1s an unconuiticnal gult signal,

similar to tnz tA quit signal describzc on paye lu.

ihe  function mACUMP preovices a weans of helting ccupulotion

anu returning control oi the console <tTo tthe monitoring prourci.

Jsually the monitor is the extenced version of LiC’s LUl wnich is

loaugu wnen tne user logs in &t & console, but cccasicnally it is 115

alrectly. in the former case, storage areas not accive\et'tne_time of

MACLWPZ1ing -are zeroea so that e binary'oump to auxilliary wemory will

take less spacej in the latter case, - it is assumeu tnat tne ussr has

relinguisnec the job, and it is logged out.
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dew runctions Acued and Limitetions on ramiliar racilities

All property list [p-list] usage must we in pairegs ioos -

rlacs are not allowea. AllwIo is not implementeu t(incesc, .olwe coul.a

-~

D¢ Used To Lhe same purposel, but tne runction PUIPnlyr iz Jroviceo as

i
(¢

a means of placing & value anu corresponuing indicator on an aisi’s
p-list.
putproplatomi valuei indicator]
will insert "incicator® followea oy ﬁvalue" at the ueginning4or tne
p—list or "atom®, wunless there is already an incicater of tne same
‘name on the p-list, in which case the ola value will be AHLACA’& out
witn the new. It is likely thet the implementation of atomic
(3)structures will change,’but the functions PUTPRUFr ance Gzl will always
be Kept "up to waate" {(see chapter on future planss.  Ihe inuicator
VaLuzZ, whose pairea value points to the atom’s okPeClAL value ceil, anda
the indicator ARKAY, are treatec specially by the ~p-list hancling
routines, and there may soon be a ‘different, and ‘faster,
implementation for the three basic and 1important . proparties:

oname,value, ana function. Although UET serves as the stanuary p-1lis

led

retrieval function, another function GETL 1is proviaed to solve the
following proolemss
(1) to distinguish between  the non-occcurrence of an
incgicator, and the retrieval of a wIL value,
(2) to finu which inuicator rrom among & list of indicators
is the one which occurrs rirst {if any from the list occcurr
at all’. ‘ L
Letting = "plistl{al® stand for the p-list of an atonm *®a", the

implementation of ocil. is very mucn like
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getll{a; 1) = [notlatomlall + errorll;
‘ T » labellgetll;
. lambdallxs 113 '
(nulllx] > &ILj
cmemglcarixls 11 & 13
T > getlilcdurlixls 1311)
(plistlals 11] : .
EFPROP 1s essentially the FSUBR form of PUTPOF, anu is
- generally used at top 1ével to place EXPR, FEAPR, anu MACKU properties
on atoms; it has been the usual method7~6f cefining functions in
MACLISP, but DEFUN has been implemented to prqviue‘ a .anore - clear
indication that such a defihition is being performed,.-anQ to allow
snoother experimentation in the structure of p-list “anu  function
representation. Some examplé definitionss: -
(DEFPROP DOULLE

(LAMBDA (N) (PLUS W 0N
EXPE) |

An optional type inaicator to DEFUN {(from among FEXPh, EXPR, or MACRC}
is placéd.juSt‘after “"DEFUN", the default option being "EXPR".
(DEFUN FEXPR
" EPUTPROP (X)

(PUTFROP (CAR X) (CADA X) (CADDR X))

(CAR X))
is equivalent to

(DEFPROP EPUTPROP

(LAMBDA (X) (PUTPROP (CAn %) (CADR X) (CADDR A)) (uAa L))
FEXPR) .

The pseudO—function-ARRAY_serves to make array declarations,
turning the name of the array»binto,a finite function. # An array'kmay
have from one to five dimensions [indicesl, anu may be aeclared’to
hola list Structuré or,féimply; oifect data - the;matter Of‘impoftance
is Whefheryof not the géfbagébcollector is to treat tne array entries

as pointing to living s-expressions. AKRAY 1s implemesntead  &s an

O
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roUss, and tne craer or arguments 1s sligntly Giirersnt ircw toed  in
Lice leoe wvample form for cvALs
(AHEAY anaie t-or-nil nl nNZ . « . N’

where W<k<o, ana t-or-nil is the garvaye collector switca. ife Nans
for the array 1is taxken airectly ana not Cevaluctaw = Lhe  otasr
arguncnts are cvaluated.  Tne array setting functicn; Qn FovLn, WOTKS
through & sius-effect in the accessing function. oval/ing

| (8TOhe (ansme il i2 o o o 1K) &o)
will store tne value of ke in enamelils 15 .
user has the ability to stretch or snrinx tne size of an array, ovei
after it nas been in use for some time.  dhere are « few wpplications
waerein tne proper size oflthé array 1is nbt Kinown qntil aiter is nas
oeen partially fillew. It woulu be too wasteful tou nave to deciare s
new array and transter tne entries Dy me&ns,Of,,Llﬁpvqbuc, ~or  to
aeclare initially the array to ove of _monstroug»size, The fTunctlon
HEFARHAY 1s  callea just like AaRAY, anu performs a stretcning or
shirinking 1in the size ueclarafioh {this usually ihvoivas a call to
AHRAY end e fast, memory block transfer’. In oruer to achieve
sometning like leanbaa pinding of arrays,‘A anu  the couseﬂueht
reclémation~of their space upoh unicinaing, one theh coulputes

.nofill : :
(=val (Cuns
(QUOTE ARRAY) -
(LIST o
(S5ETU A (GeExo(E))
t=or=-nil
ni ,

nky)
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in order to use A like a functional argument, eitner with Areby
(APPLY & (LIST i1 iz o o . ik))
Oor, 1T A nas no function indicators on its p-list, cirectly wito =Vl
(A i1 12 « o « 1x)
{sez page 4 Qn‘Computea functions for EVALJ Ay array space wihlon
vecomes cui=oil Ircm  living list structure, eliher throu.n f¢poausq
aoplication oF AkmAY to the same name, OF throuch use oi :

Trller e |

\winlcn dswy re=specily slze zero to remove an arrdays, or torcut lanooa
dntbinuing, will eventually e reclalmea by thne systei.

soie functicns nave not been implemented because tnelr vurgose
nas oveen fulrilled by other reatures. ror example, uuuL:‘is vsfy»mucn

like a functionel = its first arguaent selects one of taec sixtesn

e}

ossible poolean functions of two variasles, which is‘tnenk&pplieo to
tne reitaining arguments as a 36-pit logicel Litwisz operation = ana
thus there 1S no need for LOGUE, LOGAND, or LOGAG.. - Similarly the
excellent deougging features of the manitor-like system LU, anu the
other tTeatures of [18 wmake the function of DUWP unnecessary.. in place
0F  leikPuo-rUclT, the MACLISP user ‘nay read @ real time internal cleck
{acchrate to ébout © microseconcs), ana may fe&g & run-time clock to
neasure C.oPl.Ue running time usea by the joo wnich read it {accuracy
Gepenus on changing concgitions within 113, bhut at oest 1is avout oo
microssconcsie CUFY &and CP1 o not exist - one may obtaln a copy orF
an s—expression s, uOQn to atomic level, by

| . supstinlLi wILi si

anca a copy or the tQp level of a list 1 by

appenalls ~ILJ
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oUoLIs has been i mplem~nueu very nucn &s JIOWn [OT Giihan Llud on pags

yo Of LI5SPleora, sc that no unnecessery Cund’ing Ls Jonei nowsver 1t

uses ah cd test anu reguires t “wll the wotled Lalrs oi tne  Tirst
argaaent oeg of the Tform (U . V) where U 1s win atow ~itals Lise
restriction allows & clever anu speedy luplementationi. blice  lihwre

is no a;liSt, and conseguently only oreClal values, tnere i35 1o nead
for APVALS, nor functions CSEL or <Coeiu. The fuiniction rudCriiuad  1s
functionally equivalent to QUUTE, but 1f the wWaCLlor user rficeus a
FUlARG binaing with an»a~list of the limitea foria ucscfioau on page |,
ne will obtain it using the function %rusCilCi.  Otaer functions nave
not Dbeen implemented at ~all,'éna aS'”yet'thuré"has 5eank dnly one
incident in which ‘aIUSérv deéireu‘ahy of themi ,CQNC,vSEAECH,’ Uik,
PAld, RECIP, EXPT,‘Lifﬁﬁ,.dﬁLECTQ,'SPhAK,‘CSUNI, Umucuxi..‘AOne Of the
functions of the compilerv br}of‘ LAP are normaliy feSiuént:_in the
system‘- see page 34 about ttelr us&age. | | |

hnoz[ is tue HwACLISP equ1lecnt 01 EhﬂUuuhl, ana since there

is no a=-list nor 3ny means to trap out on excessive consing, tnere are
no arcuments ‘passec along» fer taese two facilities. zrroel 1s

implemented as an rauLn and £V L’lna

v (ERRSET Ek 1) 7
will returnrlisf[eval[tﬁll if no errors are 'encountered auring the
évalgation' of Ei; otherwise at the occurance oI an error, computation
will be interrupteu, tne statekof the system restcred kto that Jjust
‘perore beginning the evaluation offthe ERRScT,vahd‘ an apprqpriate
‘message ocrintea cut if evallil is non~ﬂIL. | For all errors gencratad

py the system, EhaSET returns the value nIL, but if the function eX.
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is callec wuring the evaluation of ¥E, then a narmless error 15

creacen  (witnino corresponuing niessege) and  the wrgument To —me 13
returneu as the velue of the Lukdkl. lyping +4 on the console
generates  an error with tne diessage MGUlTh, venerally, one auves not

wish to SUppress error messages, so an alternate saort iform 13
providedgs |

(EaHSET EE)
evaluates jﬁst like

(ERHSET £e 1)

In view of the implementation Qf Input/ﬁuput for 4ACLIGE (see
pages 23,247, it is' hardly necassafy, to mention tnat ncne ol the
functions in Appenoixx F of the LiSP leD Programmer's wanual are
needed; ana furthermore tnere is no initial set of character dbjects,
since there is no aifficulty in réading in'dbjécts with‘bizarre names

using the slash-sign convention for quoting™ characters in the input

string {see‘page'27}.. Although the s$$ convention for reading strings
és atoms is not direétly implemented,,itvmay pe éimulated througn the
sevice of a REALMAC RO ;haratter (seebﬁxample 4, page 32}.5v ror really
oadoall atoms,; the’kstring-quotihg conyehtidn saves the effort of
naving to “quote® ‘eVéry non~alphabetic,character' in the da@e. ihe
functions EXPLCLE ana  EXPLOLEC provice - the means of breaking up an
‘atom into a list of the characters of VitsnPﬂAmE,‘using respectively
the conventions of Filil and PEINC {see page 7/3 rLAIEIZt ana rLAaTC
are eguivalent “to \[[x];leﬁgth[ekplbue[xlll 'énd- to
\{[xiéiengthiexplooéclkj]J reSpectively. | HEAULIdil'is the’ means Lo

apply rcAU to avlist” OI characters rather than Lo the string of the



m current' input chanr;e_l. MAKNAM"also. 't.akes as argument a list ot
Characters, and cCreates an_atomic object Wnose PivAuk is composeu iron
tnose cnaracters;i this hew,objectfis not IualT:zRn‘a.

uELtIE; a new function, is provided as & woy to spiice cut an
¢lenent from.a,liSt {ih effect uSing HPLACD}; the surglcaiiy.,trimmeu
list 1s returned, which will be EG  to tine original list unlzss the
element removea was at tne first of the list. Ueleie is  ilmplemented
as an LSUbk so that it 'may e  applieda with two argumehts, or with
three arguments = the optional third argument being an upper liwit on
the number or celetions to be made. Ihe cefault bpiion'for the third
argument is_"delete,all oﬁcurrences“, - LELETE uses an‘éQUAL tesﬁ - on
gacn element of ’thevlistn‘- QELQ._is‘brovidéq to bperate‘kJUSt like
UELETE except that an £Q test is used. Ordinarily, one writes (SETQ

‘ZD _ | . _ - . :
r00 (DELG X FQU)).

In conjunction‘withbthe PHGG.feétura; a rast, maphiné language
DO is  provideu; whose action is nost accurateiy.described‘ oy the
macfo—produced expreSsion,»uséq by kthe coﬁpiler in’place' of the DO
expressions o ‘ | k» | ; |
(DO inaex initval,stepfun;dohép}. o 0)
expands into |
(PRGS (index) S
(SETU index initval)

tag  (CONU (aonep (RETUKK index)))

-

(SETG ineex stepfun)
(GC tagl)

The compilation4or a D0 actually results in the compilation of its

corresponding ¢kOG; using UO witn the interpreter nowever, reauces the
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overheaa of inaex mahipulatibns and"is mUch‘mofe~$nemonic;' Hote that
the fragment indicatea ébove'by ’";k' . ;"' ymay>incluoe prdg caks,
o0’s, hkelUnn’s, etc. Example.
(D01 o (ADDI 1) (GREATERP 1 i)
(CUND ((NOT(HUMBERP (Axic 1))) (RETUHN (&UOT& FC0)) )
(5ETU sum (PLUS SUM (AEa 1))))
lnere are SpecialiZea 170 functions to access and utili;e the
various perlpneral cevices attachea to the PuPozlw- a ukC 549 aisplay
scope with character generating fe atures, a light pen input from the
display scope, a CalComp plotter witn an interﬁretive‘subroutine

package {which a&accepts & wide variety of commanas including the

plotting of a disblay from the DEC 34ul, analogéto ‘digital and

diditél-to-analog converters for use with‘robotiCs aevices and‘with a
few other randcom oevicés; a 'viued’éignal processor attachable to
either a modifiea II1 image dissector or an IIT’image disSector {an
image‘dissectorg or "vidissettOr", is'like‘a TV camera except that the
s5can i§ frandbm—access“\addressable rather “than’ cdntindous~ and
sychronized;} There afe no card reading or punching facilities,’but
all the exterha1 memory‘devices available through ITS are available: a
paper tape reader ana punch,'fouf LEC magnetic "micrb“ tapes, three
IBk moael 2311 magnetic disc unit5, and a Data Proaucts line printer.
There is aléo providea a software simulatea v1dlssector, whlch can

read storeu images from dux1111ary memory, so that pattern recognition

prograiis may be tested regaruless of the physical condition of the two

real vidissectors.




O
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“The function STATUS has been installea as a-éenttalizao means
of querying the status of many system variables and conditionss given
an appropriate argument, it proviaess the limits allocated for the
various storage areas in memory, the amount of core occupied py' the
Jjoo, the amount of storage still free in a given afea {currantly
implementea only for "ffeé‘stbrage", Hfyll wora space’, ana  "winary
prograi space"}, the activity of the various I/0 channels, the current

input channel for READ, the syntactic category of the 2ue ALCII

\f
[

characters used for input to REAL, switches for varicus gerbag
collector features, switch to allow reading 0of NULLErs with
non-decimal digits thexadecimal, for examplel, ‘tﬁe switch to 1nhibit
decimal=-point print when printout isj in base ten, ‘tﬁe switch to
inhioit direct linking from compilea coae, the -Switchv to innibit
aduress checking on 'array accessing, and the fornm 6f. the»top»flevei
function. The function SSIAIUS provices a‘means‘of setting all these
variables}or switches, éx;ept for the aliocaﬁed:limits' of-»Storage
areas. A nuinber of syStém ‘variables, ‘ihcluding some of thoss
mentioned abové, are implemented as the special value cell of &an atom,
ang are thus referred to as a "global" 'variable.  There will be an
appendixi (APPENDIX C}which will explain more of the setails of using
STATUS and SSTATUS. | | N |

COM&:HT is a'co—néihing functién, Esﬁﬁﬁ ,type; which merely
returns  ﬁCOAMENT",‘ DECLARE, also an FS5UBE, ‘iS similar, except that
the cémpiler téxes notice df DECLARE’s. BrREAK operétesfas descrioced
on bage 8 and is called like “(BKEAK FCO s)M % it the vaiue of 5 is

non=JIL, then %F0O" is printed out anu the breakloop entzrea.
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’
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170 Channelss READ and PRINT

The major input function for any LISP system is RiAl, which
inputs characters, one at a time, from the current input channel,
| interprets the characters &s being the linear=-parenthesizea
representatibn of an s=-expression <(or list}, and constructs the
s-expression in the free storage area ofv the System. Ahen - a
sub-section of the input vstring is parsea as an atom token (for
example, a string of alphabetic characters followes by a spacel, the
function INTERN is called to see whether or‘notvan‘object of the Same
PNAME is already in the OBLIST; if so, no new:structure is'cthtructed
Ooy :Eau, but instead the atom token is identifiea with the atomic
object already there. Otherwise, a'new object has to be’éreated, with
PNAME composed of the inputted characters of the atoﬁ-token, ana the
resultant placed in the OBLIST. Qathef than ﬁhe vcaru-oriented
functions STARTREAD and ADVANCE, MACLISP ha$ the new fucntion KEADCH
whicn inputs exactly one character from the curren£ input channel and
returns the atom whose PNAME is just that One character {(called in
LISP1.5PM & "character object"); as with READ, the fﬁnction INTERI is
invoked. The new function TYI aléo inputs exactly oné chéraéter, put
returns the numerical atom whose value ig the ASCII value of the
inputted character. | |
~ There is a unidUe input channel for READ, READCH, and TYI
whose normal, or défault, source is the job console. By typing 1 @oon

‘n%he console, or by calling SSTATUS with an appropriate argument, = the
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input channel source will be switched to an auxilllary memory file
previously selected by the function UREAD (it is, of course, an error
to try to change sources. when no'flle _has been selecteal.  The
argumentntc UREAD, an FSUBR,‘specifys the oeyice’anu two,file  names,
but if no afgument'is_usupplied;scertain convenient aefault options
Cwill be exercised. As soon as the command is given,,READ'{or READCH
or TYI} begins inputting characters from the kseiected file, rather
than the job conscles the job console isryfe~séleCted eS' source
whenever fé is vtyced on it, or SSIATUS-is célled with appropriate
"argument, or v&hen tne ‘endfof*file cnaractef ,iskenccuntered in.'che

selecteo‘file.

Prcbap;y, ‘the most impcrtant'USe of the'aUXilliary memory as

an inbut source is to augment, massively and rapidly, tne‘StOre of
named LISP functions.v Instead of typlng many DEkUh’s or DEkPROP's at
the console, the user simply stores a sequence 'of such forms on a
file, selects the file with UREAD, and gives the iQ command. <~The top

level function is still running,‘so under normal czrcumstances, the

forms are reade'in, EVAL'ed, and prlnted out ;{unless all output

channels havev“been disenabled) When all is done, “i.e. the

end-of-file character is encountered, the job console is re-selectedev

The E—O-F charater is not actually used by READ or hEADCH or TYI, but

merely_serves as a signal to,restore the console,es input source.
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Gf course, a selectea file may serve as «d Jaltae sodrcs 1cr A
srogram whica uses KeoAD. The following sample progras reads in &
sequence of numbers, terminated by e WlL, anu returns Ciielr sSUile

(LAmBDA KNIL
(PROG (SUW L)
(SETU SUK )
(URzAL LOTSA sUMEBERS)
(SS8TATUS 10C @)
A (COND ((nULL (SETQ & (RchAo)))
(3STATUL 1UC 3)
(ReTUhs SUM))
(el (aliBehi X))
(ERR (QUULTZ (WOs=nuderlC 1o rILE) D))
(SETQ sUN (PLUS 3dm 3))
(GO AJ))
To illustrace some other features, the example 1s re-written noting
(1) tne switch for input channel ‘source 1s actually tne value oi the.
global varisble 44, so in this particular case, the IOC {for 1/0
control) comnanas mey e replaceu by & Szid or lapbda binuings more
importantly, the status may be pushed and poppea by landua or pProg
oinaings (z) if REAL, implementec as an L3Ubk, is called witin one
arguaent, the E-U-r character not only causes the console to De
e-selected as noted above, but also causes AcAD to  return its one
arguaent s a value; if the E-O-F 1is not encountered wnile reading tne
current s-expression from the file, then REAU operates normallys Chus
a reda node is available which will actually reaed an E=U=F and return

some given quantitys; (3) The name of the file is made an arguasent for

the sample Tfunction ana APPLY is usea with UnkEaD {insteas of

constructing an appropriate Tform to give to EvAL, a necessary task if
AfPLY  is not cepanle of applying en r=type functioni’. Tne reviseu

.....

exanple uces nol ragulre «o WIL to terminate the numoers on the 1Tile,

since tne e=U=F causes reau to return éen unlikely quantity.
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(LAmpsd (FIL)
(PRUG (Sl £ Q)
Sl SUu w) ,
(ArrLY (GQUCTE UkeAbL) 1L
(5216 e 1)
a0 (COul ((ew (SczTu A (hecaw (QUITE rllEi-c=0=)
' (GU0Te rlCet—=U=r))
(ReTURK SUw)) '
(0T (Wdmpiar £)) o
(cih (QUOTE WOA=nUaeiIC 1o elizi))0)
(Sl oust (PLUS SUL A0)
(GO 200

~ -
~
~

The syntex usea by =kEAU Lo parse  the inpul ‘strecwm of
Cnaracters into an s—expression is wlacst luentical to trat descrioed
on  pages o and <4 of LISP l.oris & few 'extensions, orte of thouw very
powerful, are noted below.  Except for scfings representing nuJuerical

A

oojects {on of the more complicateu tasks for Geall, the syntax 1s

P

very cnaerecter oriented ana contexi—-incepenuant. inus the characters

[
o

meaningiul to ReAl fall into nine catecorie

(1) alpnabetic, il.e. HAM, 900 elc., &nd excernueda
alphabetic, €eUe ugu' ufn, iu;‘r;u' u.{.n, n_n, etc. )
(2) cecimal uigits, l.e, #76, wgu gm0, dgug diga
(3) context~cependent nuuber mouliers, l.e. :
(3a) "An for fixed point scale faclor inwicatoer,
(3w) "z for ifloating point exponent incicator,
(3c) ve¥ for & lefl=-shilit in case 2 notation,
(3G) "+ gna W-" for algebraic sign,
(3g) %." for uecimeal points;
(4) open parens, l.e. (¥
(D) GO, le.e, WM
(5) close parens, l.e, )8
(7) rubout {(ASCII velue 177} :
(¢) the literal-cnaracter-qguoting cnaracter, l.z. 9/%
(¥) wacro characters, specifiable unuger program control.

ZXCepl when preceecec by & slash, all other characters encounterec oy
RbAu care  simply lgnorea  and ulscarded. ~wot  surprisingly, toe

context=depenuent chearacters of category (3) are wlso. incluseu in ,()

olner CeTedirics &S5 wells
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Perile

Ine slash is the stangara literal-cheracter-juoting caaracier,

winich weans it is usea o incorporate non—alpnacetic cnareclers 1aL0

the print-names of literal atoms, anu any ASCII chnaracter ecxcept

ruobout which rollows slasn in the incoming character streaa wili ce cu
tnat point treated as if it were of category (1) {see vottom neli cr
page 7 for examples and more uetailsj. Actually, maximal striog

aliy

of compcsed of cnaracters from categories (1) anu () will normally we

parsed as & literal atom token unless it consists only ol aigits, in
whicn éase, of course, it is parsec as & number atow token. Tnus,
MlA®" is a perfectly goou literal atom token ior WACLISY, ana
incidentally, s0 is "/1zg" since the {irst character will oe iInputiec

as category (1), There is no limiv of 3¢ characters for atom PHAdLES,

a4s suggesteu in LISPI.oPu. A feature is proviged in winich any string

composea of letters ano uigits anc preceedea by a "+" or "=" is taken

as & number token, using MAm, npn, WoN, . . &5 supra-uecimal

algits. The feature is not normelly turnea on, ana may be switcihed
with SS5TATUS.

when inputting from an auxilliaery aemory file, the ruoout

character 1s ignorea, out when ;nputting ~from the job console, tne

rubout character causes the preceeaing character to be "rubbeu~cut“,

i.es it is removea from tne bufferea input string, and imuediately

printed back again on the console to announce its removal. o speciul

cnaracter, or sequence of character 1s necessary to signel the ena of

an s—expression since it 1s determinea

sday, when one s—expression’s wortn of
typing & rucout will nave no effect

wnolly by syntaxe. weedless to

characters ere fuly 1nputteu,
for.

on tnedn, the JpAu’ing will




Nuve oeen accomplisiied.
The syntactic catefory of any cheracter may e inspectza  with

SIATJS, and wmay actually be alterea with S3TATUU (see pags 2li. BINTERS

one coulu re=specify W[" to be in category (4), or "i® to be in (o),

insteaa of in (1), {The unfortunate user could even senc nimscli up
the AcAlL stream without a parens by sihutting oif the catsgory (4)

meaning for #(w}. Syntax information 1s storeu in & Zid=woru tudle,

along with @& PHAME translations the latter feature finds 1ts use

primarily in converting %“a" into "AH, #p% into "of, ctc. so tnal one

‘heeu nol continually hold down the shift key wnen using a wouel 37

teletype. {ilcdel 3o teletypes ana OE consoles nave only 14l
characters on their Keyooard = Model 37 teletypes have all 24

characters of the new ASCII ~alphabetl. dowever; "/a"‘will still be
inputted as #ah, {hote that all syntactic anu translation properties
attributed to characters only apply to the operations of REAU. w#EALCH
ang IYl, explained on pége 23, wirectly input one character./

" The READMACKC character icea is a means of ‘using LISP

functions to generate s-expressions at AFAD time; guite simply,

winerever a uacro charcter appears in  an input streaw, it 1s replaced
by the result of calling an assoclatea function. A macro character 1is

declarec and its corresponding function specified with SSTATUS, and

each such macro is ifurthner classifiea into cne ol four types {(probably

best understood from the exaumples below’s (1) elemental, immeaiates

(¢)  elemental, velayed; (3) splicing, imweulates and (4) splicing,
delayed, Ing Tirst dimension indicates wheliher tiie result of the

associated Tunction is to e treatew as a single eloment, or wnethner
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it shoula ve a4 list whicn is appencea, or splicew, into a foriing list
{i.€s 1t 15 @& list fragmenti. The seconu diménsion inuicaetes  tae
Wgime® &t whichn Lhe associated function should be callec = siace hoiw
aiay  woe called (recursivelyl) by tne associateu runcitlon, it i3
important to specify whether the recursively-calleu nciu  Uages 1us
input as thouse characters immediately following the occﬁrranCu Ui the
ilaCro character, or whetner it waits anu uses tnose characters comning
in after the [irst-initiated HEAL nas inputteukits share. runcclons
associateu with imneulate macros neve no arguients, thaose with uslayed
macros  have ohe argument, wnich is wcound to the current prouuct of
fAEAU
cxaimple 1. In ordef to wuse %/s* in the input siream insteau of
‘zb“(ubuft s)", the character single-yguote i3 ueclared as elemental,
immeaiate macro witn function |
AN[[])s list [QUCTEs readl1]]
ihus when recADZing "(CONS 1 Z(FCO O YQU)H, as socon as the
single=quote is encountered, wEAU is called recursively tosobtain (r L0
G Y0U) whicn 1s then combinea in the call to list,' ana tne final
result is the same as 11
(COwrs i (GUOTE (FOU On YOU))
were Che éxpression to ve reéd ine. This facility with -single-quote
nas oeen geemza so meritorious that'MACLISP contains thé definitioh as
part oi its initial structure = oneg wocula nave Lo remove “/# ffom tne
macro cunaracter category, again using SS5TATUS, 1if e aidknot ussire
its use.

‘:bﬁxample e vsing the same function as in example 1, let ™% oe a
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splicing, immediate macro. then "(FEVAL |1 !(FGO O YOUW)I# 135 rewdu in
as
(FEVAL 1 WUOTE (FCC Ow YOU)).
Example 3. Let “<" be & splicing, aelayed macro with xunbulqa:
BNEPRE ,
labellfoQi o R ‘
NlI{xJs (eqlxi rightanglebracket] - NILj;

‘ ' T+ cons({x; foolreaalll]li]

Jreaal 1]
The - rollowing english description of the action c¢f tnis runction is

offered to the the reader who has not already adduced 1t: & maximal

‘sequence oOf s=-e¢xpressions terminatea by a ">% is rzag anu a list of

them, in the order in which they were read, is returned. BWith "<" so-

embellished, the DO examplebonrpage 29 could oe rewritten

(DO I @ (ADD1 I) (GREATERP I N) <) .

~ (COND ((NOT(NUMBERP (ARE 1))) (RETUERK (tUOTE r00320)
(SETQ SUm (PLUS -SUM (ARR 1))) ' ‘
>

czxample 4. Although\an’elemental, immediate type example has alrsauy
been given, this one is produced to show how the literal aton string
feature aescribed at the top of page 84 of LISP 1.5Pu can be simulated
in MACLISF. Let,"S”Ibe a macro with function

%[[J,
prog([endCﬂ, xi 11s

reaachl]s;
endch 3= readchl(Js

A X 3= readchll;i

' leqlxi enachl] = return[readlist[llll’
1l 3= appendlli listislash; x1Jl;
golAlll

O
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The syntéx for number tokens is similar to that descriced in
LISr1.5pPH, but
(1) the input base for integers is not necessarily ten; it is founu as
the value of the global variable 1BASE, which is initially oot  to
glgnt. |
() "% does not serve as an octal indicators rather #.%  servos cs
decimnal indicators e.g., the string "cb. ", illegal in LIbsyl.:, is
taken as an integer base ten regardless of the value of ISASc.
(3)  "$" anc "e" act like operators on two intecer tokcnss wafpn
results ih nuadber a multiplied by IBASE b times; ‘"aeo" resulits in
number a multiplies by 2 b times. Assuming IpASE  is eight,. taen,
"4595. "} ”16]2, By M1Ut3", and "64. 42" all denote the same numeric&l
value.“
(4) It is permissible to begih a floatingépoint nﬁmber token with a
decimal point§ however one must remémber the advice to p}aée spaces
around a dot_whiéh is intended 8s a separator for & dottedvpéir, but
whiCﬂ occﬁrrs adjacent to a digit. e

Internélly, numerical objects are 36-bit quantities with one
of:‘two poSsib;e indicators - FIXHUM or FLONUN. ihus all record is
lost Of the form of the token in the input stream which géve rise to
the number, and it is possible that a printout of the object.will,not

yield the same string that caused its gensration.
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For PRINT, PRIN1, PRIKC, anu TYC output there are Ffour

indepencently <enableu channels, each with its own switch in Lhe fora

of a gloowal varisbles

(1) the joo consocles non=wilbk value Tor 4w deaéns discnabled

(2) the wvata Froducts line gprinters aon=nll for #o  dedans

enaoled

(3) the Ll 34k cisplay scope, burlfereu rfor churacter ouitsut

by 1153 aon=nIL for 4N means enadblec

(4) an auxilliary memory uevice or remote conscle,

previously selected by the function Uwitlics aon=aIL value

for #« means enakled. :
Since all four switches are varibale values, tnelr state may Lo pusned

7

and poppeu, along with that of the state of tne current input channel
{see pages 23, &%}, byklambaa or prog binding. The variable’s namés
derive from the early implementatidn of I/C controls typing I, 'rh;
L, T, or Tk respectively setvfu,‘fn, b, $5 , and 4% tc non=iIL, and
typing o, Tv, TE, TY, or IT sets the respective switch <to WiL.
Althougn'these‘five switches nmay be changec with oell, the function
I0C {anc SSTATUS) 1is provided to perforam, by evaluation, the sanme
action that occurs wheha a control charaéter is typed on the job
console. An  output channel selected by UhRITE,vanu posSiSly written

on after enablement, is then closea anu filed with the function UrlILE

odtput file until it has been properly closed and filed. Optional

arguaents toldFILE are file names, with certain uafault»options, which
will oecome tne two names'idéntifying the file on an auxilliary mémory
uevice.

sinen Palil or PRlWC  1s outputting the characters for a
numericel object, the base representation is not ngcessarily ten, out

tae wvalue of tne glogal variagle wASE, ana If  the vase is ten, tnen

O
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sucCn integer—output=sting is followeu oy a uecliel ucint, ior  proper

rac=in under the conventlon (2) udescribec on page Sw. HUWGVET, LIl

decinal-point-printout can be inhivlteu cy settlig lig global varicoile

wuleuldl to non=nIL. iio other Tformetving feetures yet <xist  in

aACLIGP. It is possible to output in case representations largar toan

ten f{anu less then thirty-sevenl); bul toere is still some wavlouily

apout this feature.
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sany functions, Lecause of their iInfreyuency 01 dse, are ot

part  of the ovasic «ACLISP system, but may be loadces in énu ussu when

50 assireu. Trie LISF compiler enu Lar assemsler are two sucn utlililiy
routines. ooth are written in LiloP coce, as carin’s aliu voari 5, Ldl

the compiler is so large that the initiel PLpP/¢6 condicvuracion nau just

avoul enough core to nold a system wiliy a ccmpller loaueu in anu leave

some Iree storage rfor smooth runninge. As & result, compliling 1is
usually wone only in an augmentec LISP systen euwvellishec witiv a

‘compilea version of the compiler. The compilec EiPa’s and rLafda’s
occupy e@pout 11,k {(47eee) cells and run ebout ten times faster than

thneir LISP counterparts (for example, with similer amounts of working

spacz, cowmpiling the compiler teakes 3l. minutes using interpreted
code,, but only 3.1 minutes using compilea coues. in addition,

compileu coue requires on the average only &bout’half as wmany cells as
woes tne LISP code glving rise to it, ana coes not require tne
timne-consuming marking phase auring ocarcage collection wnich s
necessary to protect the cells noluing LISP  code. Although tae
compiler may be apgplied to functions 'afinec or reaa into tne
embellished system, 1t is generally useu as a file‘transdﬁcer - lez.,
s-expressions are read in, one at & time tc prevent free storsgs
strein, Ifrom a selected auxilliary memory file, &nu tThose wnich
represent function cefinitions, such as (UEFUHd o o ) or (UEFPROP .

.« ) , are cowplilec into corresponulng LAP ccue on an output fils.

rOr 2ach runction complleu, the generatea bLiar output is & seyuence oF
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s—expressions, one for each machine instruction or lavel, terainaleu

Y & .illee This format is USGQ, rather than a single-list Ioruet s
gescribeca  in Appencuix U of  LISPl.5Pm, 50 tnat LAk anay  recaa i the
asseably worus one at a time anG thus avold uncue strain on  ires
storage. rorms in the input filé
(DECLARZ o « W)
wnich nave no effect when EVALZeu, signal certain conuitblons to tneg
compiler, such as special ueclaretions, etci other foras wnicn wre not
function uefinitions or LECLaARL’s are merely sassed frowm  inout Lo
output file. This scneme has worked guite well = wost acpuguing 1s
aone wiltin interpretea coae {which i$ quite fast anyway}, ana woen a
‘:®file or functions éppeérsvsecure,‘it is compiled for subsequent use.
Although one expects a speéd-up in general orf about{a:fa;tor df ten,
many functions seam .to be linitea  by ﬁhe Speed’ of macniﬁé‘language

SUbH’3, such as KEAD or ASSCOC, and some show ' s ch'U 5 of less than a
k]

factor or two.

Ihe first implementations of LAP for MACLISF were entirely in
EXPR=rEAPA rorm, but véry shortly ani"inner loop" was codéd by‘hanc in
L. and appendea to the file of EAPR’S in oraer to be boot strappea in.
In fact, so CrlthJl 1s tnls "1nner loop" tnat when tne remainaar of
LAF 15 compileu, the observea speec—up is only ‘about a Iactor 0f Lwo.
Currently, the greater part of this crltlcal loop, comprising apout
Zews cells, is resiuent in  the system, as a  compromis3 between tTne
undesireole effects of having all l4ww instructions~ih the System ahd
m the uncesiresly long time requireda "t‘o bootstrap in tne critical

portions.
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A5 a language, LAP very closely reseables that or wluAaw, The
Machnine-language assenbler cevelopeu at tine Arvificlial Intellijence
lavoratory following the style of LEC/s 4ACHU  asseumdlers the  wdjor
arawowacks are occasionew by (1) the gependence O Hoad 10T Lipul, &nu
() the aifficulty of emulating more than @ small subsct 01 wluio’s
-extensive macro faclilities. Thne similarities eng tusre, nowever, 1or

LA? 1s an in-core assemoler and loader, wihereas «IUAS 15 a Cwo-pass,

off-line, assemble-only systeii. fc incorporate wlLAs wasseandlod
subroutines intc WACLISF, & fairly sopiilsticetec reloceting anu

linking loacer 1s requireas; anu occcesionally the extra eirort is

warrantec over the other alternativess (1) ierely using LAF,

gspecially 1f the subroutines total less than a Tew thousana

instructionss  (2) uirectly assembling tne subroutinés along witn tne
entire»LISPbsystem.x ‘Neeuless to say, for each alternative, thare are
reasonanle applications for which that alternative seems oest suiteud.
The assemole and loaa processing of LAFP takes about 14. sSeconds pér
2wiib=wora klock of.instructions {as meashred on an average taSk - the
LAP code ror the compiler’, whereas the action of lDAS way often be
yuicKer. On the other nand, LAF neeas only aoout 4oL cells total for
snoctih  operation, whereas wIULAS, with a large nasthOded'taoie,
generaly occuples in excess ol 4w,wiw cells.
A sample compilations
C(DerUn POUrSYa (&)
(1eolr (CAr L) FUCVAKS)
(PUTPROP (CAK &) (Cuk X)) (QWUOTc 3y ))
(CAR X))
woulda give rise to ihe deLOWing LAF coue (commehtary in sQuare

oracksts is for illustration only, and 1is not producea oy the

O
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compileris

(LAF POPSYM SUBH)

(puoh P 1) [(save & on rulLl

(iUve 2 (oFECIAL ruan“v)) {get value of soecial
free variavle ~UCvVARS

(HLdZ « 1 1) [get (CAR &)1

(CALL 2 (FUNCTIUN TeSTP)) v [execule funciion Teoirld

(OVELD 3 (QUCTE SYW)) LESYEY 1s sra aryl

(HrRZ &« 2 v F) {get (Cur A), &na arqgl

(hbni &€ 1 © P) ‘ ' [get (CAxt »)J

(CALL 3 (rUNCTION PUTPROP)) {perform FUTPkROP

(b ¢ 1 w P) {return (Can &)1

(SUB P (kb © 1 1)) {restore PULJ

(POGPJ k) [exit]

NIL -

S"CALL" is not @ PUP/6 instruction, out causes a trap to a special
interpretive routine which either (1) acts as an interrace petween

compileq code ana interpreted fUnctions'(e,g., it TesTP is an  pAPr,
then APPLY will héVe» to be calleds, or (2) smashes he CALL wifh a
direct link to a machine language subroutine {if the code for the SUbH
PUTEROP begins on lbtation‘672, then the CALL will be répiaceg- Dy‘
npdsnd P, 074“) » | | |

As mentloneo alredcy on page 8, the functions of TRACtkare
encoded in LISP and stored on an auxilliary file. Several otner
debugging aids*are likeWisé implémented ahd’storeo on the CUa device,
although some héve beén compiled for greater dperéfing SﬁééOt ‘
(1) The wuole editing pdckage as used at DOLl, othuhm, and mLNmAu in
their BbR-LISP is avallable both in LIbP and LAP code. ”
(2) A debugyging aia’called SPY, available in LISP éode; SPY is
essentially an evaluatidn controllef with a more sophisticateu
breax~re$tart facility théh BHEAK. - v
w (3) A “pre’tty-print" and indexer package, in LIk‘S'P coue. GRINDEF is

used to print out tunctions in a properly-indentea format for easy
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viewing; Urliug and CRINDD are file fransducers for tne sane purpgoses
Iowued scans a file and prepares an inaex for it incldding functions
defined, rree variable functions {(or unaefined functions) referenced,
and a very brief analysis of each definea fungtion.
(4) A display genefating package for easiler construction oi tne arrays
Troti whichvthe DEC 34 display scope takes its comianus. vailable
both as & machine-language augmented system, and in pure Llor coue Tfor
regular systemss; theré are routines to generate displays or - polints,
lines, curves, connected lists of points, axes, labelling text, anu a
moveable CuUrsor. | o

It haé been noticed in LAP, in lnALE ana in tne QiSpl&y
generation ‘packages; that some parts can be encoded in LISP only with
great loss of eff1c1ency, while many functions are for all intents and
purposes.Just as eff1c1ent when encoded in LISH as when encoded any
other way,. \‘The interpreter, a very genefal tool, has its
shortcomlngs. ‘but, for a number of jobs,‘ they are just 'never

notlc»able.

NeDBe Appehdices will appear to expléin to the user the details

of using the compiler, LAP, and other such aids as above.-
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Future Plans

ror some time there has been expressed a hope of speeding up
the running of compiled arithmetic programs. To this ena, we are
working with the MATHLAB projéct on a new representation for numbers
50 that compiled code may handle numbers directly, rather than through
the medium of an amorphouS'garbége-cbliectable storeage Spacé. It is
the coﬁsumption of 'number spaces, and -consequent time-consuming
‘garbage ”collecticns, which 15 iéspohsibie for the time slowdown -of
arithmetic ope¥ations in LISP. There will be a FIXNUM space and a
FLONUM “sbaces numbers‘wlllv‘be represented by pointers directly ihto
the appropriate spa;a,nwithégt requiring an atom header or any free
mstorage space. However, this in itself is not 'su.fflic,ie‘nt. ‘for}greatv
savings - it will only:reduce by_some,’small_factcr,'the humber"of
number conses'availablerbefOre‘aigarbage coilection'is necessary,' The
innovative;feature,oflthe plan lies in,the‘creation ofvtﬁc“mdre~lihear
stack areas, fhe .FIXEUM pdl énd the FLONUM pdl.' When a compiled
function is entered, a ‘s@éll block of the pdl area is taken for
holding the partial results of numerical ‘cbmpUtations, and pointers
into ﬁhe pdl;aréa_m69’5e pas$ed élongfas>érguﬁents to oﬁherj anctions.
Jjust és poihters into the number‘Spacesrwould be#ythus hofconSingfneed
be doné in ’ordér to »pass aléng  §fguéen£s to:‘other fUnbtions;' In
certain caSes of compiled Code calling-EXPR cédé; adaitiohal work may
‘be required at the interface in qrder to cobvertf‘numbers in the pdl
area into regular LISP numbers {(see discussion of’ﬂCALL"’on_page 37}

C Certain aevelopments in hardware modifications for the PDP/10
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are opening the way for seyeral deéirablé, features in MACLISP. A
haraware paging scheme will allow jobs'in the ITS system to overlap
core areas with other jobss thus a pure-proceaure, or re-esntrant,

implementation of the basic MACLISP system becomes feasible s0 tna

many active LISP jobs may be initiated with each one requiring only &s

much core as 1is 'needed for its own private storage areas. In
addition, it will be much more practical to implment a run-time

linking - relocator for " the purpose of loading MIDAS-assembled

,subroutines‘ih;o“‘an already running LISP job f{a relocating‘ loader

5

could be trivially implemented nbw,‘but the linking phase; for global

symbolic references, depends on ready access to the job’s symbol

tables "this is somewhat cumbersome in the current implementation of

ITS, but with the proposed paging scheme, a job which needs to access
its symbol table could attach it simply by adding to its legal page

allotmenf}thOSe}pages'offits.symboI £able.) We are planning new ways

to store*binary pfOQrams;ﬁbpth thdse‘loaded~bylLAP.and‘those loaded by

the yet-tcébé-impiemehted';1inking relocater, 'so that the whole of

binary program space méy be dynamically relocated at will. The next

step, then,‘is' to re-work the representation of atdms so that all
storage’éreas may be dynamically expanded and/sor relocated; the
garbage: COIleétor :Wiil‘thén be'able,: as the éxecution of the job
prdgresses;ftq rerallocate~the"amdunt'of‘coreA assigned to ény given
storéége areé. |

The current represéhtation 'of atoms has lea to the problem

‘aiscussed at the top of page 12, and this problem must be averted in

order to realize the dynamic re-allocator. One way of solving the

&



problem is the creation of & separate space for the storeaygc of atoms,
out apart from this problem, experience has shown the cesirapility of
an  *"atoin heager® space on other grounds. The VALUz, rFudic, anu
function propefties cf an atom are generally of peramount iuporiance -
tne .nore rapiuly they may be retrieved, the better. Uur' current
“thinging on this matter calls for a space of atcm heuaers contaliiling,
for each atom, imaeciately accessible pecinters to the VALUE,’ Pty
and functiqn {(if any} properties, with acditional bits for caroage
collector usage; &nu for a separate space for PLAME stcrage. e would
expect a speed=-up of a factor of two in the interpretation of £4AFR
code, and a small economy {perhaps 154 to 3wi) in ﬁhe anount of memory
occupieu by atoms. The proliferation of separatebstOreage spaces 1s
not so bad as it might seem at first, since one of the ultimate
oenefits 1is the aynamic re-allocator = the user ‘woﬁlu be less
conscious than ever of the separation of memory. v

The problem referread to above wmay be circumventéd by -anoﬁher
application of the paging concept: allocation‘iS'fixeu, but eacn space
i1s nade to be vefy, very large. A LISP joo woula utilize the full
eighteen oits of tne address space,’but only tnose pages whicn have
oeen referencea are actually held in memory. The major arawback to
tnis plan is that our hardware modification plans do not pfovide for a
page—-on—aemany interrupts but at any fate, this circumspection is «at
vest a postponeument of the real problem, ’

come discussion 1is also taking place on'the matter or o
programnaple fofmat specificétion ‘for. number pfint~out; or  the

possiole application in LISP of the "local - global® distinction founu




LIor Peite 3720700 42

i the wlock structure of ALGOL; &nau on a more versatile /0 crannel
sturcture isuchi as that of LISP 1.6 at the otanrord Artivicial

intelligernce Lacoratory.’
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APPENDIX A

Preview of Global Variables and‘Table of Control Characters

NOUUO, NOCHK, NORET, BAKGAG, GCTWA, *NOPOINT, *RSET all sef

accessible swiTches; namely their own special value cells. Thus (NOCHK 5)

accomp | ishes the same as (SETQ NOCHK 5).

"There are a number of global variables critically pertinent fo
system operation - a brief catalog follows:

ATOM VALUE OR MEANING

BASE Radix to be used when printing»out'fixed’ﬁoint numbers.

| UBed by PRINT.

BPORG When the system is iniTiaIIY loaded, all the memory from

BPEND BPORG up to the top of +heicore a]lo+men+ is available as a

| kind of amorphous storage (not part of frée storage or full
vword space. Subroutines loaded by LAP are generally stored in the
lower end of the space.and Arrays are dynamicajiy stored at the
higher end. BPORG is adjusted by LAP to indicate the lowest
currently available cell of this space, and BPEND is updated
by the array handler and garbage collecfbf to indicate the
highest currently available cell.

CHRCT  Number of character spaces remaining in the curfen+ oquu+ line.
PRINT enforces a maximum output line length of LINEL (g.v.), and
when CHRCT reaches zero, a carriage return is emitfted and CHRCT
reset to LINEL,

DISLIST = One means of displaying fnforma+ionvon the 340 display scope is

by the creation of "display arrays" - each such array is a




ERRLIST

| BASE

LINEL

CNIL

OBLIST

TTY
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sequence of instructions to the 340 (see Manual for usage).

Dislist is a list at the special array cells of those displays {:p

that one want active. In time sharing LISP the display is not a

actually carried out unless the[F switch is on (q.v.).

When at non-ERRSET error is deftected, control passes to an
initialization routine, just before re—énfering fhe Top level main
loop. Average other things mapc [EVAL; ERRLISTj is performed, thus
allowing the user to add his own two cents to the error receiving
process.

Radix To be used by READ when converting a number-like string on
input. May be any value from { o 36.,vexcepf that any number-like

string having non-decimal digit must begin with either +" or -".

EXAMPLES :

I f IBASE is 8, then "47" is read as 39. | Q:ﬁ
If IBASE is 12., then "{4" is read as |[6.
| f IBASEAis f6., then "+{A" is read as 27.

The Tine length for PRINT to use. After LINEL characters have

been outputted, a carriage-return line-feed is automatically

inserted. When the job is started up, LINEL is set to 72. for

jobs controlling teletype, and to 45. for those controlling the

~datanets.

" NIL

A list of tists: each interior list (bf atoms) ‘is called a
bucket. Every atom read in by READ on READCH, or explicitly
INTERN'd is put on the OBLIST. |f there is already an atom of fhe

same pname on the OBLIST, then no new entry is made to OBLIST, but

_instead INTERN returns a pointer fo the already-existing atom. ‘:D/

When job is started up, set to NIL if at teletype, to O if at GE




Datanet.

Here "x'" and '"y" are used as meta-characters. Typingl[xX - control x

On a job console, or evaluating (10C x) or (SSTATUS 10C x)

sets the x switch to non-NIL. The x switch is merely‘the value

of the atom fx - up-arrow X -, except for G and X. Each switch,
except for A,G, and X has a corresponding control character to

turn it off (set to NIL), denoted by y.

X Meaning of Switch Y
A Available to user, not used by system. (none)
B Enable line printer to receive PRINT output. E
D Turn on output of garbage collector C

statistics (one set produced at each

collection)

F Enable displaying from the display arrays Y

on DISLIST. |
G Unconditional quit, not caught by ERREST. {none) -
N In time sharing, turn on the DIS devices to Y

receive PRINT output. (Physically, the DIS
device is the same as the 340 display, and
one cannot use them simultaneously).
P : Seize the Calcomp plotter facility. U
Q Let READ receive its input from the S
currently selected input file, rafher Fhan
the job console.
R Enable the currently open output file to T
receive PRINT outfput.
W Disenable the job console from Eeceiving vV

PRINT output.

X ' Quit, acts very much like an internal error. (none)
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APPENDIX B

Some Allocator Goodies

When a LISP job is started up under time sharing, the system

first interrogates the user as to the allocation of memory for the various

storage areas used. The system types:

LISP 105

ALLOC?

If the user then types "N" for '"no" certain standard options are
taken; if he types " Y'"for '"yes" the system then prints out, line by
line, the standard options, pausing at the end of each line for the user's

‘response.

CORE = 22
FXS = 400
FLs = 400
REGPOL = 777
SPECP = 777,
FXDL = 7
FXDL = 7

By +yping a space or carriage refurn, The user accepts the standard
option; by typing a number, he specifies that allocation (a string of
digits is a number base eight; a string of digits followed by a

decimal point is a number base ten): by fyping an alt-mode all
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remaining s+éndard bp+ions are Takén énd the allocation phase completed;
by typing a control-G the allocation phase is re-started.

In the current system, CORE cannot be specified fo be less than
20 blocks (16K words). Regafdless of the specification for FXS (FIXNUM space)
remaining after allocation is divided as follows:

31/32 to free storage.and 1/32 added‘+o the FXS allocation. This is partly
motivated by the fact that PNAME strings are stored in FXS. FLS is FLONUM space,
regular and special PDL's are obvious, and the two number PDL's will be relevant
only for functions compiled.by the soon-to-be seen fast arithmetic compiler.

Additional core may be grabbed by the system when more binary program space

is needed.
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~ APPENDIX C - STATUS and SSTATUS

The FSUBR's STATUS and SSTATUS are implemented to aid in
querying the state of the LISP system, and in setting some of its
- conditions. The first item in the .arglist is always an atom which
tells what kind of query, or command, is wanted; but some of the other
items may be EVAL'ed, just as with the FSUBR "ARRAY". A dispatching is
done on the first five characters of the PNAME of the first item, so
that if atoms like CORE and NOUUO are REMOB'ed, the functions of STATUS
and SSTATUS hay still be properly performed. 1In fact, the main purpose
of the function EXCISE is to reclaim ffom freestorage all those atoms
with SUBR properties whose functions have been subsumed by the STATUS
. series. In the tables below, the small letters x, y, n, m, as well as
"dev' and 'usr'' are used as metavariables ranging over LISP atoms. '"frag'

is used for representing a list fragment.

arglist for STATUS meaning, or value
(CHTRAN n) The character translation value in the nth entry
_ of the READ translation table.
(CORE) Number of blocks of core occupied by the job. Q;D
(CRUNIT) A 2-list of the most recently referenced device
and sname. Updated by UREAD, UWRITE, and SSTATUS
(DATE) : ‘ A 3-list with year, month, and day number. E.g.;
on Mar 20, 1970, this would be (70. 3. 20.)
(DAYTIME) A 3-list with hours, minutes, and seconds of the day.
(FREE y) - Amount of space available in the y space. Currently

y can be BPS for binary program space, FS for
freestorage, FXS for fixnum sapce, FLS for flonums.

(GCTWA) The GCTWA feature (see page 9 of Progress Report)
consists of two switches - one forcing TWA removal
on every garbage collection, and one forcing -
removal only on the next occurring collection.

0 neithef switch is on
1 "next" switch is set, "every' is off
10, 11 "every'.switch is set.

(I0C x) If x is a character with a control action listed

' at the end of appendix A, the this gives the
state of the x switch. E.g., (STATUS IOC B)
tells whether the line printer is selected.



(MACRO x)

(RUNTIME)
(SYNTAX n)

(TIME)
(TOPLEVEL)
(TTY)
(UREAD)

(UWRITE)

(+)

(x)

arglist for SSTATUS

(CHTRAN n m)
(CORE n)

(CRUNIT dev)
(CRUNIT dev usr)
(FREE BPS n)

-C2-

NIL if x is not a READMACRO character (see
Progress Report page 27); otherwise a number
describing the type of macro.
0 normal
1 splicing
10 delayed
11 delayed and splicing

same as calling the function RUNTIME

The bitwise decomposition of this number tells
the syntactic categories of the nth entry in
the READ syntax table for characters.

same as calling function TIME

NIL if standard; otherwise the form used in the
top level function (see Progress Report page 10)

NIL if job console is a teletype, O if a GE datanet.

NIL if no file currently open by 'UREAD; otherwise
a list describing the open file. E.g.,
(FNAME1 FNAME2 dev usr)

NIL if no device open by UWRITE for writing;
otherwise a 2-list describing the currently open
device in format similar to CRUNIT

T if the super-decimal digit feature is enabled,
NIL if not. This feature allows non-decimal digits
to be used when reading in numbers: any atom
beginning with "+" or"-", except those single-
character atoms themselves, will be interpreted

as a number base IBASE. "A'" is used as the tenth

digit, "B" the eleventh, etc.

If x is among NOUUO NORET *NOPOINT NOCHK
*RSET BAKGAG, returns the value of the associated
switch. '

meanin or _action

Sets nth character translation to m.

Requests the time-sharing syétem to set the job
core allotment to n blocks

Updates the "current I/O unit" to be device dev

~As above, but also changes sname to usr.

Will insure that there are at least n words
available in binary program space. Will increase
job core allotment if necessary
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(1I0C x) . ' same as EVALfing'"(IOC )" : ‘:)
(MACRO x y) Sets x to be a READMACRO character of regular
type with associated function to be the value of y.

E.g., (SSTATUS MACRO /' (QUOTE (LAMBDA NIL
(LIST (QUOTE QUOTE) (READ)))))

(MACRO x v S) - splicing type (see Progress Report page 27)

(MACRO x y D) | ‘delayed type

(MACRO x y S D) splicing and delayed type

(SYNTAX n m)k Sets nth entry in READ syntax table to m.

(TOPLEVEL x) Sets the toplevel form to the value of x. (see

, Progress Report page 10)

(UREAD frag) same as EVAL'ing '"(UREAD frag)"

(UWRITE frag) same as EVAL'ing ' (UWRITE frag)"

(+ y)‘ Sets the state of the super-decimal digit féature
to the value of y. see above under STATUS

(x y): ‘ If x is among NOUUO NORET *NOPOINT NOCHK *RSET

BAKGAG,  sets the state of the x switch to
‘the value of y.
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APPENDIX D

Some About Trace and Break

The FSUBR BREAK is used much |ike a break point in DDT. EVAL'ing
(BREAK ident  predicate)
will do nothing if the value of "predicafe" Is NiL, otherwise will print
out "ident" for identification and then enter a READ-EVAL-PRINT loop. Thus
one may inspect variable values and initiate cerfain remedial actions.
Exiting from the break, which returns NIL is done by typing the atom

"¢ P" ( alt-mode "P" space ). An alternate form is available:

(BREAK ident predicate retval)

‘in which the value of "retval" is returned, rather than NIL. By using the EDIT
feature, it is very convenient to insert and delete such "breakpoints" in .
EXPR and FEXPR code. |

TRACE is a FEXPR generally found on the File COM:TRACE LISP, used to trace
the ffow of control of a program. A function which has been set for tracing
will regurgitate a Iittle note each time the function is entered or exited.

The basic format of the -message is, for entry,

(n ENTER FOO arglist)
where n is the recursion depth at this call to the function FOO, and -arglist is
a list of the arguments for tThis call Cunless foo is a FEXPR or FSUBR, in
which case arglistis directly the one argument - see Progress Report page 21.
The base format open exiting is |
(n- EXIT foo valﬁe)

where value is the returned value of function Foo.




requested, a . sample message might look Iike

The user, when setting up a trace, may request other values to be printed out

along with these messages; for example, if (CDR L) and (PLUS BRORG LOC) were

(6 ENTER LAPEVAL (1) /7 ( 04) 35001)

when L = (4 0 {), BPORG = 34777, LOC = 2 and the argument to LAPEVAL is 1.

Similarly upon exiting one might see:k
(6 EXIT LAPEVAL 4 /7 (0O 4)  35001)

In addition, the user may request (1) that only one, or perhaps neither, of

"arglist" and "value" be printed out, (2) that calls to the trace-set

~ function be"traced" only when a given predicate is true, and (3) that a

conditional break point be placed as the first ifem of ‘execution of the function.
The syntax of a trace request is very simple - evaluate "(TRACE ri r2
rn)" where each ri is either an atom foo (meaning set up a trace for function

foo with standard options) or a list interpreted as follows:

(foo ¢) Trace foo, showing both %arglist" and "value" if & =
BOTH; showing neither if C = NIL; showing only "arglist"

if ¢ = ARG; showing only "value" if ¢ = VALUE

(foo c si sZ...én) As above, but also show the values of st, s2,...sn.

¢foo COND pred e) As above for ''(foo c)®but trace a call To foQ ‘
only if "pred" evaluates to non-NIL when foo is entered.
- The atom ARGLIST, where it occurs in pred, will have as

value the arglist discussed above.
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(foo BREAK pred c) - As above for ¥(foo ¢)' but
insert a breakpoint with identification foo and

conditional predicate pred, just after entry to foo.

Combinations of these forms are permitted, such as (foo COND pA1
BREAK p2 c s1 s2) but one must not forget to include c as

part of each individual trace request. The standard option mentioned

above is just "(foo BOTH)".

A function set for tracing actually has its function Broperty altered -
SUBR's an EXPR's are turned into a new:EXPR; FSUBR's and FEXPRS are turned
into a new FEXPR. This new funcTion handles the administrative details éf
tracing (and incidentally may introduce quite an overhead in time), and

_applys the original fungfibn to the arglist. One may reset functions to

their original pre-trace definitions by evaluating
(UNTRACE foo{ foo2 ... foon)

EVAL'ing "(TRACE)" *will yield a list at all functionsccurrently being traced

and EVAL'ing "(UNTRACE)" will untrace all such functions.

EXAMPLES:

15 To trace BUGLE whenever its first argument is greater than 30,
and to trace all calls to HORN. Let us suppose that BUGLE is
defined as (DEFUN BUGLE (N X) (PROG2 (SLEEP N) (HORN X)))

then -~
{TRACE HORN (BUGLE COND { (GREATERP N 3Q) BOTH))

will do the job, as well as




|

(TRACE HORN  (BUGLE COND (GREATERP  (CAR ARGLIST) 30) BOTH))

2) To. trace DEFPROP,Fshowing only the arglist, and breaking
whenever a property is about to be defined for BLAND:

(TRACE (DEFPROP BREAK (EQ (CAR ARGLIST) 'BLAND) ARG))

3) To tfrace LAP, showing only the amount ef binary program

space

(TRACE (LAP NIL (DIFFERENCE BPEND BPORG)))

~ One of the functions on the TRACE file is "?" EVAL'ing "(2)" will
cause a prinfout of a short note about TRACE with a few example uses. Since
this note takes up valuable space, it may be removed by EVAL'ing "(?2)".

Eval'ing "(REMTRACE)" will remove all the ?unctions of TRACE.
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APPENDIX . P

Using Index and Grind

PART 1 Introduction

INDEX and INDEXY are functions that permit the LISP programmer
to more easily debug or interpret long, complicated LISP programs.
Both functions operate on some file indicated by the user producing new

file with information for each function defined by a DEEPROP or DEFUN:

1. Type (EXPR, FEXPR, MACRO)

2. arguments

3. free variables appearing

4. free variables modified by SETQ

5. functions in the file used in the definition

6. funcTions in the file that use the func*ioh defined

7. undefined functions or free variables used as function names

Additionally, notes are made of any functions defined more than once

and of any function already defined in the system.

To use these functions, one need only perform the following

incantations:

4. Read in some version of GRINDEF:
(UREAD E GRIND COM) { or, (URehD GRIV) LLsf Com\\%
) [ means type Q with CONTROL key held down]

2. Read in index file:

(UREAD INDEX  LISP COM)

[o
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3. Attack file:
( INDEX| filehamef filename2 device user)

(UFILE filename 3 filename 4)

The commentary will then appear in a file bearing the names
filename3 and filename 4 as selected by the user.
I+ should be realized that the functions involved are still in

development, and any bugs should be reported to Patrick Winston.

WARNING: the programs assume all fixed point numbers are decimal.

Part 11 Details

Three free variables give the user some contfrol over what the
program does, namely ALPHA, GRIND, and GOBBLE. Normally all come set
to T. |f ALPHA is set to NIL, the information for the functions appears
in the same order as do the functions in the file under investigation. |If

ALPHA is set to T, the order is alphabetical.

If GRIND is set to T, function definitions are added and are
interleaved with function commentary. I|f GRIND is set to NIL function

definitions are omiTTed.

|f GOBBLE is set 1o T, GRLND_is set to T automatically and all
commentary appears inside the scope of COMMENTs. The idea is fo produce
an indexedvfile that LISP can read and enjoy as if it were.The‘briginal
file. Material in the original file that is not the form of a function
definition also appears in the indexed version according fo the following

rules:

. Anything appearing after the first function definition in the




original file appears at the end of the indexed file.
Anything appearing before the first function definition in
the original file appears at the beginning of the indexed
file. This prevents misplacement of any loader code that may

be present.

With GOBBLE set to T, it is believed that all material in the original
file will be retained, even multiple definitions bearing the same name.
INDEX 1 is designed to parallel file conventions of GRINDL

returns the same sort of thing as its value. That is:

(INDEX{ fnl fn2 dev user)
returns 7
(UFILE fn 4 fn 2 dev user)
INDEX differs from INDEX4 only in that the usually desired file

C

naming is done automatically according to the following conventions:

I |f GOBBLE is set to T, the indexed version has the same

names as the original file and replaces it.

2. Otherwise, if the original file has the names fnl fn2, then
the .indexed;file will have the names fn{1 INDEX. Naturally
care should be taken fo avoid indexing a file with the names
fnt INDEX, for the original file will be lost in this case

and the indexed file will not contain all of its material.

EVAL'ing "(REMGRIND)" will remove those functions read in from the

GRIND FILE; "(REMINDEX)" will remove those read in from the INDEX FILE.
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USING LAP

This section of this memo replaces entiley A.l memo 152,
PDP -6 LAP.

INTRODUCT | ON

Lap is a LISP FEXPR (or  FSUBR when compiled)which is executed
primarily for its side effect -- namely assembling a symbolic listing into

core as a machine language subroutine. As such, it is about the most

- convenient and rapid way for a'LlSP user to add machine Ianguage primitives

to the LISP system, expecially if the functions in question afe in a
developmental stage and are reasonably small (e.g. 1—500 instructions).
Also, the LISP compiler currently gives its result és a file of LAP code,
which may then be loaded into core by LAP. |

Virtually, any function definition, whether by DEFPROP, LABEL, or
LAP, is an extension _bof LISP's primitives; and as in any actual programming
language, the side-effects and global inTerachons are often of primary
importance. Because of this, and because of the inherenfly broader range
of machine instructions and data formats, a function quite easily
described and written in PDP-6 machine |anguagé may accomplish what is
only most painfully and,arffficially written in LISP, One must, Then,
consider the fotal amount of code in each language fo accompiish a giveﬁ task,
fhe amouhf’of éémmen+afy hecessary to clarify the intent of Thé task given
the program (in this sense, LISP code rates very high -- a majqr benefit of

the confines of Lisp is that a good program serves as its own comment,




and usually needs no further elucidation), and other considerations of

programming convenience.

Experience has shown that many such subroutines may be assembled
by a small system, i.e. one such as the current LAP, without conditional
assembly, macro, or sophisticated literal generation features. These
latter three features are the major differences in language between LAP
and MIDAS; the major operational differences are (1) LAP is one-pass and
MIDAS is two, (2) LAP uses the LISP READ function white MIDAS is more
efficient, and (3) LAP assembles directly into the binary program space of the
LISP system using it while MIDAS files its assembly on a peripheral
device (which must then be loaded by STINK or the ITS version of DDTY. Thus
one must consider the scope of hfs task in relation to the language desired
and the operational ease preferred.

Unfortunately neither LAP nor The-sysTem reported in A.l. memo No. {27
solves the problem of loading and running arbitrary binary programs jointly
with LISP, Something like a runtime primitive STINK is needed for LISP,
and such may have to wait for furfher developmenT in the multiprogramming

capabllities of the PDP-6 systems.

FORMAT OF LAP USAGE

A call to LAP is even a little more non-standard than indicated in the
introduction in that not all the arguments are included in the S-expression
which commences assembfy -~ LAP repeatedly calls READ, operating én the
S-expressions read-in (from the current input device and file), until a NIL

is encountered, at which time assembly is terminated. Only after successful




termination of assembly is BPORG updated and the correct flag (SUBR,

FSUBR or LSUBR) inserted on the property list of the atoms which name

the newly assembled functions. Thus a call to LAP would look |ike the

sequence.

(LAP  FOO SUBR)
(DEESYM A D
(HLRZ A, O (A).
(PCPJ P)

NIL

Insteadiof the following written in a hypothetical style after 7090 LAP

(LAP ~ ((FOO SUBR 2)
(HLRZ A, 0 (A))
(POPJ P)
((HLRZ . 554%27.)
(POPJ . 263¢27.)
(P . 14)
@.nn

The hosf serious drawback to the latter sTylé is The s+réin placed on free
storage, since the entire expression would have fo be in coré before
evaluation could begin. -

"+ Hence evaluation of (LAP name indica+or)/or (LAP name indicator
address update) begins a LAP assembly for a function with name 'name" of
+ype'"indicaTor" (such as SUBR, FSUBR, or LSUBR) and with entry pofnT

the first location assembled into; if the second form is used, assembly

C



begins in the core location "address" instead of BPORG. Ordinarily at
assembly termination, BPORG is set to the address following the last one
assembled into by LAP, but if "update" is NIL, BPORG is undisturbed.

LAP acts on the quantities it reads as follows:

QUANITITY ACTION
NiL ' Terminate assembly and refﬁrn. Literal generated
constants are assembled into core, symbol definitions
from DEFSYM are flushed, and worthless atoms are
removed from the oblist. A common error is to forget
that cérriage return and E-0-F are not atom break characters;

NiL should be followed by a space.

atom Assign "atom" an assembly symbol value equal to the -
address of the current assembly location; no additional
assemb |y takes place. Thus one uses atoms for symbolic
location tags and under certain conditions these names are

entered in DDT's symbol table (see betow).

A
‘

(DEFSYM atom sexp . . . atom sexp)

Assign "atom " an assembly symbol value equal to

(EVAL sexp); no additional assembly takes place, and

these names are not entered into DDT's symbol table.
(ENTRY name type) Sets up "name " as a function of type "type" (default-same as
(ENTRY name) call to LAP)and wifh entry point the current assembly location;

no further assembly takes place.

(COMMENT |ist-fragment) By a neat technique, no unnecessary atoms remain on

the oblist after assembly; however, during assembly,

there must be enough full word space to hold print names




for-all the atoms and to hold the nUmericéI values

of a few LtSP numbers. - , . ‘:}

(SYMBOLS t-or-nil) NIL turns off and non-NIL turns on the LAP feature which
passes along symbolic location names to the job symbol
Table; currently all symbols so entered arelfreafed
 as global, but at some Timé in the future this may be
modified to permit flexible duplication of symbols in
several programs. |f the SYMBOLS pseudod%)‘appears anywhere
in an assembly, then the names of functions thus defined
will be transmitted to DDT. NOTE WELL: Although LI1SP
atoms may be composed from upwards of .80 characfers;

Those used as tags which are entered in the éymboIATable
should include only JegalgMJDAS‘characfers, and
only the first six characters of the atom's PNAME are @:D

relevant to this feature.
(BLOCK ®») : A block of n-words is assembled, each conTaTning a zero.

(ASCI | sexp) . The s-expression sexp Is gXPLQDEC’d and. the resulting list
of 7-bit characters is assembled, 5/word, in successive

words,

(SIXBIT Séxp)‘ Same as for ASCI|, except that %hé 6-bit form of the
| ‘ character is used, 6/word.
(x)
(x ; list-gragment) x (which is not one of the above :items)
is evaluated by LAPEVAL and the numerical result stored

in the current assembly location, which is then advanced

O




by one. For the meaning of LAPEVAL, see the next section on
assembly constituents. '"list-fragment" is ignored and

may serve as commentary (see note above for Comment).

(x y)

(x y ; list-fragment) Same as immediafely above, but (LSH (LAPEVAL y) 23.)
is added into the stored result.

(xy z ; list fragment) Same as immediately above, but (BOOLE | (LAPEVEL z)
777777) is added into the stored result. ForQard
‘reference symbols may appear only in the z field; that is,
if a symbol'is used before it is defined, it must be

. used only in the address part of the ihsfrucTion.

Xy zw o ; ‘ . ~ - /

(xy zw; list fragment) Same as immediately above, but the numerical value

| of (LAPEVAL w), treated as a 36-bit quantity, is swapped
left-half for’ right and then added into the stored result.
LAP ‘initially checks whether or not the atom @ is a member ofrfhe lisT_LfF
forming fﬁe assembly word, and if so sets the indireé* bit (bff I3) and deiefes
the @'féom the indicated assembly; thus an @ does not counf,as.one of x, vy, z,
or w.
One notices that there is a>s+rong similarity between LAP format and MIDAS

~format, an essenfial difference being that LAP processes assembly‘quanfifies'"in orde
Iéf—fc—righf, to determine which.is the AC field, which the address field, and
which The'index‘field. One must remember that the LISP read roufine imposes a
certain dissimilarify in text for the two asSembIérﬁ, since "space", "commaﬁ,
"left paren", and "rigﬁf paren" are the only break characters for éfoh nahes;




_remain undefined, the message "UNDEF SYMBOLS", followed by the offend?ng

o

Hence spaces are necessary on both side§ of a semi-colon>0r;aT—sign

when they are used as described above, and the AC field may’hof be ommiffed
in instructions like (JRST }O ADDRESS) . The index field need not be
enclosed in parentheses as in MIDAS, but in general there is no harm in

doing so (see "ényoTher list" under assembly constituents).

NORMAL AND ERROR RETURNS

Normally, after fterminating assembly, LAP returns a list conTain}ng
the current  value of BPORG, and the names of the subroutines just assembled
(there may be more than one entrly for the routine assembled, the principle enfry is
declared in the call to LAP and others may be declared by means of the
pseudé—oPera+ion ENTRY). |f, after assembly, some referenced symbols
atoms, will be prinTed out. |f there were any muTIipIe—defihed symbols; @;B
"AMBIG SYMBOLS! is printed along with a list of the offenders. ’One

particular disaster caught by LAP is indicafed by the message '"not enough core".

“Since LAP uses so many free variables (and for several other reasons),
one should allow a call to LAP to exit by itself rather than stopping it

wiTth or some other ruse.

ASSEMBLY CONST I TUENTS

~Each of the partfs of an assembly word (x, y, z, or w) is évaluafed
by LAPEVAL, in the context of the assembly. The assembly quantities whose

CAR is among DEFSYM, EVAL, COMMENT, and SYMBOLS, may be termed

- pseudo-ops in that they do not give rise to an assembly word but merely




‘m’ give directions to the assembler. @ and ; are treated specially by LAP

and are not considered to be assembly constituents.

QUANTITY _ VALUE

number Fixed-point numbers always evaluate to themselves.
Floating-point numbers in an address field may produce

Random Resul+ts.

NIL Same as (QUOTE NIL).

* The address of the current &ssembly location. Same as
in MIDAS.

atom Except for @, ;, *, and NIL, all atoms evaluate to

their assembly symbol value; i.e. (GET (QUOTE atom)
(QUOTE SYM))
m QUOTE sexp) (MAKNUM (QUOTE sexp) (QUOTE FIXNUM).  For example,
| (MOVEI 4, (QUOTE (SMALL LIST))) assemb:.es into an
instruction which moves a pointer to the list (SMALL
LIST) into apcumulafor 1.

(SPECIAL atom) "Provides a pointer fo the value cell of "atom"{ thus
(MOVE 1, (SPECIAL FOO)) moves the value of FOO into 1
instead of a pointer to F0O, as would happen if
(QUOTE FOC) were used. In addition

(MOVE 4, (SPECIAL BAR))

(MOVEM 4, (SPECIAL F00))
accomplishes in a SUBR what (SETQ FOO BAR) does in an
EXPR. |

(FUNCTION atom) Essentially the same as (QUOTE atom), but is used to

C




QUANTITY VALUE | | | O

emphasize that "atom" is used as a functien name (see section
on UUO instructions).
(ASCI| sexp) Provides a 36-bit ascii representation of the first five

characters from (EXPLODEC S€XP).

(SIXBIT sexp) As above, except sixbit representation.

(3 xy z w) Literal generation feature, like [ x y, z (w)] in MIDAS.
Assembles & ¥y z w) as described above and provides the
address thereof. Similarly, the forms (% x), (% x y), (% x y z) may
be used. A literal constant is resTricTed To the z-field
(or address field) of a LAP Instruction, but may appear
‘nested to any finite depth. ~ Example =. (MOVE 4, (%1.0))
moves a machine floating point number into 4, whereasv‘ ’ (N:D

(MOVE! 4, (QUOTE 4.0)) moves a LISP number.

SYMBOL DEFINITIONS

LAP is initialized with a few basic symbol definitions needed by code
generated from the compiler, such as P = 44, and proper addresses for'NUMVAL,
SPECBIND, UNBIND, FLOAT, eTc.‘ Not all PDP~6 op~codes are pre-defined, but if
one of the missing ones is used in LAP code, then LAP will obtain a correct value
for it from DDT. Temporary symbol definitions may be made by the user with
The pseudo—op'DEFSYM\(see section on "Format of LAP usage). .

I f there remafn any undefined, referenced symbols of the end of a LAP

assembly, then the DDT symboltable is interrogated to try to find a definition.
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Thus one can write LAP code as if it were being assembled Togefher with
the LISP system. When passing along entries to the DOT symbol table, or when
looking up a symbol in it, any character of the symbol not a legal MIDAS syllable
constituent is converted to the character " ."

Four trap instructions are provided to help link up compiled code with
other functions, possibly in EXPR forms: CALL, CALLF, JCALL, JCALLF. The
first two simulate a transfer Iike PUSHJ P, FOO; while the latter two simulate a Ttransfer
like JRST FOO. The accumulator field of an insTrucTibn with op-cocde in this
sense tells which of the three argument conventions has been followed; In
(CALL n (FUNCTION f)) if O« n<=5 , then the EXPR-SUBR convention is used,
with tThe n arguments tocated in accumulators 4 fo n; If n = |7, then the
FEXPR-FSUBR convention is used, with the one argument located in accumulator 4;
If n = |6 then the LSUBR convention is used, which assumes that accumulator
6 contains the negative of the number of arguments, which are sfacked up on
the regular PDL last on top, and the return address is on the PDL before all the
arguments. Under favorable conditions, when CALL'ing a SUBR, LSUBR, or FSUBR,
no further interfacing need be done and the CALL instruction is acTuaIJy
replaced in core with a PUSHJ or JRST. The ops CALLF and JCALLF, however, are
never replaced. Similarly, if NOUUO is non=NIL, the ins+ruc+ion—hodify phase is

inhibited.

AVAILABILITY

The COM device holds files E LAP and C LAP. E LAP is an EXPR version
of the functions necessary to make LAP work, and C LAP is a compiled version of
the same. |f one plans fo load in a file with calls to LAP on it, then he should

first load in one of these two LAP files. In the future, this might be done
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Automatically, but right now the user must explicitly take care of loading
in needed auxilliary functions.
Evaling "(REMLAP)" will remove as$!much of LAP as possible, and the

garbage collector will be able to reclaim its space.

AN EXAMPLE

(LAP DONTFOOP SUBR)
(MOVEI 2 (QUOTE PNAME))
(ENTRY DONTFOO)
(PUSH P 1)
(CALL 2 (FUNCTION GET))
. (HLRZ 1 0 1 ; THIS COULD ALSO BE (HLRZ 1 @ 1))
(MOVE 1 0 (1) ; GETS FIRST WORD)
(CAMN 1 (% ASCII F00)) |
(JRST O POPAJ)
(POP P 1) |
(JCALL 1 (FUNCTION PRINT))
NIL

NUMERICAL ROUTINES ENCODED IN LAP

On one of the tapes of Jon L. White, there is a file LAP routines for
the functions SIN, COS, ATAN [arc tangent], SQRT, LOG [Natural log], and EXP
[base e]. Also there is a file @ |AS which is a general matrix inverter and

simultaneous linear equation solver. Calling
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(IAS A NEW N M)

performs‘gaussian row reduction on the first N rows of the array A (and in
fact operates on only the first M columns); so that if M<N then the N+ | st
through the Mth columns of the output array contain the solutions to the

implicit M-N+1 systems of NxN simuitaneous |inear equations, while the first

N columns contain the inverse matrix of Ali"°.7 |f NEW is 'T' then a new
A
L nn_l

array of size NxM is declared and the answers are stored in it leaving the
input array A alone; if NEW is 'NIL' then the output array is stored directly
over the input array and no new array declarations are done.

Currently, maximization ofwpivotal elements is not done; thus 1AS will
give wrong answers on certain numerically ill-conditioned maTribes even
though they be non-singular. |t is possible to remedy this problem, at some
expense, if necessary. |AS also uses a portion of binary program space for

temporary storage and may give an error message if not &neough space is available.
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APPENDIX J

MOBY 1/0

Used to set certain programmable conditions for the new

video processor The arguments are in order:

Filter - three bits (0 - 7) to designate the presence

or absence of the color filters over the lens.

confidence - should be 0,1,2, or 3. Determines the

- speed and accuracy of the video processor, 0 being

the slowest but most accurate.

resolution - that number of equally-spaced |ines over

the: field of view — maximum of 40000. (Actually, the

video pocessor always dissects the scene onto a 20000 x20000
grid. This merely providés a scale factor for the
arguments to NVID and NVFIX). For many reésons 1000

to 40000 is an extraordinarily good range for this

argument.

dim - should be in the range 0 - 47 inclusive. Selects
one of sixteen dim cut off levels. See a hacker for more

elucidation.

xyz - Zero means the video processor receives its input
from the new ITT vidisctor (TVC); non-zero means the signal

comes from the old ITT vidisector (TVB).

O



NVID

NVFIX

arrayname 21417 has a y-value , and will replace the |a++eriby

J=2

NIL may be used for any of the above arguments, in which case
the specified condition is not changed. Initially all conditions

are 0 except resolution, which is 20000..

Reads the new video processor and returns a floating-point

number (with an information content of ten bits) which is an inverse
| inear measure of the light intensity at the selected vidisector
point. (The manual switch located on the video processor should

be in the "LIN" position when NVID is used. Use NVFIX when it is in
the "LOG" position). The two arguments are respectively abscissa and
ordinate values for the image dissector, and must be fixed-point.

Returns -1.0 for the dim or dark cutoff condition.

As above for NVID, but is essentially a logrithmic measure of

intensity, scaled between 4 and 41777. Returns a fixed pbinf

number. (NVFIX and NVID will differ at most in the Thrée least

significant bits depending on the state of Thé "LIN—LOG":swiTch.

See NVID) . Return O for the dim or dark cutoff condition. |

NVFIX can also read in block mode: aniX [arraYname; n will | ‘

assume, for O=i<n | that arrayname [2i] has an x-value and

NVEIX [x;y]. LISP numbers are used both coming and going, but

generally small numbers will suffice.

One can write a small LAP = routine to fill the first n words of

some array for input to NVFIX, if the points to be read are related




MPX

IMPX

OMPX

PLOT

in some reasonable fashion. In each word the left-half holds
the % -value, the right-half the y-value. and the return value is

in the right-half.

NVSET is used to set the conditions for NVFIXregardless of which
mode is used. An error occurs if the first argument to NVFIX is neither

an array nor a number.

To use the A/D and D/A converters, open up the facilify with a
(MPX ad da)

Where ad specifies the mode of operations for the A/D and da for

the D/A converter. Legal ranges for ad and da are:
NIL - leave status alone
0 - close out device
1 ~- open device in normal (image) mode
2 - open device in fast @scil) mode

See the ITS reference manual for more information about this device.

Reads the input multiplexor, A/D, channel specified by its

argument (a number = 77).

rowess

First argument is a channel number, and second is a value to be
outputted on the D/A output multiplexor,

This is just the Plot function of Mike Speciner’s JmTerpréTaﬁve
plotter. Will require some futoring before the user will know

what he is dding.

O
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PLOTLIST

PLOTTEXT

LPEN

S J-4

I'f first argument is a list constructed like a DISLIST, then

it will be plotted on the calcomp plotter just as it would be
displayed on the CRT 340. |f optional second argument is given,
then a point will not be plotted as a dot, buf rather as the
first character of the PNAME of the second argument. Example;
to have points plot out as asterisks:

(PLOTIST DISLIST (QUOTE *))

PRINC's  jt+s argument at wherever the plotter head finds

itself; sample use:

(PLOTTEXT (QUOTE Y-AXIS))

Has no arguments. Reads the 340 |ight pen scanner and returns
(count . (x . y)) where count is the number of times the light
pen was seen (since the last call to LPEN or since the prdgrém's

beginning) and x and y are the average abscissa and ordinate values

" of the light pen when seen.
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APPENDIX K

~PIC - PAC STUFF | : 0

In an effort to utilize taped vidisector scenes, séveraj functions

for performing the necessary |/0 have been added fé LISP. (See PICARRY,
READPIC and WRITEPIC). There are obvious advantages for the

debugging programmer to having standard, well-described scenes

available, as it were, through a simulated vidisctor. kBeere using

the routines, however, one must become aware of the image'convenfions

of PicPac. Images (or scenes) are considered Tq be rectangular
sub-portions of a u init square, and hence image cq—ordinafes

are floating-point numbers between 0.0 and 4.0. This facilitates

the mapping of an image space'onTo varjous I/0 devices. Needless to say,
some discretized approximation to the image is what is actually

stored on tape, so that the co-ordinates mentioned iﬁ READPIC really réfémjb
to Thé‘nearesf lattice point in the image spacevrecdrded §n tape.

Once an array hés been read in, however, there is no furfhervuse of

image space‘co—ordinafes éxcepT for the descripfioh produced :

by DESCR. Reference to the array is done as usua] on ordinary

LISP arrays. Thé PicPac system will be maintained by Larry Krakauer,

Room 819, 545 Technology Square.

" PICARRAY  Declares an image array for use with PicPac. Its use is exactly the

same as the function ARRAY: ifs arguments are respectively:

the array name
NIL
the x dimension (or number of rows)

the 'y dimension (or number of columns) : . ‘:ﬁ



READPIC
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The array elements are accessed as usual - (arrayname n m) evaluating

to the n,mth entry in the array.

Reads into the array specified by the first argument (which must

have been declared by PICARRAY), receiving data from the device

and file selected by the most recent UREAD. The second and third argumen+s
specify lower-left x- and y- co-ordinates respectively; the fourth

argument is a delta d such that adjacent entries in the array are

filled by incrementing the image co-ordinates by an amount d.

(See PicPac for an elucidation of image space co-ordinates). An
alternative form is to specify separate deltas for the x and y directions:
(READPIC array lowx lowy d) or (READIC array lowx lowy dx dy).

The coordinates of the upper-right point of the image area read in are given
by upx = lowx + xdim*dx and upy = lowy + ydim*dy,'whefé xdim and ydim

are the x-and-y dimensions respectively of "array". All arguments

except "array" are assumed to be floating, in accord with the PicPac
convention; however fixed-pcint numbers may be used; it will be

assumed that they refer to a 10000 by 410000 grid and they will be

floated accordingly. |f a section of the requested input area, i.e.

the rectangle from (lowx,lowy) to (upx,upy), is not recorded on

the input file, then READPIC prints an error comménT and returns NIL;

otherwise it returns the name "array'.

WRITEPIC FSUBR

(WRITEPIC array) writes out on the currently open oUTpuT device
the entire array specified by the argument (in binary image mode).

In general, WRITEPIC is preceded by a UWRITE and followed by a;UFiLE.




DESCR

DESCRX
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Part of the PicPac package . ‘ff there is an argument,

its value is assumed to be an érray name and DESCR (for "describe")
produces a |ist of ten numbers, associated with the array: (xdim ydim lowx
lowy dx dy hash vd light data) where the last three numbers give
information about the vidiscetor used, the lighting, ‘and the mode of

fhe data. Numbers three through six are in floating péinf; and "hash"

is irrélevanf. xdim and ydim are the x and y dimension (see PICARRAY).

If there is no argument given, the array described is +hé one which

the most recent call to READPIC read from. The array stored on

tape which serves as the data source for the call to READPIC will in

general have a descripfion‘differenf from that of the array in core.

(DESCR NIL) is NIL so that (DESCR (READPIC arr lowx lowy delta))

produces either a descrlp*lon or NIL depending on whether or noT the

read was successful. (See READPIC) .

Same as DESCR except that numbers three through six are converted to

fixed point, assuming a grid of 10000 by 10000.

O

C



X~-1

APPENDIX X

An attempt to update A.l. memo [I6A with respect to

items not well-discussed elsewhere.

Two quick little goodies: (4) accumulator 43 fs not used by LISP
anywhere, and)may be ulitized to the programmer's pleasure; (2) when debugging,
one often finds himself crawling around in DDT fo inspect the ruins after a
catastrophe, and it is an annoyance tfo see DDT type at you 34735 when you know
that this is a pointer to some list - therefore, if the currently open cell in
DDT points to an s-expression, typing'P.$X" will cauée DOT to enter a special
part of LISP which will print out this quantity in the usual LISP style.
[Actually "P." is a symbor in the symbol Tablebequivalenf to "PUSHJ P, PSYM" ,
so symbols must be loaded for this to wofk.]

The remainder of this appendix is in the mosaic style of A;lw memo 116A,

and there are no apologies for its terseness.

ASSOC Uses EQUAL

ASSQ Uses EQ

Compiler
One may load a LISP compiler by typing at DDT "COMPLR H". One may
still use the previous method of cohpiling a file, but a more convenient
‘may now exists. When the cémpiler is ready it will Typé out
""LISP COMPILER 77". |f the user then types "(MAKLAP)' he may then fype
'a task specification exactly as with MIDAS, TJ6 and COPY, namely
< target file > <left arrow> <source file7<carriage return” o specify

“that the source file is to be compiled and the resulting LAP code




stored away on the target file. Example:

(MAKLAP) o O

- FOO' COMP «<—FOO BAR €8
or (MAKLAP)

FOO BAR &&

In the fatter case, the target file will be FOO LAP. The same
options exist as in MIDAS for default on specifying device and

shame.

Current 1/0 Device
LISP has bookkeeping room for one input file, opened by UREAD;
~and one ourput file, opened by UWNRITE. There is an internal
register herein called current device name, that remembers which
auxi]liary storage device contains the newly opened file, and this
register may be changed by optional arguments to UREAD, UWRITE and
. UKILL. An open read file is closed by reading an E-O-F character,

and an open wrifte file is closed by executing a UFILE (q.v.)

DISAD No longer keeps the counters ODISCH or DISLP; but has been
extended to work well with nearly all the ASCIl| characters, including

carriage return, line feed, and lower case.

Display ' The time-sharing system provides a means for "printing' on the
| CRT 390.scope display.The N switch will send PR[NT‘équuT‘+o it.

If one builds up his own diéplay arrays, either with DISAD, or
by some display generating routines, then each array A fto be part

of The picture must be put on DISLAST as follows:

(SETQ DISLIST (CONS (GET (QUOTE A)QQUOTE ARRAY))

DISLIST))
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EXCISE

FIXP
FLOATP

10G

MACDMP

MAX

MIN

X=3

Typing (F starts the display running from DISLIST.

An EXPR which REMOB's many system atoms which fthe average
user finds of little value. Thus about 500-1000 words of free
storage may be gained. Almost all the functions so lost may be
dupiicated wiTh STATUS or SSTATUS. Afoms remob'ed are
REMOB RANDOM GCTWA NOUUO NOCHK RE¥ARRAY VALRET CRUNIT

D FIXP FLOATP EXAMINE DEPOSIT TIME NORET SLEEP RUNTINE
LISTEN LPEN DISAD DISINI #F and all functions mentioned in

appendices J and K.
A SUBR, NON-NIL only for fixed~point numbers.
A SUBR, NON-NIL only for Floating-point numbers.

has been changed to a more useful form. Essentially operates

as if it were defined

(DEFUN 10G FEXPR (L)
(PROG ( 40 AR W 4B tN)
(COND ((CAR L) (EVAL (LIST (QUOTE‘IOC)' (CAR L)))))

(EVAL CADR L))))

In time sharing; passes control to DDT rather ThanAThe non=time-
sharing "MCDMP"., If job is disowned, then a logout is performed.-
Has argument which is given as a VALRET string to DDT. E.G.

(MACDMP (QUOTE TECO$J$/[X/.LISPSJ))

An LSUBR which returns the maximum(numerical)of ifs arguments,

using contagious floating arithmetic. Thus (MAX is 4,0 7) is 10.0

As for MAX, but returns minimum.
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Numberé

RUNT IME

~ SLEEP

TIME

UKILL

VALRET

LISP numbefs;»sfored in specfal areas, are‘represenféd simply

by a boin+er into ThaTwarea."Thus there is a FIXNUMispaCe, and
a FLONUM space, as Well as Binary program space, and free
éforage space (in which lists ére stored) .

For time-sharing LISP, returns the number of microseconds of CPU
ffﬁe used by the current job, as a‘fi*ed~pbinf LISP number,

accurate to about 50 microseconds.
(SLEEP n) causes the program to stop femporarily and take a

nap for n thirtieths of a second. SLEEP is a SUBR.

For +Ime—sharing LISP, refurns The Time,counTér fromlfhe TS system,

as a fixed point LISP number. .Currently, this is the number of

Thirtieths of a second that the system has been running. Note

that in TS LISP there is no settime. (Using STATUS, the user
may read a real time clbqk to-obtain the time of day{ See

Appendix C .under "DAYTIME™)

An FSUBR (UKILL n) or (UKILL UTn) sfill\flaps tape n. But any

other syntax on the arglist will be inferpreted as a file

“specification (like those with UREAD which it tries to delete. é.g.

(UKILL LOST FILE DSK PHW) will delete some worthless filé on the

DSK device with sname PHW.

PRINC's its one argument as a valret string to DDT. Logs out

if job is disowned.
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