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LISP 1s a source language for writing algorithms. Uniike
most other languages, in which a source program consists of
a sequence of instructions to be ezecuted in a ceriain
order, a LISP program usually (but not always) consists of a
collectlon of function definitiors.

The basic obJject in LISP 158 a branching-tree type of
structure called an S-ezpression. A1l functien definitions,
function arguments, function values, programs, instructions,
varliables, constants. and data are S-expressions. At each
nede of an S-expression there are two branches. The
branches eventually terminate in atoms. An S=exzpression 1is
thus defined recursively - 1t is either an atoem or the
concatenation of two S-expressions.
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preasion of Tigure 1, Jambda, x, nil, tilmes,
- The 3=-expression lgs the concatenation of
bda, whlch is an atem, with another

Theve is a notation for transmisslon of S-expressions
between LISP and the outside world. An avom 18 simply
spelled out. A concatenation Js written as a left parenthe-
sis, the S-egxpression on the left side, a period, the 8-
expression on the right side, and e wight parenthesis. The
S—expression of figure 4 could be written

{(lembda. ({z.nil). ((times.(2.{x.(x.nil)})).nil}))

Almost all S—expressions ¢that are commonly used have a
chain of branches golng off to the right, with the atom g%;
at the end. From each node an S@egpression hangs on the
left. Such an S~sxpression is called a 1list.



fig, 2

- a list

There 1is a special notation for lists, consisting of a
left parenthesis, the ltems of the llst with Spaces separae-
ting them, and a2 right pareuthesiso Using list notatiQn,
the S-expression of figure 2 is written

(abxy z)
and that of figure 1 is written

(lembda (x) (times 2 x x))

Elther format is

permissible for input. In typing out 8-

expressions, LISP uces 1ist notation wherever possible.
Thmre are twe types of atoms. Numbers consist of one or
more digits, with ov without a mimus sign. Atomic symbols

cap?%in at least one non-nurerliae cha rarte;a
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Given a nonatomic S=gxpression as
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LIZP are car, cdr,
50 othe”s, eXist

timne
Be, along with ©
LISP program,

an argument car {inds

the left half. Cdr finds the w»ight heifl.
car of éaobg = 3
cdr of {a.b) = b

cons takes two arguments and concatenates them.

Hote that the car of a 1liss
cdr 1is the list of the roma

cong of a

and b = {(2.b)

1s 1ts firat element, and the
lning elements. The list of no

elements 1s the atomic symbol nil,

o
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car of {abc) =
cdr of {a b ¢) = {b c)
nili

c¢dr of (a) =



The cons of an S-expression and a 1ist is the list with
the S-expression tacked onto the front.

cons of a and (b ¢c) = (a b c)

LISP does arithmetic with the functions piuvs, minusg,
times, logor, logend, logxor, quotient, and remainder. The
arguments of these functions must be numbers. Plus, times,
loger, logand, and logxor take any number of arguments and
calculate the sum, product, bitwlse inclusive or, bitwise
and, and bitwise exclusive or of all of the arguments.
Minus takes one argument and returns its negative (ones
complement). Quotient and pepalnder take two arguments and
return the quotient and remainder of the integer division of
the first by the second.

LISP uses the atomic symbols £ and nll to represent truth
and falsehood, respectively. Decisions are made by func-
tions called predicates. A predicate applies a test to its
argument and returns t or nil depending on the result.

Atom returns ¢ if 1ts argument 18 an atom (number or
atomlc symbol) and nill if it a concatenation.

Numberp returns i only if its argument is & number. If
returns nil 1f it is an atomic symbol or a concatenation,

Null returns t if its argument 1s nil, and returns nil
otherwise.

Egual takes two arguments and returns t if they have the
same structure, j.e. I1f they wculd lock alike if printed
out,

The argument of zerop must be a number. It returns t if
that number is plus zero,

Greaterp takes two numerlc arguments and returns t if the
first 1s algebraically strictly greater than the second.

Predicates are usuvally used with cond, the declsion
making functlon. Copd takes an indefinlte number of argu-
ments, each of which is a list of two items -~ an antecedent
and a consequent. The arguments are examined one at a time
until an antecedeni is found to be true. The value of the
corresponding consequent is then returned, If ail of the
aptecedents are false an error message is princed. The
antecedent of tha last argument is usually £t to preveant
this,

Logical cuantities are manipulated with the funcions and
ard or. Each takes an indefinite number of logical argu-
ments and returns % if all of <them or one of them,
regpectlvely, 13 true. There 1s no function named not, but
pull m2y be used to negate logical quantilties, Remcmber
that logapd and Jogor are used with numerical quantities,
and and or with loglcal ones.



Atomic symbeols have the property that they may "stand
for' things. The thing for which an atomic symbol stands is
called 1ts value. It may be any S-expression, atomle or
otherwise. The value of an atom may be the atom itselfl, as
1s the case with  and nil. When an atom has & value, it is
sald to be bound ¢o that value. Not all atoms are bound.
The predicate valp may be used to determine whether an
atomic symbol has a value,

The function getq is used to bind atomlec symbols. The
first argument 1s the symbol, the second is the value. Any
previous value of the symbol 1s lost. Seta is an example of
a pseudo=-function. It 1is used for its erfect rather than
its value. Pseudo-functions, like all other functlons, must
return values, but the value is usuvally ignored. Setg
returns its second argument.

In LISP function calls are written as S-expressions,
using a variation of Polilsh notation. The S—expression used
is a 1ist containing the function as the first item end the
arguments as the remaining i1tems. Every function must
therefore be able to be written as an S—expression. For
this purpose, assocciated with each internal function in LISP
is an atomic symbol with the same name. The value of the
symbol 18 a number with an invisible flag giving the ILISP
program the information it needs to call the subroutine.

Suppose, for example, that x stands for & arnd y stands
ror (b c}, and one wishes to take <the cons of x and
obtaining f(a b ¢). The atomic symbol gons is used, and tne
call is the S-expression icona X gzg Note that the gar of a
function call 1s the function, and <the gdr is the argument
list. The procedure by which the S-expression {(cons x y) is
transformed into {a b _c¢) is called evaluation, and is the
most lmportant procedure in LISP. Evaluation of a number
gets the number itself., Evaluatlon of an atemic symbol gets
the symbol's value, Evaluation of & nonatomic S-expression
(which must be a list) ceuses the arguments (in most cases)
to be evaluated, and theilr values sent to the function.
Whether the arguments of a function are evaluated or not is
a property of the function. Except where otherwlise speci-
fled, all functions have thelr arguments evaluated.

Since the arguments of functions are evaluated, they may
ke other function calls, enabling functions to be nested
within each other, For example, to take the car of the cdr
of the car of whatever x 1s bound to, evaluate

(car {cdr (car x)))
If x evaluates to {4.3), then
{plus (minus (car xz)) 5 (edr x))
evaluates to 7.

Evaluation may be astopred with the function quote. Buote
takes one argument and returns it without evaiuvation., To
find the cons of 2 and (b ¢), cttaining (& b c). evoluate




(cons (quote &) (auote (b c)))

LISP willevaluate (quote 2} to a and {guote {b ¢}) t» (b c)
before sending them to gcons. Evaluating l(cons & (b o)
would cause the value of ¢ to be sent to the function o, and
the value of a concatenated with the result.

The function geta evaluates its second argunent but not
its first. To bind x to {a b c), evaluvate

{setq x (quote {a b c}))

Z.may be set to 1 more than its previous numerical value by
evajuvating

(setq x (pius x 1))

The funcicn cond dces not evaluate its arguments directly
but evaluates the antecedents and consequents separately.
The antecedent of each argument is evaluaited untll cne is
found to have a value of %, The consequent is then
evaluated,

{cond {{atom x) (quote a}% (v (quote {2 v)))
{(t {quote (a b c))))

avaluates to a2 if the value of x is atomic, or
a b) if the value of y is t, or
(2 b ¢) otherwise.

The third case works because 1 and nll are bound o
themselves,

in addition to functions written =28 subroutines, func-
tlons may be written by the programmer. These funcilonz are
interpreted by LISP when <they are cslled. A programmed
function 1s & 1list of three items, the first of which 13
usually the atomlc symbol lambda. Lepbda is not a subrou-
tine but a special symbol whlch LISP recognizes. It has no
value. Like subroutines, programmed functions are usually
given names, and an atomic gymbol of the same name is given
a value of the function. Funections defined with lapbda are
called expr's and alvays heve their arguments evaluated.

Suppose the symbtol fo0 has a value of

(1ambda {z) {times 2 % x))

Zambpda identifles it as an ezpr, {x} is the dummy symbol
1igt, indicatling that 1t takes one argument, and {times 2 x

) 18 the actual delinition. This funcition takes one
argument, squares 1t, rmultiplies vy 2, and returns the
result.

.

%foo (plus 1 2}} evalvates to 18
foo {fao 1)) evaluates to 8



A predlcate sggba to detect whether an S—expression 1s on
a&tomic symbol could be written as

(lambda (x) (and (atom x) {nvil (numberp x}))), or as

(1ambda (y) (cond
numberp y) nil)
atom yj) t

t nil)

))

This predicate, if defined, could be used exactly as one
would use atom or numberp. Programmed functlons may call
any functions, even themselves,

A function fact to find the factorlal of 2 nusber could
be written as

(logas, (x) (comd ((equm =) 400

(fact 4) evaluates to 24
(fact (fact 3)) evaluates to 720

When LISP attempts to evaluate a function call, that is,
a nonatomic S-expression, it evaluvates the functlion as many
times as necessary {usually once) until & subroutine or a
1ist beginnling with lambda, nlamda, or label is founde. Ie
lambda is found, the arguments are evaluaied and paired with
the symbols on the dummy symbeol list. Any oid values of
these symbols are saved, and the gymbols are bound to the
evaluvated argumenis. The definition i2 then evaluated and,
after restoring the previocus bindings of the dummy symbols,
the value of the definiticon is returned as the value of the
call. Ezxample — suppose that the second definition of symbp
is used. Find cut whether a_is a symbol. -

symbp evaluates to (lambda (45 {cond ((numberp y) nil)
{{atom ¥v) t) (¢ nii

vy evalvates to (1 2 3). This is its previous value
from some unrelated calculation.

Evaluate {symbp {(quote a)),

The functlon symbp is evaluated {o
(1ambda (y) {(cond ( numberp y¥) nil) {{atom y) t) (% nil)))
LISP recognizes thils as an expr, so 1t evaluates each
argunent
{quote a) is evalueted - its value i3 a
The dummy symbol list is (y). The old value of y, (1 2 3},
is saved.
¥ 1s vound Lo the evalusated argument.
Yy now evaluaies Lo . A
(cond ((vwmberp ¥v) nil) ({atom ¥) t) {t nii)), the
definibion of the functlion, is evaluaited. Cond, unlike most
functions, does not evaluate its argumenis immedlately, so
the arguments sent o cond are
((numberp y) nil), ({(atom y) %), and (¢ nil).
numberp y the first antecedent, ls evalu2ted.
mberp evaluates its argument.



is evaluated, obtaining a, which is zent to numberp.
is not a numéer, S0 muwiverp returns nil.

cond goes to the next antecedent.

{(atom y) is evaluated.

y evaluates to &, which 1s an atem; so atom returns ¢,

The second statement 1s true, so its consequent, t,; 1s
evaluated. :

£ 18 bound to itself, 30 the value of the call to cond
is t.

¥y 1s restored to (1 2 3), its old value, and t is returned
as the value of (symbp (quote a)).

Hence & _1is & symbol.

.

Functicns llke symbp and fact, belng values of atomic
symbols, are relatively permanent and may be used repeated-
ly. When one wishes to use a function only once, 1t is not
necessary to give it =2 name and bind the atomic gymbol of
ghe seme name to 1t. The function 1itself may be used,
ience

((1ambda §§g écond ({numberp y) nil) ({atom y) t)
(t n11 quote a))

may be used to determine that a 1s a symbol.

If a function is recursive, however, 1t must be given a
name so that 1t may use that nome In calling itseif. An
attempt to calculate U4 ractorial by evaluating

((l?ﬁggg ;;21§§§§§)(§§qual x 1) 1) (¢ (times = (fact

would not work because fact has no value,

((1abel fact (lambda (x) (cond ({equal xz 1) 1) (& (tiﬁes
x (fact (plus x —MJ)%)%) L) :

will work. Iabel is used to temporarily bind the atomic
syubol fact to the definitlon of the factorial function.

A list consisting of label, a symbol, and a function 1is
equivalent to the function alone, except that the symbol is
temporarily bound to the function., The function can there-
fore call ltself by referring to the symbol with which it is
labelled., The previous value of the symbol is vestored when
the function 1is {inished.

To write & function which does not have its arguments
evaivated, usc plamda instead of lagbda. Functions defined
in this way are called fexpris, In addition to not
evaluating thelr arguments, they also have a different way
of binding arguments to the dummy symbol list. A fexpr mey
take any number of arzumenis. There mst be exactly cone
symbol on the dummy symbol list. It wlli be bound to the
ilst of all of the arguments. Fuanctions vhich do not
evaluate thelir arguments are usually used only on the top
level for "utllity" purposss. Other functions do not, as a
rule, c¢all them, and they are not usually recursive,
Prindef, dex, fix, tracs, and untrace are examples of




internal functions which 40 not evaiuate their arguments,

Ezprfs may be convenicntly defined Ly means of the
pseudo-functlon dezx. ex hakes three arguuents and deoes not
evaluate them. The first is the name of the funcition ©o be
defined, the second 1s the dummy symbol list, and the third
is the definition.

(o gpEina g} (578 gy v

evaluates to gymbp and defines symbp to Dbe the expr
d€scribed above,

Programs in the usual sense w3y be written with the
functions prog. return, and go. Pro takes an indefinite
number of arguments and does not immediately evaluate them.
The first argument 1s the temporary variables 1list. The
value of each symbol on this 1ist 1s saved, and each syubol
is bound to nil. These symbols may be used foxr temporary
storage by the program, and will have thelir original values
restored upon exit. Of the remaining orguments, atcomic
symbols are interpreted as address +ags and noratomic
expressions as Instructlons. The previous values of the
tags are saved, and the tags are bhound to pointers to the
appropriate points in the program. The instructions are
*hen evaluated in sequence, and the values ignored. I the
program runs ouh of instructlons, pgil i3 returped. I the
function return is called, 1its evaluated argument 18 re-
turned as the valuve of the program. In either cage the
tepporary variables and address tags arse restored. The
function 0, With an address f{ag a8 an argurent, causes a
transfer of conftrel tc the point indleated. Frog. 1lke
other functlons, may be nested. JRetuyn and go aluays refer
to the most receatly entered piog. Program variables of
nested progs are saved independently at each level. On the
top level of a prog the rules {or use of gopd are relaxed.
If cond runs out of propeositions, rather than giving an
error message it simply goes to the mnext statement of the
program.

A typleal use of prog is 1n the function reversge. which
reverses & 1list. Reverse could be defined by :

(dex reverse {x) {(prog (y)

z {econd ((pull x} (return y)))
setq vy {cons {(car x) y)§
setq z (cdr x))

.. (g0 z)

Iy

This takes advantage of the facis that the program variable
is Inltially bound to nil and thet a gond mey wun out of
propositions in a prog.

LISP keeps a symbhel table similar o those used Dy
dehuggers and asseablers, containing an entyy for each
symbol, vhether 1t has 2 value or not., This table initially
contains '



one entry for each subroutine, with 2 prame the sime as
that of the subroutine and a value of a mumber with
the invisible flag subr or fsubr.

L and nil, wilth values of themselves

lambda, nlamda, label, subr, and fsubr, with no values.
These are ?1ags used Inferpally by the LISP program,

Whenever an atomlc symbol not appearing in the table is
read in, it is placed in the table with no value. It may
later be given a value.

The value of an atomlc symbol is stored on 4¢he car of
that symbol. Taking the gcar of an atomic symbol gets its
valus, It 1s 1llegal to take the car of a symbol with no
- value, and it is very dangerous to take the car of a number.
The cdr of a symbol 1s normally nil, but any S-expression
may be stvored there by the programmer.

S=expressions which 1ook alike may occupy different
locations of memory. Expresslons may also be different but
share common sub~-expressions. Whenever an S-exXpression is
read 1in, a fresh copy of 1t is creatved in memory, even if
another copy already exists. Only atomic symbols are in
unique locations. For example, reading and evaluating

(ogta x {ayote ((a:0) ferah)} gna

leaves memory looking like this -

& T

figs 3 - non=identical S-expressions

X aond y will beth print out as ({a.b) (c.d}), and will
satisfy the predlicate egual, but they will not be identical.
Another predicate, gqQ, may be used to test for exact
ldentity btetween two S—ezpressions. in the sxample above,
(eq x y§ would evaluate 0 nil. IT z and_y had been bound
by

(setq x (quote {{2.b) (c.d)))}) 2nd
{setq y x)
they would be identical and would satisfy eq.



Equal could have been written in terms of eg as

(dex equal (x y) (cond
and {numberp x) (numberp ;) (zerop (logxor x v)))
or (numberp xz {(numberp ¥y)) nil

and (atom x) (atom }) (e x ¥)
or (atom x) (atom y§ nil
t (and (equal (car x) (car y)) (equal (cdr x) (car y)))}

)) : |

There are two Seexpression modifying functions, rplacs
and rplacd, each taking two arguments and evalvating both.
Théy replace the car and cdr, respectively, of the f£irss
argument with the second argument, and return the medified
first argument. If x and _y are bound =as in figure 3,

lacd (car x uote removes the dotted line in the
gure and replaces- W a pointer to the atomic symbol
Q. It returns (a » its modified first eargument. The
value of x 1s now a csd)). The value of is not
changed. If y had been bound by (setq y x}, 86 that i1ts

value was ldentlcal with that of X, 1t foco would have been
changed. Since the car of an atomic symbol is its value,
rplaca may be used to bind symbols, and rplacd may be used
to store S-expressions on the c¢dr of a symbol.

Qther S-expressicn manipulating functions

Caar, cadr, cdar, and cddr are compositions of car and
cdr. They could have becn derined by

dex caar (x CAYr {Ccar x
dex cadr (x) (car (cdr x
dex cdar (x cér (car x
dex cddr (X ¢dr (clr x

Por example, the cadr of (a b c¢) is the car of the cdr of
ja b c!, or Do

List takes (and evaluates) an indefinite number of
arguments and returns the list of them. JLlst and cons are
the two functlons that are used to c¢reate complex S-
expressions oul of small ones.

(118t 1 (cons (quote a) (quote b)) (pius 1 2 3))

evaluates to (1 (a.b) 6)

Append takes two arguments, whloh must be 1lists, and
appends them.

{append (quote (2 b c)) (quose (d e £)))
evaluates to (abcdef

Ag%end wakes & copy of the fivst list in order to avoid

modlifyling it. Append could have been defined by

(dex apperd (x y) (cond
({ma1 x) y)

(¢ (cons (car x) {append (cdar x) v)))



))

Neong 1s the same as append ezcept that it dees not copy
1ts first argument but merely changes the nil at the end of
the first 1ist to the second list. In dJoing so the first
list is permanently modified. MNconc could have been defined

by

(dex nconc Sx ) (cond
(nu11 = y?
t (prog (z
setq z x)
a cond {({null (null {(cdr z))) (go b))
: rplacd z y)
{return x)
b setq z (cdr z))

) = E

Reverse takes one argument, which is 2 list, and reverses
it. It could have been defined by

(dex reverse (x) (prog (y)

a cond ((nuli x) (return y)))
setq y (cons {(car x) y)g
setg X (cdr x
go a

)

Subst takes three arguments and substitutes the first for
all appearances, on ail levels, of the second in the third.
The third argument 1is not actuvally modified. Subat could
" have been defined by

(Gex subst (x z% (cond
equal z? =
atom z) z

t (cons (subst x y (car z)) (subst x y {cdr z))))

))

Sa2gsoc takes three arguments and looks up the first in
the second, which is a speclal +type of table called an
asgsoclatlon list. An association 1ist is a 1list of dotted
pailrs of atomlc symbols with the S=exprecslons associated
wéth them. For example, to keep 2 table with the informa-—
ticn

X=1 y=2 z=3

and not bind x, Y., ard z to these values, one could bind

tab to
((x.1) (y.2) (z.3))

228380¢ can lock through a table in this format. It returns
the first palr which has a capr identically egual to the
first argument.

(sassoc (quote y) tab no) evaluates to {y.2)



The thlrd argument is & function of no variables which ig
called 1f the item 1is not found.

(sassoc {(quote z) tab squote (1ambda nil
(guote. (not found)))))

evaluates to (2.3). If Z had not been found, {not fou
would have been returned as the value of the c¢all to sas~
soc. In order to save space in memory, a number may be used
as the third argument. If the search falls the uaf error
message wlll be printed along with the number. Sassoc could
have been written as

(dex sassoc (x ¥y z) (cond
(null y) (zg
({eq x (caar y)) (car ygg
t (sassoc x (cdr y) z

))

Qther predicates

Member takes ¢wo arguments, the second of which is 2
list, and returns 4 if the first argument is a member of
that list. |Egual ls used for <¢he comparison, so any Se
expression m_y be tested. The second argument is searched
on the top level oniy. Member could have been defined by

(dex member (x y% {cond
null y) nil
equal x {(car y)) tg
t (member x (cdr y

1/0 operations

Read takes ne arguments. It reads one S-expression from
the Typewriter or tape reader and returns that S—-expression.

(read)} evaluates to {a b ¢ d) if the latter is typed in.

Print takes one argument, which mmst be an atom. It
prints and/or punches A1t with no extra punctuation. The
value returned is the original argument.

Erint takes one srgument, which may be any S-expression.
It prints and/or punches it preceded by a carriage return
and follcwed by a space. The avgument is returned.

éprint (quote {2 b C))Z prints out “é
abej ' and returns {a b c)

Terpri prints and/or punches a carrlage returne It takes
no arguments and returns nil,

Ston, takes no arguments. It waits for a characiter to be
typed on the typewriter and +then returns nil, A call to



£5oD is normally punched at the end of each tape in order to
glve the operator time %o load 2 new tape or change sense
switches.

Mlscellaneous funci{ions

nsym takes no arguments. Each call to gensym creates a
new atomic symbol as 1f it had been read in and returns that
symbol. The names of the symbols are 200001, 200002, etc.

Eval takes one argument and returns its value. This
means that the argument 1s actually evaluated twice. If x
is bound to !cggs i__3), the value of is ’
whereas the value of x alone is (con o

Apply takes two arguments, a function and an argument
list for <he functlon. The function 1s called wilth the
glven arguments. If the function 1s cne which normally
evaluates all 1ts arguments, bthey will not be evaluated
agaln, but simply taken from the second argument to apply.
which was, of course, evaluated already.

(apply (cquote cons) (quote (a b))) sends a and b,
?ithaut further evaliuaticn, to cens, thereby returning
&ebZG

Ffrace takes any number of arguments and does not evaluate
them. Each argument should be the nome of an expr {function
using lambda). Each function is traced, or modified so that
it prints out its name and evaluated arguments on entry, and
its name and relurned value on exit. Nested or recurasive
- functions cause the printouts to coccur in proper order at
each envyry and exit.

Ir fact initially hed a value of

(1a§b??é§§)(égggdx(£§?§?%)§ 1) 1) (¢t (times

(trace fact) would evaluate %o & and redefine fact as

(1agbda (x) (prog (99z)
print {quote genter fact)))
print (list x))
setqg 99g
(cond ({couwai = 1) 1) (¢ gtimes
) x {fact (plus z -1) 33 )
{print {quote (valve fact
(return (print 99g))

))
Evaluatlion of {fact 3} would return 6 after printing
(enter fact)
_Znter fact)

enter fact)
1y



(value fact
1
(value fact)
3

évalue fact)

gg takes any number of arguments and does not
evaluate them. Each argument should be the name of a traced
function.s Untrace restores each function to its original
definltion.

Prindef is used to punch out the definitions of functions
and constcants. It takes any number of arguments and does
not evaluate them. Each argument should be an atomic symbol
with a value. Pripndef punches the definition of each symbol
as a call To rplaca, and then returns a call to gtop, which
is normally punched also. The resultant tape, when read in
at a later <time, defines +the atoms and then waits for a
character from the typewriter.

(prindef fact) punches

&rplaca {quote fact) (quote glambda (x) (cond ({equal x 1) 1)
t (times x (fact (pius x ~1}1))))))
(stop)

Prindef could have been defined by

a cond ((nuil x) (return (quote {stop)))))
print {(list
quote rplaca)
1ist (quote quote; icar %))
1ist (quote quote) {eval (car x)))

‘ (set? prindef (ouote (miamda (x) (prog nil

terpri)
setq = (edr x))
g0 &

)

Fix is used to edit or modify functions. It takes ¢three
arguments and does not evaluate them. The third is the name
of the functicn to be fixed. The ~first argument is
substltuted for <he sccond in each appearance in the
functlon, and the functlion ls redefined to be the wresult.
Fix could have been defined by

(setg rix (quote (nlamda (x)
{rplaca éoar (cadar zg %subst {cor x) (cadr x)
{eval {car (cddr x)))))

)))

Prog2 1s used to cause the evaluation of itwo functions
with a single ¢2l1 to eval. It takes <two argunents,
evaluates both, and returns the second. Prog2 could have



been defined by
(dex prog2 (x y) y)

Neone could have been written mere effilciently using wrogg’u

null x) y
t {prog (z
setq z x) _
a cond ((null (cdr z)) (proge (rplacd z y) (return %335
. seta z (cdr z))
))))

go a
Maplist 1s used to send each ltem of a list to a function
ag the single arguwent of that function, and return the 1ist
of the values returned. Maplist +takes Gwo arguments and
evaluates both., The first 1s ¢he list of arguments, the
second 1s the function. To gous cach item of the 1ist {a b
¢.4) with %, for example, evaluvate , '

(maplist (quote (a2 b c d))
{quote (1ambda (y) (cons y (quote x)))))

{dex nconc Sx §) (cond

obtaining
({a.x) (b.x) (c.x) (G.x))
Maplist could have been defined by
(dex mapiist (x v) {cond
{ru1l =) nil) ,
t (cons (apply v (iist (cor x))) {mapiist (ecdr x) ¥)))

))

output

Output normally geoes to the online typewriter. If sense
switch 3 is up ocutput goes to the punch also. Sense swltch
6 independently suppresses type-out. The punch is automatl-
cally asslgned and dismissed as needed. Error messages are
alvays printed on the typewriter only.

S=expressions yhich are nearly llsts, such as

(2e{bs(c.d)))
are printed as
(a v c.a)

This

bty

oymat is al cceptable for inpute.

e

o)

2]

Mumbers are printed as signed integers, in octal if sense
switch 4 is up, in decimal otherwise. Scnse switch & 1is



interrogated only after reading or printing a number,

A carriage return is printed after every 63 characters of
output not containing a carriage return.

Input

Input comes from the tape reader Af sense switch 5 is
down and from the typewriter 1f up. The reader is automati-
cally assigned and dlsmissed as needed. A call to subroue
tine stop always clears the time-sharing reader buffer.
After tYurning off sense switch 5 it is necessary to type a
carriage return to start reading tape, -

Carriage return and stop code are ignored.

Parentheses, perlod, and space separate atoms. Extra
spaces may be used anywhere except inside an atom, Spaces
mey be omitted except where mneeded ¢o separate atoms. Tab
and comme are equivalent o space. () 1s equivalent to pil.
When an S-expression consists of an aton cenly 1t mast be
followed by @& scparation character, usually space., This
separator 1is saved and used on the next call Yo read,

O to 7 An octal radix {sense switch 4 up) and 0 ¢0 9 in
declmal radix are digits. An atom contalning only digits,
with an optional minus s8ign, is & number. Plus signs are
not permitted in rnurbers. The absolute value of 2 nunber
muist not exceed 131074 decimal or 377777 octal.

Other characters, including case shifts and all Upper-
case characters, are letters, and atoms containlng one op
more letters are atomic symbols. All atoms must begin and
end in lower case. Atomic symbols are limited ¢o six
characters plus a 3lower case shift at the end if needed.
Atomlc symbols longer than this are truncated.

Backspace may be used to correct errors in typing. After
cne or more characters of an atom have been typed, backspace
deletes those characters and starts the atom over, The
remalnder of the S-expression 1s not affected. A backspace
immediately after a separation character starsts the entire
S=cxpression over and prints ocut a earriage return.

Creration

Read in the tape, set the sense switches as deslired, and
start ot zero. LISP reads S-—expressions and prints ocut
thelr values. The LISP progrom could be simalated by

{prog nii a {print {eval (read))) {(go 2))

Some other LISP programs, notably the versilon used on the
7094, use 2 differvent algorlthm, in which a function and its
argument 1ist are +typed in as  two scparate S=expressions,
and the arguments are not evalusted on the top level. This
algorithm may be approximately simulated by

(prog nil a (print (2ppiy (read) tread))) (go a))



When first starting LISP, if sense switch 2 is on, core 1
is asslgned and wused. About three times as much free
storage is avallable when using 8X as when using ug,

If sense switch 1 is on when LISP 1s started, functlons
may be deleted, resulting in more available free storage and
symbol. table space. Subroutines may be deleted only in a
speclfied order, and deletion of any subroutine requires
deletlion of all that precede it. -After LISP prints out each
subroutine name, It 1listens for a character from the
typewriter., If "x" 1s typed, the subroutine is deleted and
LISP prints the next one. If any other charzcter is typed,
the. subroutine 18 not deleted, and LISP begins normal
operation. The order in which subroutines may De deleted is

trace (deletes untrace also), reverse, fix, subst, dex,
prindef, sassoc, gensym, member, nconec, append, mape
1list, or, and, quotient, remainder, greaterp, logxor,
logor, logand, vimes, plus, minus, equal, and eq.

LISP may be stopped &t any +¢ime except during 2 gavbage
collectlion by hitting call and starting at location zero.
Temporary bindings that are in effect at that time willl not
be removed, but this rarely causes difflculty. Starting at
zero during 2 garbage collection will usually destroy most
of free storage. LISP Indicates that it is garbage collect-
ing by turning on the coordinate 1ights on the cathode ray
display. : ‘

LISP may ecxecute an 1llegal instructlion I1f an improper
- operation is performed, such as an attempt to bind a number.
Starting at zero is usuzlly safe in this case.

Upon deteellon of an ervor, LISP prints a 3-letter error
code on the <Cypeuriter, sometimes followed by the 8-
expression in error. Except in the case of the pce and sce

errors, the computation continues.

vas {unbound atomic symbol) - The argument of a call o
gyel ls 2n atomic symbel with no value. The symbol in
crror 1s prinfed. HNil willl be returned as the value
of the call.

uaf (unbound atomic function) - A number without the subr
or fsubr flag, or a symbol which is not bound or is
bound to itself, hos been wused as a function. The
number or symbol 1s printed. The arguments for the
function will not be evaluated, and nilt will bde
returned.

tfa (too few arguments) - A subp or expr has not been
glven enough arguments, or the symbol 1lst after
nlamda cont2ins more than one symbol. N1l will be
returned.

tma (too many arvguments) - A subr or expxr has been glven



too many arguments, or the symbol list after nlamda is
empty. N1i will be returned.

cva {car of valueless atom) = an attempt has been made %o
calculate the gar of an atomic symbol which has no
valve. The symbol in crror iz printed, and nil will
be returned.

lcd (1llegal conditional) - A call to gond has run out of
propositicons., Nil will be returned. '

ana {argument not etomic) = The argunent to prini or ﬁglp
is not atomic. Nil will be returned,

nma (non-numeric argument) - An argument to plus, times,
logor, logand, logxor, quotlent, remainder, Zerep, ox
greaterp 1s not a nurber. It wlill be taken as zero.

ovf (overflow) - The second argument for gquotlent ovr
remainder is zero. Zero will be returned.

11p (illegal parity) - A character from the tape reader
has even parity. It will be ignored.

bsy (busy) -~ The reader, putch, or core 1 1s busy. Type
any character to try again.

pce (pushdown capaclty exceeded) = The combined iength of
the pushdown list and symbol table is too great. LISP
starts over at location zero. All temporary bindings
remain,.

sce (storage capacity exceeded) = The free=giorage 1ist
has been exhausted, a2nd no space could be reclaimed by
the garbage collecfor. LISP starts over as with pce,

iif (illegal input format) = An object which ig not an 8-
expression has been read. The entire call to read
will be started over.



name °

Appendlx - LISP functions-

type number of args descriﬁtion

evaluate or quote . -

: PP 1f pseudo=function

} | class
car subr 1 e general
cdr subr 1 e géneral
caapy subr 1 e general ¢arecar
cédr subr 1 e general carecdr
“¢dar subr 1 e general cdrecar
cddr gubr 1 e general cdrecdr
cons subr 2 e general
11st fsubr n e general
rplaca subr 2 e PF general v > (car x)
rplacd subr 2 e PF general ¥ @ {cdr x)
append subr 2 e general
ncone subr 2 e PF general (append x y) » x
reverse subr 1. e general
subst subr 3 e general subst x for y in 2z
sagsoc suﬁr- 3 e general lock wp x in y, or ca’ll z
and fsubr n e logical Xand y and Z ooo
or fsubr n e logical X 0P Y OP Z sae
null sﬁbr 1 e predicate x = nil
atonm subr 1 e predlcate x is atom
numberyp subr 4 e predicate x is number
valp subrr 4 e predicate x is bound
Zerop subr 1 e predicate x = 0
greaterp subr 2 e pfedicate >y
eq subr 2 e predicate x is ¥ exactly
equal subr 2 e predicate x looks like ¥
menber suor 2 e predicate =x is a member of y



e arith RPY +2 oo

plus fsubr n
mlnus pubr 1 e arith -X
times fsubr n e arith XY X2 sco
logor fsubr n e arlith ZVYVZ oo
- logand fsubr n e 'ariﬁﬁ XA VANZ o0
logxor fsubr n e arith XY ™" 2Z «so
quotient wbr 2 e arith [=/v]
remainder subr 2 e arith X - & X [z/v]
read subr O PF 1/0 |
print subr 1 e PF I/0 print atom
print subr 1 e PF I/0 print S—expression
terpri  subr O PF I/0 print carrlage return
stop suby O . P¥ 1/0 walt
gensym subr O PF misc. create symbol
quote fsuor 4 q misc.
setqg fsuvr 2 g,e PF misc. bind = to y
cond fauby n misc,
eval subr 1 e misc. value of x
apply sur 2 e misc, call x with y
trace faiabr n ¢ PE  milsc.,
untrace feubr n g PF¥ misc.
prindef faubr n q PF misc, print definitions
dex fsuvr 3 ¢ PF misc. define expr
fix fetbr 3 ¢ PF misc. fix x for y in z
preg foubr n mlac,
g0 subr 1 e PF misc. go to x
retumm stbr 1 e PP mlsc. return from program
maplist subr 2 e mlsce. send each element of X to y
prog2 subr 2 e misc. y



~1isp for tsel/1/66 Ligp |
test=sas hih

define error who,where

g=flexo who

Jjsp err'where

LQATTx1 IV [QATT00 IV [gA7T70000x100 ]

terminate
ct=(1¢
cn=(inil
cl=(1
c3=(3 ‘
cpde=(pde
repeat 1-if2,equals halt,stop
bind=jdp bn
push=Jjda pwl
pop=Jsp po
zorch=jdp zo
o/ Jmp begin
law rdi
dap rdx
loop, dzm pa3
: dzm pak
law pde
dap pdl
cal read
cal eval
cal print
Jrmp loop
lac 100 L
pwl, 0 /push
dap psx
law 1 1
adm pdl
sad snd
Jmp pce
lac pwl
dac 1 pdl
bsSX, Jup .
po, dap pox  /pop
pdl, lac pde
dac pwl
idx pdl
lac pwl

pox, Jup .



bn,t4,

cddr,
cdar,
cdr,
quote,
car,

cadr,
caar,

number,

o] /bind

push = [nes o T

lac 1 pwl t L“J
dio 1 pwl /yatup ol 4
push /pld volyq_ 9%

add (1
cal car
idx 4100

lac 1 1400

sza 1
Jmp cva

bop
ral 1s
spa

/u cddr"
/"cdar"
/u cdrt
/“quote"
/Il Car"

.f

& xe) rz‘e,c g_/t e e

ok

Ac pm
le e f Q 4?

80 100 foaed Lo gt

Jmp pwl-il /)~
1io pWl /S ~etppgwnipm -

bop

dio 1 pwl

Jmp x 1

add (1

cal car
Jjmp car

sma

gv@AM»JmP fal

atom,

tru,

Zerop,

gh,t1,
gl,te,

sub cpde

sma

. 4.
«jmp falt~ w;'“"-f §7 0% 6ma

/" cadr"
/"caar"

s $olins /M numberp"

[ Ut Q!?ﬁ\ h_

.

/Matom"  afp., Aﬁ*k-ﬁiﬁpk Ld'wm

A bu, o

lac ¢t w%nfm;{ T 7q

Jmp x

cal vag .

sza .
Jmp fal
Jjmp tru

o)

0

eyet ala. /"zerop"

repeat ifm 100-.,[printx /No room.

101/

cva,,

dap pox
sub (1
dap . 1
lac .
dap . 4
lac pox
push
lac 100
Jmp .

//W«( L \ /'m.r-

error cva,-2

Jmp w2



1 W G G WA e

vag,

zo,t3,

valp,

fal,

ana,

nna,

sma
Jup
sub
sma.
Jmp
lac

0

idx
dac
idx

lac i

dac
dio
dio
idx
lac

Jmp

sme.
Jmp
cla
sas
Jmp
lac
Jmp

nna - &#VJ»~QW

cpde

nna

i pdl
pwl

1 pwl
120

ana

i 100
tru

i 1OO~M; ﬁmhac;bh CMA‘ﬁ Gwy -

Jmp X

-

_'(}}hwh% 46&

L,.

/zorch endin 1%1

" (‘éféy

4 ’_‘z
f
“Q*Lu tétt,?é.}ﬁn&écéjﬂ\ J fT?L

ke a sl

.2'0" n

J&tﬂ

cisP 3

d

=

.

f““‘wmad

/Mvalp"

1LL£ <§§0t;£%§2312p,o~

en

X

error ana,-z

Jmp

error nna,-2

cal

clavelivstf 4

Jmp

ue

print

X

o S axp

7L




in,

ra2,

tin,

gte,

asg,

bsy,

stop=.

cas,

stf 4

szs 50
Jmp tin
skp 600 /skip if reader not assigned
Jmp ra2
law 51
Jjdp asg
dap ras
rpa .
rir Ts
sni 1

spl

Jmp in
ril Ts
lai

ior (rar
dac ., 2
law 2525
0

spa

Jmp gte
error 1lp
Jmp in

law 1 51 /entry for stop
xct ras .

arq /dismiss reader
law 600

dap ras

tyl

lai

and (77

sas (74 /upper case

sad (72 /lower case

dac cas

Jmp x

0

arq

Jmp bsy
cla

Jmp 1 asg
error bsy
stf 4

tyi :
law 1 2
adm asg
Jmp 1 asg

cal tin /"stop"
jmp fal

T2



P
lac 1 a3 LIS s

P3, cal out
P2, cal out

out, law 77
and 100
sas cas
sad (76
Jjmp oux
sad (77

oukt, dac pcc
ior (ral
dac oug
law 252

oug, 0

: and (200
adm oug
lia
szs 1 34
Jmp oul

pas, skp 600 /skip if punch not asigned
Jmp ou2
law 47
Jdp asg
dap pas

ou2, lio oug
ppa
Jmp ou3

oul, law 1 47
xct pas
arq
law 600
dap pas

ou3, - szs 1 64
tyo
law 77
and 100
sas £74
sad (72

Jmp oux-1

sas 256

sad (40
Jmp oux
law 1 1
adm pcc
sma
Jjmp oux
law 77
Jmp oul
dac cas

oux, lac 100
rar 6s
Jmp x

pce, 0]



LISPG
read, clavstf 5 /" read"
push
lac pdl
dap re2
Jmp rdx
iif, error iif
re2, law . /old pdl
dap pdl
cal terpri
stf 5 -
rdi, clf 6 /on if letter seen
clf 3 /on if minus sign seen
dzm al /value of number
lac snd
dac sy2
dac syl
dap ptl
idx sy2
sub pdl
add (3
sma
Jup pce
lac (add-7 /character count
dac t2
1io (767676
dio i syl
dio i sy2
rlp, cal in
. lio cas
rir 2s
law tbi /lower case origin
spi 1
law tb2 . /upper case origin
‘ dap tbs
tbo, law 77
and i tbs
sad 100
“Jmp tbs
idx tbs
sas (lac tb3
Jjmp €bO
lac 100
sub rad
sma
Jmp rsl
num, lac ail
mul rad
scr 1s
lai
lio 100
rir 5s
spi 1
add 100
dac al
Jmp rsl 1
min, stf 3 /-
Jmp rsl 1
bsp, lac i1 syl /backspace
sad (767676



ISP 77
Jjmp re2 |
Jup rdi



tbl,

tbz,

tb3,vb,
rsl,

ptl,

tbs,

rdx,

putob,
syl,

sy2,

fou,

ida1,

2041.00xnum
544100xmin
55+100xrpr+add
57+100x1lpr+add
T3+100xper+add
00+100xrdl+add
33+1L00xrdi+add
364+100xrdl+add
564+100xvb

T75+4100xbsp
13+100xrlp
T7+100xrlp

cal
stf
isp
Jmp
sad
idx
lac
lio
rer
dac
Jmp
lac
lia
rar
dap
spi
Jup
law
adm
lac
sad
Jmp
szf
Jmp
cal
Jmp
law
dap
lac
sas
Jup
idx
lac
sas
Jmp
idx
add
Jmp
idx
law
adm
sas
Jmp
idx
dac
i1dx
dzm

in

6

t2

rlp
(adda-3
ptl
100

6s

1 ptl
rlp

6s

rdx

i

rdx

i 4000
rdx

1 syl
(767676
51
iif
mka
rXy+2
sym
ptli

i ptl
idi-1
ptli

i ptli
idl
ptl
(1ac
X
ptl

3

ptli
snd
syl
ptl
snd
snd

1 snd

/dispatch table

/letter seen
/pack character

/no atom

/oblist lookup

LisP 8



idx snd
lac ¢n
dac i snd
idx snd
Jjmp fou

1.!5)’?



lpr,

ber,

rpr,

XY »

rdn,

rd5,

rd7,
mka,

szf

Jmp
lac

15  /(
117
cn

push

Jmp
lac
sad
Jmp
rar
Spq
Jmp
ldx
Jup
law
dap
lac
rar
sSpq
Jup
pop
szf
sad
Jmp
idx
lio
lac
dio
stf
dac
bop
sza

Jmp

rdi

ipdal /.
ch

iif

is

iif

1 pdl
rdi

rdi /)
rdx

1 pdl

1s

1if

cn
rxy
pwl
cn
1 pwl
i pwl

100

1
x 1

push

rar
spa
Jmp
lac
cal
lac
sad

Jmp

1is

rd5
100
cons~1
i pdl
cn
rdn

zorch

Jmp
ldx
dio
Jmp
lio
lac
dac
clf
dio
Jmp
sas
szf
Jmp
cal
szf
cma

rdx
tl
itd
rd7

1 pwl
100

1 pwl
5

i pdl
rdx
é547676

/make atom

putob /atomic symbol

pl0
3

/number

vI16P /0



crn,

pce,

fre,
snd,
err-2,

err,

erx,

lio ¢n
dio gl

cal cons 1
add (add

Jmp x

law pde
dap pdl
error pce

Jmp O
0
lac esy

lio 100
dio al

dap erx
clf 4

cal terpri
lac 1 erx
cal p3

cal terpri
idx erx
lac ai

Jmp .

/create number

LIsP



prinil,

dpl,

rad,

prs,

p10,

sma
Jmp
sub
sma
Jmp
lac
lia
spa
cma
dac
dzm
law
spl
cal
lac
dac
mul
div
10.
sas
Jmp
lai
sza
law
cal
lac
dac
sas
Jmp
Jmp

law
add
dac
cal
ldx
cal
law
8zs
law
dac
lac

Jmp

ana

cpde

prs

i 100%

a3
t3
54

out
a3
th
(1
rad

£3
dpl

i
20
out
o
t3
a3
dpl
pl0

iz
100
a3

p3-1

a3

p3-1 |

10.
4o
10
rad
al.
b'q

/II prini t

_ /symbol

|

|

LIsr! ¥



terpri,

print,

pni,

pnb5,

pnz,
pnb,

pn3,

pn7,

cal
law
cal

Jmp

dac
cal
cla

print
7772
p2
fal

tl
terpri

push

lac
spa
Jmp
law
cal
lac
cal

push

lac
dac

Jmp p

cal

pop
dac

ti

1 g1 e o

ni
prini 2

tl

sza 1

Jmp
law
1lio
spi
Jmp
lac
sad
Jmp
law
cal
lac
cal
law
cal
Jmp
law
cal

pnT — deno
T2

tl

i .
pn5
td

p2

Tec—atynp p 1oy
Jeap=x="

/"terpri"

/"print"

el o ped”

e 3in r “4 .

5772 IS YT
W

LisP 13



cons-2,
cons-1,
cons,

conz,

nmill=, -

setq,

rplacd,
rplaca,

evlis-1,
evlis,
1lst,

ele,

el2,

elb,

.8as ¢tn

cal eval-i
lio ¢n
dzm gl

lac fre
sza 1

Jup gc

dac t1 —

lac 100
dac 1 fre
i1dx fre
lac i fre
dio i fre
dac fre
lac t1
lia

Jmp x

X0or ¢n

Jmp zerop 1

push

cal eval-2 evd E)

lia r» valugyyy

pop

al car -—>Q
gio i 1ng—-~~w-—~w—m C‘*‘«{ 7AQ= 01;\ Le b»q; w«jm;\

Jmp proge
i1dx 400

~sub (1

dio 1 100
Jmp x

lac a2

szf 2 .
sad cn w&
Jmp x4
push

cal cons=2
lac i pdl
dac pwl
dio 1 pdl
Jmp elz

push

pop
zorch

ploP ’4

ey /"conS"léw a, 6)

5
3ﬂb&m?a-ﬁﬂ&f

- vadyg, o e er.,

/"mll"

/Msetq" G b))
1t

RC

(raplecd . A)

AC=a
Io g}

/"rplacd"
%«w,ﬂ /‘}C q

1 i
/ I‘placa Lo 6

F“il”()

4l Lop

/"1ist"

~ A70
(ﬂ;f ok

VA

CMM*Q f:f? awj bomw . p fj

,Mx POL 2 &, M‘”“- 7{/& ,@M/,ﬁm sy

Jup ele et of, F

lio ecn

idx p

PP prt § 7 ghuityf Lo

lac i pW1 Proen § fenys ﬂf<>u~ZJ’XL;f“

dio 1 pwl ,nt _,

Jmp X

e of o0y



gfr,

ini,
in2,

in3,

gfx,

geb,

gcen,

ink,

gel,

dap gfx
lac 1 ptl
ral 1s
spq

Jmp gfx
law 1 1
and i pti
clivVswp
dac gl
dac g3
ldx g3
dio g2
dio gh
idx ght
lac 1 gh
and (dip
sza 1
Jmp gen
lac gl
sza 1
Jrp .
lac 1 g3
ral 1s
spa

Jmp geb
lac 1 g3

and (-dip

lia

lac 1 gl
ior (dip
dac 1 g3
lac g2
dac 1 gl
Jmp in3
lio g1
lac 1 g3
and (-dip
dac gl
lac g2
ior %lac
dac 1 g3

lac gl
Jmp in2

lac g2
sma

Jmp gel
sub cpde
sma

Jmp gfx-2
lio 1 gh
lac gl
ior %diﬁ
dac i g
lac g2
Jmp ind
lio 1 g2
lac (xct
adm 1 gi

/1list marker

L1sP 1S



LsPrs

lac gl
dac i %2
n

Jmp 1



8C,

oblp,

pdlp,

low,

swlp,

swlf,

dio al
clevlia
dpy 400
law 100
dap pti
lac gl
sza 1
Jsp gfr
law sym
dap ptl
law 2
adm ptil
Jsp gfr
idx pti
Jjsp gfr
idx pt1i
sas snd
Jjmp oblp
lac pdl
dap ptli
jsp gfr
idx ptd
sas ell
Jmp pdlp
law frs
dac ti
idx €1

lac 1 t1 .

lia

and (-lac
dac 1 ti
ril 1s
spl

Jjmp swlf
lac fre
dac 1 t1
law 1 1
add ti
dac fre
idx t1
test

Jmp swlp
claveli
dpy 300
llo al
lac fre
sza

Jjmp con2
error sce
Jup Q

/garbage collector

/>lac a2
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progz,

return,
g0,

prog,

pra,

pr3,

pr35,

prh,

ikz,

pro,

lal /"prog2"
Jmp x

dac pa3 /" return"
dac pal /"go

Jmp x

lac 1 a1l /"prog"
sad cn -
Jup prz ~

dac 100 /get a prog variable

lac
lio
bind
lac
cal

Jmp

lac
cal

sad
Jmp
lia
cal
spa
bind
lai

1 100
cn

100
cdr

prog 1

al
cdr

cn
pr35

car

Jmp pr3

lac pa3
push
lac pak
push
dzm pa3
lac al
cal cdr
dac pal
sad cn

Jmp proé

lac 1 pal

cal eval
lac pal
lio pa3l
sni
Jmp pr4
lai

dac 100
pop
dac pa#
bop
dac pa3
Jmp x 4

/program finished

liB )™ @



apply,

ikd,

cne,

cond,

eval-2,
eval,

uz,

eve,

apl,

€Xg,

exs,

clf 2 /Vapply*
Jmp apl

pop

sad . 1

Jmp 1k2

push

error lcd

Jup tfa 2 \ pot
pop - K SN
cal cdr A= %

sad cn /"cond"
Jmp 1ikd

push R

cal caar s fu

cal eval

sad cn o

Jmp cn2 Sww. |
bop ‘
cal car

&/
- Argankh
cal cdn_,,wébw”hkt

cal car
dac al /Vevalt

Q¢

- sma

Jjmp ev2 /not atomic
sub cpde

spa

Jmp x 1 /number

lac 1 a1 /atomic symbol
sza

Jmp x

error uas

cal terpri-i

Jmp tfa 2

lio 1 al

cal cdr

dac a2 /argument list
SEF 2 = oM N e g é

dio ai /function
lac al
sma

Jjmp e3 /non-atomic function

sub cpde /atomic function
sma

Jmp el /symbol

lac al /number

cal cdr

sad (1subr

Jmp esu

sas (1fsubr

Jmp uaf

lac 1 a1l /function is fsubr
dap exs

lac a2z

dac al

lio az

dac 100

Jmp .
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esu,

spl,

sp9,

el,

uaf,

e3,

lac 1 a1 /function is subr

push

cal evlis~1
pop

dap exs

ral 6s

and éB
add (al
dac t2
law ai
dac t1
sad t2
Jmp sp9
lac 100
sad cn
Jmp tfa
lac 1 100
dac i tl
lac 100
cal cdr
idx t1
Jjmp spil
lac 100
sas c¢n
Jjmp tma
lac ai
Jmp exg

lac 1 al /function is symbol

sza.
sad al
Jmp uaf
dac al
Jmp apl

error uaf
Jmp u2

lac 1 al /function 1s not atomic

sad (1lambda
Jup ela

sad (inlamda
Jmp enl

sad (1label
Jmp elb

lac a2 /evaluate entire function

push

lac al
cal eval
pop

lio 100
Jup apl-3

st g



LIsPIY

ela, lac al /function is "lambda'
push
cal evlis-1
dac az
pop
dac ai /args in a2,function in ai
cal cadr /get lambda variables
/pair lambda list with arg list
ell, lac az
sad cn v
Jup el9 /no more args
. lac 100
sad c¢n
Jmp tma
lac 1 100
lio 1 a2
bind
idx a2
lac 1 a2
dac a2
lac 100
cal cdr
Jjmp ell
elo, lac 100
sas c¢n
Jmp tfa
lac al
cal cddr
Jmp eval-=l

enl, lac a1l /function is "nlamda"
cal cadr
sad cn
Jmp tma
lac 1 100
lio a2
bind
idx 4100
lac 1 100
Jmp el9 1

elb, lac al /function is "label"
cal cdr
dac al
cal cadr
lia
lac 1 a1
bind
- Jmp apl-i
tfa, error tfa
stf 4
Jmp fal

tma, error tma
Jmp tfa 2

constants



define here x,y
X

y
terminate

define put 2z

here [define here 123,456
1231, [4

456

terminate]

terminate

define pack q
n2=q
nl=767676

repeat 3,n2=n2x1.00 repeat ifn n2A7T7,nl=n2"niA77~rlxi
ni .

terminate

define pname name,val
pack textl /name/
pack text2 /name/
1'name=add .

val inil
terminate

define su name,num,/g
pname name,add g

put [s name,num,g]
terminate

define fsu name,/g
pname name,add g
put [f name,g]
terminate

define apval name
pname name,l'name
terminate

define thing name
pname name,O
terminate

equals s,if2
equals f,if2

repeat 1-if2,define kill x terminate
repeat if2,define kill x equals x,if2
hih, i

oteAL/

Sym,

terminate

Ltsy 20



su cons,?2
fsu quote
su car,l

su cdr,1

su caar,1
su cadr,l
su cdar,1
su cddr,1
su null,l
su rplacd,2
su rplaca,2
fsu setq .
fsu prog

su go,1

su return,i
apval t
apval nil
su zerop,1

thing lambda
thing nlamda

thing label
fsu cond

su apply,<e
su eval,il
fsu list

su terpri,O
su valp,1
su number,l
su atom,1
su proge,2
su read,O
su prini,1
su print,l
su stop,0
thing subr
thing fsubr
su eq,2

su equal,Z2
su minus,l1
fsu plus
fsu times
fsu logand
fsu logor
fsu logxor
su greate,2
su remain,2
su quotie,2
fsu and

fsu or

su maplis,?2
su append,2
Su nconc,2
su member,2
su gensym,O
Su sassoc,3

fsu prinde
fsu dex
su subst,3

Crsp” 2|



fsu fix Lisfa s
su revers,l

fsu trace

tsy,

fsu untrac

thing 99g

thing enter

thing value



s 4

esy,
/free storage maker

begin, eem
110 0-1
dio O
8zs 20 1
Jmp . 5
lac (and
dac hih
law 6301
Jdp asg
clf 4
szs 10 1
Jmp nxp
xpl, lac (lac-2
add az
dac al
cal print
tyi
lai
sas (charac rx
Jjmp nXE
law 1
adm az2
dac snd
lac 1 al
dap tab5
sma
Jmp xpl
lac i1 tah
add gi
and (-1
dap low
Jmp xpl
nxp, cli
xct low
gc9, sad (frs
ta5, law fr2
dac ti
dac gl
idx t1
dio 1 ti
lio gl
idx ti1
test
Jmp ge9
dio fre
jmp O
constants
sym 2100/
pde,
pa3,
palk,
al,
az,g3,
a3,g2,

loNeoXa)

ac tsy

O



€q,

eqk,

equal,

ppf,

eq3,

minus,

plus,

nmop,

Xor az
Jmp zerop 1

bop
cal cdr
lia
bop
cal cdr

dio ti
sad tl
Jmp tru
spaVspi
Jmp eq3
sma

spi

Jjmp fal
push

lai

push

lac i 100
1io 1 pwl
cal equal
sas c¢cn
Jmp eq4
bop

pop

jmp fal

sub cpde
SWP

sub c¢pde
spavspl 1
Jjmp fal

lac 1 100
xor 1 t1
Jmp zerop 1

cal vag
Jmp crn-1

cal evlis
law cadt2

dzm t2
dap nm2
lac 100
dac a2
sad cn
Jmp nm9
lac 1 a2
cal vag
XCt .
dac t2
lac a2
cal cdr
Jjmp nmd
lac t2
Jjmp crn

/\qull

/Yequal®

/“minus u

/Nplus 1]

Loy 2 g
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times,

logand,

logor,

logxor,

greate,

remain,

divi,

quotie,

cal
law
dac
Jsp
Jmp
mil
scr
dio
adm
Jmp

cal
cle
dac
Jsp
and

cal

o
10r

cal
Jsp
xor

cal
dac
lac
cal
clo
sub
8Z0O
lac

Jmp

cal
SWp
Jmp

lai
cal
dac
lac
cal
mil
div
Jmp
JUIP

evlis

ta
nmop

t2
is

te
nm3

evlis

t2
nmop
t2

evlis
nmop=1.
te

evlis
nmop-1
te

vag
al
a2
vag

al

100
atom

divi

crn

vag
az
al
vag
cl
az2
o 2
X

error ovf

Jmp

cal
Jmp

nnx

divi
crn

/"times"

/"logand*

/"10801""

/“ lOgXOl"“

/“greaterp"

/“remainder"

/"quotient®
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and2,

orl,

or,

ppt,

maplis,

map,

sad
Jmp

cn
tru

push

cal
sad
Jmp
bop
cal

Jmp

bop
cal

sad
Jmp

eval-1
cn

ppf
cdr
andz2
cdr

chn
fal

push

cal
sad
Jmp
bop
Jmp

sad
Jmp

eval-il
cn
oril

tru

cn
X

push

cal
lac
dac
dio
Jmp

map
1 pdl
pPwWl
i pdl
mp2

push

cal
bop

map

zorch

sas
m
Jmp
lac

cn
mpl
elb-~1
az

push

lac
cal
lac
dac
dio
cal
cal
bop
dac
Jmp

i 400
cons-i
az2
al
az2
apply
cons-1

a2
X

/“and“

/ll OI‘“

/M"maplisth

¢,V5ﬁ77b¢



append,

apni,

apnz,

nconc,

member,

sad
Jmp

en /“append"
proge

push

cal
cal
lac
dac
dio
Jmp

car
cons
i pdl
pwl
1 pdl
apn2

push

cal
lio
cal

bop

car
a2
cons

zoxrch

sas
Jmp
lio
Jrmp

sad
Jrp
dac
cal
sas
Jmp
idx
dio
lac

Jmp

lai
sad
Jmp
dac
lac
lio
cal
sas
Jmp
lac
cal

Jup

cn
apnl
az
elb

cn /" nconc"
proge

az

cdr

cn

-“3

az2

i a2’

al

bd

/" member"
cn
fal
az2
i a2
al
equal
cn
X
az2
cdr
member 1
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gensym, law gst /Mgensym"
dac t1
genz2, idx 1 t1
sad (21
law 1
dac i ti
sas (12
Jjmp gen3
law 20
dac i t1
idx ti
Jmp gene
gen3, lac snd
dac sy2
dac syl
idx sy2
sub pdl
add c3
sma
Jmp pce
law charac mg
ior gst 3
ral os
ior gst 4
ral 0s
dac i syl
lac gst
ral ©s
ilor gst 1
ral 6s
ior gst 2
dac 1 sy2
Jmp putob

constants
gst, repeat 5,20

sassoc, lac a2 /"sassoc"

sad cn

Jmp ss2

cal car

lac 1 100

sad al

Jmp x 1

lac a2

cal cdr

dac a2

Jjmp sassoc 1
ss2, _ lio a3

lac cn

Jjmp ev2 2



prinde,

pa,
pfl,

constants

dex,

lam,

sad cn /"prindef"
Jmp pfi

push

cal caar

cal cons-1
lac pq

cal cons

cal cons-l
lac i pdl
cal car

SWD

push

SWp

cal cons-1
lac pq

cal cons

bop

SWp

cal cons

lac (irplaca
cal cons

cal terpri-l

. Pop

cal cdr
Jjmp prinde
lquote

lac (1stop
dac 100
Jjmp cons-~1

cal cdr /Ndex"
lia

lac 1 al

dac al

lac lam

cal cons

dio i al

Jmp pnf 2

1lambda

Lt 5/ 3/



subst,

subsi,

fix, -

revers,

push

lai

push

cal subsl
bop

bop

Jmp x 4

lio a2
lac a3
cal equal
sad cn
Jup . 3
lac al
Jmp x

lac a3
spa

Jmp x

cal cdr
push

lac i a3
dac a3
cal subsi
1io 1 pdl
dac i pdl
dio a3
cal subsi
lia

bop

~dac 100

Jmp cons

cal cdr
lio 1 100
dio a2
cal cadr
push

cal car
dac a3
lac i al
dac al
cal subst
lia

pop

dio i pwl
Jmp x

lioc ¢cn

sad cn

Jmp prog2
push

cal car

cal cons

bop

cal cdr

Jmp reverse 1

/"subst"

/tl fiX“

/“reverse"

T



trace,

sad cn /Mtrace®
Jjmp tru
push

lac 1 pwl
dac t3

lac 1 t3
sza i

Jmp tr2
cal car
sas lam
Jmp tr2
lac (199g
cal cons-l
dac ti4

lac (41print
cal cons
cal cons-1i
lac (ireturn
cal cons
cal cons-1
lio i pdl
push

lai

cal car
cal cons-1
lac (1value
cal cons
cal cons=-l1
lac pq

cal cons
cal cons-i1
lac (1print
cal cons
lio i pdl
cal cons
dio 1 pdl
lac i t3
cal cddr
cal car
cal cons-1i
lac (199g
cal cons
lac (1setq
cal cons
lio i pdl
cal cons
dio 1 pdl
lac i t3
cal cadr
lia

lac (11ist
cal cons

Lisr 2 3



tre,

untrac,

ute,

constants

cal
lac
cal
lio
cal
dio
lac
cal
lac
cal
cal
lac
cal
cal
lac
cal
lio
cal
lac
cal
lac
cal
lac
cal
dio
idx
Pop
cal
Jmp

sad
Jmp
cal
lac
sza
Jmp
cal
dac
cal
dac
cal
sas
Jup
lac
cal
cal
cali
cal
dac
lac
cal
dac

Jmp

cons~1
(1print
cons

1 pdl
cons

1 pdl
t3
cons=-1
(1enter
cons
cons-1
ool

cons
cons=1
(Lprint
cons

i pdl
cons

t4

cons
(1prog
cons
i+t3
cddr

i 100
pdl

cdr
trace

cn
tru
car

i 400
i

utz
cddr
t2
cdar
tl
caar
(199g
utz
tl
cddr
cadr
cddr
car
it2
al
cdr
al
untrac

/tuntrace

“lSY 3¢



e +eAL/
frs,
and=and2

equals put,if2
equals pname,if?2
equals su,if?2
equals fsu,if2
equals apval,if2
equals thing,if2

define s name,num,g
g, Jmp ixnum name
1subr

kill g

terminate

define f name,g
jmp name

1fsubr

kill g

terminate

here

and=i 1

fre,

equals nl,if2
equals n2,1if2
equals n3,if2
equals q,if2
start

w18 ) 38"



irplaca (quote theore) gquote (1ambda (s) (and (null (atom s))
th nil nil nil (1ist s))))))

(rplaca (quote caddr) (quote (lambda (s) (car (cddr s)))))
grplaca‘(quote th) (quote (lambda (al a2 ci c2) (cond Sgnull a2

(and (null (null c2)) (thr (car c2) a1l a2 c1 (cdr c2)))) (t (
thl (car a2) al (cdr a2) ci c2))))))

]

(rplaca (quote thlg équote (1ambda (u a1l a2 ci c28 (cond ((e
car u) (quote not)) (thir (cadr u) al a2 ci c2 (eq (car u
quote and)) (th2l (cdr u) a1 a2 ci c2)) (éeq (car u) (quote or
(and (thil (cadr u) al a2 ¢l c¢2) (thil (caddr u) al a2 ci c2
3 (eq (car u) (quote implie)) (and (thil (caddr u) al a2 ci c
2) (thir &cadr u) a1 a2 c1 c2))) ((eq (car u) (quote equiv; Sa
cdr u) al a2 ci1 c2) (th2r %cdr u) al a2 c1 ¢2))))))

nd (th2l

(rplaca (quote thr} équote (1lambda (u al a2 c1 c2) (cond ((e é
car u) (qQuote not)) (thil (cadr u) a1 a2 ci1 c2)) ((eq (car u
quote and)) (and (thir (cadr u) al a2 ci1 c2) (thir (caddr u) ail
a2 c1 c2))) (geq (car u) (quote or)) (th2r (cdr u) al1 a2 ci c2
((eq (car u) (quote implie)) (thil (cadr u) gcaddr u) al a2
cl c2) (eq (car u) (quote equiv)) (and (thii (cadr u; gcaddr
u) al a2 c1 c2) (thll (caddr u) (cadr u) al1 a2 c1 c2)))))))

(rplaca (quote thil) Squote (lambda (v a1 a2 c1 c¢2) (cond 2(ato
m v) (or (member v c¢i) (th (cons v aig a2 ¢l c2))) (t (or (memb
er v ¢c2) (th a1 (cons v a2) c1 ¢c2))))))) '

(rplaca (quote thir) (quote (lambda (v al a2 cl1 c2) (cond E(ato
m v) (or ?member v a1) (th a1 a2 Scons v c1) c2))) (t (or (memb
er v a2) (th al a2 c1 (cons v c2) )) :

(rplaca g uote th2l) (quote (lambda (v a1l a2 ci c2) (cond ((ato
m (car v)) (or (member (car v) ci) (thil (cadr v) (cons (car v
al) a2 c1 c2))) (t (or Smember (car v) c2) (thil (cadr v) al
cons (car v) a2) ci1 ¢c2))))))) ,

(rplaca (quote th2r) (quote (lambda (v al a2 ci c¢2) (cond ((ato
m (car v)) (or (member (car v) al) (thir (cadr v) al a2 (cons (
car v) cl) c2))) gt (or gmember (car v) a2) (thir (cadr v) al a
2 c1 (cons (car v) c2)))

(rplaca Squote thil) (quote (lambda (vi v2 al a2 ci c2) (cond (

atom vi) (or (member vi cl) (thir v2 (cons vi al) a2 ¢1 c2)))
t (or (member vi c2) (thir v2 al (cons vi a2) cl c2)))))))

(stop)

w1a” 2L



w1872 372

(rplaca Squote thing) quote (equiv (and (and (equiv p éor s
(not r) uiv r (or (and (and 3 (and r s? and
(and (not p 3 and not r) (not s)%) (and (and

(not q)) (and (not r) s) 9°t p)

(stop)
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