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Preface

Version Li of AlphaLisp corrects the following problems found in Version LU:

L The function PUTPP (and hence DE, DF, and L't4) did not properly detect
an attempt to redefine a permanent function. Redefining a permanent
function could result in system failure,

2, The predicate MINUSP (and hence LESS, GREAT, etc) did not properly test
the sign of a Floating Point number,

3. The function VCONC, which returned a list built by 'ICONC or LCONC,
caused system failure if used improperly, This has been corrected at a
slight expense in efficiency of the function,

4. The function TrYECHO, which was disabled in the change over to monitor
2.0, has been re—enabled,

Version 1,1 contains the following minor enhancements:

1. The autariatic conversion of input fran lower to upper case letters has
been turned off, This allows the use of lower case in messages and
input, ** NOTE ** Built in identifiers must be entered in UPPER CASE
in order to be recognized I

2. The OUTPUT function previously returned the error FILE ALREADY EXISTS
if an attempt was made to create an output file which was alrendy
present, OUTPUT now supersedes (ie, pre—deletes) any existing file,

Finally, a table of contents and bibliography have been added to this manual to
improve its usefulness,
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CHAPTER 1

INTRODUCTI4

This manual summarizes the features and operation of AlphaLisp, a version of the
programming language LISP. The reader is assumed to be already familiar with
LISP, or to have available an introductory text such as the LISP 1,5 PRIMER by
Clark Weissman (Dickenson Publishing Co., 1967) or PRNMIF LANGUAGE LISP:
Its Operation and Applications, edited by Edmund C. Berkeley and Daniel G.
Bobrow (The M.I.T. Press, 1966),

AiphaLisp is based on UCI LISP, which in turn is based on Stanford Artificial
Intelligence Projects LISP 1,6 (Stànfords LISP is documented in STANFORD
ARTIFICIAL INTELLIGENCE LABORATORY OPERATING NOTE 28.5, STANFORD LISP 1,6
MANUAL, by Lynn H. Quam and Whitfield Diffie).

1.1 OPERATING INSTRUCTIONS

1.1.1 System Files

In order to use AlphaLisp, the following files must be present:

1, DSKO:LISP.PRG[l,4]

2, OSKO:LISP,LSP[!,4J

The AlphaLisp language processor, LISP,PFC is re'entrant and can be made part of
the system by including it in a SYSTEM command in the file DSKO:SYSTEM,INI{l,4]
(See AMOS User's Guide),
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L12 Operation

AlphaLisp is entered by typing:

LISP

to which the system responds:

LISP
LOAD EXTENDED LIBRARY?

at this point, the user enters either Y for YES or N for NO and presses the
return key. If the user responds yes, several extended features will be loaded
at the expense of memory space.

If the user has a file 1NITLSP, this file will be autanatically loaded at this
time, AlphaLisp will then print the following:

LISP
LOAD EXTENDED LIBRARY?Y
°AlphaLisp L6 Version LO"

The star (*) indicates that AlphaLisp is awaiting a caTaTland or data, and is
referred to as a P4VT,

The user may now enter any canmands he wishes, for example:

*(A\DD 2 3)
5

*(MUL (ADD 3 4) 2)

16 (note: numbers are in octal)
*(DE FACaORIAL (N)

(COND ((ZEW)P N) 1)

(T (MULN (FACTORIAL (5081 N))))))
FACTORIAL
*(FACWRI 3)
6

*(SE3YQ VAR @(A B C))
(A B C)

*((7x3V< VAR)
A

* (CDR VAR)
(B C)

When the user wishes to return to the monitor, he enters (EXIT)
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* (EXIT)

If the user Wishes to abort output, cancel input or interrupt prcxjram
execution, he enters CrRL/C CC)

*(SEr2Q X 1)

*(PRy3
() LOOP ((ONEP X) (GO LOOP)))

INTERRUPT
(01) LOOP)
*

The prcqram can then be single stepped by typing linefeed (Lf) or resumed by
entering (RESUME)

* (Lf)

INTERRUPT
((ONEP X) (GO LfCP))
* (Lf)

INTERRUPT
(ONEP X)

* (Lf)

I NTERRtIPT

X
* (Lf)

INTERRUPT
(GO LOOP)*(5 X 0)
0

* (RESUME)
NIL

*





CHAPTER 2

DATA TYPES

There are five types of data in AlphaLisp:

1, FIXed Point small integers (2l3 through 2l3)

2, FLOATing Point exponential reals (11 digit accuracy)

3. Character STRINGS.

4, Literal Atoms,

5. Lists,

2l NUMBERS

There are two types of numbers, small integers and floating point numbers,
AlphaLisp automatically performs conversion between these two types whenever
possible to minimize storage requirements

2,1,1 Fixed Point Small Integers

A small integer is a number between '2"l3 and 2"l3 When entered, it is
interpreted as a number in the radix specified by IBASE, which is initially set
to 8. If an integer is entered followed by a decimal point, it is interpreted
as a decimal (radix 10) integer. Integers can optionally be preceeded by a plus
(+) or minus H)

Small integers are represented internally as special illegal addresses, and
hence require no additional storage space when contained in a list,



DATA. 'IYPES 2"2

2,1,2 Floating Point Nrunbers

Floating Point numbers are maintained to an accuracy of 11 digits. They may be
entered with a decimal point (such as 32, l, —,09, etc,) or in scientific
not.ation (lE3al000, 23,45E1234,5, 2345E'lal,345, etc,)

2.2 CHARACTER STRnr3s

Character Strings are any sequence of characters including special characters
such as carr iage-'return or line"feed, enclosed between a pair of double quotes
("). Onuble quotes may appear within a string by entering them twice (eg, "HE
SAID "WHAT"" AND TURNED")

When character strings are read in, they are not INTERNed on the OBLIST (entered
into the symbol table) , and are initialized to their own value, unlike
identifiers which are initially unassigned.

23 LITERAL AIOMS

Literal atails (or Identifiers) are a sequence of alpharnneric characters
beginning with a non'numeric character, such as A, ALPHA, COUNT,
VERYBIGIDENTIFIER, Vl, etc. Literal atoms may include special characters such
as blank, dot, parentheses, etc, if these characters are preceeded by a slash
(/) , When this is done, these characters are referred to as slashified (eg,
THIS/ IS/ ONE/ IDENTIFIER, /123, A/B, etc,),

2,4 LISTS

Lists are cpesed of a sequence of data elements including other lists,
enclosed between a pair of parentheses (e,g,, (A B C) , (A (B C) D) , (1 2 1,7
"HELLO" ID), etc,).

A special kind of two element list referred to as a dotted psir, has the form
(left part , right part), Note that the two elements are separated by a dot
(,) The CAR of a dotted pair is the left part, the CDR of a dotted pair is the
right part.

On entry, brackets "[}" can be used instead of parentheses "0". A close
bracket "]" will autatically match an open bracket "F" at any time, preducing
implicit close parentheses ")" if necessary.

On entry, a double ALTMODE or ESC can be used to terminate an object being
entered at any time, producing implicit close parentheses ")" if necessary,



CHAPTER 3

DEMONSTRATION LIBRARY

Included with AlphaLisp is a demonstration library composed of the following
files:

1. DOCTOR

2. DIFF

3, ILISP

4, METEOR

3.1 DOCTOR

DOCTOR is a program which imitates a psychiatrist who is holding a session with
the user. To load doctor, enter:

.LISP
LOAD EXTENDED LIBRARY?N
°AlphaLisp 1.6 Version 1,00
*(f5KIN DOCTOR)

(Wait aLout one minute for DOCTOR to be loaded and processed)
NIL
* (WORKER)
*HELLO
*

HOW DO YOU DO, PLEASE STATE YOUR PROBLEM

*MY NAME IS PAUL.
*
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I AM NOT INTERESTED N NAMES

*

tTOR is an extremely large program and requires a machine with 56K of mnory.
Be sure your job has all of the systenYs memory when you try to load doctor ard
that no systems such as BASIC have been loaded into the resident monitor by
SYSTEMINI with the possible exception of LISP itself. If insufficent space
exits you will receive the error message:

WORKSPACE FULL

*

Whenever you tell the EKXIOR something, be sure to terminate your text with a
blank line so that the WCTOR knows you are finished speaking.

To leave L1DR, type a OPEL/C ("C) and then enter (EXIT)

* "C

INTERRUPT
(Tfl)
* (EXIT)

32 DIFF

01FF is a nrngram which perfonns symbolic differentiation (Thats calculus in
case youve forgotten). Th load DIFF, enter:

LISP
WAD EXTENDED LIBRARYPY
"AlphaLisp L6 Version LU"

*(DSKIN DIFF)
(Wait about 30 seconds)

NIL
* WIFE)
THE DERIVATIVE OF-

*3X"3

WITH RESPECT ID—

IS—
9 X"2
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THE DERIVATIVE OF

INTERRUPT
(READCH)
t(EXIT)

DIFF is documented in the LISP l5 PRIMER by Clark Weissman,

3.3 ILISE

ILISP is the incremental language processor presented by L.A. Lombardi and
Ber tram Raphael in the paper "LISP a.s the Laruage for an Incremental Canputer"
in the book PICORAMMING LANGUAGE LISP, edited by E, Berkeley. Th load ILISP,
enter:

.LISP
WAD EXTENDED LIBRARY?Y
"AlphaLisp 1.6 Version 1.0"

*(DSKIN ILISP)
(Wait a while)

NIL
* (GRINDEF SUBST1)
(DEFPRDP SUBS'TI

(IJ½MBIYA (X Y Z)
(GUND ((AlUM 3) (COND ((EQ 3 Y) X) (T 3)))

(T (CONS (SUT3ST1 X Y (CAR Z))
(SUBST1 X Y (CDR 3))))))

EXPR)

@SUBST1 @((A B) C NIL*))
(LAMBDA (03)

(COND ((AlUM 03) (COND ((EQ 03 @C) @(A B)) (T 03)))
(T (CONS (SUBST1 @(A B) @C (CAR 03))

(SUBST1 @(A B) @C (CDR 03))))))
* (EXIT)

3,4 METEOR

METEOR is a prrarmning language written in LISP by Daniel G. Bobrow and
documented in the article "METEOR: A LISP Interpreter for Strir
Tra.nsformations" which appears in the book PIOGRAMMING LANGUAGE LISP, edited by
E, Berkeley, To loa3 METEOR, enter:
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LISP
LOPJD EXTENDED LIBRAT{Y?Y
"AlphaLisp 1.6 Version LO"

* t5KIN P€TEOR)
(Wa.it a while)

N IL
*WS1 23

(A ROSE IS A ROSE IS A ROSE)
*TEST1

((* (ROSE) (FLOWER) * (SIMPhE REPLACEMENT))
(* ((*p THE WORKSPACE IS)) * (DEBUG PRINT1DUT))
(* (IS A ROSE) 0 * (DELETION))
(* (A FLOWER IS) (3 1 2) * (REARRANGEMENT))
(* ((*p W52)) *)

(* (FLOWER) (1 OF RED) * (INSERTION))
(* (A FLOWER) (THE 2) * (REPLACEMENT IN CONTEXT))
(* ((*p WS3)) *)
(* (FLOWER) * (MD OPERATION))
(* (RED) (1 1) * (DUPLICATION))
(* ((*p W54)) *)
(* (OF ($ 1)) (1) * (SINGLE UNKNOWN CONSTITUENT))
(* (($ 1)) (QUESTION 1) * (FIRST CONSTITUENT))
(* ((*p WSS)) *)
(* (($ 2) FLOWER ($ 3))

(3 2 1)
*

(N CONSECUTIVE CONSTITUENTS))
(* ((* WS6)) *)
(* (FLOWER $ ROSE) (1 3) * (UNKNCMN NUN OF CONSTITUENTS))
(* ((*p WS7)) *)
(* ($) (STARe C A B D) * (REPLACING ENTIRE WDRKSPACE))
(* (START ($ 1) $ D) (1 3 2 4)
(* ((*p WEB)) *)
(* ($) END))

*(TROR TEST1 WS123)
(THE WORKSPACE IS)
(A FLOWER IS A ROSE IS A ROSE)
(WE 2)

(IS A FLOWER A ROSE)
(WS3)

(IS THE FIThQER OF RED A ROSE)
(WS4)
(IS THE FLOWER OF RED RED A ROSE)
(WEE)

(QUESTION IS THE FLOWER OF RED A ROSE)
(WE 6)

(QUESTION OF RED A FLOWER IS THE ROSE)
(WS7)
(QUESTION OF RED A FLOWER ROSE)
(WSB)
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(START A B C D)
(START A B C 0)

* (EXIT)

Note that due to differences between AlphaLisp and LISP l5 the following
changes were made to Mfl'EOR:

1. The form ($n) has been change to ($ n)

2. Slashes (/) have been changed to backslashes (\)





CHAPTER 4

SUMMARY OF PERMANENT SYMBOLS

In the following snhiary. calling sequences to LISP functions are presented in
Sexpression form, with the CAR of the S—expression being the name of the
function, An argument to a function is evaluated unless that argument is
surrounded by quotes (") in the calling sequence definition presented, Quotes
here mean that the function implicitly JCYFEs that argument,

Several definitions refer to file specs. A file spec here refers to a standard
AMOS file specification (Refer to AMOS OPERAIORS MANUAL, Standard File
Specification Format) If the file spec includes special characters, it should
be enclosed in quotes,

4l ABS

The call (ABS X) returns the absolute value of X, i,e, if X > 0 then (ABS X)
is X; otherwise, if X < 0 then (ABS X) is (MINUS X)

4,2 ADD

The call (ADD X Y) returns X+Y,

4,3 ADDI

The call (ADD1 K) returns X+l,
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4,4 AND

The call (AND X[l) X[21 X[n]) returns the value of Xml if all Xli] are
nonNIL otherwise it returns NIL AND evaluates its arguments fran left to
right until either NIL is found in which case the remaining arguments are not
evaluated or until the last argument is evaluated. Note that (AND) returns T,

4,5 ANDP

The call (ANDP X) returns the last element of X if all the elements of X are
nonNIL otherwise it returns NIL. If X is the empty list NIL AND!> returns T,

4,6 APPEND

The call (APPEND X[l] X[2} X[n]) returns a list containing the elements of
the lists [i) For examples (APPEND @(A B C) @(D E) @UF)) @(G)) returns (A B
C D F (F) G) Note: X[nl is an E(}tail of the result of APPEND,

4,7 APPLY

The call (APPLY EN ARCS) calls the function EN with the elements of the list
ARCS as arguments and returns the result of EN, Example: (APPLY @ADD @(l 1))
returns 2,

4,8 ASCII

The call (ASCII N) creates a single character identifier whose ASCII print name
eguals N, Note: The identifier is not INTERMed on the OBLIST, Example: (ASCII
101) returns an identifier with print name A1,

4,9 ASSOC

The call (ASS XL EN) searches the list of dotted pairs L for a pair whose CAR
is EQ to X, If such a pair is found, it is returned as the value of ASS,
Otherwise, the value of EN, a function of no arguments, is returned, If EN is
anitted or NIL, ASS simply returns NIL if a dotted pair is not found,
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4,10 ATOM

The call (ATOM X) is T if X is not a list, i.e., if X is either an identifier or

a nunber, Otherwise the value of MOM is NIL.

4.11 BASE

The variable BASE controls the output radix for integers, and is initially set
to 9, If BASE = 10, then integers will print with a trailing ".", unless the
variable *NOINT = T. If BASE > 10, digits higher than 9 will appear as the

letters A

4,12 BRI'

The call (B1C) displays a backtrace of all expressions sqspended either by an
error or in order to evaluate imbedded subexpressions. BKT is used primarily to
determine the context of an error, BKT returns NIL.

4,13 CAR

The call (CAR X) returns the left half of the dotted pair X. If X is a list,
this amounts to returning the first element of X, The CAR of an atcn is illegal
with one exception: The OAR of NIL is NIL.

4,14 CDR

The call (CUR X) returns the right half of the dotted pair X, If X is a list,

this amounts to returning the list X with its first element removed,

The COR of an identifier returns the property list of that identifier,

4,15 CAAR., CA.DR, ,,,, CDDDDR

All of the cornpesite CAR"CDR functions with up to four A's and Ds are
available,

Examples; (CADR X) (CAR (CDR X))
(CAADDR X) = (CAR (CAR (CUR (CUR X)fl)
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4,16 CHR

The call (CHRCT) returns the nunber of character positions remaining on the
output line of the selected output channel. When characters are output, if
CFflCT is made negative, a (TERPRI) is executed.

4,17 CHRVAL

The call (CURVAL X) returns the ASCII representation of the first character of
the print name of X. If X is nuneric, an ASCII is returned. If X is a

list, an ASCII 'V is returned,

4l8 CLPBFI

The call (CLRBFI) clears the terminal input buffer,

4.19 OND

A conditional expression has the following form:

(CON!) (e[l,l] e[l,2] . e[l.n[l]])
(e[2,l] e[2,2] ,. . e[2,n[2]])

(e[m,lJ e[m,2] .., e[m,n[m]]))

where the e[i,jI's are any Sexpression.

The e[i,l]'s are considered to be predicates, i.e,, evaluate to a truth value,
The e[i,lI's are evaluated starting with e[l,l], e12,1U etc., until the first
e[k,lI is found whose value is not NIL. Then the corresponding e[k,2] e(k,3]

e[k,n[kI) are evaluated respectively and the value of e[k,n[kI] is returned

as the value of CON!). It is permissable for n[k] = 1, in which case the value

of e[k,l] is the value of CON!). If all the e(i,l] evaluate to NIL, then NIL is
the value of CON!),

42O CONS

The call (CONS X Y) creates a dotted pair with left half X and right half Y, If

V is a list, this amounts to returning the list Y with X inserted as the first
element, **NCYrE** A special restriction of AlphaLisp is that Y may not be
numeric I



SUMMARY OF PERMANENT SYMBOLS 4—5

42l (ONSP

The call (WNSP X) returns X if X is not an stan, NIL otherwise,

L22 COPY

The call (COPY X) returns a copy of X, ll non—atomic rtions of X are
duplicated in storage, COPY is equivalent to (SUBST NIL NIL X)

4,23 DE

The call (DE "ID" "ARGS" "BODY") places the form (LAMBDT. ARCS BODY) on the
property list of ID under property EXPR, If ID previously had any of the
properties EXPR, FEXPR, SUER, FSUBR, or MACBO, then DE will return the list (ID
REDEFINED). Otherwise DE returns ID,

4,24 DEFPRDP

The call (DEFPRDP "I" "V" "P") enters the property name P with property value V
into the property list of the identifier I, If the property name P is already
in the property list, the old value is replaced by the new one; otherwise the
new property name P arid its value V are placed on the beginnirq of the property
list, DEFPRDP returns I,

425 DF

Same as DE except defines a function with FEXPR property.

426 DIV

The call (DIV K Y) returns X/Y.

4,27 1DM

Same as DE except defines a MACRD.
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4,28 DRE?IOVE

The call (DRENOVE X L) is similar to the call (REMOVE X L) but DREMOVE uses EQ
instead of EQUAL, and actually modifies the list L when removing X, and thus
does not use any additional storage. More efficient than REMOVE.

**NQ** If L (X , X) (i,e,, a list of any length all of whose top level
elements are EQ to £4 then the value returned by (DR2'IOVE X L) is NIL, but even
after then destructive cha.nges to X there is still one CONS cell left in the
modified list which cannot be deleted, Thus if X is a variable and it is
pessible that the result of (DRENOVE X L) might be NIL the user must set the
value of the variable given to DREMOVE to the value returned by the function,

4,29 DREVERSE

The value of (DREVERSE L A) is EQUAL to (REVERSE L A), but DREVERSE destroys the
original list L, and thus does not use any additional storage More efficient
than REVERSE.

4,30 DRM IIEXTENDED LIBRARY]

The call (URN "CHARACTER" "FUNCTION") defines CHARACTER as a 1trmal Read Macro
with "FUNCTfl" being a function name or LANEDA expression of no arguments which
will be evaluated each time CHARACTER is detected as a macro during input,
FUNCTION is put on the property list of CHARACTER under the property READMAC),
The value of DRM is CHARACTER,

4,31 [EKIN

The call (DSKIN FILESPEC) opens the file specified by FILESPEC for input on
channel T, and then READ'EVALs the contents of the file, This is the function
to use to read files created by KOUT, The value of KIN is NIL.

4,32 USKOUP [EXTENDED LIBRARY]

The call (DSKOUT "FILESPEC" "EXPRSLIST") as used to create an entire output file
specified by "FILESPEC". It evaluates all of the expressions in "EXPRSLIST",
If an expression in rE)RSLIST" is atomic, then that atom is given to GRINL
instead of being evaluated directly.

For example, if FNLIST is a list of your functions, they can be saved on a disk
file FUNCS,LSP by:
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(ESKOUT "FUNCS" ENLIST)

433 IBM [EXTENDED LIBRARY)

IBM is exactly like DRM except that CHARACTER is defined as a Splice Macro.

434 DSUBST

The call (DSUBST X Y Z) is similar to the call (SUBST K Y Z) except IBUBST uses

EQ and not copy z but chares the list structure z itself DSUBST substitutes

with a COPY of X. More efficient than SUBST

435 EQ

The value of (EQ K Y) is T if K and Y are the same Lxinter, Le., the same
internal address Identifiers on the OBLIST have unique addresses and therefore
IX) will te T if K and Y are the same identifier, B') will also return T for

equivalent amall integers, since they are represented as addresses, However , EQ

will not caupare equivalent floating int numbers, For non'ataTIic

S"expressions, EQ is T if K and Y are the same pointer

4,36 ECJJAL

The value of (EJAL K Y) is T if X and Y are equivalent Sexpressions, NIL
otherwise,

437 ERR

The call (ERR E) returns the value of E to the most recent 1ET, or to the
LISP Supervisor if there is no ERRSET, If the value of E is ERRORK, then ERR

will return to the most recent ERRSET of the form (ERRSBT — ERICRX)
Ordinarily this will be the most recent top level supervisor call,
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4.38 ERFCR

The call (ERMDR E) generates a real LISP error, E is evaluated, and if it is
non"NIL, it is FRINGed (unless error messages are suppressed) and then a break
occurs on the expression which invoked the error call,

4.39 EPRORX

Special argument to ERR,

4.40 ERESET

The call (ERET E "F") evaluates the S—expression E and if no error occurs
during its evaluation, ERRSET returns (LIST E) . If an error occurs and F = NIL,
the error message is suppressed and ERRSET returns NIL, instead of a break
occuririg, If the function ERR is called during evaluation, then no message is
printed and ERRSET returns the value returned by ERR. If F is aitted, it is
assumed to be T,

44l EVAL

The call (EVAL E) evaluates the value of the S—expression E.

4.42 EXIT

The call (EXIT) causes termination of LISP and a return to the AMOS Monitor.

4.43 EXPWDE [EXTENDED LIBRARYJ

The call (EXPLODE L) transforms an S"expression L into a list of single
character identifiers identical to the sequence of characters which would be
produced by PRIN1.

.
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4,44 EXPLODEC [EXTENDED LIBRARY)

The call (EXPLODEC L) transforms an SexpressiOn L into a list of single

character identifiers identical to the sequence of characters which would be
produced by PRINC,

4,45 FXPR

An EXPE is an identifier which has a LkMBDTh expression on its property list with
property name EXPR EXPRs are evaluated by binding the values of the actual
arguments to their corresponding dummy variables. If there are more actual
arguments than dinry variables, the excess arguments are evaluated but ignored
If there are more dummy variables than actual arguments, the excess dknny
variables are bound to NIL

446 FEXPR

An FEXPR is an identifier which has a L1MBDPS expression on its property list
with property name FEXPR, FEXPRs are evaluated by binding the actual argument
list to the first dummy variable with out evaluating any arguments Any
remaining dunmy variables are bound to NIL,

4,47 FIXP

The call (FIXP N) returns T if N is a small integer, i,e,, in the range —2"l3
thru 2 l3 Otherwise, FIXP returns NIL.

4,48 FLATLE

The call (FLATLE X N) returns (FLATSIZE X) if (FLATSIZE X) <= N, Otherwise,
FLATLE returns NIL,

4,49 FLATSIZE

The call (FLATSIZE X) is equivalent to (LENGTH (EXPLODE X)).
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4,50 FLATSIZEC

The call (FLATSIZEC X) is equivalent to (LENGTH (EXPLODEC X)).

4,51 FWATP

The call (FLDATP N) returns T if N is a floating peint number, NIL otherwise,

4,52 FSUBR

A FSU}3R is an identifier which has a dispatch number on its property list with
property name FSIJBR, FSUBRs are evaluated by passing the unevaluated actual
argument list to the internal subroutine,

4,53 FUNCTION

The call (FUNCTION X) is currently equivalent to (Qi3CTrE X) in AlphaLisp, It is
used to prevent the evaluation of a functional argument, In sane
implementations of LISP, FUNCTION invokes a special mechanism to maintain the
proper bindings of free variables in the functional argument,

4,54 GET

The call (GET I P) searches the property list of the identifier I loOking for
the property name P. If such a property name is found, the value associated
with it is returned as the value of GET, otherwise NIL is returned, Note that
confusion exists if the property is found but its value is NIL,

4,55 GETL

The call (GEU I L) searches the property list of the identifier I looking for
the first property which is EQ to L or a member (MENQ) of L. GEfl1 returns the
remaining property list, including the property name if any such property was
found, NIL otherwise,

.
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456 GO

The call (GO "ID") causes the sequence of control within a P to be
transferred to the next statement following the label ID, If ID is non—atc1T1ic

it is repeated evaluated until an atnic value is found, GO cannot transfer

into or out of a PNX,

4q57 GREAT

The call (GREAT K Y) returns T if K > Y NIL otherwise

4.58 GRINDEF [EXTENDED LIBRARY]

The call (GRINDEF "Fl" "F2" °Fn") is used to print the definitions of
functions and the values of variables in a format suitable for readirq back in
to LISP, in what is. known as DEFPROP—SEI format, GRINDEF uses SPRINT to print
these S"expressions in a highly readable format, in which the levels of list
structure (or parenthesies levels) are indicated by indentation, QkINDEF prints
all the properties of the identifiers Fl F2 ,, Fri which appear on the list
GRINPROPS, If Fi is nonatomic, it will be SPRINTed,

4,59 GRINL [EXTENDED LIBRARY]

The call (GRLNL "Fl" "F2" , "Fn") causes all of the atoms "Fl" "F2" ,,,
and all of the atcins on the lists which are the values of the atcns Fl F2 ,.,, Fri
to be GRINDEFed, GRINL correctly prints out read macros and is the only
function which does. If any of the Fi are non'ataidc, they are evaluated but
ignored.

4,60 GRINPROPS [EXTENDED LIBRARY]

The variable GRINPROPS contains the properties which will be printed by GRINDEF,
This variable can be set by the user to print special properties which he has
placed on atoms, The initial value of GRINPROPS is (NIL EXPR FEXPR MACRO SUER
FSUBR).
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4,61 IASCII

The call (IASCII X) is equivalent to (INTERN (ASCII X))

4,62 IBASE

The variable IBASE specifies the input radix for integers ich are not followed
by Integers followed by "j," are decimal integers, IBASE is initially 8

4,63 INC

The call (INC CHANNEL ACTION) selects the specified channel for input. The
channel NIL selects the terminal. If aiai = NIL, the previously selected
input channel is not closed, but only deselected, If ACTION = T, that channel
is closed, making it available. INC evaluates its arguments and returns the
name of the previously selected channel,

464 INITP1CMPT

Whenever LISP is forced back to the supervisor, the prompt character is reset,
The call (INITPBOMPT CHAR) is similar to the call (P'1PF N) except that it sets
the supervisor prompt character instead of the current prompt character The
call (INITPPUIVF NIL) returns the ASCII value of the supervisor prompt character
without changing it

4,65 INPUT

The call (INRIT "CHANNEL "FILESPEC") closes any file previously initialized on
the input channel, and initialized the file or device soecified by FILESPEC for
input, INPUT does not evaluate its arguments and returns CHANNEL,

If the file specified by FILESPEC is not found, an attanpt is made to find the
file on uSKO: [7,4] with extension dSP with the same file name,

4,66 INTEGER

The call (INTEGER N) returns the greatest integer less than N,
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4.67 INTERN

The call (INTERN I) puts the identifier I in the appropriate bucket of OBLIST,

If the identifier isaiready in the OBOIST, the INTERN returns a pointer to the

identifier already there, Otherwise, INTERN returns 1,

4,66 [ABEL

The form (LABEL "ID"' "LAMBDA'-EXPR") defines a function with the temporary name

"ID", This makes it possible to construct recursive function expressions.

4.69 LAMBDA

The form (LAMBDA "AUMENT—LIST" "BODY") defines a function by specifying an
AUMENTLIST, which is a list of identifiers which are to serve as dummy
variables, and a body, which is one or more S—expressions. LAMBDA expressions
are evaluated by "binding" actual arguments to the dummy variables, then
evaluating BODY with the current dummy variable bindings. If BODY is several
S—expressions, it is interpreted as a PROSram (see PRcX3).

4,70 LAST

The call (LAST L) returns a list containing the last element of L,

4,71 000NC

The call (LCONC PTR L) is similar to the call (TCC Pm X) except that whereas
ICONC is used to add elements at the end of a list, LCONC is used for building
lists by adding lists at the end, Note that LCONC uses the same pointer
conventions as TCONC for eliminating searching to the end of a list so that the
same Pointer can be given to TCONC and LCONC interchangeably.

4,72 LDIFF [EXTENDED LIBRARY]

In the call (LDIFF X Y), '1 must be a tail of X; i.e. EQ to the result of
applying some number of CDRs to X. LDIFF gives a list of all elements in X but
not in Y; i.e., the List DiFFerence of X and Y. Thus (LDIFF X (MEMB FOO Y))
gives all elements in X up to the first EDO,
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Note that the value of LDIFF is always a new list structure unless Y = NIL in
which case (LDIFF X NIL) is X itself,

If Y is not a tail of X LDIFF generates an error,

4,73 LENGTH

The call (LENGTH L) returns the number of top'Jevel elements of the list L.

4,74 LESS

The call (LESS X Y) returns T if X < Y, NIL otherwise,

4.75 LEXORDER

The value of (LEXORDER X Y) is T if X is lexically less than or equal to Y,
Note: Both arguments must be atans, arid numeric arguments are lexically less
than symbolic arguments. If both X and Y are numeric LEXORDER returns NIL,

4,76 LINELENGTH

The call (LINELENGTH N) is used to examine or change the maximum output
linelength. If N = NIL the current line length is returned uncharqec3
otherwise the line length is changed to the value of N which is returned as the

value of LINELENGTH,

4,77 LINERF,AD

The call (LINEREAD) reads a line, returning it as a list, If the last
expression read does not end at the end of the line or is incauplete, LINEREAD
continues reading,

4,78 LIST

The call (LIST X(l] X[21 ,,. X[n]) evaluates the X[i] and returns a list of
their values,

.
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479 LITNPY4

The call (LITAWM A) returns T if A is an identifier, i,e, a non—numeric atum,

4,80 LSUBST

The call (LSUBST X Y Z) is similar to the call (SUBST X Y Z) except that X is
substituted as a segment. Note that if X is NIL, LSGBST returns a copy of I
with all Y's deleted.

48l MACBO

A MACBO is an identifier which has a IMBiY expression on its property list with
property name MACa). MACrOs are evaluated by binding the list containing the
macro name and the actual argument list to the first durmny variable, My
rmrtaining duniny variables are bound to NIL, The body in the LAMBDA expression
is evaluated and should result in another, "expanded" form, which is then
evaluated,

4,82 MAKNAM

The call (MAKNAN L) transforms a list of single character identifiers (actually
takes the first character of each identifier) and ASCII character codes into an
S—expression identical to that which would be produced by READing those
characters. MAKNAM however does not INTE any of the identifiers in the
S-expression it produces.

4,83 MAP

The call (MAP FM X3,] X[2] ,,. X[nj) applies the function FM to the argument
list X[l) X[2] ,. X[n] and to successive CDRs of all the X[i] until one of the
X[i] is reduced to an atari or NIL. Note that if any of the X[i) except Ml] are
NIL, a circular list of NIL's is substituted for those Mi], The maximum value
of n is 4, The value of MAP is NIL
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484 YLkPC

The call (MARC EN X[l} X[2] X[n]) applies the function FN to successive

elements fran the X{i] until one of the Xii] becane exhausted, becane

atomic or NIL If any of the X[i] except X[l] are NIL a circular list of NILs
is substituted for those Xiii. The maximum value of n is 4 The value of MARC
is NIL

485 MAPCAN

MAPCAN is similar to MARC except that it returns all the lists produced by EN,
NCONCSd together

486 MkPCAR

MAPCAR is similar to MARC except that it returns a list of the results produced
by ETh

487 MAPCDN

MàPCON is similar to MAP except that it returns all the lists produced by EN,
NCONCed tcxether

4SB MAPLIST

MAPLIST is simii.ar to MAP except that it returns a list of the results produced
by FN

4S9 MEMB

The call (MEMB X L) is NIL if x is not EQ to any of the top level elements of L,
Otherwise, MEMB returns the tail of L startir at the sition where X is fouod
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49O MER

The call (MU4BER X 14 is similar to I€MB except that it uses EJAL instead of

EQ.

49l MEQ

MEMQ is just another name of MENB

492 MINUS

The call (MINUS K) returns

&93 MINUSP

The call (MINUSP K) returns T if K C O NIL otherwise

494 MDL

The call (MDL KY) returns X*Y ie it multiplies together K and Y4

495 NUONC

The call (NCONCX Y) is similar in effect to (APPEND K Y) but WXJNC does not
co list structures NCONC modifies list structures by replacirq the last
clamant of K with a pointer to Y The value of NCONC is the modified list K,
which is the concatenation of K and Y

4S6 NCONS

The call (NCONS K) is equivalent to (CDNS K NIL)
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497 NTXJ

The call (NEQ X Y) is equivalent to (NOT (EQ X Y))

498 NIL

The call (NIL Xiii X[2] X[n]) returns NIL without evaluating the X[i). In
general. NIL denotes falseho, and is equivalent to the eupty list "Q' NIL
is unique in that it is both an atom and a list

4,99 NOT

The call (NOT X) returns T if X is NIL, and NIL if X is non"NIL (eg,, T)

4,100 N'lIY

The call (NTH X N) returns the tail of X beginning with the Nth element, eg,,
if N = 2, the value is (CDR X) If N = 0, for consistency, the value is (CONS
NIL X).

4,101 NTHCHAR

The call (NTHCHAR X N) returns the Nth character in the E)PLDDEC representation
of X If N is negative, (NTHCHAR X N) returns the Nth fran last character of
the E)a'LODEC representation of X

4,102 NULL

The call (NULL K) returns T if X is NIL, NIL otherwise,

4l03 NUMBEPP

The call (NUI€ERP X) returns T if X is numeric, NIL otherwise,

.
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L104 OBLIST

In order that occurrences of identifiers with the same print names have the same
internal address (and hence value) a special list which is the value of the
variable CELIST is used to remenber all identifiers which READ and some other

functions have seen. For the sake of searching efficiency, this list has o
levels the first level contains 16 sequentially stored "buckets" which are
Thashed" into as a function of the print name of the identifier. Each bucket is
a list of all distinct identifiers which have hashed into that bucket Thus,
(CAR OBLIST) is the first bucket, and (OAPR OBLIST) is the first identifier of
the first bucket.

4,105 EP
The call (ONEP X) returns T if X = 1, NIL otherwise,

4,106 OR

The call (OR X[l) X[2] X[n]) returns the value of the first non—NIL X[i] or
NIL if the value of all the X[iJs is NIL, OR evaluates its arguments fran left
to right until a non—NIL argument is found, leaving the remaining arguments
unevaluated, Note that (OR) returns NIL,

4l07 ORP

The call (ORP K) returns the first non—NIL element of X or NIL,

4l08 OUIC

The call ((ETC CHANNEL ACTION) selects the specified channel for output. The
channel NIL selects the terminal, If ACTI = NIL, then the previously selected
output channel is not closed, but only deselected, If ACTION = T, then any
buffered output is sent to the previous filet and the file is closed, (ETC
evaluates its arguments and returns the name of the previously selected channel,
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4.109 OUTPUT

The call (OUTPUT CHANNELU "FILESPEC") closes any file previously initialized on
the output channel and initializes the file or device specified by FILESPEC for
output. OUTPUT does not evaluate its arguments and returns CHANNEL. If a file
specified by FILESPEC already exists it is deleted before the new file is
initialized.

4.110 PILlS [EXTENDED LIBRARY]

The call (PLUS X[l] X[2] ... X[n]) returns the sum of all the X[i] s.

4.111 PRIN1

The call (PRIN1 5) causes the S"expression S to be printed on the selected
output device with no preceeding or following spaces. PRIN1 also inserts
slashes ("/) before any characters which would otherwise be syntactically
incorrect. Double quotes around strings and repeated double quotes within
strings are also printed. Two element lists beginning with QUOTE are printed in

format (see QUOTE),

4.112 PRINC

PRINC is the same as PRIN1 except that no slashes are inserted double quotes
are strings and repeated double quotes within strings are suppressed, and QUOTE
appears normally,

4,113 PRINT

The call (PRINT 5) is equivalent to (P2 (TERPRI) (PRIN1 5) (PRINC @/ ))

4.114 PEED

The call (PRflED N) RESUMEs evaluation of the currently pending expression and
causes an interrupt after N expressions are subsequently entered for evaluation,

.
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4ll5 PWE

The call (P "VkIST" "BODY") cifies a list of prr variables PLIST
which are initialized to NIL when the P is éntered and a by which ts a
list of labels (which are identifiers) and statements which are non-ataTac

Sexpressions PRW evaluates its statements in sequence until either a RETURN

or GO is evaluatedD or the list of statements is exhausted in which case the

value of PRGO is NIL.

4ll6 PRGO1

The call (Pl X[l) X[2) Xn)) evaluates all the expressions X(11 X[2}
X[n) (n<t3) and returns X[l} as its value

4J17 PW2

The call (PE2 X[l) X[2) X[ni) evaluates all the expressions Xli] X121
X[n] (n<6) and returns X[2} as its value.

4llS PRGON

The call (PN X{l] X121 X[n]) evaluates all the X[i] and returns XEn1

4ll9 PRONRI

The call (I?IUMPT N) resets the prcpt character displayed by the input routines
when a new line is requested to the character whose ASCII representation is N
If N is NIL, the pranpt is left unchanged, The value of P}P is the previous
value of the prcpt character.

4J20 RJTPIOP

The call (PUTPBOP I V P) enters the property name P with property value V into
the property list of identifier I, If the property name P is already in the
property list, the old value is replaced by the new one; otherwise, the new
property name P and its value V are placed on the beginnirq of the property
list. RITPBOP returns V
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4,121 QUOTE

The call (QUOTE "E") returns the Sexpression E without evaluating it,
improve the clarity of expressions and prrams, there exists a concise notation

for (QUOTE "E") @"E" This alternate notation is accepted by the read routines

and displayed by all print routines except PRIN(L

4,122 QUOTIENT [E)CENTED LIBRARY]

The call (QUOTIENT X(l] X[2] ,,. X[n]) returns x[1]/x[2]/,/X[n1

4l23 RDNAM

The call (RDNAM) is similar to the call (READ) except that identifiers are not

INTERNed,

4,124 READ

The call (READ) causes the next Sexpression to be read frcxi the selected input

device and returns the internal representation of the Sexpression, READ uses

INTERN to guarantee the references to the same identifier are E)

4,125 READOH

The call (REAWM) causes the next character to be read fran the selected input

device and returns the corresponding single character identifier READCM uses

INTERN,

4,126 .READLIST

The call (READLIST L) is identical to (MAENAM L) except that READLIST INTERNs
all identifiers in the Sexpression it preduces, READLIST is the lpoical
inverse of E)WLDDE,

S
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4.127 REPJDMACBO

A. RETfl4ACWJ is a single character identifier which has a LAMBES\ expression on

its property list with property name READMAC)% In order for BEAD to recniZe
a character as a REAJ4AC, the characters internal description must.be changed
with SETCER. DPM and D94 are normally used to define READMACFOS

4J28 RECIP

The call (RECIP X) returns l/L

4129 RH4AINDEIR

The call (REMAINDER X Y) returns the remainder of X divided by Y X and Y must
Le small positive integers.

4 130 REMOB [EXTENDED LIBRARYI

The call (REMOB "I[l1" "I[21" "I[nJ") removes the identifiers 1(i) fran the
OBLIST and returns NIL

4l31 REMOVE

The call (REMOVE X L) removes all top level occurrences of X fran the list L
giving a COPY of L with all top level elements EJAL to X removed

4l32 RU1PP

The call (RET4PROP I P) removes the property P fran the property list of
identifier I. REMPP returns T if there was such a property, NIL otherwise.

1Ll33 RESET

The cal.l (RESfl) clears the suspended evaluation stack and returns control to
the top level supervisor.
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4l34 RESUME

The call (RESUME) resumes evaluation of a suspended expression

The call (RESUME NE") substitutes E for the suspended expression and resumes

executions If possible, the expression containing the suspended expression is

physically modified to substitute E for the suspended expression using 3UBST

4J35 RETURN

The call (RETURN IT) causes the most recent PRCC to be exited with the value V€

4J36 REVERSE

The call (REVERSE L) returns the reverse of the top level elements of the list

The call (REVERSE L A) returns (NCONC (REVERSE L) A)

4J37 RPLACA

The call (RPLACA X '1) replaces the CAR of X by Y The value of RPLACA is the
modified S—expression X

4l38 RPLACD

The call (RPLACD X Y) replaces the CDR of X by 1. The value of RPLACD is the

modified Sexpression X

4l39 SELEC

The call (SELECTQ X Yl" "Y2" "Yn" Z) is used to select a sequence of
instructions based on the value of X (this call is often referred to as a CASE

statement in other languages). Each of the Yi is a list of the form (Si E[l,i]

E[2,i] E[k,i)) where Si is the "selection key"

If Si is an atom, the value of X is tested to see if it is EQ to Si (not
evaluated). If so, the expressions E[l,i] E(k,i] are evaluated in sequence,

and the value of SELECTQ is the value of the last expression; Le, E[k,i]
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If Si is a iist and if any element. (not evaluated) of Si is EQ to the value of

X, then Eil,i} , E(k,iJ are evaj.uated in turn as above.

If Yi is not selected in one of the two ways described then YIi+l1 is teste&

etc. until all the lfls have been tested. If none is selected, the value of

SELECTQ is the value of z. Z must be present.

4.140 SET

The call (SET E '/) changes the value of the identifier specified by the
expression E to V and returns V. Both arguments are evaluated.

4.141 SETCHR

The call (SEICHR CHAR BITS) allows the internal description for the ASCII
character CHAR to be modified to the value specified by BITS. BITS must be the
sum of some ccinbination of the following flags:

200 Dont slashify character as first character
of an identifier.

4 Splice option of READMACRJ,

1 READMAC,

4.142 SEl

The call (SE'lD "ID" V) changes the value of ID to V and returns V. SE'TQ
evaluates V, but does not evaluate ID,

4,143 SPRINT

The call (SPRINT EXPR IND RMARTEN) "pretty prints" EXPR in a human readable
form, with the levels of list structures shown by indentation along the line,
The initial indentation is IND 1 spaces. R4AIN is the anount of space to
reserve in the right margin for the last line printed in order to print any
enclosing tail, arid is normally anitted, If IbW is anitted, it defaults to one.
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4,144 STRINGI?

The call (STRINGP X) returns T if X is a stringy NIL otherwise.

4,145 SUB

The call (SUB X Y) returns X—Y,

4,146 STJB1

The call (SUB]. X) returns X—l.

4A47 SUER

A SUER is an identifier which has a dispatch number on its property list with
property name SUER, SUBRs are evaluated by evaluating up to five actual
arguments and passing the results to the internal subroutine, Any additional
arguments are ignored,, aM hence left unevaluated,

4,148 SUBST

The call (SliEST X Y 5) substitutes S—expression X for all EXXJAL occurrences of
S—expression Y in S—expression S.

4,149 T

The call (T X[l) x[2] ,,, x[nJ) is equivalent to (PaX3l X[l] X[2] ,,, X[n]), In
general, T denotes truth or success.

4,150 TAB

The call (TAB N) tabs to position N on the output line doing a TERPRI first if
the current position is already past N, Note should be taken that TAB outputs
spaces only when necessary and outputs tab characters otherwise,

.
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4l5l TAILP

The call (TAILP X Y) returns X if X is a list and a tail of Y (La, X is to

sane number of COP9 s of Y) NIL otherwise.

4l52 'IcONC

The call (TCONC FIR X) is useful for building a list by odding elements one at a
time at the end, This could be done with NCONC, Flowever9 unlike NCONC9 'ICONC
does not have to search to the end of the list each time it is called, It does
this by keeping a painter to the end of the list being assembled9 and updating
this inter after each call. The savings can be considerable for long lists.
The cost is the extra cell required for storing both the list being assembled,
and the end of the list, FIR is that cell: (CAR FIR) is the list being
assembled, (COR FIR) is (LAST (CAR FIR)), The value of ¶LCOIC is FI'R, with the
appropriate modifications to its CAR and CDR. Note that 7CONC is a destructive
operation, using RPLACA and RPLACD,

'ICONC can be initialized in two ways. If FIR is NIL9 TCONC will make up a
painter. In this case, the prcxjram must set sane variable to the value of the
first call to ¶ECONC After that it is unnecessary to reset since 'ICCNC
physically changes PTh,

If FIR is initially (NIL) the value of 'ICONC is the same as for FIR = NIL9 hut
'ICONC changes FIR, This method allows the program to initialize, and then call
ICONC without having to perform SEW on its value,

4,153 TE2PRI

The call (TEPPRI X) prints a carriagereturn and line"feed and returns the valueof x. x may be anitted if the value of TERPRI is not used.

4,154 TIMES [EXTENDED LIBRARY]

The call (TIMES X[l] X[2] X[n]) returns the product of all the X[iYs,

4,155 TIYECUO

The call (TrYECHO) complements the terminal echo switch, returning T if echoing
zs being turned on or NIL if it is being turned off,
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4lS6 TYI

The call (I'll) causes the next character to be read from the selected input
device ard returns the ASCII code for that characters

4l57 Tb

The call (flO N) prints th character whose ASCII value is N, and returns N,

4l58 UNBOUND

The call (UNBOUND) returns the un—INTERNed atom UNBOUND which the system binds
to an identifier to indicate that it currently has no assigned value,

4l59 UNTYI

The call (UNTYI CHAR) "irreads" a character (such as a character input by flI or

REAJJCH), so that the next call to READ, flI, etc,, will pick up the UNTYPed
character as the next character to be read and returns the ASCII cede for that
character NCYrE: In the LISP READ routine, an atom may be terminated either by

a break character (a character which must be interpreted by READ as well as

servir%3 to terminate the atcxn, such as "(°,. ")", "J and ,") or a
separator character (a character used only to separate atoms, etc,, but not in
itself meanir ful, such as carriage—return or blank) , In order to save a break
character for later interpretation, the LISP READ routines use a one—character

buff er UNTYI simply stores its argument th this buffer; thus there are two
problems with using TYI, First, if UNI'YI is used several times in succession
with no intervenir READs, TYIs, etc., then only the most recent character is

actually "unread" —— all others are lost, Second, if there is a break character

th the one—character buffer when an UNTYI is performed, the break character will

be lost,

4,160 VCONC

The call (VCONC FIR) is used in conjunction with 'ICONC or LCONC to return the
list they have built VONC is currently equivalent to CAR reference by FIR

back into the free cell list,

.
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4l6l XCONS

The call (XOONS X Y) is equivalent to (NS Y X)

4J62 ZERO?

The call (ZEP X) returns T if X = 0, NIL otherwise

4l63 *EXPWDE

%EWDE is similar to EXPLODE except that it returns a list of ASCII character
codes

4d64 *EXPIDDEC

#EXPLOOEC is similar to EXPLODEC except that it returns a list of ASCII
character codes

4l65 *NTHCHAR.

#NTHCHAR is similar to NTHCRPIR except that the ASCII value of the character is
returned

4d66 $EOF$

When an endoffile is detected during input. (ERR $EOF$) is executed.

L167 *E)PAND [EXTENDED LIBRA)

The call (*EXPAND L EN) is used within macros to perfone macro expansionS
*E)gAND is used by PLUS, TIMES, arid QUCYTIENF,

Examples:
PLUS can be defined as follows:

(114 PLUS (L) (*)pp,r3 L @ADD))

(PLUS B C) would be expanded as follows:
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(*)(J @ (PLUS A B C) @ADD) (ADD A (PLUS B C))
(*E)apJ]D @(PLUS Bc) @ADD) = (ADD B (PLUS C))
(*Ey2p�4 @(PLUS C) @ADD) = C

Thus converting (PLUS A B C) into (ADD A (ADD B C))

4l68 *NOINT

If BASE = lOr integers will print with a trailing "." unless the variable
*NOPOINT is set to T
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