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PREFACE

The software developed by the Information Technology Division staff for the operation of the
high-speed IBM 370-compatible computers can be described as a multiprogramming supervisor that
handles a number of resident, reentrant programs. Among them is a large subsystem, called MTS
(Michigan Terminal System), for command interpretation, execution control, file management, and
accounting maintenance. Most users interact with the computer’s resources through MTS.

The MTS Manual is a series of volumes that describe in detail the facilities provided by the
Michigan Terminal System. Administrative policies of the Information Technology Division and the
physical facilities provided are described in other publications.

The MTS volumes now in print are listed below. The date indicates the most recent edition of each
volume; however, since volumes are periodically updated, users should check the file
*CCPUBLICATIONS, or watch for announcements in the U-M Computing News, to ensure that their
MT'S volumes are fully up to date.

Volume 1 The Michigan Terminal System, January 1984
Volume 2  Public File Descriptions, January 1987
Volume 3  System Subroutine Descriptions, April 1981
Volume 4 Terminals and Networks in MTS, March 1984
Volume5  System Services, May 1983

Volume 6  FORTRAN in MTS, October 1983

Volume7  PL/Iin MTS, September 1982

Volume8  LISPand SLIPin MTS, June 1976

Volume9  SNOBOL4in MTS, September 1975

Volume 10 BASIC in MTS, December 1980

Volume 11  Plot Description System, August 1978

Volume 12 PIL/2in MTS, December 1974

Volume 13  The Symbolic Debugging System, September 1985
Volume 14 360/370 Assemblersin MTS, May 1983
Volume 15 FORMAT and TEXT360, April 1977

Volume 16 ALGOL Win MTS, September 1980

Volume 17 Integrated Graphics System, December 1980
Volume 18 The MTS File Editor, February 1988

Volume 19 Tapes and Floppy Disks, November 1986
Volume 20 Pascal in MTS, December 1985

Volume 21 MTS Command Extensions and Macros, April 1986
Volume 22  Utilisp in MTS, May 1988

Volume 23 UTILISP in MTS, March 1987

Other volumes are in preparation. The numerical order of the volumes does not necessarily reflect
the chronological order of their appearance; however, in general, the higher the number, the more
specialized the volume. Volume 1, for example, introduces the user to MTS and describes in general
the MTS operating system, while Volume 10 deals exclusively with BASIC.
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The attempt to make each volume complete in itself and reasonably independent of others in the
series naturally results in a certain amount of repetition. Public file descriptions, for example, may
appear in more than one volume. However, this arrangement permits the user to buy only those
volumes that serve his or her immediate needs.

Richard A. Salisbury
General Editor
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PREFACE TO VOLUME 22

This is an interim edition of MTS Volume 22. In the future, sections will be added describing in
further detail the use of Utilisp with MTS.

The characters up-arrow and grave which are used in a few places in this volume currently are
missing from the Textform fonts used to print the document. They will be supplied in the near future.

1 you believe this, you probably also believe in the Great Pumpkin.
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UTILISP

The UTILISP (University of Tokyo Interactive LISt Processor) system is designed for highly
interactive programming and debugging of sophisticated programs.

This document is intended to serve both as a User’s Guide and as a Reference Manual for the
language and the system. Itishoped that those who are familiar with the Lisp language can acquire a
complete knowledge of the system from this manual.

This is a preliminary version. Several sections are missing and these will be supplied in the near
future. Please consult the author for information concerning these missing sections.

The author’s address is as follows:
Takashi Chikayama
ICOT Institute for New Generation Computer Technology
Mita Kokusai Bldg. 21F
4-28 Mita 1-Chome
Minato—ku, Tokyo 108, Japan

Telephone: 03-456-3195

UTILISP 11
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INTRODUCTION

GENERAL INFORMATION

The UTILISP (University of Tokyo Interactive LISt Processor) system is designed for highly
interactive programming and debugging of sophisticated programs.

At present, the UTILISP system is in operation at the University of Michigan Computing Center,

and is organized as an MTS program. The standard command sequence for running the system is
currently as follows:

#Run *UTILISP
> (Lisp input)

Several optional parameters exist for the command LISP:

STACK STACK=n specifies that the size of the stack area is to be “n” pages (1 page = 4
kilobytes). The default value for “n” is 16.

FIX FIX=n specifies that the size of the “fixed heap” area (for compiled codes) is to be “n”
pages. The default value for “n” is 8.

SIZE SIZE=n specifies that “n” pages are to be allocated for use by UTILISP. The
program will not get more space if this is not enough. The default value for “n” is
64.

If the logical I/O unit 0 has been assigned, the file associated with it is executed first. This
execution is identical with that of the standard top-level Lisp loop, except that the results are not
displayed.

After the execution of the unit 0 file (if any), the system enters the top-level loop. Each
S-expression read in is evaluated and the result is displayed. Note that the top-level evaluator is
EVAL, not EVALQUOTE.

The session can be terminated by calling the function QUIT. If one wishes to terminate the session
abnormally, the function ABEND can be used.

There are cases in which these system functions are not recognized by the Lisp reader, e.g., when
the READTABLE or OBVECTOR has been destroyed. In such cases, the Utilisp session can be

terminal.
In case an endless or unexpectedly long computation should occur, an attention interrupt from the

terminal (usually by means of the break key) will stop the current computation and the system enters
the BREAK loop. For details, see the section Errors and Debugging.

UTILISP: Introduction 13
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NOTATIONAL CONVENTIONS AND NOTES ON SYNTAX

There are several conventions concerning notation which should be understood before reading the
manual in order to avoid confusion.

In this manual, Lisp symbols are printed in uppercase characters. Lowercase words appearing in
S-expressions represent certain Lisp objects, the details of which are irrelevant or explained elsewhere.

“”

They appear between the symbols “<” and “>”, e.g., <sexpr>.

In what follows, a Lisp object whose “car” is <a> and “cdr” is <b> may sometimes be written in the
form (a . b). However, note that <a> and, especially, <b> are not necessarily atoms. Thus, a list
beginning with the symbol PROGN may be written in the form (PROGN . body), where <body> is a list
following PROGN. Similarly, in titles of descriptions of functions, “PLUS . args” for example, <args>
indicates a list of arguments following the function PLUS.

Lisp symbols appearing as titles are followed by a term indicating its category within curly brackets,
“” and “}”, (if it is not an ordinary function) and a description of its arguments (if it is not a variable).
Specifically, the categories are “Special Form”, “Macro”, and “Variable”. The following examples
illustrate the manner in which the arguments are described:

QUOTE {Special Form} arg
QUOTE is a "special form" and takes one argument.

CONSxy

CONS is an ordinary function and requires two arguments, <x> and <y>, and their
absence generates an error.

GENSYM (prefix) (begin)

GENSYM may take zero to two arguments; <prefix> and <begin> are optional.
PLUS . args

PLUS may take arbitrarily many (possibly zero) arguments.
—arg.args

— may take arbitrarily many (but at least one) arguments.

Asin the examples, argument names appear between “<” and “>” in the description of the function.

The symbol “=>” will be used to indicate evaluation in examples, e.g., “FOO => NIL” means that “the
result of evaluating FOO is NIL”.

There are several terms which are widely used in this manual but will not be rigorously defined.
They are: “S-expression”, which means a Lisp object, especially in its printed representation; “dotted
pair”, which means a “cons”; and “atom”, which means a Lisp object other than a “cons”. Note that an
atom does not necessarily mean a symbolic atom; it may be a number, string, etc. It is recommended
that those who are not familiar with these terms consult an appropriate Lisp textbook.
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Several characters have special meanings in UTILISP, i.e., single quote ('), double quote ("),
backquote (*), comma (,), semicolon (;), and slant (/).

Semicolons are used for comments. When the Lisp reader encounters a semicolon, it ignores all the
characters remaining on the current line and resumes reading from the beginning of the next line. In
such a case, a blank space is automatically introduced between the last symbol preceding the semicolon
and the first symbol on the next line. However, a semicolon can occur as an element of a string (see
remarks on double quotes below).

A single quote “” has the same effect as the special form QUOTE (see below). For example, FOO is
read as (QUOTE FOO), and '(CONS 'FOO 'BAR) is read as (QUOTE (CONS (QUOTE FOO) (QUOTE
BAR))), etc.

Slants are used for quoting characters possessing special functions so that they are merely
interpreted as normal alphabetic characters. For example, /FOO is read as a symbol whose print
name is “FOO” and not as (QUOTE FOO). Thus, one must type “//” to convey the symbol “/” to the Lisp
reader.

Double quotes are used for indicating strings. Any characters occurring between a double quote
and the next double quote are read as a string. Double quotes occurring inside strings should be typed
twice. For example, “'"” represents a string consisting of one double quote. A string may extend
beyond the ends of a line.

Concerning backquotes and commas, see the section Macros.

DATA TYPES

There are nine data types in this system, i.e., symbol, cons, fixnum, flonum, string, vector, reference,
stream, and code piece.

A symbol has a “print name”, a “value” (sometimes called a “binding”), a definition, and a property
list. The “print name” is a string which is the value of the function PNAME when applied to the
symbol in question; this string serves as the printed representation of the symbol. The “value” may be
any Lisp object, and is interpreted as the value of the symbol when the latter is used as a variable. The
symbol may also be in “unbound” state, in which case, it has no value at all. Access to the value of a
symbol is effected by evaluating the symbol, and the value may be updated by using the function SET.
The definition is functional attributes of the symbol; access is effected by GETD and updating by
PUTD. The property list contains an even number of elements (possibly zero); direct access and
updating can be effected by PLIST and SETPLIST, respectively, but it is usually more convenient to
use the functions GET (for access), PUTPROP (for adding and updating properties), and REMPROP
(for removing properties). SYMBOL is the basic function for creating a new symbol with a certain
print name. All symbols which are normally read in are registered in a table called “obvector”, and
any of these which bear the same name are identified by means of the function INTERN (for details, see
the section Input and Output). The function GENSYM serves to generate a sequence of distinct
symbols.

A “cons” is a Lisp object possessing two components, “car” and “cdr”, which can be any Lisp objects.

Access to these two components is effected by the functions CAR and CDR, respectively, and updating
by RPLACA and RPLACD, respectively. A “cons” may be constructed by means of the function CONS.
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There are two kinds of numerical objects in this system, upon which arithmetical operations may be
performed; one is called “fixnum” which possesses 24-bit signed integer value; the other is called
“flonum” which possesses 64-bit floating-point value with the accuracy of about 15 decimal digits.

A “string” is a finite sequence of characters. Each character has an 8-bit code value which is
usually interpreted in terms of the EBCDIK code. Independent access to and updating of these
characters can be effected by means of the functions SREF and SSET, respectively. The length of a
string can be obtained by applying the function STRING-LENGTH.

A “vector” is a finite ordered set of Lisp objects. Vectors can be created by means of the function
VECTOR. The elements of such a vector may be any Lisp objects; access is effected by means of the
function VREF and updating by the function VSET. The length of a vector can be obtained by using
the function VECTOR-LENGTH.

A “reference” is a pointer indicating an element of a vector. It is often useful to have access to and
update elements of vectors. A reference can be created by the function REFERENCE; access to and
updating of the corresponding element can be effected by means of the functions DEREF and SETREF,
respectively.

A “stream” is an object related to I/O. All the I/O operations in this system are carried out by means
of such intermediary streams, which are created by the function STREAM.

A “code piece” is a segment of machine code which constitutes the body of a predefined or a compiled

function. Code pieces have names, normally a symbol, access to which can be effected by means of the
function FUNCNAME.

LAMBDA LISTS

A LAMBDA-expression is the format specifying an interpreted function in Lisp, and is of the form

(LAMBDA lambda-list . body)

where <body> is a list of forms. Usually, <lambda-list> is a list of symbols which corresponds to the
so-called formal parameter list in certain other programming languages. @ When a
LAMBDA-expression is applied to given values of the arguments (actual parameters), the symbols are
bound to these values, and the forms constituting <body> are evaluated sequentially and the result of
the last of these evaluations is returned as the final result of the application. The formal parameters
are then unbound and revert to the state they were in prior to the application. Ifthe number of actual
arguments is not equal to the length of <lambda-list>, an error is generated.

In UTILISP, an element of <lambda-list> can be either a symbol or a list of the form

(symbol . defaults)

When the number of actual arguments to which the function is applied is less than the length of
<lambda-list>, the given actual arguments are first bound to the corresponding symbols. The
remaining elements of <lambda-list> must have the form (symbol . defaults). Here, <defaults>is alist
of forms which are evaluated sequentially and the result of the last one (or NIL in the case when
<defaults> is empty) is bound to <symbol>. If an actual argument corresponding to a symbol
associated with a list <defaults> is supplied, the symbol is bound to this actual argument and the
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associated list <defaults> is merely ignored.

Default values are evaluated after the binding of the preceding arguments, hence, they may depend
upon the results of the preceding bindings.

Some examples of lambda-lists are as follows:

(ABC)
A, B, and C are all required.

(AB ()
A and B are required but C is optional; the default value of C is NIL.

(AB(C0))
and B are required but C is optional; the default value of C is 0.

(A B (C (PRINT "Default value is used for C.") 0))
A and B are required and C is optional; when the default value is used, the indicated
message is printed.

(AB(C(CONSAB)))
A and B are required and C is optional; the default value of C depends upon A and B.
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PREDICATES

A predicate is a function which tests the validity of some condition involving its arguments and
returns the symbol T if the condition holds, and the symbol NIL if it does not.

When a Lisp object is used as a logical value, it is interpreted as “false” if, and only if, it is NIL; all
Lisp objects other than NIL are interpreted as “true”.

PREDICATES ON DATA TYPES

The following predicates are for testing data types. These predicates return T if the argument is of
the type indicated by the name of the function, NIL if it is of some other type.

SYMBOLP arg

Returns T if <arg> is a symbol, otherwise NIL.
CONSP arg

Returns T if <arg> is a “cons”, otherwise NIL.
LISTP arg

LISTP is an alias of CONSP. This is incorporated mainly for compatibility with other
Lisp systems.

ATOM arg

Returns T if <arg> is not a “cons”, otherwise NIL.
FIXP arg

Returns T if <arg> is a “fixnum” object, i.e., an integer number, otherwise NIL.
FLOATP arg

Returns T if <arg> is a “flonum” object, i.e., a floating-point number, otherwise NIL.
NUMBERP arg

Returns T if <arg> is a numerical object, i.e., either a “fixnum” or a “flonum”, otherwise
NIL.

STRINGP arg

Returns T if <arg> is a string, otherwise NIL.

VECTORP arg
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Returns T if <arg> is a vector, otherwise NIL.
REFERENCEP arg

Returns T if <arg> is a reference pointer, otherwise NIL.
STREAMP arg

Returns T if <arg> is a stream, otherwise NIL.
CODEP arg

Returns T if <arg> is a code piece, otherwise NIL.

GENERAL-PURPOSE PREDICATES

The following functions are some other general-purpose predicates.
EQxy

Returns T if <x> and <y> denote the same Lisp object, otherwise NIL. Lisp objects which
have the same printed representation are not necessarily identical. However, the
“interning” process ensures that two symbols with the same print name are identical (see
the section Input and Output for details). Unlike some other Lisp systems, equality of
values of integer numbers (“fixnums”) can also be compared using EQ.

Note: In this manual, the expression “two Lisp objects are EQ” means that they are the
same object.

NEQxy

(NEQ xy) = (NOT (EQ x y)). This function is incorporated primarily for convenience in
typing.

EQUALxy

EQUAL returns T if <x> and <y> are “similar” Lisp objects, otherwise NIL. That is, two
strings are EQUAL if they have the same length and all the characters in corresponding
positions are the same, two “flonums” are EQUAL if they have the same floating-point
value, and, inductively, two “cons” cells are EQUAL if their respective “cars” and “cdrs”
are EQUAL. In all other cases, two objects are EQUAL if, and only if, they are EQ.

If two Lisp objects are EQUAL, they have the same printed representation, however, the
reverse does not necessarily hold (e.g., for symbols which have not been “interned”).

NOTx
NULLx

NOT returns the symbol T if <x> is EQ to NIL, and the symbol NIL otherwise. NULL is

the same as NOT; both functions are incorporated for the sake of readability. It is
recommended that NULL be used for checking whether a given value is NIL, and that
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NOT be used for inverting a logical value.
The system also includes various predicates in addition to those introduced in this section. These

will be described in the sections on the various data types accepted by these predicates; for example, the
predicate ZEROP is described in the section Numbers.
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EVALUATION

THE EVALUATOR

The process of evaluation of a Lisp form is as follows:

If the form is neither a symbol nor a “cons”, i.e., if it is a “fixnum”, “flonum”, a string, a code piece, a
vector, a reference, or a stream, the result of its evaluation is simply the form itself.

If the form is a symbol, the result is the value to which that symbol is bound. If the symbol is
unbound, an error is generated.

A so-called “special form” (i.e., a “cons” identified by a distinguished symbol in its “car”) is evaluated
in a manner which depends upon the particular form in question. All of these special forms will be
individually described in this manual.

If the form in question is not a so-called “special form”, it requires the application of a function or a
macro to its arguments. The “car” of the form is a LAMBDA-expression or the name of a function. If
the function is not a “macro”, the “cdr” of the form is a list of forms which are evaluated sequentially,
from left to right, and the resulting arguments are then supplied to the function; the value finally
returned is the result of applying the function to these arguments.

The evaluation process for macro forms is described in the section Macros.

A more detailed and accurate description of the evaluator will be supplied after various
improvements of present implementation have been carried out.

VARIOUS FUNCTIONS CONCERNED WITH EVALUATION

EVALx

Evaluates <x>, and returns the result. Ordinarily, EVAL is not used explicitly, since
evaluation is usually carried out implicitly. EVAL is primarily useful in programs
concerning Lisp itself, rather than in its applications.

APPLY fn arglist

Applies the function <fn> to the set of arguments given by <arglist>, and returns the
resulting value.

FUNCALL fn . args

Applies the function <fn> to the set of arguments <args>, and returns the resulting value.
Note that the functional argument <fn> is evaluated in the usual way, while function,
which constitutes the “car” of an ordinary Lisp application, isnot. For example,

(SETQ CONS 'PLUS) => PLUS
(FUNCALL CONS 1 2) => 3
(CONS 1 2) => (1 . 2)
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Thus, explicit application using FUNCALL instead of simple implicit function
application, should be used for functional arguments, since the binding of the function is
not examined by the evaluator in simple implicit function applications, whereas when
FUNCALL is used the functional argument symbol is evaluated first yielding a function
which is then applied in the ordinary manner.

QUOTE {Special Form} arg
Simply returns the argument <arg>. Its usefulness largely consists in the fact that its
argument is not evaluated by the evaluator. For example,
(QUOTE X) => X

(SETQ X (QUOTE (CONS 1 2))) X => (CONS 1 2)

Since QUOTE is very frequently used, the Lisp Reader allows the user to reduce the
burden of keying in the program by converting S-expressions preceded by a single quote
character “” into QUOTEd forms. For example,

(SETQ X '(CONS 1 2))

is converted into

(SETQ X (QUOTE (CONS 1 2)))
FUNCTION {Special Form} fn

The form (FUNCTION x) has precisely the same effect as (QUOTE x); these alternative
forms are available for the sake of clarity in reading and writing programs. It is
recommended that FUNCTION be used to quote a piece of a program, and that QUOTE
be used for segments of data. The compiler utilizes this information to generate efficient
object codes.

Note: Function-valued arguments in Lisp functions should be evoked using FUNCALL.
See the description of FUNCALL (above) for details.

COMMENT {Special Form} . args

COMMENT ignores its arguments and always returns NIL; it is useful for inserting
explanatory remarks.

PROGN {Special Form} . args

The arguments <args> are evaluated sequentially, from left to right, and the value of the
final argument is returned. This operation is useful in cases where it is necessary to
evaluate a number of forms for the sake of the concomitant side effects but only the value
of the last form is required. Note that LAMBDA-expressions, COND forms, and many
other control structure forms incorporate this property of PROGN implicitly (in the sense
that multiple forms are handled in a similar manner).

PROGI1 {Special Form} . args
PROGI1 functions in the same manner as PROGN, except that it returns the value of the

first argument rather than the last. PROGI1 is most commonly used to evaluate a
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number of expressions, with possible occurrence of the side effects, and return a value
which must be computed before the side effects occur. For example,

(SETQ X (PROG1 Y (SETQ Y X)))

This form interchanges the values of the variables X and Y.
PROG2 {Special Form} . args

The action of PROG2 is the same as that of PROGN and PROG1, except that it returns
the value of its second argument. It is incorporated mainly for compatibility with other
Lisp systems.

(PROG2 X vV . Z)

is equivalent to

(PROGN x (PROGL y . z))
LET {Macro} bindings . body

A LET form has the syntax

(LET ((varl vforml)
(var2 vform2)
|
bforml
bform2
..)

which is automatically converted into and effectively equivalent to the following form:

((LAMBDA (varl var2 ...)
bforml
bform2
eee)
viforml
viorm2

..)

It is often preferable to use LET rather than to directly use LAMBDA, since the variables
and the corresponding forms appear textually close to one another, which increases the
readability of the program.

As LET forms are converted into LAMBDA application forms, all the values of the
<vform>s are computed before binding any of these values to to the corresponding <var>s.
For example, <vform2> cannot depend upon <varl>; that is, if <varl> appears in
<vform2>, a variable named <varl> must have been bound somewhere outside this LET
form.

LETS {Macro} bindings . body
LETS is similar to LET except that LETS binds its variables sequentially, one by one,

while LET, as mentioned above, binds them simultaneously. (LETS is a contraction of
“LET Sequentially”).
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A LETS form has the syntax

(LETS ((varl . vformsl)
(var2 . vforms2)
eed)
bforml
bform2
..)

which is effectively equivalent to:

((LAMBDA ((varl . vformsl)
(var2 . vforms2)

cel)

bforml

bform2

cee))

Each list <vform-i> constitutes the default value list for the corresponding <var-i>, and
therefore can depend upon the preceding <var>s (see the section Lambda Lists for

details).

Note: The interpretation of LETS is faster than that of LET. However, once compiled,
their speeds become identical.
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FLOW OF CONTROL

The present system provides a variety of structures for the flow of control.

Function application is the basic method for constructing programs. Moreover, the definition of a
function may always call the function being defined. This process is known as “recursion”.

Both explicit and implicit PROGN structures can be used for sequential execution of programs.
The forms in a PROGN structure are evaluated sequentially from left to right.

In this section, some even more flexible control structures are described. Conditional constructs

are useful for making decisions, while iteration and mapping constructs may be convenient for
repetition. There are also more flexible control structures known as non-local exits.

CONDITIONALS

A conditional construct incorporates a decision in a program, resulting in the execution of one of
several alternatives in accordance with certain logical conditions.

AND {Special Form} . args

Evaluates the arguments sequentially, from left to right. If the value of any argument is
NIL, NIL is returned and the remaining arguments are not evaluated. If the value of all
the arguments are non-NIL, the value of the last argument is returned. AND can be
interpreted for logical operation, where NIL stands for “false” and non-NIL for “true”.
For example,

(AND X Y)
(AND (SETQ TEMP (ASSQ X Y))
(RPLACD TEMP Z))
(AND ERROR-EXISTS (PRINC "There is an error!"))

Note: (AND)=>T

OR {Special Form} . args
Evaluates the arguments sequentially, from left to right. If the value of any argument is
NIL, the next argument is evaluated. If there are no remaining arguments, NIL is
returned. However, if the value of any argument is non-NIL, that value is immediately
returned and the remaining arguments, if any, are not evaluated. OR can be interpreted
as a logical operation, where NIL stands for “false” and non-NIL for “true”.
Note: (OR) => NIL

COND {Special Form} . clauses
The arguments of COND are usually referred to as “clauses”. Each clause consists of a

predicate followed by a number (possibly zero) of forms. The predicate is called the
“antecedent” and the forms are called the “consequents”.
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Thus, a COND-form might have the following syntax:

(COND (antecedent consequent consequent ...)
(antecedent)
(antecedent consequent ...)

..)

Each clause represents an alternative which is selected if its antecedent is satisfied and
the antecedents of all preceding clauses were not satisfied when evaluated.

The clauses are processed sequentially from left to right. First, the antecedent of the
current clause is evaluated. Ifthe result is NIL, the process advances to the next clause.
Otherwise, the consequents are evaluated sequentially from left to right (in a PROGN
manner), the value of the last consequent is returned, and the remaining clauses (if any)
are not processed. If there were no consequents in the selected clause, the value of the
antecedent is returned. If the clauses are exhausted, that is the value of every
antecedent is NIL, the value of the COND form is NIL.

SELECTQ {Special Form} key-form . clauses

Many programs require multiplex branchings which depend on the value of some form.
A typical example is as follows:

(COND ((EQ X 'FOO) ...)
((EQ X '"BAR) ...)
((MEMQ X ' (BAZ QUUX MUM)) ...)

(T ...))

SELECTQ is incorporated for convenience in such situations. A SELECTQ form has the
following syntax:

(SELECTQ key-form

(pattern consequent consequent ...)
(pattern consequent consequent ...)
(pattern consequent consequent ...)

..)

The first argument <key-form> is evaluated first (just once). The resulting value is
called the “key”. The key form is followed by a number of “clauses”, each of which
consists of a “pattern” followed by a number (possibly zero) of “consequent” forms. The
pattern of each clause is compared with the key, and if it “matches”, the consequents of
this clause are evaluated, and SELECTQ returns the value of the last consequent. If
there are no “matches”, or if there is no consequent in the selected clause, NIL is returned.
Note that the patterns are not evaluated.

The objects which may be used as the patterns and their “matching” conditions are as
follows:

(1) Any atom (symbol, number, etc.), except the symbol T — In this case, the
key matches ifit is EQ to the atom.

(2) A list — In this case, the key matches if it is EQ to one of the top-level
elements of the list.

(3)  The symbol T — The symbol T constitutes a special pattern which matches
anything.
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The preceding example can be expressed as follows:

(SELECTQ X
(FOO ...)
(BAR ...)
((BAZ QUUX MUM) ...)

(T ...))

Note: The symbol T itself may be used as the first component of a clause, in a non-trivial
manner, by selecting (T) as the pattern.

ITERATION
PROG {Special Form} locals . body

PROG is a special form which provides temporary variables, sequential evaluation of
forms, and “goto” operations. A typical PROG form might have, for example, the
following structure:

(PROG (varl (var2 . inits2) var3 (var4d . inits4))

tagl statementl
statement2
tag2 statement3

o)

<varl>, <var2>, ... are temporarily bound variables. The binding of these variables prior
to the execution of the PROG are recorded, and when the execution of the PROG has been
completed, the original bindings are restored. If a variable is associated with an initial
value list <inits>, the elements of the list are evaluated sequentially, from left to right,
and the value of the last one becomes the initial value of the variable. If there are no
initial value forms, the variable is initialized to NIL. For example,

(PROG ((A T)
B
(C (PRINT "C is bound") (CAR '(FOO . BAR))))
. body)

Here, the initial value of A is T, that of B is NIL, and that of C is the symbol FOO. Before
the binding of C is executed, the indicated message is printed. The bindings are
processed sequentially, and the value of each form may depend upon previous bindings.

The portion of a PROG which follows the variable list is called the “body”. The elements
of <body> may be atoms, which are called “tags”, or “cons” cells, which are called
“statements.”

After the temporary variables have been bound, the forms in the body are processed
sequentially. Tags are not evaluated, whereas statements are evaluated and their
values discarded. Ifthe process reaches the end of the body, NIL is returned. However,
two special devices (described below) may be used to alter the flow of control in the body of
a PROG.

If RETURN x1 ... xn) is evaluated, processing of the body is terminated and the value of
the last argument <xn> is returned as the value of the PROG. If n=0, i.e., if no
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arguments are present, the value returned will be NIL. Only those RETURN
statements which are explicitly included in the body of a PROG form can legitimately be
used in this manner (for example, a RETURN statement occurring within the definition
of a function called during the execution of a PROG will generate an error when the
program is compiled.)

If (GO tag) is evaluated, the evaluation process is resumed from the statement labelled
with <tag> (in case there is no statement associated with <tag>, i.e., when <tag> is at the
end of a PROG body, the PROG routine is simply terminated); <tag> is not evaluated. If
the label <tag> does not occur in the body of the PROG form currently being executed, the
body of the innermost PROG form properly including the current one is searched, and so
forth; if <tag> is found, the execution sequence leaves the current PROG form and the
program execution is resumed from the point labelled with <tag>. Ifthe label <tag> does
not occur in any PROG form which contains (GO tag), an error is generated. Any
statement of the form (GO tag) must be explicitly included in the PROG form containing
the destination indicated by <tag>.

GO {Special Form} tag

See the explanation under the entry for PROG above.

Note: <tag> can be an atom of any type including symbolic atoms or “fixnums”. Since the
process of searching is effected using the equality criterion EQ, “flonums”, strings,
vectors, etc. are generally not appropriate as labels.

RETURN. args

LOOP

EXIT.

See the explanation under the entry for “PROG” above.

{Special Form} . body

LOOP is a special form used for simple iteration. The arguments of LOOP are evaluated
sequentially from left to right. As long as EXIT is not evoked during these evaluations,
this process is interminably repeated. However, if an EXIT form is encountered, the
innermost LOOP containing it is terminated and the value of the last argument of this

EXIT is returned as the value of that LOOP form.

For example, the top-level LOOP of the system, although actually defined in terms of
machine language, could have been defined as follows:

(LOOP (PRINT (EVAL (READ))))
args

See the explanation under the entry for LOOP above. EXIT being an ordinary function,
its arguments are evaluated sequentially, from left to right, in the usual manner.

When a LOOP form is to be compiled, the corresponding EXIT forms must be explicitly
contained in the LOOP.
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DO {Macro} index-part exit-part . body

DO is a control form which facilitates iteration using so-called “index variables”. The
first argument <index-part> is a list, the elements of which have the form

(var init next)

where <var> is a symbol employed as an index variable, <init> is the initial value
assigned to <var>, and <next> is a form which is computed after each iteration,
whereupon the resulting value is assigned to <var>.

The initial values are computed sequentially, and only after this process is completed are
they bound to the corresponding variables; the same applies to subsequent assignments
arising from the <next> forms.

The syntax of the second argument <exit-part> is

(end-test . exit-forms)

After initially binding the index variables, and after each round of <next> value
assignments, the form <end-test> is evaluated. Ifthe resultis non-NIL, the termination
process begins; the forms constituting the list <exit-forms> are evaluated sequentially,
from left to right, and the value of the last one (or NIL, if the list <exit-forms> is empty)
will be returned as the value of the DO form. The index variables are then unbound,
their original values are restored, and the evaluation of the DO form terminates.

Otherwise, if the evaluation of <end-test> yields NIL, execution of <body> begins; <body>
is a list of forms which are evaluated sequentially, from left to right, and the results are
discarded. When <body> is exhausted, the evaluation process proceeds to the evaluation
of the <next> forms.

Any <next> form may be omitted from <index-part> when no assignment of the
corresponding variable is required after iteration; in this case, <var> merely serves as an
ordinary local variable. Any initiation form <init> may also be omitted; in this case, NIL
becomes the initial value of the corresponding <var>.

A DO form, being a macro, is automatically converted into an equivalent combination of
LET and LOOP. Thus, to depart from a DO form, the function EXIT can be used in its
<body>, <exit-part>, or the <next> forms of its <index-part>. It should be borne in mind
that since the <init> forms are evaluated outside the LOOP, the use of EXIT in an <init>
form will terminate the evaluation of a still “larger” DO or LOOP form than the one under
consideration.

The following examples illustrate the DO function. Printing all the elements of a list X
separated by a space can be performed by the following program:

(DO ((L X (CDR L)))
((ATOM L))
(PRIN1 (CAR L))
(PRINC " m))

When each element of a vector V is a number, their sum can be computed by the following
program:
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(DO ((I 0 (1+ 1))
(L (VECTOR-LENGTH V))
(SUM 0 (PLUS SUM (VREF V I))))
((= I L) SUM))

Note that in this example, the body of DO is empty. This is in fact the case in many
applications since the index and exit parts of a DO control form can, in themselves, be
quite powerful. Also note that when (VREF V I) is computed, the variable I still retains
its previous value, that is the <next> value (1+ I) has not yet been assigned to it. L does
not have a <next> part, and is merely a temporary variable which facilitates the
computation of <end-test>.

NON-LOCAL EXITS

CATCH tag . forms

CATCH is a function primarily utilized for non-local exits. (CATCH tag . forms)
evaluates the elements of the list <forms> and returns the value of the last form, unless
an expression of the form (THROW tag . values) with the same <tag> is encountered
during the evaluation of <forms>, in which case the arguments in <values> are evaluated,
and CATCH immediately returns the last of the <values> (or NIL when <values> is
empty) and performs no further evaluation.

Note: The argument <tag> is evaluated, which is not the case in some other Lisp systems.
However, no repeated evaluation is applied to the elements of the list <forms>, which are
evaluated just once as the normal arguments of a function. The special action of CATCH
occurs during the evaluation of its arguments, rather than during the execution of
CATCH itself; the function CATCH, in itself, only returns its last argument (or NIL when
there is only one argument <tag>) if the evaluation of its arguments is completed without
calling THROW. For example,

(CATCH 'ATOMIC
(MAPCAR L
(FUNCTION (LAMBDA (X)
(COND ((ATOM X) (THROW 'ATOMIC X))
(T (CAR X)))))))

This program returns a list of the “car”’s of the elements of the list L if the latter are all
non-atomic; otherwise, the first atomic element of L is returned.

THROW tag . values

As described above, THROW is used in conjunction with CATCH for (primarily non-local)
exits. THROW conveys the value of the last argument in <values> (or NIL when
<values> is empty) back to the closest preceding CATCH in the execution sequence which
possesses the same <tag> and has not yet been evoked. Any CATCH forms (or other
control forms or functions) which may be nested between the THROW form under
consideration and the corresponding CATCH are effectively ignored. See the above
description of CATCH for further details.

Note: As in the case of CATCH, both <tag> and forms in <values> are evaluated, unlike
the corresponding function THROW in some other Lisp systems.
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For example, the following program returns A rather than B.

(CATCH 'A (CATCH 'B (THROW 'A 'A)) 'B)

MAPPING

Mapping is a type of iteration in which a certain function is successively applied to portions of a list
or a vector given as an argument. There are several options for the manner in which the portions of
the list or the vector are chosen and the results returned by the application of the function are
presented.

The table below shows the relations between the six map functions on list structures.

Applies function to
Returns Successive sublists Successive elements
Its own first MAP MAPC
argument
List of the MAPLIST MAPCAR
function results
NCONC of the MAPCON MAPCAN
function results
MAP list fn

The function <fn> is applied to the successive sublists of <list>, i.e., first <list> itself, its
“cdr”, “cddr”, etc. The value returned is its original argument <list> (possibly modified
by <fn>). For example,

(MAP '(A B C) (FUNCTION PRIN1))

This program prints out “(A B C)(B C)(C)” and returns (A B C).
MAPC list fn
The function <fn> is applied to the successive elements of <list>, i.e., first the “car” of

<list>, then its “cadr”, then “caddr”, etc. The value returned is its original argument
<list> (possibly modified by <fn>). For example,

(MAPC '(A B C) (FUNCTION PRIN1))
This program prints out “ABC” and returns (A B C).
MAPLIST list fn
The function <fn> is applied to the successive sublists of <list>, i.e., first <list> itself, then

its “cdr”, then “cddr”, etc. The value returned is a newly created list of the results of
these applications. For example,
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(MAPC '(A B C) (FUNCTION PRIN1))
This program prints out “(A B C)(B C)(C)” and returns ((A B C) (B C) (C)).
MAPCAR list fn
The function <fn> is applied to the successive elements of <list>, i.e., first “car” of <list>,
then its “cadr”, then “caddr”, etc. The value returned is a newly created list of the results
of these applications. For example,
(MAPCAR '(A B C) (FUNCTION PRIN1))
This program prints out “ABC” and returns (A B C), which appears to be the same as the
original arguments, but, actually, has been newly created.
MAPCON list fn
The function <fn> is applied to the successive sublists of <list>, i.e., first <list> itself, then
its “cdr”, then “cddr”, etc. The value returned is the concatenation of the results of these
applications. For example,
(MAPCON ' (A B C) (FUNCTION NCONS))
This program returns (AB CB C C).
MAPCAN list fn
The function <fn> is applied to the successive elements of <list>, i.e., first “car” of <list>,
then its “cadr”, then “caddr”, etc. The value returned is the concatenation of the results
of these applications. For example,
(MAPCAN '(A B C) (FUNCTION NCONS))
This program returns (A B C), which appears to be the same as the original argument,
but, actually, has been newly created.
MAPYV vector fn
MAPYV successively applies <fn> to all the elements of <vector>, in increasing order of
indices. The arguments presented to the function <fn> are “reference” objects “pointing”
to the elements of <vector>. See the section Vectors for further information about
“reference”. The value returned by MAPV is simply the original argument <vector>
(possibly modified by the execution of the function <fn>). For example,
(MAPV (VECTOR 5)
(FUNCTION (LAMBDA (R)
(SETREF R (READ)))))
This will return a vector of five Lisp objects read in consecutively.
MAPVECTOR vector fn
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MAPVECTOR also applies <fn> to all the elements of <vector>, in increasing order of
indices, however, in this case, the arguments presented to <fn> are the elements
themselves, rather than references “pointing” to them (see the description of MAPV).
MAPVECTOR returns a new vector, the components of which are the corresponding
results of these applications.
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MANIPULATING LIST STRUCTURES

CONS MANIPULATION

CARx
CAR returns the “car” of <x>. If<x>isan atom, an error is generated.

CDR x
CDR returns the “cdr” of <x>. If<x>isanatom, an error is generated.

C..Rx
All the compositions of CAR and CDR, up to a total of four, are defined as so-called
“built-in” functions. The names of these functions begin with “C”, followed by a sequence
of “A”s and “D”s corresponding to the indicated composition of functions, and ending with
“R”. For example, (CDDAR x) is effectively the same as (CDR (CDR (CAR x)))

CRx
CR returns <x> itself, and is the function in the C...R group for which the total number of
“A”s and “D”s is zero. This function is sometimes useful when dealing with mapping
functions. For example, (MAPCAR list (FUNCTION CR)) may be used to obtain a
top-level copy of <list>.

CONSxy

CONS is a primitive function which creates a new “cons” cell, the “car” and “cdr” of which
are <x> and <y>, respectively. For example,

(CONS 'A 'B) => (A . B)
(CONS 'A '(B CD)) => (A B C D)

NCONSx
(NCONS x) is effectively the same as (CONS x NIL).
XCONSyx
XCONS (an abbreviation of “eXchange CONS”) differs from CONS only in that the order

of the arguments is reversed. XCONS is useful when the “cdr” part of the result should
be evaluated before the “car” part. For example,

(XCONS 'A 'B) => (B . A)
COPY x

COPY creates and returns a “copy” of <x>. The atoms constituting the copy are the same
as those constituting the original argument <x>, but all the “cons” cells of the copy are
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newly created.
Note: List structures in which a non-atomic node is indicated by more than one pointer

are not copied faithfully; such nodes will be duplicated in the “copy”. “Copying” a cyclic
structure in this manner results in an endless computation.

LIST MANIPULATION

The following section explains some of the basic functions provided for manipulating lists. A list is
defined recursively as either the symbol NIL, which represents an empty list, or a “cons” whose “cdr” is
alist. However, it should be noted that although their arguments are denoted by the word “list”, the
functions described below are applicable whether or not the final atom is NIL.

LAST list
LAST returns the last top-level “cons” of <list>. If <list> is an atom, an error is

generated; if the top-level structure of <list> is cyclic, an endless computation occurs.
For example,

(LAST '(A (B C) D E)) => (E)
LENGTH list
LENGTH returns the length of <list>. The length of a list is the number of its top-level

elements. Asin the case of LAST, if the top-level structure of <list> is cyclic, an endless
computation occurs. For example,

(LENGTH '(A (B C) DE)) =>4
(LENGTH NIL) => 0

FIRST x

==>(CARx)
SECOND x

==>(CADRx)
THIRD x

==>(CADDR x)
FOURTH x

==> (CADDDR x)
FIFTH x

==>(CAR (CDDDDR x))
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SIXTH x

==>(CADR (CDDDDR x))
SEVENTH x

==>(CADDR (CDDDDR x))
NTHnlist

NTH returns the <n>th top-level element of <list>, where (CAR list) is counted as the zero
element. If <n> is negative or not less than the length of <list>, an error is generated.
Note that (NTH 2 x) is actually (THIRD x) rather than (SECOND x). For example,

(NTH 2 '(ABCDE)) =>¢
NTHCDR n list

NTHCDR applies CDR to the second argument for <n> times, and returns the result; for
<n>=0, the result is simply <list> itself. If <n> is negative or not less than the length of
<list>, an error is generated. For example,

(NTHCDR 2 '(A B C D E)) => (C D E)
LIST. args

LIST constructs and returns a list of its arguments, ordered in the same manner as the
arguments themselves. For example,

(LIST 1 2 (CAR '(3 5)) (+ 2 2)) => (1 2 3 4)
(LIST) => NIL

APPEND . lists

The result of APPEND is essentially a concatenation of its arguments, however, avoiding
physical alteration, the arguments are copied (except for the last one; see also the
description of NCONC below). The tail of the resulting list is physically identical with
that of the last argument. For example,

(APPEND '(A B C) '(D E) NIL '(F G H))
=> (ABCDETF G H)
(APPEND) => NIL

Note: When several lists are to be APPENDed, and the order of the resulting list is not
essential, the longest argument should be entered last since it is not copied; this reduces
both computing time and required memory space.

REVERSE list
REVERSE creates a new list, the top-level elements of which are the same as those of

<list> but arranged in reverse order. REVERSE, unlike NREVERSE (see below), does
not modify its argument. For example,
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(REVERSE '(A (B C) D)) => (D (B C) Aa)
NCONC . lists

NCONC returns a list which is the concatenation of the arguments. The arguments
(except the last one) are physically altered in the manner of RPLACD rather than copied
(see also the description of APPEND above.) For example,

(SETQ X '(A B C))
(SETQ Y '(D E F))
(NCONC X Y) => (A B CDE F)
X=> (ABCDEF)

Note that the value of X itself has been altered, since the “cdr” of its last “cons” has been
replaced by the value of Y.

NREVERSE list

NREVERSE reverses its argument <list>, which is altered in the RPLACD manner
throughout the list (see also the description of REVERSE). For example,

(SETQ X '(A B C))
(NREVERSE X) => (C B A)
X => (Aa)

Note that the value of X itself has been altered, since the original list has been modified in
RPLACD fashion.

PUSH {Special Form} item var

(PUSH item var) has the same effect and value as

(SETQ var (CONS item var))

but is more readable. <var> must be a bound variable. PUSH is useful, along with POP
(see below), in maintaining a list in the manner of a push-down stack.

POP {Special Form} var

(POP var) has the same effect and value as

(PROG1 (CAR var) (SETQ var (CDR var)))

but is more readable. <var> must be a symbol which is bound to a non-atomic value prior
to the execution of POP. POP is useful, along with PUSH (see above), in maintaining a
list in the manner of a push-down stack.

ALTERATION OF LIST STRUCTURES

The functions RPLACA and RPLACD serve to alter existing list structures; that is, to change the
“cars” and “cdrs” of existing “cons” cells.
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Since structure is physically altered rather than copied, caution should be exercised when using
these functions, as unexpected side-effects may occur if portions of the affected list structures are
common to several Lisp objects. The functions NCONC and NREVERSE also alter list structure,
however, they are not normally used to obtain such side-effects, rather, the concomitant list-structure
modification is effected purely for the sake of efficiency and corresponding non-destructive functions
are also available.

RPLACAxy

RPLACA replaces the “car” of <x> by <y> and returns (modified) <x>. <x> must be a
“cons”, while <y> may be any Lisp object. For example,

(SETQ X '(A B C))
(RPLACA X 'N) => (N B C)
X => (N B C)

RPLACD xy

RPLACD replaces the “cdr” of <x> by <y> and returns (modified) <x>. <x> must be a
“cons”, while <y> may be any Lisp object. For example,

(SETQ X '(A B C))
(RPLACD X 'C) => (A . Q)
X => (A .C)

SUBST xy z
(SUBST x y z) substitutes <x> for all occurrences of <y> in <z> (using EQ for testing
equality) and returns the modified copy of <z>. The original <z> is not altered, as

SUBST recursively copies all the “cons” cells of <z>, replacing by <x> all elements which
are EQ to <y>. For example,

(SsUBST 'A 'B '(A B (C B))) => (A A (CA))
Note: List structures in which a non-atomic node is designated by more than one pointer
are not copied faithfully; such nodes will be duplicated in the “copy”. Applying SUBST to
a cyclic structure results in an endless computation.

TABLES

The system provides several functions which simplify the maintenance of several varieties of
tabular data structures assembled from “cons” cells.

The simplest of these structures is just an ordinary list of items, which represents an ordered set.

An association list is a list in which the elements are “cons” cells. The “car” of each such “cons” is
called a “key” and the “cdr” represents an associated datum.

Although these simple data structures are convenient for small data bases, their form is such that
search time increases linearly with the size of the data base, and consequently they are inefficient
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when handling large amounts of data. Large-scale data bases are best maintained using vectors and
hashing functions (see the section Hashing for details).

42

MEMQ item list

(MEMQ item list) returns NIL if <item> is not identical (with respect to the function EQ)
with one of the elements of <list>, otherwise it returns the portion of <list> beginning
with the first occurrence of <item>. The procedure searches <list> on the top-level only.
Since MEMQ returns NIL if <item> is not found, and a non-NIL object if it is found,
MEMGQ can be used as a predicate. For example,

(SETQ X '(A B C D E))
(MEMQ 'C X) => (C D E)
(MEMQ 'FOO X) => NIL

MEMBER item list

MEMBER functions in the same manner as MEMQ), except that EQUAL, rather than EQ,
is used for comparison.

MEM predicate item list

MEM functions in the same manner as MEMQ, except that it takes an additional
argument <predicate>. The latter may be any predicate taking two arguments. (MEM
(FUNCTION EQ) a b) is effectively identical with (MEMQ a b) and (MEM (FUNCTION
EQUAL) ab) with (MEMBER ab). For example,

(MEM (FUNCTION (LAMBDA (X Y) (0= (+ X Y))))
13
'(13 -4 -13 7 -6))
=> (-13 7 -6)

DELQ item list (n)

When the optional argument <n> is absent, DELQ returns <list> with all top-level
occurrences of <item> deleted; EQ is used for comparison. The argument <list> is
actually altered in the RPLACD manner when occurrences of <item> are excised, except
that any initial segment of <list>, all the elements of which are EQ to <item>, is not
altered in this manner (see the example below). If <n> is present, it must be a “fixnum”
and only the first <n> top-level occurrences of <item> are deleted. <n> may be zero, in
which case, <list> itselfis returned without any alteration. For example,

(SETQ X '(A B A B))
(DELQ X 'B) => (A A)
X => (A A)

Note: DELQ should be used for value, not for effect. Thus, the two pairs of operations

(SETQ Y '(A B A B))
(SETQ Y (DELQ 'A Y))
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and

(SETQ Y '(A B A B))
(DELQ 'A Y)

result in different values of Y. The value returned by DELQ is (B B) in both cases.
However, Y is given the value (B B) in the former case and (A B B) in the latter.

REMQ item list (n)

REMQ yields the same result as DELQ, except that <list> itself is not altered; what is
returned is a copy of the original argument <list> with the first <m> top-level occurrences
of <item> removed, where <m> is the minimum of <n> and the number of top-level
occurrences of <item> in <list>.

EVERY list predicate

EVERY applies <predicate>, a predicate function of one argument, to the top-level
elements of <list> sequentially, from left to right. If <predicate> returns non-NIL for
every element, EVERY returns T. If any of these applications yields NIL, EVERY
returns NIL immediately, and no further applications are executed.

SOME list predicate

SOME applies <predicate>, a predicate function of one argument, to the top-level
elements of <list> sequentially, from left to right. If <predicate> returns non-NIL for
some element, SOME immediately returns the portion of <list> beginning with the
element which yielded non-NIL, and no further applications are executed. If all the
applications yield NIL, SOME returns NIL.

ASSQitem alist

ASSQ searches for and returns the first element in the association list <alist>, the “car” of
which is EQ to <item>, if such an element exists; otherwise, the value NIL is returned.
The association list may be updated by applying RPLACD to the result of ASSQ, if the
latter isnot NIL. For example,

(assQ 'Cc '((aA B) (Cc D) (E F))) => (C D)

ASSOC item alist

ASSOC functions in the same manner as ASSQ, except that EQUAL instead of EQ is used
for comparison.

ASS predicate item alist

ASS functions in the same manner as ASSQ, except that it takes an additional argument
<predicate>, a predicate taking two arguments, which is used for comparison. In the
special case where <predicate> is EQ, this function effectively reduces to ASSQ.
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SORTING
SORT table predicate

The list <table> is arranged in increasing order, using the ordering relation
corresponding to <predicate>, and the resulting ordered list is returned. <predicate>
should be a function of two arguments, which returns non-NIL if, and only if, the first
argument is strictly less than the second in the sense of total ordering relation.

HASHING

Some hashing scheme is desirable in order to reduce the computing time required for data retrieval
in large-scale data bases. The search time required for an item remains constant using hashing, as
long as the hash table is large enough, compared with the number of its entries.

The present system provides a standard hashing function for Lisp objects to facilitate the
maintainance of hashed data bases.

HASH x

HASH computes hash value for <x> and returns it as an integer number “fixnum”. The
result may be positive, negative, or zero. Its guaranteed properties are:

(1 Objects which are EQUAL are hashed to the equal value.
(2) A“fixnum”is hashed to itself.

(83)  Astringis hashed to non-negative value.

(4)  Asymbolis hashed to the same value as its print-name.
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SYMBOLS

Symbolic atoms such as X or CONS are called “symbols” in this system. A symbol is associated
with four Lisp objects:

(1)  the “binding” is the value of the symbol when it is used as a variable;

(2)  the “definition” is the functional definition of the symbol when it is used as the name of a
function or a macro;

(3)  the“propertylist” is used to retain various Lisp objects associated with the symbol;

(4)  the “print name” is used for input and output operations.

THE VALUE

A symbol can be associated with its “value”, which may be a Lisp object of any type, and is returned
as the result of evaluating the symbol. The symbol may be in “unbound” state, in which case the
symbol has no value at all; when an “unbound” symbol is evaluated, an error is generated. Newly
created symbols (by INTERN, GENSYM, etc.) are initially in the “unbound” state. A symbol is called
a “variable” when the primary concern is its value.

The value of a variable can be changed either by “lambda-binding” or by “assignment”; when a
symbol is “lambda-bound”, its previous value is saved and will be restored later, whereas “assignment”

discards the previous value. “Lambda-binding” is sometimes called simply “binding” in this manual.

The symbols NIL and T are always bound to themselves; they may not be assigned nor
lambda-bound. (The error of changing the value of T or NIL is not detected!)

SET variable new-value
“Assignment” to <variable> can be effected by the function SET. The value of <variable>
is changed to <new-value> which may be any Lisp object. The previous value of
<variable>, if any, is discarded. SET returns the newly assigned value <new-value>.
SETQ {Special Form} . args
(SETQ x y) is effectively the same as (SET 'x y).

Additional feature of SETQ is concurrent assignment of variables without explicit
temporary variables. A SETQ form such as

(SETQ varl forml var2 form2 ...)

is used for this purpose. <form1>, <form2>, ... are all evaluated first, sequentially, in this
order. Then their resulting values are assigned to <varl>, <var2>, ....

For example, the values of two variables X and Y can be exchanged by
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(SETQ X Y Y X)
BOUNDP variable

BOUNDP returns T if <variable> is bound to some value; if it is unbound, NIL is
returned.

MAKE-UNBOUND variable

MAKE-UNBOUND makes <variable> unbound. The current value of <variable>, if
any, is discarded. MAKE-UNBOUND returns the symbol <variable> as its value.

THE DEFINITION

A symbol can be associated with its “functional definition”, or “definition”, for short. When a
function is called via its name, that is, when the first argument of FUNCALL or APPLY is a symbol, or
a symbol appears as the “car” of a form to be evaluated, the “definition” of that symbol is called as a
function. When a symbol is not defined as a function or a macro, the symbol is said to be “undefined”;
an error is generated when an undefined symbol is used as a function.

DEFUN {Macro} name lambda-list . body

DEFUN can be used for defining functions. <name> should be a symbol. A list

(LAMBDA lambda-list . body)

will be the new definition of <name>. The previous definition of <name>, if any, is
discarded. DEFUN returns <name> as its value.

MACRO {Macro} name lambda-list . body

MACRO can be used for defining macros. <name> should be a symbol. A list

(MACRO LAMBDA (arg) . body)

will be the new definition of <name>. The previous definition of <name>, if any, is
discarded. MACRO returns <name> as its value.

Note: Macros can more elegantly be defined using DEFMACRO. See the section Macros
for details.

GETD sym

GETD returns the definition of a symbol <sym>. If <sym> is undefined, an error is
generated.

PUTD sym def

PUTD makes the definition of <sym> be <def>. <sym> must be a symbol while <def> may
be any Lisp object. It returns <sym> as its value.
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DEFINEDP sym

DEFINEDP returns T if <sym> is defined as a function or a macro; if it is undefined, NIL
is returned.

Note: DEFINEDP returns NIL for special form indicators such as COND, since they are
not defined as an ordinary function or a macro. Use the function SPECIALP (see below)
to discriminate special form indicators.

SPECIALP sym

SPECIALP returns T if <sym> is a special form indicator (such as COND or PROG);
otherwise, it returns NIL.

MAKE-UNDEFINED sym
MAKE-UNDEFINED makes the symbol <sym> undefined. Current definition of

<sym>, if any, is discarded. It returns <sym> asits value.

THE PROPERTY LIST

Every symbol is associated with its “property list”, which is a list used for associating certain Lisp
objects with symbols. A property list has an even number of elements; each pair of elements
constitutes a property. The first of the pair is called the “indicator” or the “name” of the property, and
the second is a Lisp object called the “value” of the property.

For example, a property list which have the form

(JAPAN TOKYO ENGLAND LONDON FRANCE PARIS)

indicates that there are three properties named JAPAN, ENGLAND, and FRANCE, and their values
are TOKYO, LONDON, and PARIS, respectively.

When a symbol is created, its property list is initially NIL.

Note: Print-names, bindings and functional definitions are often implemented as properties of
symbols in various Lisp systems, however, they are not implemented as usual “properties” in this
system.

GET sym name

GET searches for a property of <sym> named <name>. If it finds such a property, it
returns the value of that property; otherwise, it returns NIL.

Note: If the value of a property is NIL, it is impossible to distinguish whether the property
exists or not, only from the result of GET.

PUTPROP sym value name

If the symbol <sym> has no property with its name being <name>, PUTPROP adds a new
property named <name> with the value <value>; otherwise, the value of the existing
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property is updated to <value>. PUTPROP returns <value> as its resulting value.
DEFPROP {Macro} sym name value

(DEFPROP xy z) ==> (PUTPROP 'x 'y 'z)
REMPROP sym name

REMPROP removes the property of <sym> with its name being <name>. If <sym> has
no such property, it merely does nothing. REMPROP returns NIL as its value.

LIST sym
PLIST returns the property list of <sym>.
SETPLIST sym property-list

SETPLIST sets the property list of <sym> to <property-list>. It returns <property-list>
asits value.

THE PRINT NAME

Every symbol has an associated string called the “print-name”, or “pname” for short. This string is
used as the printed representation of the symbol in input and output operations.

Though print-names are normal character string objects (see the section Strings for more
information about strings), modifying them (by SSET, etc.) requires certain care, since they are used to
“hash” symbols into the Lisp name table, “obvector” (see the section Input and Output for details).

PNAME sym

PNAME returns the print-name of the symbol <sym>.

CREATION OF SYMBOLS

SYMBOL pname
SYMBOL creates and returns a new symbol with its print-name being <pname>.
GENSYM (prefix) (begin)

GENSYM generates a new print-name, and creates a new “uninterned” symbol with that
print-name (see the section Input and Output for “interning”).

The generated print-name is prefixed by a string, which is initially “G” but can be
changed by supplying GENSYM a string argument <prefix>. The prefix string is
followed by a 4-digit decimal representation of an integer number. This number is
incremented by one every time GENSYM is called and only the least significant 4 digits
are used. This number can also be initiated by giving a “fixnum” to GENSYM as its
second argument <begin>. For example,
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(GENSYM) => G0034

(GENSYM "GEN") => GEN0035
(GENSYM "ABC" 15) => ABC0015
(GENSYM) => ABCO0016

Note: Print-names of symbols generated by GENSYM are primarily for ease of their
inspection in printed representations. After ten thousand GENSYM calls, the
print-name of the generated symbol will be the same as the first one, but they are not the
same symbol.

See also the section Input and Output for INTERN which may create a symbol with given

print-name.
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NUMBERS

There are two types of numbers in this system, namely “fixnums” and “flonums”.

The “fixnums” have a signed integer value of 24 bits. No overflow checking is made on arithmetical
operations on “fixnums”. All the results are treated modulo 2 ** 24.

The “flonums” have a 64-bit floating point value with the accuracy of about 15 decimal digits.
Overflows are checked on arithmetical operations on “flonums”, but underflows are not.

“Fixnums” are denoted using conventional decimal notation (e.g., 15) and “flonums” using decimal
notation with a decimal point (e.g., 15.0); “flonums” can also have an “exponential part” indicated by
the character “t” (e.g., 1.511).

Functions described in this section expect numbers of appropriate types as their arguments; if an
argument of an illegal type is supplied, an error is generated.

Functions on numbers can be grouped into three categories by the type of the numbers they accept:
Functions the name of which includes alphabetic characters (e.g., PLUS) can be applied to both
“fixnums” and “flonums”. If all the arguments are “fixnums”, the result will be a “fixnum”; otherwise,
the result will be a “flonum”. Functions consisting only of non-alphabetic characters are special
purpose functions. If their names end with the character “$” (e.g., +$), they are for “flonums” only;
otherwise (e.g., +), for “fixnums” only. These rules apply to all the functions described in this section
except explicitly stated otherwise.

Special-purpose arithmetic functions can be computed more efficiently than general-purpose ones,
especially when the functions using them are compiled.

NUMERIC PREDICATES

ZEROP x
0=x
0=$x

ZEROP, 0=, and 0=$ return T if <x> is zero (of proper type); otherwise, they return NIL.

PLUSPx
O<x
0<$ x

PLUSP, 0<, and 0<$ return T if <x> is a positive number (of proper type); otherwise, they
return NIL.

MINUSP x
0>x
0>$x

MINUSP, 0>, and 0>$ return T if <x> is a negative number (of proper type); otherwise,
they return NIL.
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ODDP x

ODDP returns T if <x> is odd; otherwise, it returns NIL. <x> must be a “fixnum”.

=Xy
=$Xy

= and =$ return T if <x> and <y> are equal numbers (of proper type); otherwise, they
return NIL.

Note: Equality of numbers can also be tested using the function EQUAL; equality of
“fixnums” can also be tested using EQ.

#xy
<>Xy
#$xy
<>$xy

#, <>, #3$, and <>$ return T if <x> and <y> are not equal numbers; otherwise, they return
NIL.

LESSP arg . args
<arg.args
<$ arg . args

LESSP, <, and <$ returns T if every argument (except the last one) is strictly less than the
next argument; otherwise, it returns NIL.

GREATERP arg . args
>arg . args
>$ arg . args

GREATERP, >, and >$ returns T if every argument (except the last one) is strictly greater
than the next argument; otherwise, it returns NIL.

<=arg.args
<=$ arg . args

<= and <=$ returns T if every argument (except the last one) is less than or equal to the
next argument; otherwise, it returns NIL.

>=arg. args
>=$ arg . args

>= and >=$ returns T if every argument (except the last one) is greater than or equal to
the next argument; otherwise, it returns NIL.

CONVERSION FUNCTIONS

FIXx
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FIX converts a “flonum” <x> into a “fixnum” and returns it; rounding is used for the
conversion.

FLOAT x

FLOAT converts a “fixnum” <x> into a “flonum” and returns it.

ARITHMETICS

PLUS. args
+.args
+$ . args

PLUS, +, and +$ return the sum of its arguments. With no argument, PLUS and +
return 0, and +$ returns 0.0.

MINUS x
MINUS returns the negative of <x>.
DIFFERENCE arg . args
DIFFERENCE returns its first argument minus all the rest of its arguments.

—arg.args
-$ arg . args

With only one argument, — and —$ behave the same as MINUS; they return the negative
of its argument. With more than one argument, — and -$ are effectively the same as
DIFFERENCE; they return their first argument minus all of the rest of the arguments.

TIMES . args
* ., args
*$ . args

TIMES, *, and *$ return the product of its arguments. With no argument, TIMES and *
return 1, and *$ returns 1.0.

QUOTIENT arg . args
// arg . args
//$ arg . args

QUOTIENT, //, and //$ return the first argument divided by all of the rest of its
arguments. For //, the division performed is integer division with truncation; for //$,
floating-point division; for QUOTIENT, the type of the division performed depends on the
type of the arguments.

// is written here as “//” rather than “/” since “/” is the quoting character in Lisp syntax and
must be doubled.
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ADD1x
(ADD1x)==>(PLUSx1)
1+x
(I+x)==>(+x1)
1+$x
(1+$ x) ==> (+$x 1.0)
SUB1x

(SUB1x) ==>(DIFFERENCE x 1)

A-x)==>(-x1)
1-$x

1-$x)==>(-$x1.0)
INCR {Macro} var amount

(INCR var amount) ==> (SETQ var (+ var amount))
DECR {Macro} var amount

(DECR var amount) ==> (SETQ var (- var amount))
REMAINDER xy
\xy
\$xy

REMAINDER, \, and \$ return the remainder of <x> divided by <y>. The sign of the
result is the same with <x> (if not zero).

MAX arg . args

MAX returns the largest of its arguments.
MIN arg . args

MIN returns the smallest of its arguments.
ABSx

ABS returns | <x> 1, the absolute value of the number <x>.
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EXPTxy
Xy
t1$xy
EXPT, t, and t$ return the <y>th power of <x>. <y> must be a “fixnum”. When <x>isa
“fixnum” and <y> is non-negative, the result will be a “fixnum”; in all the other cases, the
result will be a “flonum”.

SIN x

SIN computes and returns sin(x). <x> can be either a “flonum” or a “fixnum”, and the
result is a “flonum”.

COSx

COS computes and returns cos(x). <x> can be either a “flonum” or a “fixnum”, and the
result is a “flonum”.

TAN x

TAN computes and returns tan(x). <x> can be either a “flonum” or a “fixnum”, and the
resultis a “flonum”.

ARCSIN x

ARCSIN computes and returns arc sin(x). <x> can be either a “flonum” or a “fixnum”, and
the result is a “flonum”.

ARCCOS x

ARCCOS computes and returns arc cos(x). <x> can be either a “flonum” or a “fixnum”, and
the result is a “flonum”.

ARCTAN x

ARCTAN computes and returns arc tan(x). <x> can be either a “flonum” or a “fixnum?”,
and the result is a “flonum”.

SQRT x

SQRT computes and returns the square root of <x>. <x> can be either a “flonum” or a
“fixnum”, and the result is a “flonum”.

LOGx

LOG computes and returns the natural logarithm of <x>. <x> can be either a “flonum” or a
“fixnum”, and the result is a “flonum”.

LOG10x

LOG10 computes and returns the ordinary logarithm of <x>. <x> can be either a “flonum”
or a “fixnum”, and the result is a “flonum”.
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EXPx

EXP computes and returns a “flonum”, the natural logarithm of which is <x>.

LOGICAL OPERATIONS ON NUMBERS

The following functions treat “fixnums” as bit sequences of 24-bit long. If a non-fixnum argument
is supplied, an error is generated.

LOGOR . args

LOGOR returns bitwise logical “or” of the arguments. When no arguments are supplied,
0is returned.

LOGAND . args

LOGAND returns bitwise logical “and” of the arguments. When no arguments are
supplied, -1 is returned.

LOGXOR. args

LOGXOR returns bitwise logical “xor” of the arguments. When no arguments are
supplied, 0 is returned.

LOGSHIFTxy

LOGSHIFT returns <x> logically shifted <y> bits. If <y>is positive, <x> is shifted left; if
<y>is negative, <x> is shifted right. Absolute value of <y> should be less than 24.
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STRINGS

A string is a Lisp object consisting of a sequence of zero or more characters. They are primarily
used for manipulating texts. Print-names of symbols are also represented using strings.

Characters of a string can be independently referenced and updated using SREF and SSET,
respectively. The subscript origin for strings is zero. If an subscript value specified is not
appropriate, i.e., if it is negative or greater than or equal to the length of the corresponding string, an
error is signalled.

Characters are a “fixnum” which resides between 0 and 255, i.e., representable in one byte (8 bits).
They are usually treated as EBCDIK character codes in input and output operations.

Strings can also be used as vectors of small non-negative integer “fixnums” ranging from 0 through

255. This kind of usage may save a considerable memory space, compared with the use of normal
vectors which requires 4 bytes for each component.

CHARACTERS

Characters are a “fixnum” which resides between 0 and 255. They are treated as EBCDIK codes in
input and output operations.

CHARACTER x

Some of the functions manipulating strings require their arguments to be a character.
Though most of the functions introduced in this section automatically coerce strings or
symbols to characters, there are certain cases in which explicit conversion is required.

CHARACTER coerces <x> to a single character, represented as a “fixnum”. If <x>is a
character, i.e., a “fixnum” which resides between 0 and 255, <x> itselfis returned. If <x>
is a non-null string, its first character is returned. If <x>is a symbol, the first character
of its print-name is returned. Otherwise, an error is generated.

STRING MANIPULATION

Note that the subscript origin for strings is zero.
STRING x

Functions manipulating strings require string arguments. Though most of the functions
introduced in this section automatically coerce symbols to strings, there are certain cases
in which explicit conversion is required.

STRING coerces <x> into a string. If <x> is a string, <x> itself is returned. If<x>isa

symbol, its pname is returned. If <x> is a character, a one-character string containing
<x>isreturned. Otherwise, an error is generated.
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MAKE-STRING length (char)
MAKE-STRING allocates and returns a new string of the length given by <length>. If
the optional argument <char>, which must be a character, is supplied, all the characters

of the allocated string will be initiated to <char>; otherwise, to the “fixnum” 0 (not the
character code for “0”).

STRING-LENGTH string

STRING-LENGTH returns the number of characters in <string>, which is one more than
the largest subscript value for <string>.

STRING-EQUAL string1 string2

STRING-EQUAL compares two strings and returns T if two strings have the same
length and all the corresponding characters are the same; otherwise, it returns NIL.

Comparison of equality of two strings can also be effected by the function EQUAL though,
STRING-EQUAL is more specific and, therefore, more efficient.

STRING-LESSP stringl string2

STRING-LESSP compares two strings using dictionary order. The result is T if
<stringl>is the lesser, and NIL if they are equal or <string2> is the lesser. For example,

(STRING-LESSP "ABC" "ABD") => T
(STRING-LESSP "ABC" "AB") => NIL

SUBSTRING string (start) (end)
SUBSTRING extracts a substring of <string>, starting at the character specified by
<start> up to but not including the character specified by <end>. Thus, the length of the

string returned will be <end> minus <start>. The default value for <end> is the length
of <string>, and that of <start> is zero. For example,

(SUBSTRING "ABCDE" 1 3) => "BC"
(SUBSTRING "ABCDE" 1) => "BCDE"
(SUBSTRING "ABCDE") => "ABCDE"

Note: Even if both <start> and <end> are omitted, SUBSTRING makes a new copy of
<string> and returns it.

STRING-APPEND . strings

Any number of strings are copied and concatenated into a single string. Ifno arguments
are supplied, STRING-APPEND returns a null string "".

STRING-REVERSE string

Returns a copy of <string> with the order of characters reversed. The original string is
not physically altered (see the description of STRING-NREVERSE below).
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STRING-NREVERSE string

Returns <string> with the order of characters reversed. The reversing is made on the
argument <string> directly, physically altering the order of characters in <string> (see
the description of STRING-REVERSE above).

STRING-SEARCH-CHAR char string (from)

STRING-SEARCH-CHAR searches for <char> through <string> starting at the index
<from>. It returns the index of the first appearance of <char>, or NIL if none is found.
<char> may be a character or a list of characters; in the latter case, the subscript of the
first occurrence of one of the listed characters is returned. The default value for <from>
is zero. For example,

(STRING-SEARCH-CHAR "B" "ABCDE") => 1
STRING-SEARCH-NOT-CHAR char string (from)

STRING-SEARCH-NOT-CHAR is the same as STRING-SEARCH-CHAR except that
it searches for the occurrence of character which is “not” <char>, or, when <char> is a list,
“not” a member of <char>. For example,

(STRING- SEARCH-NOT-CHAR "Q" "Q07") => 2
STRING-SEARCH key string (from)

STRING-SEARCH searches for the string <key> in the string <string>. The search
begins at subscript <from>, the default value of which is zero. The value returned is the
subscript of the first character of the first instance of <key>, or NIL if none is found.

TRANSLATE string table

TRANSLATE converts characters in <string> using <table> as the conversion table.
<table> must be a string of 256 characters. Its subscript-n character substitutes the
character whose code isn. The argument <string> is physically altered. TRANSLATE
returns the (modified) <string>.

LOWER-CASE {Variable}
UPPER-CASE {Variable}

Values of LOWER-CASE and UPPER-CASE are standard conversion tables for
converting uppercase characters to lowercase ones and the reverse, respectively. These
tables are also used by the Lisp reader and the printer (see the section Input and Output
for details).

STRING-AMEND string1 string2 (from)
STRING-AMEND moves characters in <string2> into <stringl>, physically altering
characters in <stringl>. All the characters in <string2> are moved to the portion of

<string1>, beginning with the specified subscript value <from>. The default value of
<from> is zero.
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STRING-AMEND-AND string1 string2 (from)
STRING-AMEND-OR string1 string2 (from)
STRING-AMEND-XOR string1 string?2 (from)

STRING-AMEND-AND, -OR and —-XOR are the same as STRING- AMEND except that
characters in <string2> are not simply moved into <string1>, rather, logical “and”, “or” or
“xor” of characters in <string2> and corresponding characters in <stringl> are moved to a
portion of <stringl> beginning with the specified subscript value <from>. The default
value of <from> is zero.

MANIPULATION OF CHARACTERS IN STRINGS

Characters of strings can be independently manipulated by the following functions. Note that the
subscript origin of strings is zero.

GETCHAR string index

GETCHAR returns the <index>th character of <string> as an interned one-character
symbol. For example,

(GETCH "ABC" 2) => C
SREF string index
SREF returns the <index>th character of <string> as a character, i.e., a “fixnum”.
SSET string index character

SSET sets the <index>th character of <string> to <character>, and returns <character>.

CONVERTING STRINGS AND NUMBERS

Consecutive characters of a string may be considered as a binary representation of an integer
number. Following functions are for conversions between such character sequences and “fixnums”.

CUTOUT string pos length
CUTOUT converts a character sequence beginning at the <pos>th character of <string>
with length <length> into a “fixnum”. <length> should be positive and not greater than 3.
If <length>is 1 or 2, upper bytes of the result will be padded with zero.

SPREAD value length
SPREAD converts a “fixnum” <value> into a string which contains the binary
representation of <value>. The resulting string has the length <length>, which should

be positive and not greater than 3. If <value> cannot be represented in <length> bytes,
only lower bytes are converted and overflowed upper bytes are ignored.
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BIT STRING MANIPULATION

A string can also be regarded as a sequence of binary digits (bits). Thus, an array of logical values
can be represented by a string, in which case, one character can hold eight distinct logical values.
Using this representation, the memory space required for a large-scale bit table will be eight times
smaller than when each character of a string is used to represent one logical value, or thirty-two times
than when each vector element is used. To facilitate such a representation of bit tables, the following
functions are provided by the system. Compact representation of bit tables using the following
functions may save considerable memory space, however, computing speed will be somewhat slowed
down. Note that functions such as STRING-AMEND-AND, -OR, and -XOR may also be useful for
logical operation on bit tables.

BREF string index

BREF returns T if <index>th bit of <string> is set; otherwise, it returns NIL. <index>
must be non-negative and smaller than eight times the length of <string>.

BSET string index value
If <value> is non-NIL, the <index>th bit of <string> is set; otherwise, it is reset. <index>

must be non-negative and smaller than eight times the length of <string>. BSET
returns <value> as its value.
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VECTORS

Vectors are Lisp objects that consist of elements, each of which is a Lisp object again. The
individual elements are selected by numerical subscripts starting with zero. An error is generated if a
subscript value specified is not appropriate, i.e., if it is negative or greater than or equal to the number
of the elements.

Because elements of a vector can be accessed in constant time, it is advantageous to use vectors
when a large amount of data is to be manipulated, instead of a list structure consisting of binary “cons”
cells. The disadvantage of using vectors, compared with lists, is that the size must be known before
used.

Vectors can be arbitrarily allocated and discarded like “cons” cells; they are independent objects in
their own right, rather than being attributes of symbols as in some other Lisp systems. However, it is
usually convenient to lambda-bind or assign a vector to a symbol and to use the symbol as its name,
since vectors cannot be directly identified by the Lisp reader.

Multi-dimensional arrays can be represented by vectors of vectors; vectors the elements of which are
vectors again.

VECTOR MANIPULATION

VECTOR size (filler)
VECTOR allocates and returns a vector with its size being <size>; its subscript ranges
from 0 to <size> minus 1. If the optional argument <filler> is not supplied, all the
elements of the allocated vector are initiated to NIL. Otherwise, if <filler> is supplied,
the allocated vector will be initiated using <filler> in the same way as the function
FILL-VECTOR (see the description of FILL-VECTOR below).

VECTOR-LENGTH vector
VECTOR-LENGTH returns the number of elements of <vector>.

VREF vector subscript
VREF returns the <subscript>th element of <vector>.

VSET vector subscript value

VSET sets <value> into the <subscript>th element of <vector>. VSET returns <value>
as its value.

FILL-VECTOR vector filler
FILL-VECTOR fills <vector> with specified data and returns (modified) <vector>.

When <filler> is an atom and not a vector, all the elements of <vector> become <filler>.
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When <filler> is a list with one or more elements, <vector> is filled with the elements of
thatlist. The subscript 0 element of <vector> is assigned the “car” of the list, subscript 1,
the cadr, and so on. Ifthe list is shorter than <vector>, remaining elements of <vector>
are not affected. Ifthe listislonger, remaining elements of the list are merely ignored.

When <filler> is a vector, <vector> is filled with corresponding elements of the filler
vector. Ifthe filler vector is shorter, remaining elements of <vector> are not affected. If
the filler vector is longer, remaining elements of the filler vector are merely ignored.

The following examples illustrate the use of the FILL-VECTOR function. When the
value of V is a vector with, for example, 10 elements,

(FILL-VECTOR V NIL)

fills the vector with NILs.

(FILL-VECTOR V '(0 1 2 3 4))

sets first 5 elements of the vector with 0, 1, 2, 3, and 4, respectively. The remaining 5
elements are not affected. Ifthe value of W is another vector with the same size,

(FILL-VECTOR V W)

copies the contents of Winto V.

REFERENCES

It is often necessary to pass a vector and its subscript as a pair to functions. It would be more
convenient if the pair could be treated just as a variable. UTILISP provides “reference” objects for this
purpose.

A “reference” is a pointer to an element of a vector. The pointed element can be accessed by DEREF
and updated by SETREF. DEREF and SETREF can also be applied to variables, i.e., symbols. It is
recommended that DEREF and SETREF should be used in functions which utilize the
“call-by-reference” parameter, instead of EVAL and SET.

REFERENCE vector subscript

REFERENCE makes and returns a “reference” pointing to the <subscript>th element of
<vector>.

DEREF reference

DEREF returns the value of <reference>; if it is a symbol, the value of the symbol; ifitis a
“reference”, the element of the vector it points to.

SETREF reference value

SETREF sets <value> to <reference>; if it is a symbol, its value is set; if it is a reference
pointer, the pointed element of a vector is set. SETREF returns <value> as its value.
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REFERRED-VECTOR reference
REFERRED-VECTOR returns the vector an element which is pointed to by <reference>.

Note: Computation of this function requires time proportional to the subscript of the
element pointed to by <reference>.

REFERRED-INDEX reference

REFERRED-INDEX returns the subscript of the vector element pointed to by
<reference>.

Note: Computation of this function requires time proportional to the subscript of the
element pointed to by <reference>.

See the description of MAPVECTOR and MAPV in the section Mapping to perform certain
computation on all the elements of a vector.
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MACROS

EVALUATION OF MACROS

When a “cons” cell with its “car” being a symbol is evaluated, the evaluator inspects the definition of
that symbol. If the definition is a “cons” cell, and its “car” is the symbol MACRO, that definition is
called a “macro”. The “cdr” of the definition is treated as a function of one argument. The evaluator
applies that function to the “cdr” of the original form. The result of this application is evaluated again
by the evaluator, and the value returned by this re-evaluation is finally returned as the result of the
evaluation of the original form.

For example, suppose the definition of NCONS is

(MACRO LAMBDA (X) (LIST 'CONS (CAR X) NIL))

This is a macro; it is a “cons”, the “car” of which is the symbol MACRO. The evaluation process of a
form (NCONS 'FOO) is as follows:

The evaluator recognizes that the form to be evaluated is a “cons” cell, the “car” of which is a
symbol, i.e., NCONS; the definition of the symbol NCONS is examined and the “car” of the
definition is found to be the symbol MACRO. Then the evaluator takes the “cdr” of the
definition, which is a LAMBDA-expression, and applies it to the “cdr” of the original form, i.e.,
the list (FOO). Xisbound to (FOO) and the result of the application will be (CONS 'FOO NIL).

The evaluator then evaluates this new form in place of the original one. (CONS 'FOO NIL) is
evaluated to (FOO) and so the result of NCONS 'FOO) is, finally, (FOO).

Macros can be expanded recursively; the expanded form of a macro form can be another macro form,
in which case the expanded form is expanded again, until it becomes a non-macro form.

Macros can be used for a variety of purposes. For example, “custom-made” control structures can
be easily implemented as macros.

For example, a WHILE-DO construct such as
(WHILE-DO condition . body)

can be defined as a macro using a MACRO special form such as

(MACRO WHILE-DO (X)
(NCONC (LIST 'LOOP
(LIST 'AND (CAR X) ' (EXIT)))
(CDR X)))

which expands the original form into

(LOOP (AND condition (EXIT)) . body)
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Using macros may result in a considerable time and space overhead while the program is executed
interpretively. However, once compiled, programs using macros can be executed as efficiently as
those without macros, since the compiler expands macro calls prior to the compilation. Thus, using
macros is considered to pay no penalty on run-time performance. Efficient execution can only be
realized through compilation anyway.

As macros are expanded in compilation time, macros should not refer to global variables. The
expansion should be the same in any context (on the assumption that, of course, CAR still means CAR,
CDR means CDR, etc).

Macros cannot be applied to arguments in the same way as usual functions. Macros takes
arguments which are not evaluated yet, while application is calling a function with already evaluated
arguments. Thus, calling FUNCALL or APPLY with macros as the first argument will generate an
error.

DEFMACRO FACILITY

Complicated macros must have access to structural details of their argument lists. Such an access
requires densely nested CAR and CDR functions, which may not only increase the difficulty of
programming but also damage the readability of the resulting program. The DEFMACRO facility is
provided to facilitate access to portions of the argument list by giving names to portions of the
argument list.

DEFMACRO {Macro} name arg-pattern . body

A DEFMACRO form of the syntax

(DEFMACRO name arg-pattern . body)

is expanded into

(MACRO name (@) . expanded-body)

where <arg-pattern> may be an arbitrarily complicated tree structure of symbols, which
serves as a template of the argument list. Its “car” represents the “car” of the argument
list, its “cdr” represents the “cdr” of the list. <expanded-body> is almost the same as
<body> except that all the accesses to the symbols in <arg-pattern> are converted to
accesses to corresponding portions of the argument list.

For example, the WHILE-DO in the former example can be more elegantly defined using
DEFMACRO as follows:

(DEFMACRO WHILE-DO (CONDITION . BODY)
(NCONC (LIST 'LOOP
(LIST 'AND CONDITION ' (EXIT)))
BODY) )
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BACKQUOTE FACILITY

It is still not easy to define a macro even with DEFMACRO. The difficulty lies in the fact that two
different forms must be considered at one time: The expanded form which will finally be evaluated is
one; the form which produces that form is the other, and this form is what the programmer has to write
down. The backquote facility is provided to facilitate the construction of the latter.

The backquote character (*) is defined as a read macro (see the section Input and Output for details),
which acts similarly to a normal single quote (') that makes a QUOTEd form of the S-expression
following it. However, when a form included in the following S-expression is preceded by a comma (,),
that form is not QUOTEAd while all the other portions are effectively QUOTEd.

The following examples illustrate the use of the backquote facility.
‘Xisreadin as (QUOTE X) which is the same as 'X.

‘(A ,BC)isreadin as (LIST'AB'C). As B isnot quoted, it is evaluated when the whole form is
evaluated.

The WHILE-DO macro can be still more elegantly defined as

(DEFMACRO WHILE-DO (CONDITION . BODY)
" (LOOP (AND ,CONDITION (EXIT))
. ,BODY))

Backquotes can be nested. When backquotes are nested twice, a double comma will cause a form to
be evaluated in the first evaluation of the whole form; a form preceded by a single comma will be
evaluated in its second evaluation.
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INPUT AND OUTPUT

STREAMS

Streams are Lisp objects through which I/O operations are performed. Streams may be connected
to an external file or to the user terminal. File streams are created by the function STREAM. They
should be opened by the functions INOPEN or OUTOPEN before being used.

Any number of streams can be connected to a single external file. It is also possible to open two or
more streams connected to one file in output mode. However, it is difficult to predict the result of
output operations in such cases, since the files are modified through file buffers.

STREAM streamid

STREAM makes a stream which is connected to the external file defined by <streamid>,
which must be a string of one to eight characters, except in MTS where it is a FDUB
pointer or a logical I/O unit name. These can be defined using Lisp functions ALLOC or
CALLTSS; they can also be defined using the commands of the operating system (see the
next section for details).

INOPEN stream

INOPEN opens <stream> as an input stream. When opening is unsuccessful, an error is
generated; otherwise, it returns <stream>. Record formats which the current system
can deal with as input files are F (Fixed length), FB (Fixed length, Blocked), V (Variable
length), and VB (Variable length, Blocked).

OUTOPEN stream (Irecl) (blksize)

OUTOPEN opens <stream> as an output file. If <lrecl> is given, the file will have the
logical record length of <lrecl>. If <blksize> is given, the file will have the block size of
<blksize>. If either of these is not given, the information is extracted in some other way
(from the file label, for example). If no information is available, the default values for
<Irecl> and <blksize> are used, which are 255 and 2560, respectively. When opening is
unsuccessful, an error is generated; otherwise, OUTOPEN returns <stream>.

The system opens the file as a VB (Variable length, Blocked) format file.
The <blksize> parameter is irrelevant in MTS and is ignored.
CLOSE stream

CLOSE closes the file associated with <stream>. When closing is unsuccessful, an error
is generated; otherwise, it returns <stream>.

OPENFILES {Variable}
The value of OPENFILES is a list of streams which are currently open. The most

recently opened stream comes first in the list. The list is automatically maintained by
INOPEN, OUTOPEN, and CLOSE; the user may not update the value of OPENFILES
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explicitly. All the files currently open can be closed by:

(MAPC OPENFILES (FUNCTION CLOSE))
STREAM-MODE stream

STREAM-MODE returns the current state of <stream>; if it is open as an input file, it
returns the symbol INOPEN; if it is open as an output file, it returns the symbol
OUTOPEN; if it is not open, it returns NIL.

LINELENGTH (stream)

For input streams, LINELENGTH returns the length of the current line. For output

streams, it returns the maximum line length allowed. The default value for <stream> is
the value of STANDARD-OUTPUT.

Note: In operating systems other than MTS, when <stream> has the VB format, its
LINELENGTH is 4 less than its logical record length since LINELENGTH does not
include the size of the record descriptor field.

LINESIZE (size)

With no argument, LINESIZE returns the line length of the terminal as a “fixnum”. If
the optional argument <size> is supplied, the line length of the terminal stream is set to
<size>; <size> must be positive and less than 256. In the latter case, LINESIZE returns
this new line length as its value.

CURSOR (stream)

CURSOR returns the current column position of <stream>, with column zero being the
first column. The default value of <stream> is the value of STANDARD-OUTPUT.

COLLEFT (stream)

When <stream> is an input stream, COLLEFT returns how many more characters exist
in the current line; if it is an output stream, it returns how many more characters can be
printed on the current line. The default value of <stream> is the value of
STANDARD-OUTPUT.

Note: CURSOR + COLLEFT is always equal to LINELENGTH.

STANDARD-INPUT {Variable}
STANDARD-OUTPUT {Variable}

The values of these variables are streams for which I/O operations are normally
performed; the values of these variables are used as the default values of stream
arguments in various I/O functions. Reading and printing can be elegantly directed to a
desired stream by lambda-binding these variables to the stream. Using this style, these
variables will recover their old values when they are unbound.

In MTS, the initial value of STANDARD-INPUT is a stream attached to SCARDS and
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the initial value of STANDARD-OUTPUT is a stream attached to SPRINT.

In other operating systems, the initial of STANDARD-INPUT and
STANDARD-OUTPUT are the same as those of TERMINAL-INPUT and
TERMINAL-OUTPUT, respectively, which are the streams connected with the user
terminal (see below). For example,

(LET ((STANDARD-INPUT some-stream)) (READ))

is effectively the same as:

(READ some-stream)

TERMINAL-INPUT {Variable}
TERMINAL-OUTPUT {Variable}

The values of these variables are the streams which are connected to the user’s terminal.
In MTS, the streams are attached to GUSER and SERCOM.

For example, while the standard output stream is directed to some file stream, messages
to the terminal can be explicitly directed to the terminal as in the following example:

(LET ((STANDARD-OUTPUT some-stream))
(COND ((NULL L)
(PRINT "L is null" TERMINAL-OUTPUT))
(T (MAPC L 'PRINT))))

PROMPT {Variable}

The value of PROMPT is a string which is used for prompting input from the terminal.
Initial value of PROMPT is “>”. It is recommended that subsystems of the Lisp system
should bind PROMPT to a certain string which identifies the subsystem to notify the
terminal user what the prompting system is, or what kind of input is expected. For
example,

(SETQ NAME
(LET ((PROMPT "Who are you? "))
(READ)))

ALLOCATING FILES

ALLOC filename

ALLOC allocates a file designated by a string <filename>. (ALLOC “filename”) is the
same as (CALLTSS “ALLOC DS(filename) SHR”), or giving a command such as “ALLOC
DS(filename) SHR” to the TSS command interpreter. The case of characters in the
string <filename> is ignored. If the allocation is successful, in MTS it returns a FDUB
pointer and in other operating systems it returns a ddname for the file which is a string of
8 characters. Ifthe allocation is unsuccessful, it returns the return code as a “fixnum”.
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CALLTSS tss-command

CALLTSS executes TSS commands given by a string <tss-command>. Commands
which are executable are ALLOCATE, FREE, ATTRIBUTE, and command procedures
including only these; other T'SS commands can be executed using the function CALL (see
the description of CALL in the section Miscellaneous). The case of characters in the
string <tss-command> is ignored.

If the command is executed successfully and a certain data definition name (ddname) is
available, that ddname (a string of 8 characters) is returned; otherwise, if successful and
a ddname is not available but a certain data set name (dsname) is available, that dsname
(a string of 44 characters) is returned; otherwise, the return code of the command, which
is zero, is returned when the command is terminated successfully. For example,

(CALLTSS "ALLOC DS (FOOFILE)") => "gys00013"
(CALLTSS "ALLOC DD(SYS00013)")
=> "A0000.FOOFILE n

Note: The dsname always has 44 characters regardless of its real length. Blanks are
used for padding if the file name is shorter than 44 characters.

The CALLTSS function is not implemented in MTS.

FILE-STREAM filename (member)

FILE-STREAM returns a stream object connected to the file specified by an FDname in
MTS. <filename> is a string containing the full name of the file in uppercase letters
including the user identifier (such as A3840), which cannot be omitted in other operating
systems.

When the optional argument <member> is supplied, the file specified by <filename> must
be a PO (Partition Organized) file, and the member of the PO file indicated by <member>
will be the file specified; otherwise, the file is regarded to be a simple sequential file. For
example,

(FILE-STREAM "A3840.LISPLIB.VDATA" "PRIND")

In MTS, the optional argument is not allowed.

PRINTED REPRESENTATION

Lisp objects cannot be directly handled since they are stored inside the machine memory. In order
to examine these Lisp objects, the system provides a representation of its objects in the form of printed
text. Thisis called the printed representation.

Functions such as PRINT, PRIN1, and PRINC take a Lisp object as their argument and send the
characters of its printed representation to a stream. These functions are known as the printer.

The function READ takes characters from a stream, interprets them as a printed representation of a
Lisp object, constructs a corresponding object, and returns it. This function is known as the reader.

74 UTILISP: Input and Output



MTS 22: UTILISP in MTS

May 1988

This section describes printed representation of various Lisp objects.

The Printer

Printing is done either with or without “slashification”. The “non-slashified” representation looks
simple and readable to human eyes, but they may not be properly read in again by the machine. The
“slashified” version can be faithfully converted back into Lisp objects by READ except for some peculiar
objects, namely streams, vectors, references, and code pieces.

The printed representation of an object depends upon its type:
For a “fixnum”:

If the “fixnum” is negative, the printed representation is preceded by a minus sign (“=")
non-negative, no sign is printed. Then comes the decimal representation of the absolute
value of the “fixnum”. Slashification does not affect the printing of “fixnums”.

For a “flonum”:

The printed representation is preceded by a sign (“+” or “=”), then a digit zero (“0”), a
decimal point (“.”), and the fraction part which is a sequence of decimal digits. The
number of digits in the fraction part is specified by the value of the symbol DIGITS.
Then comes the exponentiation part indicator (“1”), the sign of the exponentiation part
(“+” or “=”), and the value of the exponentiation part in two decimal digits. Thus, the
number of characters of the printed representation of a “flonum” is, in total, DIGITS + 7.
Slashification does not affect the printing of “flonums”.

For a symbol:

If slashification is off, the printed representation is simply the successive characters of
the print-name string of the symbol, except that when the value of USE-LOWER is
non-NIL, uppercase characters are converted into corresponding lowercase characters
using the value of the symbol LOWER-CASE as the conversion table.

If slashification is on, some special characters are preceded by the escape character “/.
The decision as to whether or not escape is required is made using the current readtable,
i.e., the current value of the symbol READTABLE. Objects printed with slashification
are always read back faithfully, provided that the same readtable is used as when it is
printed out.

For a string:

If slashification is off, the printed representation is simply the successive characters of
the string.

If slashification is on, the string is printed between double quotes ("), and double quotes
inside the string are duplicated.

For “cons” cells:
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The printed representation for “cons” cells tends to favor lists, rather than dotted pairs.
It starts with an open parenthesis. Then, the “car” of the “cons” is printed, and the “cdr”
of the “cons” is examined. Ifit is NIL, a close parenthesis is printed. If it is anything
but a “cons”, then a space, a dot, a space, and that object is printed followed by a close
parenthesis. Ifitisa “cons”, a space is printed and the printing starts again all over from
the point after the open parenthesis was printed, using this new “cons”. This procedure
produces the usual printed representation such as those seen in this manual.

For a code piece:

The printed representation has the syntax C#<name>, where <name> is the name of the
code piece, normally the name of the function to which the code piece is associated. Code
pieces cannot be read back in.

For other objects:

The printed representation has the syntax <type>#<address>, where <type> is a
character indicating the type of the object (“V” for vectors, “R” for references, “S” for
streams), and <address> is the decimal representation of the current address of the
object. The address is merely for convenience in discriminating between two objects; the
objects may be relocated by the garbage collector. Vectors, references, and streams
cannot be read back in.

DIGITS {Variable}

The value of DIGITS, which must be a positive “fixnum”, specifies how many digits
are to be printed in the fraction part of the printed representation of “flonums”.
The initial value of DIGITS is 7, thus the length of the printed representation of a
“flonum” is, initially, 14.

USE-LOWER {Variable}

When the value of USE-LOWER is non-NIL, lowercase characters are used in the
printed representation of symbols. It does not affect the printed representation of
strings. Itsinitial value is NIL.

ATOMLENGTH x
ATOMLENGTH returns the length of the printed representation of an atom <x>.

The printing is assumed to be “slashified”. If <x> is not an atom, an error is
generated.

The following additional feature is provided for the printed representation of “cons” cells; as a list is
printed, PRINT maintains the length of the list so far, and the depth of recursion of printing lists. If
the length exceeds the value of the variable PRINTLENGTH, PRINT will terminate the printed
representation of the list with “???” and a close parenthesis. If the depth of recursion exceeds the
value of the variable PRINTLEVEL, the list will be printed as “?”. These features allow abbreviated
printing which is concise and suppresses detail.
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PRINTLEVEL {Variable}
PRINTLENGTH {Variable}
The values of these variables are used as described above. Their initial values are 4 and
10, respectively. Infinitely deep or long printed representation may be obtained by

setting these variables to zero.

The special characters used in the printed representations can be changed by setting the value of
the symbol SPECIAL-CHARACTERS.

SPECIAL-CHARACTERS {Variable}
The value of SPECIAL-CHARACTERS is a string, the elements of which are characters

used for a special purpose in printed representations. The index values, the usage of the
corresponding characters, and their initial values are as follows:

0. «” blank space

1. “ open parenthesis

2: Ky close parenthesis

3« dot for dotted notation

4. escape character

5:  “  gstring quote

6: “+” plussign

7: “~”  minus sign

8 7 decimal point

9:  “t”  exponentiation part indicator
10: “#”  separator used for codes, streams, etc.
11: “C” code piece indicator
12: “S”  streamindicator
13:  “V”  vector indicator
14: “R” referenceindicator

The Reader

The purpose of the reader is to accept characters, interpret them as the printed representation of a
Lisp object, and return a corresponding Lisp object. The reader cannot accept all the printed
representations; the printed representations of vectors, references, streams, and code pieces cannot be
read in again. However, the reader has many features which are not seen in the printer.

The reader accepts slashified printed representation of numbers, symbols, strings, and conses.
Some special characters can be defined as single character objects, which are read in as a one-character
symbol of that character. Macro characters can be defined, which when read will cause a call to a
function associated with that character. See following sections about the “readtable” and read
macros.

Symbols with the same print-name are read as the same object. This is realized by keeping all the
useful symbols in a table called the “obvector”. This table is organized as a hash table; the keys used

are print-names of symbols. The registration process in the “obvector” is called “interning”.

OBVECTOR {Variable}

UTILISP: Input and Output 77



MTS 22: UTILISP in MTS

May 1988

The value of OBVECTOR is the current obvector. An “interned” symbol <sy> is a
top-level element of the element of the obvector, the index of which is given by:

(\ (HASH (PNAME sy))
(VECTOR - LENGTH OBVECTOR) )

DEFAULT-OBVECTOR {Variable}

The value of DEFAULT-OBVECTOR is the initial value of OBVECTOR. All the
predefined symbols are initially registered in this table.

OBLIST (obvector)

OBLIST returns a list of symbols registered in <obvector>. The default value of
<obvector> is the current value of the symbol OBVECTOR. The list is newly created
each time this function is called.

INTERN {Variable}

The value of INTERN is the “interning” function used by the reader, which must be a
function of one argument. When a character sequence which is to be interpreted as a
symbol is encountered, the Lisp reader calls this function with one argument, the string
consisting of the characters of that sequence. The result of reading the symbol will be
the result of this function.

The initial value of INTERN is the function INTERN (see below). Any user-defined
name-table-management discipline can be established by binding INTERN to a
user-defined “interning” function.

INTERN string (obvector)

INTERN first converts all the lowercase characters in <string> to the corresponding
uppercase characters (<string> is physically altered.) The value of the symbol
UPPER-CASE is used for this conversion. Then <obvector> is searched for a symbol
which has a print-name which is STRING-EQUAL to <string>. Ifitis found, INTERN
returns that symbol; if not, a new symbol with its print-name being <string> is created,
registered in <obvector>, and returned as the value of INTERN. The default value for
<obvector> is the current value of the symbol OBVECTOR.

INTERN-SOFT string (obvector)
INTERN-SOFT works almost the same as INTERN except that it does not create a new
symbol. <obvector> is searched for a symbol with a print-name which is

STRING-EQUAL to <string>. If it is found, a list beginning with that symbol is
returned; otherwise NIL is returned.

REMOB symbol (obvector)
REMOB searches <obvector> for a symbol which is EQ to <symbol>. Ifone is found, it is

removed from the table, hiding it from the Lisp reader; if none is found, nothing is done.
It returns NIL as its value. The default value of <obvector> is the current value of the
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symbol OBVECTOR.

The Readtable

The reader is controlled by a vector called the “readtable”. A “readtable” is a vector consisting of
256 “fixnum” elements, the index of which corresponds to a character of EBCDIK code and indicates the
nature of that character.

Currently, only the lower 16 bits of each element are used. Their meanings and the initial values in
the default readtable are as follows:

X'000001

X'000002'

X'000004'

X'000008'

X'000010'

X'000020'

X'000040'

X'000080'

X'000100'

X'000200'

X'000400'

X'000800'

X'001000'

X'002000'

X'004000'

X'008000'

(LSB) indicates the character is an ordinary alphabetic character. All the
usual characters have this bit on and others off.

indicates the character is an extended alphabetic character. This bit is
currently not used.

indicates the characteris a digit. Characters “0” through “9” have this bit on.
indicates the characteris a sign. “+” and “~” have this bit on.

is the “alternate meaning” bit. This bit is used in several ways. For example,
“~”has this bit on, while it is off for “+”.

indicates the escape character. “/” has this bit on.

indicates the character should be slashified in a symbol. Characters with
special meaning have this bit on.

indicates the character should be slashified when appearing at the top of a
symbol. Special characters, signs, and digits have this bit on.

indicates a string quote character. Double quote has this bit on.

indicates a macro character. The macro definition (a function with no
argument) is in the corresponding position in the macrotable.

indicates a right parenthesis, “)”.
indicates a dotted pair dot, “.”.
indicates a left parenthesis, “(”.

indicates a blank or something similar, which is normally skipped between
lexical elements.

indicates a a single character object.

indicates the character terminates a symbol or a number. All the special
characters have this bit on.
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The “macrotable” is used to hold the definition of macro characters. The definition should be a
function of no argument, the result of which is returned as the object read in.

READTABLE {Variable}
MACROTABLE {Variable}

The values of READTABLE and MACROTABLE are the current readtable and
macrotable, respectively. The initial value of these variables are the same as those of
DEFAULT-READTABLE and DEFAULT-MACROTABLE, respectively (see below).
User-defined readtables or macrotables can be used by binding these variables to certain
values.

DEFAULT-READTABLE {Variable}
DEFAULT-MACROTABLE {Variable}

The value of these variables are the standard readtable and the macrotable of the system.

Setting Readtable

Characters can be defined as a macro character by the function READMACRO. When the reader
encounters a macro character in the input text, a function associated with that character is called.
The result of the function is returned as the return value of READ.

READMACRO char fn (readtable) (macrotable)

<char> is defined as a macro character associated with <fn>. This definition is done in
the <readtable> and the <macrotable> given as arguments. If they are absent, current
values of READTABLE and MACROTABLE are assumed.

«©

For example, the macro character “” could have been defined by:

(READMACRO (CHARACTER "'™")
(FUNCTION (LAMBDA NIL (LIST 'QUOTE (READ)))))

Note that this works not only for (READ) but also for (READ some-stream); the latter
binds the variable STANDARD-INPUT to <some-stream> making (READ) in the
definition of the read macro get its input from that stream.
If the backquote character “” cannot be typed in from a certain terminal, an alternative
character, say, “%”, can be set for the backquote macro by:

(READMACRO "%" (VREF MACROTABLE 121))

121 is the EBCDIC code for “*”.

{2

Predefined read macros are quote “”, backquote “”, and comma “,” (see the section Macros for

backquote and comma).
Characters may be defined as single-character objects. When the reader encounters one of them

(except when reading characters in a string), it is read as an “interned” single-character symbol,
regardless of preceding or following characters. Single-character objects can be defined by the
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function SINGLE-CHARACTER.
SINGLE-CHARACTER char (readtable)

<char> is defined as a single-character object in <readtable>. If <readtable> is not
supplied, the current value of READTABLE is assumed. For example,

(SINGLE-CHARACTER "&")

From then on,

A&NIL&B

will be read as 5 symbols: A, &, NIL, &, and B.

INPUT FUNCTIONS

Functions described in this section bind the variable STANDARD-INPUT to the argument
<stream> before reading in any character. Thus, input is always performed on the
STANDARD-INPUT stream. The default value of <stream> is the current value of
STANDARD-INPUT.

READ (stream)

READ reads in one printed representation of a Lisp object from <stream> and returns it
as its value.

READLINE (stream)
READLINE reads the current line, from the current position to the line end, and returns
a string consisting of the characters read in. The next character input from the stream
will be the first character on the next line.

SKIPLINE (stream)
SKIPLINE works the same as READLINE except that it returns NIL instead of a string.

CURRENT-LINE (stream)
CURRENT-LINE returns the current line of <stream> as a string object. The returned
string includes all the characters in the current input line, regardless of the current
character position. The character position is not affected.

TYI (stream)

TYI inputs one character from <stream> and returns its code as a “fixnum”.

TYIPEEK (stream)
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TYIPEEK returns the next character of <stream>. It is different from TYI in that
TYIPEEK does not advance the current character position of <stream>. Thus,
consecutive calls to TYIPEEK will read the same character repeatedly.
READCH (stream)

READCH is the same as TYI except that instead of returning a character as a “fixnum?”, it
returns an “interned” symbol, the print-name of which is a one-character string of the
character read in.

OUTPUT FUNCTIONS

The functions in this section first bind the variable STANDARD-OUTPUT to the argument
<stream> before any actual output. Thus, output operations are always performed on the
STANDARD-OUTPUT stream. The default value for <stream> is the current value of the symbol
STANDARD-OUTPUT.

PRIN1 x (stream)

PRIN1 outputs the printed representation of <x> to <stream> with slashification. The
value of PRIN1 is <x>.

PRINT x (stream)

PRINT works the same as PRIN1 except that PRINT terminates the current line after
printing out.

PRINC x (stream)
PRINC is the same as PRIN1 except that the printing is done without slashification.
TYO char (stream)

TYO outputs the character whose EBCDIK code is specified by <char> to <stream>.
TYO returns <char> as its value.

TERPRI (stream)
TERPRI terminates the current line of <stream>. TERPRI returns NIL as its value.
TAB n (stream)
TAB will set the character position of <stream> at the column <n>. If the current
character position is less than <n>, spaces are printed out until the column <n> is

reached; if the current position exceeds the column <n>, the line is terminated and <n>
spaces are put out on the next line. TAB returns NIL as its value.
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FORMATTED PRINTING

It is often required to print an S-expression in the midst of a certain message. For example, given a
symbol <sy> and a number <num>, one might require such output as

"The symbol <sy> appeared <num> times."

with <sy> and <num> varying from time to time. Of course, this can be achieved by

(PROGN (PRINC "The symbol ")
(PRIN1 sy)
(PRINC " appeared ")
(PRIN1 num)
(PRINC " times.")
(TERPRI))

but this looks ugly and is not readable.
This kind of output is required so often that the system provides a formatted printing facility.
FORMAT {Macro} pattern . args

FORMAT is a macro for formatted printing. The first argument <pattern> is a string
specifying the output format and the rest of the arguments <args> is a list of forms which
are evaluated and used according to <pattern>.

The string <pattern> is normally printed out as it is. However, when a slash character
(/) is encountered, printing is controlled by the directive character immediately following
it. If the directive character requires arguments, the values of <args> are used
sequentially from left to right. The control-directive characters currently available and
their meanings are as follows:

print one S-expression with slashification.

print one S-expression without slashification.

print one character the code of which is supplied as an argument.
pretty-print one S-expression.

tabulate to the column specified by the argument.

terminate the current line.

print “/, i.e., a slash should be doubled.

TZEeEan

The case of directive characters is ignored.

For example, the former example can be printed by

(FORMAT "The symbol /S appeared /S times./N" sy num)

INDENTED PRINTING

Printed representations of S-expressions are not easily examined by human eyes, especially when
parentheses are densely nested. The indented printer PRIND will help produce more readable output
by giving appropriate indention.
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PRIND x (width) (asblock) (Ievel) (Iength)

<x> is printed with certain indention. <width> is the maximum width for printing, the
default value of which is the line length of the current output stream.

When <asblock> is non-NIL, the printout will be more compact than when it is NIL (the
readability may be somewhat damaged). The default value of <asblock> is NIL.

When <level> and <length> arguments are supplied, they must be non-negative
“fixnums”, and when they are non-zero, the maximum level and length of printing lists
will be <level> and <length>, respectively.
QUOTE forms such as (QUOTE A) are printed as 'A. Moreover, when the value of the
variable USEBQ is non-NIL, backquotes and commas are used for printing CONS and
LIST forms; (LIST A 'B C) is printed as "(,A B ,C); (CONS'AB) as “(A . ,B).
PRIND returns NIL as its value, unlike PRINT which returns its first argument.

USEBQ {Variable}

When the value of USEBQ is non-NIL, backquotes and commas are used in the printout of
PRIND. The initial value of USEBQ is NIL.

PP {Macro} funcname

The definition of the symbol <funcname> is printed so that the definition will be recovered
when the printout is read in and evaluated. Usual functions are printed as

(DEFUN funcname argument-list . body)

Macros defined using DEFMACRO are printed as

(DEFMACRO funcname argument-pattern . body)

Other macros are printed as

(MACRO funcname argument-list . body)
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CODE PIECES

A code piece is a Lisp object which contains machine-language instructions and some Lisp objects
which are accessed from the code. Though code pieces may be used as functions, it is usually more
convenient to use their names, i.e., symbols, as functions. Code pieces are either predefined by the
system or are obtained by compiling lambda forms.

A code piece has a name, which is normally a function symbol associated with that code piece.
FUNCNAME code
FUNCNAME returns the name of <code>.

The number of arguments for a code piece may be restricted to reside in some range. The minimum
and the maximum numbers of arguments are stored somehow in the code pieces for run-time checking,
and can be examined by the following functions.

MINARG code
MAXARG code

MINARG and MAXARG return the minimum and the maximum number of arguments
for <code>, respectively. The values returned by these functions may not always be
precise. However, it is guaranteed that an error will be generated when <code> is
applied to fewer arguments than the result of MINARG or more than the result of
MAXARG. If<code> allows an arbitrary number of arguments, MAXARG returns -1.

A code piece can be constructed by the following function.
LOAD-CODE x

LOAD-CODE constructs and returns a code piece specified by the argument <x>, which
has the syntax

(name maxarg machine-code quoted)
where <name> is the name of the function, <maxarg> is the maximum number of
arguments of the function, <machine-code> is a list of “fixnums” each of which represents

one halfword (16 bits) of the machine code, and, finally, <quoted> is a list of Lisp objects
accessed from the machine code.
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COMPILATION

The Lisp compiler is a program which translates interpretive functions in the form of lists into
machine code which is directly executed by the hardware. The merit of compilation is that the
execution speed will be considerably faster.

COMPILING FUNCTIONS

COMPILE {Macro} . function-names

The compiler can be evoked by simply applying the macro COMPILE as in

(COMPILE . function-names)

where <function-names> is a list of symbolic atoms, the definitions of which are lambda
forms. The definitions of these symbols will be replaced by the compiled code.
COMPILE returns the list <function-names> as its value. For example, the interpretive
functions F and G can be compiled by:

(COMPILE F G)

REVERT {Macro} . function-names

The interpretive definition of a function which is compiled using COMPILE is saved in
the property list of the function symbol as its PREVIOUS-DEFINITION property.
REVERT sets the definition of the symbols in <function-names> to their
PREVIOUS-DEFINITION properties. REVERT returns <function-names> as its
value.

The calling interface of compiled and interpretive functions are totally compatible. Thus, a
compiled function may call interpretive functions and vice versa.

Macro calls in the definition of the function being compiled are expanded before the compilation.
Thus, such macros must be defined before the compilation.

Usually, the compiler generates various run-time check codes. When the program has been
completed and there is no possibility of errors, these check codes may be superfluous. The following
variables are used to give direction to the compiler as to whether or not such check codes are required.

TYPECHECK {Variable}
When the value of TYPECHECK is non-NIL, the compiler generates type check codes;
otherwise no run-time type check code is generated. The initial value of TYPECHECK is
T.

UBVCHECK {Variable}
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When the value of UBVCHECK is non-NIL, the compiler generates check codes for
unbound variables; otherwise unbound variables are not checked in the object code. The
initial value of UBVCHECK is T.
INDEXCHECK {Variable}
When the value of INDEXCHECK is non-NIL, the compiler generates check codes for
array or string index range; otherwise no run-time check code for index range is
generated. The initial value of INDEXCHECK is T.
UDFCHECK {Variable}
When the value of UDFCHECK is non-NIL, the compiler checks for undefined functions
when making calls from compiled code; otherwise no undefined-function checking is
performed. The initial value of UDFCHECK s T.
DECLARATION

Various declarations may be required for exact compilation. The macro DECLARE and the
function RESET-COMPILATION-FLAGS are provided for such declarations.

DECLARE {Macro} item-list indicator

DECLARE is used to declare that the elements of <item-list> have the attribute indicated
by <indicator>. Currently, the indicators used are SPECIAL and REDEFINE.

RESET-COMPILATION-FLAGS

RESET-COMPILATION-FLAGS revokes all the declarations specified so far via the
macro DECLARE.

The compiled object is designed so as to use “static” scope rule for local variables (the usual Lisp
scope rule is the so-called “dynamic” scope rule). For exact compilation of functions which utilize
global variables, all the non-locally referred variables (i.e., variables referred from functions other than
those which bind the variable) should be declared to be SPECIAL.

The declaration of SPECIAL variables can be done by

(DECLARE var-list SPECIAL)

where <var-list> is a list of non-locally referred variables. For example, when variables X and Y are
used non-locally, they should be declared SPECIAL before compiling functions which bind them by:
(DECLARE (X Y) SPECIAL)
If a non-local variable is not properly declared, the compiler treats the variable as a local variable.

The value of a local variable is stored somewhere on the system stack and access to it is possible only
from the function which binds the variable.
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For calls to some of the predefined functions (such as ATOM, CAR, CDR, etc.), the compiler
generates certain machine-code sequences which work effectively the same as these functions. Thus,
if some of the predefined standard functions are to be redefined by the user program, they should be
declared by

(DECLARE fn-list REDEFINE)

where <fn-list> is a list of the names of predefined functions which are to be redefined.

STORING COMPILED OBJECTS

The compiler puts the compiled code in a relocatable form (in the form of a list of numbers and some
Lisp objects) in the property list of the symbol which is the name of the compiled function as its
COMPILED-CODE property. This can be printed to a file as a normal lisp object and can later be
read back in. This relocatable form can be converted into a machine-code object (code piece) by the
function LOAD-CODE. The result of LOAD-CODE may be put into the definition cell of the function
name by the function PUTD (see the section Code Pieces for details).

For example, if the relocatable compiled code for the function F is stored in the file connected to an
input stream which is the value of the variable OBJ, the definition of ' can be loaded by:

(PUTD 'F (LOAD-CODE (READ OBJ)))

DIFFERENCE FROM THE INTERPRETER

Because the compiled object is designed to attain efficient execution, some differences exist between
the run-time behaviour of compiled codes and interpretive codes.

Non-local GO and RETURN in PROG forms as well as non-local EXIT in LOOP forms are not
allowed in compiled functions. The only available non-local exit structure is that provided by CATCH
and THROW.

Because of certain difficulty in implementation, the arguments of CATCH are evaluated
interpretively. Thus, variables which are referred to in the arguments of CATCH should be declared
to be SPECIAL.

PROVIDING SPACE FOR COMPILED CODES

Compiled codes are stored in an area called FIXED-HEAP which is different from the usual HEAP
for ordinary Lisp objects. When a large amount of code has to be compiled, the size of the
FIXED-HEAP must be specified to be large enough. This is done by supplying an optional parameter
“FIX” on the MTS command to invoke “LISP”:

Run *UTILISP PAR=FIX(n)

where <n> is a number indicating how many pages (1024 words/page) should be provided for compiled
objects. The default value of <n>is 8.

As the garbage collector does not collect garbage in the FIXED-HEAP area, the recompilation of
functions leaves uncollectable garbage. See the section Memory Management System for details.
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ERRORS AND DEBUGGING

THE ERROR SYSTEM

The system generates an error when the Lisp program attempts some invalid operation; for
example, when the “car” of an atom is taken.

When an error is generated, the value of the symbol corresponding to the kind of error is examined.
The value is interpreted as a function, which is called by the system with one argument; the kind of
argument depends upon the kind of error. The initial value for these symbols are the symbols
themselves. These symbols are defined as standard error handlers. They print an appropriate error
diagnostic message, the information passed as the argument, and the name of the function in which, or
while evaluating the arguments of which, the error took place.

Then the value of the symbol BREAK which must be a function of no argument is examined, and this
function is then called in the environment where the error occurred (the variables have the same values
as when the error took place). The result of this function call will be the result of the function call
which generated the original error.

BREAK {Variable}

The value of BREAK is a function which is called by the standard error handlers after
printing error diagnostics. The initial value of BREAK is BREAK itself.

BREAK

BREAK first binds STANDARD-INPUT and —OUTPUT to the streams connected to the
terminal, READTABLE and MACROTABLE to the standard ones, PROMPT to the string
“@”, and then enters a READ-EVAL-PRINT loop similar to the top-level loop. This loop
can be terminated by the function UNBREAK (see below).

UNBREAK. args

UNBREAK can be used to terminate a BREAK loop. The innermost BREAK loop is
terminated and the value returned by that BREAK will be the last argument of
UNBREAK. Ifno BREAK encloses an UNBREAK call, an error is generated.

The following are the variables whose values are used as error handlers and, at the same time,
function names of the standard error handlers. The initial values of these variables are themselves.
The optional argument <where> is interpreted as the function name where the error has occurred.
The default value of <where> is the function from which the error handler is called. When an error
handler is to be called explicitly (usually by FUNCALL), an appropriate function name should be given
for this optional argument. For example, the function CADR could have been defined as:

(DEFUN CADR (X)
(COND ((OR (ATOM X) (ATOM (CDR X)))
(FUNCALL ERR:ARGUMENT-TYPE X 'CADR))
(T (CAR (CDR X)))))

The variables are:
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ERR:ARGUMENT-TYPE {Variable}
ERR:ARGUMENT-TYPE x (where)

The type of <x> was not valid for the function applied to it.

ERR:BUFFER-OVERFLOW {Variable}
ERR:BUFFER-OVERFLOW dc (where)

A string or a symbol is read in which is longer than the string buffer. The size of the
string buffer is, currently, 1000 characters. <dc> is always NIL.

ERR:CATCH {Variable}
ERR:CATCH tag (where)

THROW was called with its first argument being <tag>, but the corresponding CATCH
with its first argument EQ to <tag> was not found.

ERR:END-OF-FILE {Variable}
ERR:END-OF-FILE stream (where)

The end of the file was reached while reading the file associated with <stream>. <stream>
is automatically closed.

ERR:FLOATING-OVERFLOW {Variable}
ERR:FLOATING-OVERFLOW dc (where)

An arithmetical overflow occurred during a floating-point arithmetic operation. <dc> is
always NIL.

ERR:FUNCTION {Variable}
ERR:FUNCTION x (where)

<x>was used as a function but is illegal as a function, i.e., a non-symbolic atom or a “cons”
cell which is not a LAMBDA form.

ERR:GO {Variable}
ERR:GO tag (where)

A GO form was evaluated with <tag> but the corresponding PROG that has the label
<tag> inits body was not found.

ERR:INDEX {Variable}
ERR:INDEX index (where)

<index> was used as an index for a vector or a string, but is out of index range or is not a
“fixnum”

ERR:IO {Variable}
ERR:IO stream (where)

<stream> was used for some I/O operation but has not been opened properly; an input
stream was used for output, the reverse case, or <stream> was not open at all.
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ERR:NUMBER-OF-ARGUMENTS {Variable}
ERR:NUMBER-OF-ARGUMENTS dc (where)

The number of arguments for a function was too many or too few. <dc> is always NIL.

ERR:OPEN-CLOSE {Variable}
ERR:OPEN-CLOSE stream (where)

Opening or closing of <stream> failed. Usually, some diagnostic message, besides that of
the Lisp system, is printed out by the operating system.

ERR:READ {Variable}
ERR:READ dc (where)

The character sequence read in cannot be interpreted as an S-expression. This error is
often caused by an improper usage of dots (“.”).

ERR:RETURN {Variable}
ERR:RETURN dc (where)

RETURN, EXIT, or UNBREAK was called but the corresponding PROG, LOOP, or
BREAK was not found. <dc> is always NIL.

ERR:UNBOUND-VARIABLE {Variable}
ERR:UNBOUND-VARIABLE var (where)

<var> was evaluated but is unbound.

ERR:UNDEFINED-FUNCTION {Variable}
ERR:UNDEFINED-FUNCTION fn (where)

The symbol <fn> was used as a function but is undefined.

ERR:VARIABLE {Variable}
ERR:VARIABLE x (where)

<x>was used as a variable but is not a symbol.

ERR:ZERO-DIVISION {Variable}
ERR:ZERO-DIVISION dc (where)

Division by zero was attempted. This error may occur in both integer and floating
arithmetic. <dc> is always NIL.

Two special errors are handled quite differently. They are the overflow of the system stack and the
shortage of the available memory. When a stack overflow occurs, or when the garbage collector failed
to collect enough memory for computation, a diagnostic message indicating the kind of error is printed,
all the variables recover their top-level values, and the system resumes the top-level loop.

When a stack overflow occurs during a garbage collection, the system prints out a message and the
Lisp session is terminated abnormally, since such a situation is fatal and recovery is impossible.
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ATTENTION HANDLING

When the execution of a Lisp program is interrupted from the terminal (by an attention interrupt),
the attention-interrupt handler is called. If the system is doing a certain I/O operation, this call will
be postponed until the termination of that operation.

ATTENTION-HANDLER {Variable}

The value of ATTENTION-HANDLER is the attention-interrupt handler, which must be
a function of no argument. The initial value of ATTENTION-HANDLER is BREAK.

THE DEBUGGER

The debugger is a collection of functions which are useful in debugging Lisp programs. Because the
debugger is designed for interpretive functions, it is recommended that you debug programs in
interpretive form before compiling them into machine code (see the section Compilation for details).

TRACE {Macro} . funcnames

TRACE takes an arbitrary number of arguments which are names of interpretive
functions. The functions listed in <funcnames> become “traced”; the function name and
arguments are printed on entry to these functions, the name and the result of the function
are printed on exit, with the nesting level, in appropriate indention.

“Tracing” is done by automatically rewriting the definition of the “traced” functions.
This alteration can be undone by the function UNTRACE.

TRACE-WHEN {Macro} pred . funcnames

TRACE-WHEN is the same as TRACE except that tracing is conditional. The form
<pred> is evaluated each time a function listed in <funcnames> is called, and that
function call will be “traced” if, and only if, the result of evaluating <pred> is non-NIL.
As arguments to the function are already bound when <pred> is evaluated, <pred> may
depend upon the arguments.

UNTRACE {Macro} . funcnames
UNTRACE stops “tracing” of the functions listed in <funcnames>.

BACKTRACE (n)
With no argument, BACKTRACE returns a list of the names of all the functions which are
nested down to the current environment. When <n> is supplied, a list of the names of
only the last <n> functions in the nesting is returned. Inside the BREAK loop of the
standard error handler, this function can be used to examine the calling sequence up to
the point where the error occurred.

OLDVALUE (n)

With no argument, OLDVALUE returns a list of dotted pairs. The “car” of each pairis a
variable which is bound by lambda-binding and the “cdr” is its previous value before the
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binding. Ifthe variable had been in unbound state before the binding, its previous value
is indicated by the symbol *UBV*. The order in the list is such that recently bound
variables come first. When <n> is supplied, only pairs concerning recent <n> bindings
are included. This function can be used to get information on the binding history.

TOPLEVEL
TOPLEVEL first undoes all the variable bindings except top-level ones. Then the value
of the variable TOPLEVEL is examined. The value must be a function of no argument,
and this function is then called. As the initial value of the TOPLEVEL is the symbol
UTILISP, TOPLEVEL can be used to resume the top-level loop.

TOPLEVEL {Variable}
The value of TOPLEVEL is a function of no argument which is used as the Lisp top-level.
The initial value of TOPLEVEL is UTILISP.

THE LOW-LEVEL DEBUGGER

The low-level debugger is a collection of functions for debugging the UTILISP system itself. As
they are primarily prepared for maintainance of the system, some of them are not safe; misuse of them
may cause a fatal error. They should be used with proper knowledge of the physical represenation of
various Lisp objects.

ADDRESS x
ADDRESS returns the current memory address of <x> as a “fixnum”. If <x> is a
“reference”, the address of the vector element pointed by <x> is returned. If <x>is a

“fixnum”, <x> itselfis returned.

Note: The Lisp objects may be relocated by the garbage collector, except for those which
are allocated in the FIXED-HEAP area.

PEEK addr length

PEEK returns a string which contains a copy of the machine memory beginning at
(ADDRESS addr) and is <length> long.
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MEMORY MANAGEMENT SYSTEM

The memory space used by the UTILISP system is divided into six areas:

HEAP for usual Lisp objects
FIXED-HEAP for predefined objects and compiled codes
STREAM-HEAP for streams
STACK for control information and temporary storage
KERNEL for the system kernel
SAVED for I/0 buffer and external programs

(Not relevant in MTS)

The sizes of the FIXED-HEAP, STACK, and SAVED areas can be specified by the parameters at the
initiation of the Lisp system (see the section Introduction for details). The sizes of the
STREAM-HEAP and KERNEL areas are system-defined constants. The size of the HEAP area can
be set by the function HEAP-SIZE. Because the system uses the “copying garbage collection” scheme,
the maximum size allowed for the HEAP area is half the memory size available. The size of the area
available for the HEAP area is the maximum memory size allowed for a user job by the operating
system minus the total size of all the other areas.

When an object is to be allocated, by CONS for example, and insufficient space is left in the HEAP
area (or STREAM-HEAP for streams), the garbage collector is called.

The garbage collector gathers all the Lisp objects which cannot be accessed and the memory space
occupied by them is reused. The execution of the original program is resumed.

The garbage collector of the UTILISP system can be used not only for collecting garbage but also for
compacting and linearizing Lisp objects to keep the “working set” small. For this purpose, the garbage
collector can be called before the available space has been completely exhausted; it is automatically
called when the size of the HEAP area reaches the size set by the system. This size is twice as large as
the area occupied by accessible Lisp objects after the previous collection, but must be between the
minimum specified and the maximum allowed. Initially, this minimum size is set equal to the
maximum. Thus, the garbage collector is invoked only when the available space has been completely
exhausted.

The garbage collector can also be called explicitly by the function GC.
GC
GC evokes the garbage collector. It returns NIL asits value.

The following functions ask for the status of and set the parameters of the memory management
system. The unit of memory space used in these functions is “word” (four bytes).

GCCOUNT

GCCOUNT returns a “fixnum” which indicates how many times the garbage collector has
been called so far.
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GCTIME

GCTIME returns a “fixnum” indicating CPU time required for GC so far. The unit used
is the millisecond.

HEAP-SIZE (size)

With no argument, HEAP-SIZE returns a list of the form
(heap fixed)
where <heap> is the current size of the HEAP area and <fixed> is the size of the
FIXED-HEAP area. When <size> is supplied, the size of the HEAP area is set to <size>.
<size> must be a “fixnum” greater than the size of the HEAP area in use, and less than
the allowed maximum.
MINIMUM-HEAP-SIZE (size)
With no argument, MINIMUM-HEAP-SIZE returns the minimum heap size used to
decide the size of the HEAP area after garbage collections. When <size> is supplied, the
minimum heap size is set to <size>.
MAXIMUM-HEAP-SIZE
MAXIMUM-HEAP-SIZE returns the maximum size allowed for the HEAP area.
HEAP-USED

HEAP-USED returns a list of the form

(current cumulative fixed)

<current> is the size of the HEAP area currently in use. As this includes garbages, it is
precise only immediately after garbage collections. <cumulative> is the size of the HEAP
area currently in use plus the total size of the HEAP area collected by the garbage
collector so far. This size is, of course, equal to the total size of the Lisp objects allocated
in the HEAP area so far. <fixed> is the size of the FIXED-HEAP area currently in use.
STACK-SIZE
STACK-SIZE returns the size of the STACK area.
STACK-USED

STACK-USED returns the size of the STACK area currently in use.

98 UTILISP: Memory Management System



MTS 22: UTILISP in MTS

May 1988

STRUCTURE EDITOR — USE

USE (Utilisp Structure Editor) is a structure-oriented editor for inspecting and changing list
structures, which may be Lisp programs or data.

One merit of using USE, compared with text-oriented editors, is that editing is done on Lisp data
structures themselves, rather than on their printed representations; USE has the knowledge of the
hierarchical structure of the edited data, and the editing commands of USE reflect this hierarchy.
Another merit is that the editing is done in the Lisp environment; an arbitrary Lisp form can be
evaluated during editing and currently edited structures can also be manipulated by Lisp functions.

USE always manipulates a copy of the original list structure. All the atoms in the copy are the

same as the original ones, but all the “cons” cells are newly created for the copy. Thus, when a USE
session is aborted by a K (Kill) command, the original program or data is not affected at all.

INVOKING USE

The following macros are used to invoke USE and, on their normal termination, restore the edited
result.

ED {Macro} fn

ED invokes USE for editing interpretive functions. The definition of <fn> will be edited.
ED puts the edited result in the definition cell of <fn> on normal termination.

EDV {Macro} var

EDV invokes USE for editing values of variables. The value of <var> is edited. EDV
sets the edited result in the definition cell of <var> on normal termination.

EDP {Macro} sym

EDP invokes USE for editing properties of symbols. The property list of <sym> is edited,
and the result will become the property list of <sym> on normal termination.

EDF {Macro} file-name

EDF invokes USE for editing text files containing printed representations of Lisp objects.
<file-name> is evaluated first. Its result must be a string representing the name of the
file to be edited. It is often convenient to set a file name to a variable and use that
variable as the argument of EDF, since a file name may be quite complicated. A string
indicating the file name may also be used directly as an argument of EDF, since a string is
evaluated to itself.

EDF reads all the objects in the file, makes a list of them, and then edits that list.

The order of the elements in the list is the same as in the file. The top-level elements of
the result of editing will be printed back to the file on normal termination.
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Note: Rewriting an external file does not affect the state of the Lisp objects, even if the file
contains function definitions such as DEFUN or MACRO forms. The content of the file
must be evaluated to effect redefinition.

EDL {Macro} loc

EDL invokes USE for editing some data which cannot be edited through ED, EDV, or
EDP. <loc> should be a form to access a component of a certain structure, for example,
(CAR cons) to access the “car” of a “cons” cell <cons>, (VREF vec n) to access the <n>th
element of a vector <vec>. <loc> is evaluated first, and its value will be edited by USE.
The result will be put back where it came from on normal termination.

USE x

USE is the USE system itself. It is normally called using the above-mentioned macros,
but users may also call USE directly. USE returns one component list of the edited
results when the USE session is normally terminated; it returns NIL when it is
terminated abnormally (by K command).

USE SESSION

USE prompts for terminal input with a “?” when it is expecting a command. If a symbol or a
number is is typed in, it is interpreted as a command; otherwise, especially when you type in a list, the
list is interpreted as a form which is evaluated and the result is printed. When the form is evaluated,
the symbol ? is bound to the current “scope” (see the next section for details). The E command can be
used to evaluate an atom.

E form
The form <form> is evaluated and the result is printed.

Arbitrarily many commands and their operands may be typed on a single line. They are executed
sequentially, as long as no error is found. When an error is found, the rest of the current input line will
be ignored.

The following commands terminate a USE session.

Q

Q (Quit) terminates the current session normally. If USE was called from one of the
macros described in the previous section, the edited result is restored accordingly.

K (Kill) terminates the current session abnormally. If USE was called by one of the
macros described in the previous section, the edited result is merely discarded, and the
original definition, value, property list, etc. are not affected.
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SCOPE AND POSITION NUMBERS

The editor always has a current “scope”, which is a portion of the whole S-expression being edited.
This “scope” can be nested. The current scope can be an element of its parent scope, and this parent
scope can have its parent, and so on. All insertion, deletion, and replacement are effected only inside
the current scope.

When the current scope is a list, elements in the list can be specified by their positions. A positive
“fixnum” n represents the n’th element. A negative number —n represents the n’th element counted
from the last. 1 is the first element and -1 is the last.

For example, if the current scopeis (AB CD E F G), then

1 means A

3 means C
—1means G
—3 means E

10isinvalid
—101isinvalid

PATTERN MATCHING RULES

Sometimes it is desirable to search for a certain pattern of S-expressions rather than a particular
S-expression. For example, one may want to search for a form SETQing to a symbol X without regard
for the value assigned. This example can be expressed as (SETQ X ?).

The rules of pattern matching are quite simple:

(1) A pattern matches an S-expression EQUAL to it.
(2)  ?matches any S-expression.
(3)  ???matches any portion of a list.

The following examples illustrate the above rules.

(CAR X) matches (CAR X) but not (CAR '(A B))

(CAR ?) matches both (CAR X) and (CAR '(A B))

(CONS ? ?) matches both (CONS X X) and (CONS X Y)

(LIST ???) matches both (LIST) and (LIST X Y Z)

(A ??? Z) matches any of (A Z), (AB Z), or (ABCDE Z)

PRINTING CURRENT SCOPE

P

The P (Print) command prints the current scope in the usual abbreviated way. See the
section Input and Output for abbreviated printing.

PP
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The PP (Pretty Print) command prints the current scope with appropriate indention.
See the section Input and Output for pretty-printing.

LEVELn
LENGTHn

The LEVEL and LENGTH commands are used to set the maximum printing level and
length in abbreviated printing to <n>. <n> should be a “fixnum”.

Note: The level and the length specified by these commands are only effective in one USE
session. The values of PRINTLEVEL and PRINTLENGTH are not affected.

CHANGING THE SCOPE

TOP

Position numbers are commands that change the scope to the position specified. The
command 0 changes the scope to the parent of the current scope, i.e., a list which contains
the current scope as its element.

The TOP command changes the scope to the whole S-expression being edited.

The N (Next) command moves the scope to the element next to the current scope in the
parent scope. When there is no parent scope or the current scope is the last element of
the parent scope, it is an error.

The L (Last) command moves the scope to the previous element before the current scope
in the parent scope. When there is no parent scope or the current scope is the first
element of the parent scope, it is an error.

The W (Where) command prints the location of the current scope beginning from the top
level.

SEARCHING

F pattern

The F (Find) command searches for an S-expression which “matches” <pattern> in
textual order (searches “car” before “cdr”). Searching is done in the current scope only.
If one is found, the scope is changed to the S-expression found. The intermediate scopes
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are saved and can be accessed using the command “0”. If <pattern> is not found, a
message is generated and the scope remains unchanged.

FF pattern

The FF (Find Forward) command is the same as the F command except that the search
begins after the current scope.

FB pattern

FN

The FB (Find Backward) command is the same as the F command except that the search
is performed in reverse direction (“cdr” before “car”) and the search begins before the
current scope.

The FN (Find Next) command is the same as the FF command except that the same
<pattern> is used as for the previous F, FF, or FB command.

INSERTING AND DELETING PARENTHESES

BImn

BOn

LIn

RIn

The BI (Both In) command inserts an open parenthesis to the left of <m> and a close
parenthesis to the right of <n>. <m> and <n> are position numbers. For example,

BI 2 4
(ABCDE) ==> (A (B C D) E)

The BO (Both Out) command deletes the parentheses enclosing <n> which should be a
list. <n>is a position number. Itisthe inverse operation of BI. For example,

BO 2
(A (BCD) E) ==> (A B CD E)

The LI (Left In) command inserts an open parenthesis to the left of <n>. <n> is a position
number. For example,

LT 2
(ABCDE) ==> (A (BCDE))

The RI (Right In) command inserts a close parenthesis to the right of <n>. <n> is a
position number. For example,
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RI 2
(A BCDE) ==> ((AB) CD E)
LOn
The LO (Left Out) command moves the open parenthesis of <n> to the beginning of the
current scope. <n> must a position number which specifies alist. For example,
Lo 2
(A (B CD) E) ==> ((A B C D) E)
ROn

The RO (Right Out) command moves the close parenthesis of <n> to the end of the current
scope. <n> should be a position number specifying a list. For example,

RO 2
(A (BCD) E) ==> (A (BCDE))

INSERTING AND DELETING S-EXPRESSIONS

I pos sexpr

The I (Insert) command inserts <sexpr> to the right of <pos>. If <pos> is a number, it is
interpreted as a position number. Otherwise, it is interpreted as a pattern and the first
S-expression found to match <pos> is assumed. To use a number as a pattern, quote the
number like '3. In this case, the quote is not included in the pattern used for matching.
For example,

(A B E)
I

C X D E)
FOO BAR)
B (FOO BAR) C X D E)

D
X
B
I (

Cc
3
> (A
B
=> (A

Note: Insertion at the top of a list can be achieved by specifying 0 for <pos>.
A sexpr

The A (Append) command replaces the tail of the current scope with <sexpr>. If the
current scope is atomic, the whole scope is replaced with <sexpr>. For example,

NIL
A (A B Q)
==> (A B C)
A D
==> (A B C . D)
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IN sexpr

The IN (Insert Next) commands inserts <sexpr> to the right of the current scope in the
parent scope.

D pos

The D (Delete) command deletes <pos> from the current scope. The meaning of <pos> is
the same asin the I command. For example,

(A BCDE)
D 3
==> (A B D E)

Y pos

The Y (Yank) command inserts an S-expression most recently saved by USE to the right
of <pos>. What is saved is either the S-expression deleted using the D command, the
S-expression replaced using R command, or the result of evaluating a form which is typed
in instead of a command. The meaning of <pos> is the same as in the I command. This
command can be used, with the D command, to move a portion of an S-expression inside
the edited structure. For example,

(A BCDE)

D 3
==> (A B D E)

Y A
==> (A C B D E)

(CONS 'A 'B) => (A . B)
Y 3
==> (ACB (A . B) E)

REPLACING S-EXPRESSIONS

R pos expr

The R (Replace) command replaces <pos> with <expr>. <pos> has the same meaning as in
theI command. Forexample,

R 3 (FOO BAR)
(A BCDE) ==> (A B (FOO BAR) D E)

RA pattern expr
The RA (Replace All) command replaces all S-expressions in the current scope which

match <pattern> with <expr>. The number of actual replacements is reported. For
example,

RA XY
(AXBXC) ==>(AYBYZC)
2 OCCURRENCES ARE REPLACED
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CALLING EXTERNAL PROGRAMS

External programs, such as TSS command processors or assembly language routines, can be
invoked from the Lisp system using the functions introduced in this section. Data can be passed as
the parameters to external programs or as the values of “command symbols” (see the VOS3 manuals for
details on “command symbols™).

CALLING TSS COMMANDS

CALL command (param)

The command indicated by <command> is called. A string <param>, if present, is
passed to the command processor as its parameter string. It returns NIL if the execution
of <command> is terminated normally; otherwise, it returns the return code of the
<command> as a “fixnum”.

Note: In MTS, the CALL function can be used to execute any MTS command except RUN,
RERUN, LOAD, and DEBUG (in these cases, UTILISP would be unloaded).

Note: In TSS, command procedures and priviledged commands (including commands
concerning file protection) cannot be executed using CALL.

CALLING USER-DEFINED PROGRAMS

User-defined programs (which may be coded in the assembly language) can be loaded to the memory
using the function PROGRAM-LOAD. Such a program can be invoked using PROGRAM-CALL and
it can be removed from the memory space with PROGRAM-DELETE when it is no longer necessary.

The calling interface to the program is as follows:

Register 1:

Register 13:
Register 14:

Register 15:

the address of the parameter list which consists of four words. The first
word contains an address of a word which contains a pointer to a Lisp object
specified as the parameter. The second word contains the address of the
UPT, the third word the address of the PSCB, and the fourth word the
address of the ECT. See the VOS3 manual number 8090-3-007 for
information on UPT, PSCB, and ECT.

the address of the register save area.
the return address.

the entry address of the called program.

When a program called by the function PROGRAM-CALL is terminated abnormally, the Lisp
system itself also terminates abnormally. Thus, such a program must be coded with certain care.

If the program is to be called more than once, the REUS attribute must be specified when the
program is linked (see the VOS3 manual 8080-3-301 for information on REUS attribute).
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PROGRAM-LOAD name ddname
The program specified by <name> is loaded from the file which is assigned the data
definition name <ddname>. When the loading is successible, the symbol T is returned;
otherwise, the returned code of the LOAD macro is returned.

PROGRAM-CALL entry (param)

The program specified by <entry> is called with the interface described above.
PROGRAM-CALL returns the return code of the called program.

PROGRAM-DELETE entry
The program which has the entry name <entry> is deleted. PROGRAM-DELETE

returns NIL as its value.

MANIPULATING COMMAND SYMBOLS

Note: This section is not relevant to MTS. It applies only to Hitachi systems.

Command symbols can hold either an integer value or a character string value. The values of the
command symbols can be defined and detected using the following functions.

The name of a command symbol must begin with an uppercase letter followed by an arbitrary
sequence of uppercase letters and digits, and must not be longer than 32 characters.

DEFCS name value

If the command symbol specified by <name> has not been defined, a new command
symbol whose name being <name> is defined and given the value specified by the
argument <value>. If it is already defined, <value> is set as the new value of the
command symbol. <value> must be a “fixnum” or a string containing upto 256 characters.
DEFCS returns <value> as its value.

DETCS name

If the command symbol specified by <name> is defined, DETCS returns its value which is
a “fixnum” or a string. Ifitis not defined, NIL is returned.

DELCS name

If the command symbol specified by <name> is defined, it is deleted. If it is not defined,
DELCS does nothing. DELCS returns NIL.
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MISCELLANEOUS

This section describes functions that do not seem to fit anywhere else.

TIME (form)

With no argument, TIME returns the CPU time used by the Lisp system so far. This
includes the time required for garbage collection and for external programs which are
called using PROGRAM-CALL, but excludes the time consumed by external programs
called using CALL. If the optional argument <form> is supplied, <form> is evaluated,
and CPU time required for this evaluation is returned. The time is returned as a
“fixnum” object in milliseconds.

QUIT (retcode)

QUIT will return control to the caller of the Lisp system, usually to the operating system’s
command level, with return code <retcode>. The default value of <retcode>is 0. All the
files opened by the Lisp system will be automatically closed.

ABEND (retcode)

ABEND abnormally terminates the Lisp system with return code <retcode>. The
default value of <retcode> is 4095.

VERSION {Variable}

The value of VERSION is a string which indicates the version of the system.
NEWS

NEWS will print out news from the implementer.
HELP {Macro} sym

HELP can be used to get information on the symbol <sym> from this manual. The
portion of the manual beginning with the title <sym> is printed. This printing can be
stopped by an attention interrupt (usually by the break key). HELP returns NIL as its
value.

DATE-TIME

DATE-TIME returns a string containing the date and time. The string has the format
"YYMMDDHHMMSSCC"
where YY are the two least significant digits of the year, MM is the month, DD is the day,

HH is the hour in the 24-hour system, MM are the minutes, SS are the seconds, and CC
are the centiseconds. For example, at 5:30 in the evening of January the 20th, 1981,

(DATE-TIME) => "81012017300000"
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USERID
USERID returns the user-ID of the current session as a string.

UTILISP
UTILISP is the top-level loop of the UTILISP system. An S-expression is read in,
evaluated, and printed. This is repeated again and again. The prompting character of
the top-level loop is “>”. The symbol UTILISP is the initial value of the symbol
TOPLEVEL (see the section Errors and Debugging for details).

? {Variable}

Each time that a form read in is evaluated in a UTILISP loop or in a BREAK loop, the
result is set to the variable ?. For example, in the top-level UTILISP loop,

(CONS 'FOO 'BAR) => (FOO . BAR)
? => (FOO . BAR)
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APPENDIX A
SYMBOL INDEX

ATZ . ATZS tevvrruuuuuuunnnaaaaaeeaereteetetteeettetetttata.——.————___aaaeeeeetettetetetettttttttttttt.—.—.———__aaaaaaeeeeeteteeteeteeetertrtrerrrrrrnnen 53
R Y teeeeeteteee ettt et ettt tee i eaa— .. ———aaaaaaaaeeeeeeeeteteetettatettat—.—.—.———._aaaaaeeeeeeeteteeteeettttettttetatataaanananaaaaeeeeeeteeeereeaeeees 55
B AT . ATES coveeeeee ettt ettt et et e ae ettt eteee—eeatteeteeateeeteeateeeteeateeereeeaeeereeereeenres 53
B Xy et ittt ettt ettt et e e e et eteeee—e e e et eeae e e —eeetteeteeateeereeateeeateeateeeteeaeeeateeereeateeereeereeeres 55
e (I PR PSTPSRURSPNE 102
CATZ . ATZS vevvvvuuuuuunnnnaaaaaaeeseseseeeeeeereeeeeessessssssssssssssssssssssesesssseseeeseeseessssssssssssssssnssssnssssssssessssessesesesesssessssssnnns 52
KB AT . ATES ooveeeeeieetee ettt et e e et e et ee et e ettt e e e teee—eeateeeteeeteeeaeeeteeereeateeereeeteeereeeteeenres 52
K X J eeeeteteeeeruunenennnnnnnnsaaaaeseseseeeereeeeeeeeesereeessssannanananaaaaaeteeteeetetettettetattttaea.—.—.—aaaaaaaaeeeeeteteeteeeeeetererrrrrenrrnnnnn 52
3 X Y ettt ettt ettt ettt e ettt e—eee—eeetee et e ettt en—tea—eeatteeteeateeeaeeateeeteeateeereeetteereeeteeenres 52
Ko ATE . ATES tuvvvrruuunnnniaaaaeeeeaeaeeeeaeeeeeeeeeessrssssssssnnnnnnsasasssssesseessesssssssssssssssssssssnsnsnssssssssessssseesessssssssssssssssssnnes 52
Y Y o 1 SRR 52
- 1 = SO PRRRRRRN 53
G AT S ettt ee et etee e e—eeettea—eeetteeteeateeeaeeateeereeateeereeeaeeereeereeeres 53
B TS trttreeeeeeeeeeeiiiitrrrreeeeeeeaeeaeaaaettabaraaaaaaaaaaeaaaaaartaaaaaaaaaaeaaaeaaaaasertaaaaaaaaaaaeaaeaaaattbttataataaaaaeeeeaaanrrrararaaraeas 53
T = U 53
Y =S 1 == TSRS 53
I AT . ATES . cuveieueiiteeeeeeetee et et e et e et e eeteeeeeeeteeeaeeeteeeeteeetaeeeteeeaeeeteeebeeeteeebeeateeetaeatteeatteeaaeeeteeereeereeenres 53
D N N = PN 52
D Y -V ¢ SO 52
DR = 1 =N 52
Y 4V o ¢ SO 52
VATIADLE) ..ottt e e e e e e e e e e e e tt—————aaaaaaeeeeeaeraattaaaraaaaaaeeeeeaaannnrranes 110
B R Y tetttuuuuuuuu e eseaaaaaeeeeeeeeetaeee ettt et et et ————————————___sassseeeeeeteeeeteteeeetettetttetttta—..——___aanaaaeeeeeeetetteteeeeeeereretertrerenrrnnnnn 52
B X J ettt et e et e et s eeatea—teaat e et te ettt et teaaetetteaaatetteeateentteeateeteeeaaeenneeeneeenes 52
S X Y teeetttttttunraaa————————__aaeeseeeeeeteetettettttttatatat.———.———__asaaeseeeeeettetetetettettttttettteann,n.__aaaaaaaeeeeeteteteteeeeeeerererrernrrnnnnn 52
T Ky ittt ettt ettt ettt e et et e—eea—ee—eeeteta—t e ettt eteeateeattea—eeateeeaeeateeereeateeeteenaeeereeereeeres 52
A ST ittt e e e e e e e e e e e e e et ——a———aaaaaaaeeaaaaatbaba——taaaaaaaaeeaaaaaatababaaaaaaaaaeeeaaaaarrtraaaaaaaaaas 104
ABEND (FECOME) ...eveieiieeieieieiiit ettt ettt e e e e e e e e e e e e eetbbabaeseaeaaaeeeeesassssssasaasaaaaaaeeeeesssnsssrassassaaanns 109
A B X ittt e et e e et e e e t—ee e taaeeattteeabaeeatte e ettt eabteeabaeeasteeeasbeeeanraeeantaeeatteeasreeasres 54
ADDRESS X...utiiiitiieeitiee ettt et e et e e et e e e ta e e e taeeeaate e s bt e ea bt e e atae e e bbaeabbeeatbeeeasbeeestaeaanraeeasteeasreeennres 95
F N B B D SO USSP 54
ALLOC fIIEINAIME.....cceiii i i ettt e e e e eeeeccctttt e e e e eeeeeeeeeeattaraeeeeeaaaeeeesasassstssssssaaaaseesesaassssssssssaeesseeennans 73
AND {SPeCial FOrI} . AIZS.....uuuiiiiiiiiiiiiiieieciiciiiiitie e e e eeeeeeectre e e e e e e e e eeeeeeeabtaaresaaeaaeeeeeeeasssssssssaaaaasesennans 27
W o DI\ D I ] 7= USSP SRR 39
APPLY N GU@LIST ooeeiiiiiiiiieeeeee et e e e e ettt e e e e e e e e e e e e aabtabasaaeeaaeeeeeeaaarabaraaaaaaaaaeeaaaans 23
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ARCCOS X ittt ettt e e e ettt e e e e e ettt e e e e eetttaeeeeeaaaseeeeeasaaesaeeattaeeeeaanttaaaeeanrbaaeeeanraeeaeaanrraaaeans 55
ARCSIN X cetiiiiiieciiie ettt e ettt e e e ettt e e e eetttaeeeeeeaaaeaeeaassasaaeeassseseeaasssssaeeastseseeeansaaeeeeaassseaeeaasraeseeaansraeaaann 55
ARCTAN X oottt e e ettt e e e e ttte e e e eeetaeeaeeeettaesaeeasssseeeeasssssaeeassssseeaansssseeeassssseesanssaeseeannssseaeans 55
ASS predicate 1tem aliSt...........uviiiiiiiiiii e e e e e r e e e e e e e e e e arabarraaaaaaaaaeaaaans 43
ASSOC IEEIN QLIS ...vvvvvririiiieeeeeeeeeeeeeeeeeeeeeeeeeeee ettt eeeeeeeeeeeeeeaeaeaeeeeeee s e s s e raaaaraaa—aeaeseeeeeeaaererarrenes 43
ASSQILEIN ALIST ..eevviriiiiiiieceeeeeee e e e e e ettt e e e e e e e e e e et e e et r b —————————————————aaaeeeeerereere 43
ATOM AIg ....neeiiiiiiiiieeee e ettt e e e e e e e e e e eee e tbtaaaaeeaaaaeasaassstsasrasssaaaaaaaassaasssssssaassaeaaseeesssasssssssssassaaasesaanans 19
ATOMLENGTH X..ooiiiiiiiieeeeciteee ettt eette e e e ettt e e e eeetaeeeeeettssaeeeeassssaeeeastssseeeassassesaassssseesassaeseeaanssseaeans 76
ATTENTION-HANDLER {Variable}...........ccoooiiiiiiiiiee ettt eeette e eevae e e e vae e e eanaeaaean 94
Bt e e et e e e e e ——eeeeea bt aeee e e btaeeeea bt tea e e btaaeeaanbaaaeeeastteaeeaabataeeeantaaeeeannnes 102
BACKTRACGE (I1) ....tttiie ettt ettt ettt e ettt e e e eetee e e seateeaeeeaateeeaessssaaeesassssaaeesssssaaesensssseesesnssseesesnssenes 94
23 1555 o VO OO OO PP U TP UURUUN 103
BO Dot e e e e e et — e e e e e b—eeeeea bt tea e e btaaeeeanbaaaeeeabtaaeeeaanbaaaeeeanraaeeeannnes 103
BOUNDDP VATTIADIE.......uviiiiiiiiiee ettt eeeeecree et e e e e e e ee e e e e et ttabaaaeeeeeeeeeeeeeeeassssserasasaeeeeeeensasnsreres 46
BREAK ...ttt ettt e e ettt e e e ettt e e e e e abe e e e e ettt e e e e e e attae e e e aataaeeaaabtaeeeaataaeeearateeeeannraaaeeeanrees 91
BREAK {VATIADIE] ....oeiiiiiiiiiii ettt ettt ettt e e e ettt e e e e e attea e e esabaeeeeesstaaeeenssseeeeeenssseaseensnsees 91
BREF SEIING iNAEX ... ceiiiiiiiiiiiiiiiiiee e eciieee e eettee e ettt e e e e e itee e e eetteeeeeeabaeeaeessssaeeeeassseaesessssseeessnssseesesnsseees 61
BSET String iNdexX VAIUE ......cccceiiiiiiiiiiiiitieeee e e e eeeeceitreee e e e e e e e e e e s eettbasaeseeeeseseesesssssssssssssssassesasessnnsssssssns 61
R Xttt ettt e e e et e et e e ee———————aaaaeeeeeaaaaa————————aaaaaaeeeaaaaaat—abaararaaaeeeeeeaananrrares 37
CALL commMANd (PATAIIL) .........ccoeeiiiiiiiiriireeeeeeeeeeeeeeeiiinrreereeeeeeeeeeeeesisssresseseseeseeeemesessrssssssesseseeeesmmnsssrenes 107
CALLTSS tSS-COMIMIANIG ......eeeiiiiiiiiiiiiiiiieieeee e e e eeeeeeecitree e et eeeeeeeeeeeeeettssaeeeeeeaeseeesseesssrssrererasaeseeesnnsnssrenes 74
CAR Xttt ettt ettt e e e e e e et et e e et —————taaaaeeeeeaaaae———b————taaaaaeeeaaaaat—araaaaaaaaeeeeeeanaaarrares 37
(07NN 0 = 5 7= Y= 0 o) 11 1= T USSP 32
DR Xouuuttitiiiiieee ettt e e e ettt et e ettt eeeeeeeeeeeeee et teabaaaataaaaeeeeeaaa e atabaaaaaaaaeaeeeaaaanatrararraaaaaeeeeeeaannnrrares 37
CHARACGTER X ottt ettt ettt e e e ettt ee e s eteee e setteeaeessataaeaeesssaaaeeasssstaessasssaeesensssseeeesnssssasesnnssens 57
CLOSE SEF@AIIL ....iiiiiiiiiieeee e e e e eeeeeccctitee e e e e e e et eeeeeearaeaeeaeeeeeeeeeesetsstssassesaaaeseeeesaesnsssssssesaaeeeeeeennsasnsreres 71
(010 B ) =¥ ¢S PSPPSR 20
COLLEFT (SEF@ATI) ....uvvvvveiieeeeeeeeeeeeeciiitireeeeeeeeeeeeeeseeettareeseseeeeeeeeseasesasssassesesaeseeesssessssrsssssesasaeeeeesmnsessreres 72
COMMENT {SPeCIial FOIM} . GTES . .uuuuuiririiiieieeeeeeeeieiiiiireeeeeeeeeeeeeeeeeeitrraeeeeeeseeeeeesessisrssssrerasaeseeessnsssssrenes 24
COMPILE {Macro} . fUNCEION-TIAINES .......ceeeeeeeeeeeeeiiiiiiiriereeeeeeeeeeeeeeeiitrseeeeeesseeeeeessseisrsssererasseseeeemnssssssnes 87
COND {Special FOrm} . CLAtSES ......cccuuvvriiiiiieee ettt e e eeeeeeectr e e e e eeeeeeeeeeeatassreseeaaaeeeeeesesnsnnrnres 27
(010101 B &2 USRS 37
(010 )01 ) S 1= ST PPSPR 19
COPY Xuutitiiiiieeee et e ettt e e e e et e et e et taar e aaeaeeeeeeeaaaatteasasaaaaaaaeeeeeaasasssssassaaaaaeeeeeesaaaasrsssssasaaeeeeeeennnnsnsrrres 37
(0101 B SRR PPPR 55
CR Xttt ettt e e e et e ettt aaa e e e eaae e e e e e e e e e tt——————taaaaeeeeaaaaaa———ba—taaaaaaeeeeeaaaatrarrararaaaeeeeeeaannnrrares 37
CURRENT =LINE (SEFEAIN) .....uuvviieiieiiiiieeeeiiee e e eeiteeeeeeeitteeeeeeiteeeeeeaateeaeesassesaeeesaseseaseassesaesessseseeesssenas 81
CURSOR (SEF@ATIN) ....ceeeeiiiiieiieeeeeeeeeettittt e e e eeeeeeeeeeeeeeeeeeeeeeeeeaeaes e s s s s asassaaaesaeeseseeasesessesesessssssressnsrrnnen 72
CUTOUT String oS 1eN@th .....ccooeeeeeee ettt e e et e e e e e e e e e e e e aetbbabaesaeaaeeeeeesesnannssenns 60
D P08 ettt ettt eeeeeeaeeeeeteeaeaaeetaatara——————————————————aaaeeeeeeeeeeeeeeeeeserereererrrrerrrres 105
DATE-TIME ....cooiiiiiieeiiee ettt ettt e e ettt e e e e tte e e e e ebaaeeesesataeee s e sssaaeesasssaaeesaasssseaesasssseaesesssssneesannses 109
DECLARE {Macro} item-list iNAICALOT .........ccceiiiiiiiiiiiiiieeeeee e eeeeeecctireee e e e e eeeeeeeeararrereeeeeeeeeeeeesennnnnes 88
DECR {MaCro} VAT QINOUNL..........cooiiiiiiiiiiiieeeeeeeeeeeieeiiitrrreeeeeeeeeeeeeeesitsssaeeeseeseseeesssesissrssreresaseeseeeemnsnsssreres 54
DEFAULT-MACROTABLE {Variable] ..........ccoooiiiiiiiiiiiiieeee ettt eeeeeeeeeecvvreereeaeeeeeeeeeesennnnnes 80
DEFAULT-OBVECTOR {VAriable} .........ccccviiiiiiiiee ettt itee e estte e e e e vtee e e seavaee e s e snsnaeasennnseeas 78
DEFAULT-READTABLE {Variable].........ccciiiiiiiiiii ettt e vtee e esate e e s snvae e e e eenaneas 80
DEFCS NAME VAIUE ....uvvvviiieiieeee ettt eeeeecccttat e e e e e e eeeeeeeeettarasaeeaeaeeeeeeessasssssssssseeseeeeeeessnnssrrenes 108
DEFINEDP SYIN.....uttiiiiiiiiiiee ettt ettt e e eetteeeeestteeeesetteeeaeesssteaeesassasaesasssssaessssssseessesssseeeessssssesesnssenes 47
DEFMACRO {Macro} name arg-pattern . Dody .........cccoccuiiiiiiiiiiiiiicciee ettt 68
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DEFPROP {Macro} SymM NAmeE VAIUE........cceeeieiieeeiiiiiiiiiiitieeeeeeeeeeeieiivttteseeesseseesssssssssssssssssssesessssssssssssnns 48
DEFUN {Macro} name lambda-List . DOAY.........ccooiiiiiiiiiiiiiiiicc et e e e e e e e e e e eaenanns 46
DELCS NAINIE ...eeieeeee ettt e et e e e e et e e e e e e e e e e e e eeee e e aeae s e s b s b e eaaeeseeeeesaseaeaeerersrserserrraraares 108
DELQ Item LISE (T1) coeeeeeiiiiiiiieeeeeeeee et et ee et et e e et e e e e e e e e et et e eeeeaaaa e eaeeeeaeeeeeeeaeeaeesesesssssssssessnsssanen 42
DERETF TEIETEIICE .....ccoeeieiiieieeeeeeeeeeee ettt e e ee et e et e e e e e e e e e et et e e e e bbb eeaeeeeeeseseeaaeaeeseseseesesssressssssnnes 64
DETICS NAINIE ...ueeeeeeeeiieeeeeeeeeeeeeeeee et e ettt e e e et e e e e e e e e e e e eeee e e ae s e b e s b b e b neaaeaseseeeseseaeeseseresssrssssrsssnnes 108
DIFFERENCGE I . AIgS...cuiiiiiiiiiiiieiiiiiiitieeeeeeeeeeeiecttavereeeaeaeeeessssssssssssssssssesessssssssssssssssssessesssssanssssssses 53
| D) (€ AR AV =1 o) L) ROt 76
DO {Macro} index-part eXit-part . DOAY ........ccciiiieiiiiiiiieee e e e e e e e e e e aaaraans 31
FBOTTIL oottt ettt e e e e e e e ee e e t——————aaaaaeeeeeeaeretttaaaaaaaaaaeeeeeeannanrranes 100
ED {IMACTO} 11 ..ottt ettt e e e e e e e e e e e e tataraaaaaaeaeeeeeeaeseastssreraraaaeeeeeenananrrares 99
EDF {MACI0} fIl@-TIAIMNE .....eeeeeeiiiiieeeiiiiieeeeeee e eeeeeeecttee et e e e e e eeeeeeeeettsraeaeeeeaeeeeeeeaseasrssserasasaeeeeeenanasnsrenes 99
EDL {IMLACTO} LOC ....uuiiiiiiiiieeeee ettt eeeeee et eeeeeeeeeeeee e ttaresaeeaeeeeeeeeeesassssssssseeasaeeeeeenannnnsrnnes 100
EDDP {IMACTO} SYIM....uuuiiiiiiiiiieieeeeeeeieiieiiatteteeeeeeseesasssuansesreeeeeeesssssssssssssssseeseeeesssesssssssssssssesseeeesssessssssssssnes 99
EDV {MACTO} VAT .....ccciiiiiii ettt cte e s e e e e e eeeeeeeeeeeeeeeseesesasasssssssasanaannnnnsnsaaaaasesasaseesessssssessssssssssrnnen 99
EQ X F ittt ettt ettt e e e e et e e e e et aee e e e bt eea e e e ——taeeeabtaeeeaaattaeeeaabtteeeearateeeeannraaaeeennrees 20
| DT ] AN D & PSPPI 20
ERR:ARGUMENT=TYPE {Variable} ..........ccooiiiiiiiiiieieeeeeeee ettt e e e e e e e seeeasaaeeeeeeeeeeseeesensnnnnenes 92
ERR:ARGUMENT-TYPE X (WHETE) ....eeveeiieiiiiiiiieeeeeeeeeeee ettt e e e e e e e s eeeaaaaaeeeeeeeeeeeeesennnnnnenes 92
ERR:BUFFER-OVERFLOW {Variable} .........cooooiiioiiieiiiieieee ettt e eeeeeitvvee e eeeeeeeesennnnnnanes 92
ERR:BUFFER-OVERFLOW dC (WRhETE).........cooiiiiiiiiieeeeiieeee oottt e e e eeeeiaveeeeeeeeeeeeesennnnnnnnes 92
| D1 20 SR 072 N O 5 VA= 1 -1 o) =Y SRRt 92
ERR:CATCH tag (WHETE) ..ceeeieiieieeeiiitiette ettt e e e e e e e e e e e ettttbaeeeeeeaeaeeeesnssssssssesasaseeeesessnssssssnnns 92
ERR:END—=OF=FILE {VATIADIE}......ouevieeiiiiiiiiiiieeeeeeeeeeeeeee ettt e e e e e e e e eeeeasaaeeereeeeeeeesesennnnsnnenes 92
ERR:END=OF=FILE Stream (WHET) .......cccoceeiiiiiiiiiiiiiiiiiiieeeeeeeeeet e eeeeeeeeeeeeeeeeeeeeeeeeseeeesessessnsnaanes 92
ERR:FLOATING-OVERFLOW {Variable}.........coooouiiiiiiiiiiiieeeeeeeeeeeeeeeee et e e e e e e e e s e enannnees 92
ERR:FLOATING—=OVERFLOW dC (WHETE) ......coeeieeirieeeeeieeee ettt et eee e e e e e e e e s ennnnnnnnes 92
ERR:FUNCTION {Variable} .......cooooouuiieieiiiiieee oottt e e e eeeeeeataaaee e e e e e e s eessessssssaaseereeeseeeesesennnsnnrnnes 92
ERR:FUNCTION X (WHETE) ....oeevvveiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeevesassassssssnaaaaaeeeeseseseseseesesessssssssresssssnnnes 92
| D8 R R € L O V=N =1 o] (=Y ROt 92
ERR:GO taG (WIETE) ... .uuiiiiiiiiiiie ettt ettt et e e e e e e e e e e e tbbtaaaaeaeeaaaeaeessssssssssasaeaasasesesannsssssnnns 92
ERR:INDEX {VATIADLE} ....ceviiiiiiiieieeeeeeeeeee ettt et e e ettt e e e e e e e e e sensasaaaeereeeseeeeeesensnnnsrenes 92
ERR:INDEX INAEX (WHETE) ..coovveveiiiiiiitiiiieeeeeeeeeeeee et eeeeeeeeeeeeee e eeeeaaaaaaaaaeeeeeeeeeeeeeeeaaasaesesesessesssssssssssnnes 92
ERR:IO {VArIable] ......cooooiiiiiieieeeeeee ettt et et ettt ettt eeeeeeeeeeaaeaaeaeeeseesessssesesssannes 92
ERR:TO Stream (WHETE) ........cooovviviiiiiiiiiiiceeeeeeeeee e ettt eeeeeeeeeeeaaeaeeaesesessessssssssssannes 92
ERR:NUMBER-OF-ARGUMENTS {Variable} .........cuuueiiiiiiiiiiiieiiiieieieeeee et e e e e e e eeeananes 93
ERR:NUMBER-OF-ARGUMENT'S dC (WHETE) .....uuvveeeeeiiiieeieieeeeeeeeeeeeeeeeeeeeeeeeeiaveee e ee e e e e e e seesnnnnanes 93
ERR:OPEN=CLOSE {Variable} ........cccoiueeiiiieieeeeeeeeeieeeeeee e eeeeeeeetareeeeeeeeeeeeeeeeessasassesesaaeeeeeeeensssnrnnes 93
ERR:OPEN-CLOSE Stream (WHET) ...........c.coouiiiiiiiiirieeeeeee ettt eeeeeeeeeeeaneereeeeeeeeeeeennnnnnenes 93
ERR:READ {VATIADIE} ....ceeeeiiiiiiiieeeeeeeeeeee ettt eee ettt e e e e e e eeeee e aaaaseereeaeeeeeeeeennnnnnnnnes 93
ERR:READ AC(WIETE) ..vvveveeiieieiieeeeeeeeeeeeee ettt e e e et ettt e e e e e e eeeeeeesassasrereeaaeeeeeeeennnsnnrnnes 93
ERR:RETURN {VATiable} ........ccooiiiiiiiiiieiiiieee ettt eeeeee e e e e e e eeeeeeeeaaaaseereeaeeeeeeeeennnnnsnnnes 93
ERR:RETURN dC(WRETE) .......coiiiiiiiiiiieeeeeeee ettt eeeeee ettt e e e e e eeeeeeeeaataseeseeaaeeeeeesennnnnnrnnes 93
ERR:UNBOUND-VARIABLE {Variable} .........ccoooooiiiieiiiieee et eeeeeeevveereeaeeeeeeeeeneeannnnes 93
ERR:UNBOUND-VARIABLE Var (Where)........ccooooiiiiiieeeiee e eeeeeeeavee e aee e e e eeeeeeeannanes 93
ERR:UNDEFINED-FUNCTION {Variable} .........ccccovuviiiiiiieiiieeeeeeciieeeeeeeeeeeeeeeeecaveeeeeae e e e eeeeeeennnnes 93
ERR:UNDEFINED-FUNCTION fI1 (WRETE) .....ccoeeouiriireeeeieieeeeeeeeeetteeeeeeeeeeeeeeeeeevaveereeaeeeeeeeeensennnnenes 93
ERR:VARIABLE {VAriable} ........cooooiiiiieieiiiiee ettt eeeeeee v eeeeeeeeeeeeeaaaaseeseeaaseeeeeeennnnnnnnnes 93
ERR:VARIABLE X (WHETE) ......coiiiiiiieieeeeieee ettt eeeee et e e e e e e eeeeeeeanaaseereeaeeeeeeeeennnssnnnnes 93
ERR:ZERO-DIVISION {VAT1ADIE} .....uvvvrieiiiiiiiiiiieieiieeeeeeeee ettt e e e e eeeeeeeeaaaaaeereeeaeeeeeeeensnnannnnes 93
ERR:ZERO-DIVISION dC (WHETE) .....uuvrreeiiiieiiieeieieeieeeeeeee e eeeeeeettteee e e e e e eeeeeeeeaaaneereeaeseeeeeeensnnsnenes 93
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| DN 7 USROS 23
EVERY LISt PIrediCate ....uuuiiiiiiiiii ittt e e e e e e e e e e ettt bae e e e e e e e e eeeessssnsssssasasaseeseesssnssssssenns 43
|, A= = U RSP UURPURRUROt 30
X X ceiitiiiiiiieee ettt e e e e e e e e e e e e e e e e e e e e e e et ettt ——————aaaaaeaaeaaaatbbtbaaataaaaaaaeeaaaanntttbraataaaeeeaeeaaananrrrres 56
| 0, € D &SSO PUURPURRRPOt 55
I 7 171 1<) s SO PO U PP RN 102
L S oF: 17 =Y o AU PP PP U PO ORI 103
L 0 Y- 171 7<) o « DO OO P U PSR U ORI 103
FIFTH X .eeieiteieite ettt ettt ettt ettt ettt e et e e st e e eabt e e s bt e e s asteesasbeesnsbeesaabaeansbaeseabaeensbaeesasaeesabaeessseesans 38
FILE-STREAM filename (IMEMDET) .........cccccuiiiiiiiiiieeeieiiieeeeeeieeeeeeciteeeeesiteeeeseeavreessesnnsseeeesnssssessensnsees 74
FILL-VECTOR VECEOT fIlLET........eiiiiiiiiiieiieeete ettt ettt sttt et et e st e s e e e sbteesabbeessaeasans 63
FIRIST X..tttiiiteeeiie ettt ettt ettt et ettt ettt e et e e st e e e eabte e s baeesasbeesaubeesnsbeesaabaeensbaeseabaeenabaeeebaeesabeeessbeennns 38
FIX X ettt ettt ettt ettt e bt e e a bt e bt e e e a bt e e e bt e e e bt e e e bt e e s hbee e bt e e e abee e hbee e e ba e e s baeeebaeesabeeeearbeenans 52
FIXP QT cooeiiiiiieiiiieeeeeee e ettt et e e e e e e s e s bt b et et aeeeaeseesassssssstsbaaaaaeeessessasssssnsesraaaaaeeeesenannnnnssrenes 19
FLOAT X oottt ettt ettt ettt e ettt et sttt esabteeeabte e s bt e e e asteesabbeesasbaesaabaeensbaeeeabaeensbaeeebaeesabeeesnsaeesnns 53
FLOATP Qrg ....ccoooeeeeeeeeeeee ettt ettt a et e e e e e e eeeeeeetstssaaaaaaeaeaeeeeeessasssssssarasaeeeeeenasnnsreres 19
N ettt ettt ettt et e e bt e e e bt e e e bt e e e b et e s bte e e bt e e e hbee e ab e e e abee e abeeeeabaeeeabaeeebaeenn 103
FORMAT {MACIo} Patternl . Ar@S ......uuuviiiiiiiiieeieeeecciicititeee e e e e e e eeeereittraeeeeeeeeaeesessssssssssasssaasaseessssssssssenns 83
FOURTH X....oiiitiieeiiteecieeetee ettt e ettt e e st e e st e e e s bt eessteeesssaeeassaaeassseessssaeassseeasseeasssaeeasseseasssasassseesssesassseennes 38
FUNCGCALL fT1 . GTZS .vveiiiiieeiiieeeiieecteeestteesteeesteeesteeesstaeesstaaassseesssseeasssesssssesassseessssssesssseesssseessssessssseennns 23
FUNCNAME COUE .....cccuvvieeiiieeiiieeiteeeeiteesteeeetteesteeesseaeessseeasssesssseeasssesssssesassssesassesessssessssseessssesassseennns 85
FUNCTION {Special FOrm} 1 .....cc..uuuiiiiiiiiiiieic ettt eecrtrree e e e e e e e e e e e atrasraseeeeeaseessenannsnnnns 24
G ittt ettt e e bt e e e bt e e e bt e e s bt e e e bt e e s bt e e e bt e e e hbee e hbae e e baeeeabaeeebaeesbaeeerbeenans 97
GOCOUNT ...ttt ettt ettt ettt e ettt e s a bt e e ettt e s bteeeabbeesabbeesasbeesabaessbaeseabaeensbaeeensaeesabaeessbeesans 97
GOTIME ...ttt ettt ettt ettt e sttt e e bt e e s bt e e s abbee s bt eesasbeesabeeasbaeseabaeensbaeeebaeesabaeesnsaeesnns 98
GENSYM (Prefix) (DEZIN) . ..eeiiiiiieiiiieiiiie ettt ettt ettt ettt e st e e ettt esibee sttt e ssabeeesabeeesabeeessbaeesbaeesbeeesnsaeesnns 48
GET SYIM NLAINE ..eoceeviiiieieiieee e eeiieee e ettt e e e e tteeeeetteeeeeeabteeeeessssaeeeeasssaeaeeasssseaessssssaeesensssseesssnsssseessnnsseees 47
GETCHAR SEIING INAEX ....vveiiiiiiiiiii it ecttee et e e eette e e e e eeteeeeesateeeeessasaeaesessteeasensssseessenssseeesssnnsees 60
(€ 0 N D I o« R PSPPSR 46
GO {SPECIAl FOIM) TAG ....eviiiiieeiiie ettt ettt e e tee e e e ettt e e e e s taeeeeessabaeeeeessteeasessssaeeeeenssseassensnsees 30
GREATERP Grg . ArgS ..o cvviiiiiiiieeeeeeiieee e eettte e ettt e e e eettee e e e ateeeeeseateeeeassastaasesssstaesseasssseesesnssseesssnnnsens 52
3 N 1 I S PURUPSR 44
HEAP-SIZE (SIZ€)...ueeeeevteeeieeiiiieeiteeesiteeeseteesestteesseeeasseesssseeasssesssssesasssesssssessssssesassesessssessssseessssesssseesnns 98
HEAP-USED ....ooiiotiii ittt te et et e s et e e sttt e e estteestaaeassseesssaeassseesassaeasssaesasseeessseasasssessssesassseennns 98
HELP {IMACTO} SYIN.....uuuiiiiiiiieeeeeeeieiiiittttteeeeeeeeeeasssesssssrsreeseessessasasssssssssssesssessssssasssssssssssseessssssssssssssssnnes 109
LI Yo T=5 4 o) O UUPRRRNE 104
DA ETc5 4 o) U PUUPRRRRE 105
INCR {MaCro} VAL QINMOUNT....ccoiiiiiiiiiiiiiee ettt e et e e e eeite e e e sttt e e e ssabteeesssaatteeessnrteeesssseaaessssseeesssssssees 54
INDEXCHECK {VAriabIe} ......ccviiiiiiieiiiieiiee ettt e eteeesiteessteesssteesnseesssseessssaesesseeessssesssssesssssessssseenns 88
INOPEN SEI@AIM ... ..utiiiiiiiiiieei ittt ettt ee e ettt e e e s ettt e e e e sttt eeeseabteeesssabeeesessastaeessnsssteessssnseeeessnssees 71
INTERN {VAriable} .......ceieciiiiciieeiiie ettt esieeeeiteestte e sttt e steeeesseesssasassseesassasessssesassesessssesasssessnssessssseennns 78
INTERN=SOFT String (ODVECLOT) ........uuuiiiiiiiiiiieiiiiiciiiittteeee e e eeeeeceittrreeeeeeeeeeeeesssnnssssrereeaseessessssssnssnnns 78
INTERN String (ODVECTOT) ....cccciiiiiiiiiiiieieeeee e e ee ettt e e e e e e e e e e stbtrraaeeeeseeeeeessnsssssssranseaaeessessssnssssssnns 78
K ottt ettt et e et e e e e e e ettt e e rtbeeeabee e tee e e tae e e taeeabaeeatbee e tbaeearbaeetbteeanbaeeanteeearaeeataeearaeann 100
| 3N N S PSSP 38
LENGTH ST ceevteeeiieeeiieeecieeeetteestee et e st e s et e e sttesensteesstessssteesasseeasnsaesassaeenssaesanseeessssesassessnssessnsseennns 38
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3 D0\ [ N = 5 PSS 102
LESSP Grg . A @S .. iiiiiiiiieeee ettt e e e e e e e e e e et et taareaeeeaeaeaeeeeaaetbbtbaaaaaaaaaaaeeaaaasntbbtbbaraaaaeeaeeeeaannnnrrrres 52
LET {Macro} bindings . DOAY .......ccccouuiiiiiiiiiiiie ettt e e e e e e e eecittrae e e e e e e e e eeessessnessssasseasseseesssssssssssnns 25
LETS {Macro} bindings . DoAY .......cccuuviiiiiiiiiieii ettt e e e eecettrree e e e e e e e e e e e e esatrasaasseaeeeseessessnnnssenns 25
| ) DA Y I PSP 102
) s PSS 103
LINELENGTH (SEFEAIN) .....uoeeiiuiiieieiieeiiieestieeeciteesitteeeeeeessereesssseesssseessssesssssesessssessssssessssessssseessssessssseesnns 72
LINESIZE (SIZ€) ...cuvvteiitieeeeiiieeitieesteeesitteesteeessteeessseeassseeasseaassseesssseeasssesssssesasssssssssssessssesassseessssesassseennns 72
| D1 R 1 =SS U RSP PUURPURROt 39
| D1 =) 7 oo RO U U PUPUURPURRUOt 48
LISTP Grg cooeeeeiiiieeeee ettt e e e e e e e e e et et bt baeaeaeaeaeaeeasssssssssaaasaasaaaaesassassssssssasssaaseeessaannsssrsens 19
5O PSP 104
LIOAD -—CODE X ..eeecttiiiitiieecitieeiteeesteeesiteeesteeesteeessseeasssesasseaassseesasseessssesssssesasssssssssssessssessssseessssesassseennns 85
| 50 L€ PRSPPI 55
LOGAND . GIgS...ccieiiiiiiiiiieeeee e e e eececcttre e e e e e e e e e e e sseettbaaaaaeaeaeaaaassasssssssssaasssasaasassasssssssssssssssaaessesessnnssssssres 56
LOGOR . GIZS ..ottt ettt e e e e e e e e e e st et btaaeaaaeaaaaaeeaaaasssssssaassaassaaaesasssssssssssasssaaaesessssnnsssssrres 56
O G S HIET X F.uuttieetieeeiieeeiteeeeteeesteeesreeestreeessseeessssaeasssesasssaaassseessseeassseseassaeassssesassssessssasassseessssesassseennns 56
LIOGXOR . GIZS ..uiieetiiieiiiieeiiieeiteeesteeesiteeesteeesseeessteesssseeassseaassseesssseessssesasssesasssssssssssessssesassseessssesassseennns 56
LUOGLO X uttteiiteeeiie ettt ettt e ettt e et e et e e et e e ate e s e bt e e sabeeeensaeesasteeansteesassaeannsaesnsaeessaeeensaeennsaaeesteeensteeesseennns 55
LOOP {Special FOrm} . DOAY .......uvviiiiiiiiieecciieee ettt etee e e e tee e e e e eae e e e s e bree e e eenraeeeeeenssaeeeeennnseeas 30
LOWER—CASE {VAriable} .....ccccuiiiiiiiiiiiieiiieeeite ettt site e et esiteesateeseataeessaaessnseeesssaessnsessnssessnsseesnns 59
MACRO {Macro} name lambda-list . DoAY .......ccoeiiiiiiiiiiiiiiieeccc e e e e e e 46
MACROTABLE {VAriable}......ccccviiiciiiiiie e eeiee ettt stteestte e e veesveeeeaeeeaveeessaeessseeesssaeesssseessssesansseenn 80
MAKE-STRING 1€NZth (CRAT)......cccciiiiiiiieiieeciee ettt etee ettt e e sve e e ve e e eveeesveeesssaeesssaeesssseessssessnsseean 58
MAKE-UNBOUND VATIDIE.......ccceciiiiiiiieeciieieite ettt etteestteeeireeeseteeesseeessseeesseeessseeesssesesssseessssesssssees 46
MAKE-UNDEFINED SYIN.....ccccttiicitiiiiieeiteeesieeesteeestesessteesssessssssessssesssssesssssssssssssssssssssssssessssesssssees 47
B AN ol 1 i PP PRPRRUPPURPRRN 33
DY N o O T v i o K USSR 33
B N O A\ ] v USRS 34
B N 07N A ] v ' USSR 34
DY N 0 )\ 517 o USRS 34
DY N Y S N T v USSR 33
MAPYV VECEOT fT1..iiiiiiiiiiieeeeiteee ettt e e ettt e e ettt e e e s eabtaeeesessbaeeesesstaeeesenssaeeeseanssaeessasnssanessnnnes 34
MAPVECTOR VECTOT fT......eeiiiiiieiiiiee ettt ettt e e ettt e e s seatte e e s eabtaeeesenstteeessenssaeessasnseaeessnnnes 34
A X AT . ATZS ceiieiiiiieeiiecciiiitee e e e e e e eeeeeccctttrareeaeeaeeeeesssserertaasaaaaaaeaasssasssssssssssaaaassassasssssssssssaseessesssnnssssrsres 54
MAXARG COUE ..veeeiieeiiiieeeeeiitieeeeeitteeeeettt e e e eettteeeseatteeeeeesataeeesesstaaessasssaeeesassssaeessasssteeesssnssneessassseeessnnnes 85
MAXIMUM-HEAP-SIZE ......co ottt ecteeeette et e et e e stteestveesaaaeeseseessseeessaaessseeesssaeessssessnssesasseen 98
MEM predicate itemm LiSt.........coiiiiiiiiiiieiiiee et e et e e e e ee e e e e ettee e e eetbbeeeeeenrtaeeeeenraaeeeaannes 42
MEMBER JEEIML LISt ....eeiiiiieieiieeeite ettt ettt ettt e st e e et e e st e e s s e e sateessbeessnsaessnsaeesnsseesnsaeesnnseean 42
MEMQ IEEIM LIS ...eeoiiiiiiiiiieeeeeee ettt e et eeee e e e e e e e eeeeeeetabaaaeeeeeeeeeeeeeessstssrereeaeeeeeeeeananssreres 42
MIIN AT . AT S ceeeiiiiiiiieeiecieiitieeteeeeeeeeeeeearttrteeeeeaeeseasasssnessstaraaaeeessesasasssssssssasaeeseesesssssssssssenseaaesssesennssnssssnes 54
MINARG COUE.....uuvteiiiieiiieeeiieeeite e ettt e etteeeetteesstteessateesebeeesatteeensteesnsaeesnsseesnssaesassaesansaesnnsaessssessnseeesnsseean 85
MINIMUM-—HEAP-SIZE (SI1ZE)......ccuttteitteeeeieeeeieeentteeeitteesiteeeasteesssseesssseessssessssseesssseesssseesssssesssseessssees 98
IMIINTUS X ttteiiiteeiieeeeiee et e ettt e sttt e ettt e sbteeeateesabeeasteesenseeeaasaeeansaeesnsaeesnssaesnssaesssaesnnsaesansaessnssessnseessnseenn 53
MIINTUSP X c.iteeeiieeeeiee et e ettt e sttt e ettt estteesateestteessbeesesbeeesssaesansseesnsaeesnssaesnssaesnssaesnnsaesansaessnssessnseessnsseenn 51
Td ceeeeeteeeeteeeeteee e tee e e tteeatteeatteeatteeattaeenteeenteeaanteeenteeeanteeeantaeeanteeeateeeansseeenteeenseeeasteeenreeeanteeennreeeasreenn 102
INCONC . TESES veeeereeeirieeireeeeiteeeieeeeeteeesttee e tteeesereeessseeessseeesssaeeassseeassaeassseesssesassseesassseesssseessssessssesansseen 40
INCONS X crtiiueiieeieiieeetteestee e ettt estteeetteeassseeasseeassseaasseaessseaassssesasssseassaeassseeasssasesssseesssssessssessssseessseesnssenn 37
NEQ X F ittt ettt e e e e e e e et ttaraaeeaeeeeeeseae s eraaaaaaaaaaaaeaeaaaasssbaaaaaaaaaaaesaaaaannrabraaaaaaaaaeeeaaaannnrrrres 20
BN D TSRS 109
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N O T Xttt ettt e e e ettt e e e eettae e e e e ttaaaeeeettaaaaeeabaaaaeeaattaaaaeaattaaaeeaattaaaaeeattaraaeaartaaaeaanes 20
NREVERSE LISt..ciiiiiiiiiii ettt ettt e e ettt e e e ee vt eeeeeetbaeeeeeettaeeaeeaassasaeeeassaseaeeastaseaesassssaaeaanses 40
DA 5 5 o 1 =] v U U P UUPPURROt 39
NTHCDR DS «.eieeiiiiiiee ettt e e e ettt e e e e ettt e e e eeetbaaeeeeetsaeeaeeaassasaeeeassaseaeeasssseaeesssesaaeaanses 39
INULL X ettt e ettt e e e et et e e e ettt e e e e e e atasaeeeestaseaeeasbasaaeeassasaaeeanssssaeeaasssseaeeasssseaeesssssnaeaanses 20
NUMBERP GI....coiioiiiiieeeeitieee ettt ettt e e ettt e e e e tte e e e eettaeaaeeasbaaeaeeestaaeaeeanssasseeaassaseaeeasssseaesassssaaeaanses 19
(0] B1 IS 1 A (0] o311 7o) TS USSR 78
OBVECTOR {VAriable] .......cccoociiiiiiiciiieee ettt ettt e e e e etee e e e s vtee e e essaaaeaeeensaaaassnsssseeseenssseaseensnsens 77
(0010 ) = USSP 52
OLDVALUE (11) ..ttt ettt e e ettt ee e e etteae e seeateeaeeesasaaeaeesnsaaaesassssaaesessssaassensssseesesnssssessssssenes 94
OPENFILES {VAriable} ......ccccocciiiiiiiiiiieeccitee e eeteee ettt e e e eette e e e e vtea e e ssaaeeeesenaaeeasessssseesssnssssessensnsens 71
OR {SPECIAl FOTIN] . AIES...uuiiiiiiiiiiiiiieiiiiieeeecitee e eeeie e e e eeeiteeeeeetteeeeessbaeeeeesssseeeeesssseeeesesssseeeesssseeseenssseees 27
OUTOPEN stream (Irecl) (DIKSIZE) ........cecieeeuiiiiieiiiieeeieciieeeeeectteeeeeeiteeeeesveeeessevteeesessssaeeeesnssseessennnsees 71
P e ee e e e e e et——eeeeettaeee e e ——aaeeeaataaeaeaattaaaeeaarbaaaaeaaastaaaeeaanraaeeeaaarraaaeeaanres 101
| o 0 D0 L=V Lo il 1= o Y= o P UUPPUROt 95
| L TP - PP UUPPRROt 53
PLUSP X oottt ettt ettt e e e e ettt e e e ettt e e e e e bteeeesesateeae e sssaaeeeassaaaeeassssaaeesansssaaeseassssaeeeanssseessennsseees 51
PINADME SYIN ...ooiiiiiiiiiiiececiitee et ee e ettt e e e et eeeeeebteeeeeesbaeeeeeassstaeeessssaaaseasssssaeeessssaassenssseeeesnsssseessnssenes 48
POP {SPECIAL FOITN} VAT ....ceiiiiiiiiiiieiiiiiieeeeeee ettt e e e e eee e e e e etaaaeaeeeeaeseeeeeeesasssssesesasaeeeeeeeasasnsrenes 40
| U ST RUR U PUPURUPRRRROt 101
PP {Macro} fUNCNAIMIE .........oeiiiiiiiie ittt ettt e e e tte e e e et e e e e s tteeeeeaabeeeeeessteaasensssaeeeeenssseaeeennssees 84
PRIINC X (SEF@AIN) ....vvveieieciiiieeeeeciieeeeeeiteeeeeeetteeeseetteeeeseesaeeeeeesssseaeeesnssaaeeasssssaeeessssseasssssssseeessnssssesssnnsseees 82
PRIND x (width) (asblock) (Ievel) (Jength)..........ccccuiiiiieciiiii ettt e e e e 84
PRINT X (SEF@AIMN) ...uueeiiiiiiiiieeieeeeee ettt e et e e e e e e ettt et eeeeeeseesessssastsaaeaaeaeessessssssssssssseaaeaeesssessnnssnssssnes 82
PRINTLENGTH {VAriable] .........ccoiiiciiiiiiieiiiec ettt eettee e eeette e e eeritee e s esateeeessivaaaasssnnaaeeessnssssesssnsssenas 77
PRINTLEVEL {VArTiQDLe} .....cccociiiiiieiiiie ettt e e e ette e e e e tte e e e evee e e s e avtaeasennsaaeaeeennsseaseennssenns 77
PRINT X (SEFEAIMN) ... uueiiiiiiiiiieiieei ettt ettt e e e e e e e ettt e e e e e e s e s eessaaabtbeeeaaeeeessessssssssnsssreaaeeaesssennnnssnsssenes 82
PROG {Special Form} 10cals . DoAY ........coeiiiiiiiiiiiiiiiiei ettt ettt e e e vree e e e staae e e e e evaea e e eenseeas 29
PROGN {Special FOrm} . ArZS ......ccciiioiiiiiiiieiiiiiieeeieee e eeitee e eeitte e e e e vteeeeesateeeesessvteeesessssseeesssssseesssnsssens 24
PROGRAM—CALL entry (PATAIN)........uvieieieeiieeeeieiiieeeeeeiieeeeeestteeeeessreeessesssseesssssssseesssssssseessssssssessannnes 108
PROGRAM-DELETE ENETY ......uvtiiiiiiiiiieeeciieeeeeetieeeeeiteeeeeetteeeeeetveeeesesnsaaeessssssseaessssssseesssssssseesannnes 108
PROGRAM-LOAD Nname ddname............ccccouuiieieeiiiieeeeeiiiieeeeeiiieeeeestreeeesessraeeesssssssesesssssseessssssssessasnnns 108
PROGI {SpPecial FOrm} . QrES .......cciiiieiiiiiiieeiiiieeeecieee e eectteeeeeeiteeeeeevteeeessiabeeeesssrteaassssssseeesenssssessssnsees 24
PROG2 {SpPecial FOrm} . QrES ......uoeiiiieiiiiiiiieiiiieieeeieee e eeciteeeeeeitte e e e e svteeeeesaaeeeeeessvteeaeensssseesssnssseassennsees 25
PROMPT {VATIable} ...ccccccuviiiiiiiiiiee ettt ettt ettt e e e ettt e e e e s taee e e esabaaeesensstaeasenssssaeessnssseessensssees 73
PUSH {Special FOrm} IbeIN VAT ........ccuviviiiiiiieeeeeeeeeececiireeeeeeeeeeeeeeeeeectaaeeeeeeeeeeeeeeesesasssseeserasaeseeeessssssrenes 40
PUTD SYIMI AEf ... ...ttt e e e e e et e e e e e e e e e e e e e aetbatbaaasaaaaeaeesasassssssssasasaseasesessnnsssrenns 46
PUTPROP SYM VAIUC NAINE .....cccoiiiiiiiiiiiieeeee ettt e e e e e e e e e e e eetbataaaaeeeeaaaeesesnssssssssesasasessesssssnssssssnes 47
ettt et ettt e et ettt e e e e e teeee e e tteeeeeautteeeeaattaeeeeanttteeeaaatateeeaanbtaaeeeaattteeeaanttaaeeeantaaeeeeasraaeeeeanraaeeeeanraaeeeannre 100
QUIT (FEECOUE) ...t e ettt e e e e et ee e e ear e e eeeeeeeeeeeeeeesttaresaeaaeaeeeeeeaesassssssssaeeeseeeeeeenannssrrenes 109
QUOTE {SPecial FOrmMY} Arg.....cc.uviiiiiiiiiieiceiiee ettt ettt e e e e ette e e e e tte e e e esabeeeseeabeeeasessssaeaeeenssseaseennssens 24
QUOTIENT GIg . AIZS .iieccvveieieeiiieeeeeeiieeeeeeitteeeeeeteeeeeaetteeeeassssteseesssseeesessssesessssssssesssssssseessssssssessssssseees 53
L 0T 5 q o} R UUUPRRRRE 105
| RN B N =) s I <> ) U PURPRRRRE 105
READ (SEF@AIMN) ......eeeeiiiiiiiitieeee ettt e e e e e e e e e st tareereeeeeaeeeeessssnsssssaaaaaeaseseesassnssssssssasseaaeeseesassnsssssnns 81
READCH (SEFEAIMN)......uuuiiiiiieiieieeeiieicciittteeeeeeeeeeeesseeettrtreeeseeaseasassassssssssaseaessesessassssssssssserseeseessasassnsssssssns 82
READLINE (SEF@AIM)......cuiiiiiiiiiiieiiiiciiiiieieeeeeeeeeesieetttatreeeesesaeesessssnsssssassseessesesssssssssssssssrseessessassssssssssssns 81
READMACRO char fn (readtable) (macrotable) ............cccceeeeiieeeiiiiciiiiieieee e eeecciirrreree e e e e e e e e e eeenennns 80
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READTABLE {Variable] ......ccoooiiiiiee ettt ettt e e et e e e et e e e e eetta e e e e eeavaeeaeeennrenas 80
REFERENCE VeCtor SUDSCIIPE ...ccc.uuiiiiiiiiiiiieee ettt e e e e ee ettt e e e e e e e e e e e e e asaasassasasaeaeseessssnnnsssssns 64
REFERENCEP GTZ ...oooiiiiiieie ettt ettt e e e e ettee e e e eette e e e e eataeeeeeeaabesaeeeabaeeaeeanstaeaeeeassaeeeeennsrenas 20
REFERRED-INDEX IefereICe .........uuuviiiiiiiiiiiiiiieiiiciiiitteeeee e e e eeeeceititaeeeeeeeeaeessssssnsssssssesssessesssssssssssnns 65
REFERRED—-VECTOR FefereniCe..........uuvtiiiiiiiiieiciiciiiiiteee e e e e eeeeceititteeeeeeeeaeeeeeeatssssesssasesseesssssnssssnns 65
REMAINDER X J...uttiiiiieiitie ettt e ettt e e e et e e e e e ettt e e e e eetteea e e e aaaeeaeeasssesaeeessssaaeeanssasaeeaassaeeeeennsrenas 54
REMOB SYMDOL (ODVECEOT) ..cceiiiiieiiiiiiiiitiee e e e ettt e e e e e e e e e e e stttbaeaeeeeeeaeeeessnssssssssesasaseesessssanssssrsens 78
REMPRODP SYIITMAINIE ...ovviiiiiiiiiieiiiciiiiiiieieeeeeeeeeeeieiittrreeeeeeeaeeeesesssssssssssssessessesasssssssssssssssesessssessnnsssssssns 48
REMQ IteIM LISt (11) ..oeoeiiiiiiiiieeeeeeeeeeeee et eeee et e e et e e e e e e e e e e et e eeeeee et eeeeeeeeeeeeeaaeaeeseseseesssssresessssnnes 43
RESET-COMPILATION=FLAGS ...ttt ettt e ettt e e e e ete e e e e et e e e e eetbeeeeeesaraeeaeenanrenas 88
RETURN . AIgS...cccciciiiiiiiieieee e ettt e e e e e e e e e e st taaaeaeeaeaaeaesasasssssssssasssasaasaesssasssssssssasssaasesessssnnsnsssees 30
REVERSE LISE...ciiiiiiiieeeie ettt ettt e e ettt e e e et e e e e e e aaae e e e eeaabeseeeesbaeeaeeansseeaeeenssaeeaeeannrenas 39
REVERT {Macro} . function-Namies .............ceeeiieiiiiiieiiiiiiiieeeeeeeeeeeieccititaeeeeeeseeeessssssssssssessssssssessssssssssssnns 87
R Dhe et ee et e e e et e e e e eettaeeeeeettaaeeeeeettaseaeeattaaaeeaattaaaaeeaattaaaaeearaaaaeeaastareaeaannes 103
RO D et e ettt e e e e ettt e e e e eetaeeeeeeetaaeaeeattaaaeeaattaaaaeeaattaaaaeearaaaaeeaartaaaaeaannes 104
R P LA C A X Y ettt ettt ettt e ettt e e e e ettt e e e e eetaeeeeeeettaeaeeeatteeeeeeabasaaeeanateseeeasbaaaaeeattaeaeeaanraaeaeaannrenas 41
RPLACD X ¥ ..utttieieeeitiee ettt ettt e e e ettt e e e e ettt e e e e eetteaeeeeetaaeaaeeestesaeeessasaaeeasssesaeaaassasaaeeanssasaeeaassaeeeeeansrenas 41
N U PUUUURN 54
AN 54
T D 102\ D B R UPPR 38
SELECTQ {Special Form} key-form . ClauSes .......c..ceiieieiiiiiieiiiiiececitee ettt e eeveee e e itee e e e ivaee e e eneeaeeas 28
SET Variable NEW-VAIUE .......cccccuviiiiiiiiiieeeeitee e eeciite e eestte e e eestreeeesvaaeeeessaaeeeeassssseeesassssseesessssseesssnsseees 45
SETPLIST SYm Property-LiSt ........ccccciiiiiieiiiiieeeeiiiee ettt eerit e e e ree e e e sare e e e e aaeeeeeennraaeeeeessaeaseensnseens 48
SETQ {Special FOIM} . AIZS ..ccuuviiiiiiiiiiie ettt e ettt e e e e vt e e e e tabeee s e sabeeeeeensssaeeeesnssseasesnsnseens 45
SETREF reference VAlUE.........c..vviiiiiiiiiieieciitieeeettee ettt e e e ettt e e e s avee e e e evaeee e e saaeaeeesnsssseseesssseassennnsens 64
SEVENTH X ..oiiiiiiiiiieeciiee ettt e ettt et e ettt e e e s taeeeeesstbaeeeaasssseaeasssssaaseesssssaaesasssseeesansssseseassssssesesnssees 39
STIN X .uttteeeeeiiteeeeeeetteeeeeetteeeeesearaeeeeasaaaeeeeassssseaeaansssaaseaassaaeeaassssaeeaasssaaaeeeassaaaaeeanraaaeeeannbaaaeeeanraaaeeennnrees 55
SINGLE-CHARACTER char (readtable) ...........cccviiieiiiiiieeiieec et eeetee e evre e e e itee e e ivaee e e eeaveeas 81
SIXTH X ceiieeiiiieeeeeitteeeeetteeeeeettteeeesttteeeessaaseeeeanssaeseassssaeeeaasssseesasssssaeseeasssseasssssssseeessnssssessessssssesesnsssenes 39
SKIPLINE (SEFEAIM) ...c..uuviiiieiiiiiiie e ettt eecitteeeesitteeeeesttaeeeeeasseeesesssssaeseessssssessassssseesssssssseseessssssesesnnsseees 81
SOME LISt PIEAICATE ...veeeeeiiiiiieeiiiieieeeee ettt e e e e eee e e e eraaareeeaeeeeeeeeeeeetasssssaraeaeeeeeeeessssssrsreseeeens 43
SORT £aD1e PLEAICALE ...eeeeeeieieeeiiiieieieee ettt eeeeee e e e e e e e eeeeeeeseetassraeaeaaeeeeeeeeesensssrsreseeeens 44
SPECIAL-CHARACTERS {Variable} ...........cciiiiiiiiiiieiiiiee ettt eeettee et e e e vee e e s s savaee s s e evnea e e ennnseeas 77
SPECTALP SFIN ....uttiiiiiiiiiieee ettt e e ettt e e eeeitteeeesetaeeeeesaraeeeaassssseeeeassssaeaeessssssassassssseesesssssessessssssesssnssseees 47
SPREAD vAlU@ I@NGEN ......ooiiiiiiiiiiiecee ettt ettt e et e e e et e e e s e vt e e e e e nraaeeeesnsraeaseennnsnens 60
SQRT Xeeeiiiieieeeeeccce ettt eeeeeeeccc et e e e e e e eeee e ettt taa———aaaaaeeeeeea ettt —————aaaaaaeeeeaaaaa———abaaaaaaaaeeeeeaaaattrrararaaaens 55
] R ) LT 1 o Vel ' Lo L) U U SUUR 60
SSET string iNdex Character.............uiiiiiiii it e e e e e e e e e e rtbrrareeeeeeaeeeeesssssssasaaareeeens 60
STACK=SIZE ...ttt ettt e e e ettt e e e e et a e e e e eeataeeeeettbesaeeasssseaeeaanssesaaeaasssesaeeenssaesaeeansrenas 98
STACK=USED ...ttt e e e ettt e e e ee e e e e eeaaaeeaeeestsesaeeasaseaaeeanssssaaeaassseeaeeensraseaeeansrenas 98
STANDARD-INPUT {Variable} .........oviiiiiiiiiie ettt e ettt e e et e e e e eatae e e e e araee e e eeanreeas 72
STANDARD—-OUTPUT {VAriable} .......cccooouiiiieieiiiee ettt e ettt e e e ae e e e e eatae e e e e earaeeaeeennrenas 72
STREAM-MODE SEIEAIN ........cuuuiiiiiiiiiiiiie e ceccciitieeee e e e e e e e e eeettrtreeeeeeeeeeaesssassssssssssasaaasessssssssssssasesseees 72
STREAM Streamid ........ccciiiiiiiiiiiiiiiiiieeeee e e ettt e e e e e e e e e eeeaaraaaeeeeaeeeeaseasssssssssssssaseassesssssssssssraresseees 71
STREAMP AT ......uuiiiiieeiiiiiee ettt e e ettt e e e ettt e e e eettaeeeeeattaseeeasssaseeeassssssaeaanssessaeenssaseaeeanssaseesennsrenns 20
STRING-AMEND-AND stringl string2 (from)........cccccceeeeeiiiiiiiiiiiiieeee et e e e e e e e eeevararereee s 60
STRING-AMEND-OR stringl string2 (from)............ccceeieieeiiiiiiiiiiieieee et e e e evarareeeee s 60
STRING-AMEND stringl string2 (from) .......ccccuviiiiiiiiiee et e e e e e eeeeeirrrrreeeeeeeeeeseeaeesrararesaeeeas 59
STRING-AMEND-XOR stringl string2 (from) ..........ccceeeiieiiiiiiiiiiiiiieee e e e eeeecccirirreeee e e e e e e e e e eerbarareeeeeeas 60
STRING=APPEND . SEIIIES . .uvviiiiiiiiiieeeeiiiieeeeeciteeeeeeitieeeeeeetteeeeeettaeeeeeesssesaeesnasesaeeeasssssaeeessraseeeeassenns 58
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STRING-EQUAL Stringl SEIINZ2 .......cccieiiiiiiiiiiiiiiiiieeeeeeeeeecccciriteeeeeeeeeeeeeeseerasasaesseeaaeseesssssssssssssesseeens 58
STRING=LENGTH SEIIINE ...ccuiviiiieeiiiiiee ettt eectit e e eette e e e ettt e e e eeetaeeaeeetaseeaeessseseaeeasssssaeeessrssseeeasreeas 58
STRING-LESSP Stringl StFING2........ccciiiiiiiiiiiiiiiiiiiieeee e e e eeeccctttteeeeeeeeeeeeseseetssasasssesasesaesssssssssssssesseens 58
STRING-NREVERSE SEIINIE ....eeiiiiiiiiiiiieiiiie ettt e ettt e e ettt e e eeetaeeeeeeavaeeeeeeaaseseaeeansseeaeeenssaesaeeensrenas 59
STRING=REVERSE StIIINE .....uvtiiiiiiiiiiee ettt e ettt e e e ettt e e e eetvaeee e e atseseaeeansseeaeeessaeeeeesnsrenas 58
STRING-SEARCH-CHAR char string (from)...........cccceeeeeeeiiiiiiiiieiee et ee e e e e e e e e eeeevaraneseee s 59
STRING-SEARCH Key String (fIrOIMN) ......ccccuiiiiieiiiiie et e eeeiie e eeeiae e e eeiateeeeeetreeeeeeeasaeeeeeenaraesaeennnrenas 59
STRING-SEARCH-NOT-CHAR char string (from) ...........ccccueiieeiiiiieeeeiiee et eeeveee e e e 59
STRING X ...utiieeeieiiieeeecct et eeeet e e e eectt e e e eee ittt e e e eeaaeeeaeeastasaeaeasssssaeeasssasaeaassssssaeaassssseaeanssssseeeassaseeeennsrenas 57
STRINGP AT ..oeeceitiieeeeeitieee ettt e e ettt eeee ettt e e e ettt e e eeeettaeeeaeeatseaeeeassaesaeeassssssaeaansseseaeeasssssaeeaassaseeeennsrenas 19
SU B ST X F Z ceeeeeeiiiiiiitieeee e e e e e eeeccctttt et e e e e e e e e esee it b baaaaeaeeaaaaaaeeasasssssasassaaaaasaassaasssssssssaasasasesassassssssssrareseeaes 41
SUBSTRING String (Start) (€11d) ........ceeeieeiieieeciiiieiieeee e ettt e e e e e e e e e e erertrrreeeeeeeeeeeesenasssasasaseaeens 58
STUB L X eeiiiiieitiiee ettt eeet et e eeete e e e e ettt e e e ettt e e e eeattaeeaeeattaeaeeeataesaeeattaaaaeeatataaeeaatbaaaeeaanbaeeaeaansraeaaeeanreeas 54
SYMBOL PIIAINE. ......citiiiiiiiiieieeicciititteeeeeeeeeeeeeeecttateeeeeeeeeaaaeasaesssssasssasaeasaassssssssssssssssasaseseessssssssssrssssseees 48
SYIMBOLP AT ......uiiiiieieiiiiee ettt e ettt e e e ettt e e e eebaeeeeeeaaeeaeeesssasaeeansssesaeeassssseaeansssssaeeassaeeeeeansrenas 19
TAB NL(SET@AIN) ...eeiiiiiiiiieeeciiieeeeecit e e ettt e e e eeteeeeeeatteeeeeestbaeeeeasssaeeeeasssaaeasansssasesaasssseeesessssseessasssseeessnnnes 82
TAIN X oiiittieeeeeectie e e e eeette e e e eetteeee e e bbeeeeeesesaeeeeassssaaaeeassssaeasaasssaeeasansssaeesaasssaeaesansssasesaasssseeessnsssseessassssneesannnes 55
TERMINAL-INPUT {VArIiQbLe} ......occooiiiiiiiiiiiie ettt e e e tte e e eevae e e e eettaeeaeearaseaeeennes 73
TERMINAL—OUTPUT {VAriable}.......ccuvviiiiiiiiiee ettt ettt e ettt e e e eevte e e e eevtaeeaeeavasaaeeeanes 73
TERPRI (SEF@AIMN).....cccciiiiiiiieieeee ettt e e e e e e e eeectttre e e e e eeeeeeeessssessbasaasaaaasasesssassssssssssssasasasesssnsssssrsses 82
THIRD X...veiiiiiiiiee ettt e ettt e e e et et e e e e tataeeeeetbaeaeeeattaaaaeeastasaaeeassaaaaeaasssssaeaeassssaseeasssseseasssssaaeaases 38
THROW taG . VAIUES ......euuiiiiiiiieiiie ettt e e e e e e eee ittt e e e e e e e e e e e e e atabaaaasasaaaeeeassassssssssssasasesassessnnsssrsens 32
TIME (FOTTI1) ..ottt et e ettt e e et e e e e e ettt e eeaaeeeeaeeeeaeeeeteeeeesseeensseeeenseeeenseseenseeeenseeeennees 109
TIIMES | @IS . eeiiiiiiiiiieeiiccittee et e e e e eeeect et e e e e e e e e e e ese e rabaasaaeaaaaeaeaasasessbasassassaaaesassasssssssssasasasssessasnssssrsees 53
O ettt e ettt e e e e et et e e e eeettaeee e e ttaeaeeeattaaaaeeattbeaeeaatbaaaeeaaatataeeeattaaaeeaanttaeeeeaanraeaaaans 102
TOPLEVEL ...ttt et e e e ettt e e e e et eeeeeeeabaaeeeeettaeaaeeasssasaeeeastaseaeeastasesesssseseaeannses 95
TOPLEVEL {VATIADLe} .......cuviiiiieiiieee ettt e ettt e e e eetta e e e e eeatteeaeeesaaaeaeeesaaseaessssasaaeeannes 95
TRACE {Macro} . fUNCIAMES.........ccoeeiiiiiiiiieeeeee e ettt e e e e e e e e e erettbaaaeeeeeeaeeeeesessssssssssssaseeeeesssssssssssnns 94
TRACE-WHEN {Macro} pred . fUNCNAMES ............ccoeciiiiiiiiieiee e cecciiireee e e e e e e e eeeeeitarrereeeeeseeessessnnssnens 94
TRANSLATE String table ......ccciiiiiiieciiieieeee ettt e e e e ettt e e e e e e e e e e e e e aetasraaaaaaeeesessessnnssenns 59
4 € ==V o) I U U U PP UUUPUROt 81
TYIPEEK (SEF@AIN) .......ueiiiiiiiiiiiiiee ettt e e e e e e eeettte et eeeeeeeeeessaesssasassassaaeesssssssssssssssssasasasesannnsssrssns 81
TYO Char (SEFEAIMN) .........eeiiiiiiiiiee e ettt e e e e e e eeee e e e e e e e e e e e e e et sessbasaasaaaaaeeesesssssssssssrssasasesessnnnsssrsnns 82
TYPECHECK {VATIADLE}.......cooiiiiiiiiiiiiiee ettt e e ettt e e e eettae e e e eeatteeaeeetaaaeaeeessesesesassssaaeennnes 87
UBVCHECK {VArIable] .......oviiiiiiiiiiiceiiiee ettt ettt e e ettte e e eeetaeeesesnttaeeesesssseeasennssseeseessssseessnnnes 87
UDFCHECK {VArIable] ....cccuiiiiiiiiiiiiiiieeete ettt ettt et e st e st e st essabte e sabteesabaeesaaaee s 88
UNBREAK . GIS ...ttt ettt et e e e e e e e e aaaaaeeeaeeeaeeeesasesstaaaaaasaaaeseassassssssssssasaaeassesssnnsssresns 91
UNTRACE {Macro} . fUNCNAIMIES .........c..uuviiiiiieieeeeeeeecceiiiittteeeeeeeeeeesieetttaasessseeseeessssssssssssssssseeseessssssssssses 94
UPPER-CASE {Variable] .......ccoooiuiiiiiiiiiee ettt e e eitt e e e e eette e e e eetvaaeaeeettasesessssaseeeeennes 59
USE—LOWER {VArIable} ........cccoiiiiiiiieiiiee ettt e e ettt e e e eeitae e e e eeattaeaeeeatsseeaeeessssesessssaseaeaanes 76
USE X ottt ettt et e e e ettt e e e e eetaae e e e eattaeaeeaataaaaeaaattttaaeaattaaaeeaatataeeeattaaaeeaattraeaeaaanraeaaaans 100
USEBQ {VATIADLE} ......ooiiiiiiiiiii ettt e ettt e ettt e e e e eeta e e e e eettaeaaeeeasaaeaeeeessaseaeeasssseaeesssaseaeaanses 84
USERID ...ttt ettt e ettt e e e et e e e e e e ta e e e e eeatbaseeeeassseaeeeassssaseaeasssssaeeanssaaseeasssseeeeassssnaeans 110
UTTILISP oottt e e ettt e e e e etta e e e e eeataaeeeeeaataaaeeeaasssaseeeassssaseeaassssseeeanssasseeanssseseeaassssnaeans 110
VECTOR-LENGTH VECEOT ......ccciiiiiiiiiieiiiiiteeeiiiteeeeeetieeeeesiveeeeeestseeeessssseeesasssssesssssssseessssssseeessssssssesans 63
VECTOR SiZ€ (fILLET) .....uvtiiiieeiiiiee ettt e ettt e e e ettt e e e esttaeeeeeatbeeeeesssaaeeeeasssaeeesassssaeeesssssseaeeasnsssnasans 63
VECGTORP GIg ....ovviiiieiiiiee ettt ettt e ettt e e e ettt eeeestae e e e e aaaeeeeessseaasassssseeesasssssseesassseeesassssaeessesnsssnanans 19
VERSION {VArIable} .......cociiiiiiiiiieiiiieeecciiteeeesttee e ettt e e e sttt e e e esvaeeesestaaeesessnssaasesssssssassassssseesssnssseens 109
VEREF VECLOT SUDSCIIPE ..ottt ee ettt eeeeeect vt eeeeeeeeeeeeetasrasaeaaeaaeeeeeeeesssssrsseeeseeaeeeennnns 63
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VSET vector SUDSCIIPE VAIUE ......cviiiiiiiii ittt e e e e e e e e brrrr e s e e e e e e e e e e e asssssssasasaaaseseanes 63
ettt ettt e ettt e e e ettt e e e ettt e e s ab bt e e e e bbbt e e s e bttt e e e e ab bt e e e e bbbt e e e e nbbteeeeearaeeeeean 102
XIOONS J X cuuvuriiririeeeeeeeeeesiee e etrateeteeeeaesassssnesssaaaaaeaeaeessasssssssssssssseeesessasssassssssssesseesssseesssssssssssssssseeesesennnns 37
Y DO ittt eie ettt ettt et et e e e e bbb et e ee e e e e e e e e e e e ahtbbtttaeaeeeeeeeea e abtbttaaaeaeeeeeeeeaaaaattbbtaaaaeeeens 105
ZERODP X oottt ettt ettt ettt e e e et e e sttt e e e et e e e e e e bte e e e e bt e e e e e bteeeeeebbteeeeeaabtaeeeennreaas 51
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INTRODUCTION

THE LANGUAGE

Prolog/KR is an interactive programming system designed to support programs manipulating
symbols and structures, especially Al (Artificial Intelligence) programs embedding knowledges
(including control knowledges); KR stands for Knowledge Representation. Prolog/KR is equipped
with some of the basic tools used in AI programs: backtracking, pattern matching, and database
manipulations. Moreover, manipulating structures in Prolog is much simpler than in Lisp. A
programmer can start at a point closer to the solution.

Prolog/KR accepts more than one assertion about one predicate. Each assertion is considered to
express some knowledge (possibly including control knowledge) about the predicate. At a certain
point of computation, when more than one assertion can be used, the system tries them one by one—if
some inconsistency arises later, the system backtracks to the last choice point and tries the next
assertion.

In representing knowledge, a procedural way and a declarative way are often distinguished. This
is however a matter of degree. In Prolog/KR, both ways can be used. Prolog/KR can be used as a
procedural language like Lisp by providing every control explicitly. In that case, no automatic
backtracking occurs, and thus every computation is deterministic. If no controls are provided, on the
other hand, automatic backtracking does its job, and the computation is non-deterministic. In usual
cases, programming is done in a mixture of these two extremes.

NOTATIONAL CONVENTIONS

Lowercase letters are usually converted into uppercase letters when read by the interpreter, i.e.,
there is no distinction between upper and lowercase letters. Nevertheless, they are distinguished in
this manual. Symbols which consist only of lowercase letters denote meta symbols, while those
consisting of uppercase letters denote the symbol themselves (they must be spelled as they appear in
this manual). Mixed-case indicates that the word may be abbreviated to only the uppercase letters.
For example, “PrettyPrint” may be spelled either “PP” or “PRETTYPRINT”.

Meanings and functions of system-defined predicates are explained in the following form:

<predicate name> <arguments>
........ <descriptions> ........

”»

<arguments> is shown as a sequence of Prolog/KR variables, possibly followed by “...” indicating
repetition of the preceding argument. Arguments are referred to by their names enclosed in “<” and

Ky s

>”1in <descriptions>. Three distinct prefixes are used for explanation:
* This argument may be used both for input and output.

< This argument must be an output variable. In other words, a variable which has no
value must be given as an argument to receive a value from the predicate.
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> This variable must be an input variable. Giving an unbound variable is erroneous.

Note: These conventions on variable prefix are used only in this manual. The system does not
distinguish those three kinds of variables.

The following examples illustrate the notational conventions.

FOO *el *e2
FOO takes two arguments. IfFOO is called with a wrong number of arguments, an error
is issued. Note that this rule is applicable only to the system-defined predicates. A
user-defined predicate “fail”’s when it is supplied with a wrong number of arguments.

BAR >el *e2
BAR also takes two arguments. <el> must be either a variable which already has some
value, or non-variable object. That is, <el> is an input argument which expects to

receive some value, rather than to return a value. <e2> may be anything, i.e., a variable or
an object. For example,

(BAR (A B) *X)

and

(BAR (A B) (C D))

are legal, while

(BAR *X *Y)
is erroneous.
Note: Although the current version of the interpreter treats “>” and “*” equally, users are
recommended to use “>” when the variable is supposed to be an input, to increase the
readability.
TOng [*el]
TONG takes zero or one argument. TONG may be abbreviated to TO.
POO [*el] ...
POO takes any number of arguments (possibly zero).

Z0O (*el *e2)

7Z00’s argument must be a list of two elements.
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OBJECTS

The syntax of Prolog/KR objects is described in this section. Unlike other Prolog systems,
Prolog/KR’s objects (including programs) are expressed as lists or atoms. Thus, every object except
variables follows Lisp(Utilisp)’s syntax.

Although Prolog/KR supports all the Utilisp data types as its objects, only the significant ones are
described in this section.

VARIABLE

“_»

Variables are atoms (cf. 2.2.) which begin either with “*” “>” or “<”, e.g.,

*X >X <Y * **THIS IS ALSO_A VARIABLE**

where *X and >X are different variables.

Three kinds of prefixes are provided solely for readability. The system does not distinguish those
three kinds of variables.

Unlike most of other programming languages, variables are not space holders. Instead, variables
are thought to be standing for some Prolog/KR objects. Variables are either undefined or standing for
some other objects. When a variable stands for an object, it is said to be “instantiated” and it is just as
though the object itself was there. Even if a variable is matched against another variable, they are
both considered to be uninstantiated and they will be instantiated to the same object at the same time
in the future.

VAR *variable

Succeeds if <variable> has not been instantiated yet. If <variable> has already been
instantiated or is not a variable at all, it fails.

PREFIX >string ...

Changes the variable prefix to one of <stringl>, <string2>, ... Only the first characters
in the strings are effective. For example,

(PREFIX "@@" "#*mn)

changes the variable prefix to one of “@” and “*”. The initial state of Prolog/KR is

(PREFIX "*n n>un ngun)

There is another kind of variable called an anonymous variable, which is just like a variable except
that it has noidentity. An anonymous variable is written as

?

and each occurrence of an anonymous variable stands for a different object. For example,
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(= (2 ?) (A B))

succeeds, while

(= (* *) (A B))
fails.

The anonymous variables are to be used where there is no interest about the object. For example,

(ASSERT (CAR (*CARPART . ?) *CARPART))

CAR is a predicate to return the first element of a list. Since there is no interest about the rest of the
list, “?” is used.

ATOM

An atom is either a symbol, a number, or a string. Among these, only symbols can be used as
predicate names.

A symbol consists of a sequence of characters except special characters. The following special
characters may be used in a symbol provided that it is preceded by “/”. Here is a summary of meanings
of the special characters:

delimiter (blank)

beginning of a list

end of a list

super left parenthesis

super right parenthesis

; beginning of a comment (until the end of the line)
/ escape character

" beginning and end of a string

quoter of a pattern

Examples of symbols are:

THESE ARE SYMBOLS. A.B 1+ /(a/)

Examples of numbers are:

12345 3.14159 1.0E-5 -0

Examples of strings are:

"123" “Strings must be surrounded by "".®

ATOM is specified in the form
ATOM >x

ATOM succeeds if <x> is an atom; otherwise, it fails.
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LIST

Programs and structured data are expressed in lists. A list is a sequence of objects (including lists)
enclosed in parentheses. Dotted notation is used to express the rest of a list. For example, “(A . *X)”
matches any list which begins with “A”. See the next section about the usage of the dotted notations in
pattern matchings. Examples oflists are:

(ASSERT (HUMAN TURING))
(LISTS MAY CONTAIN *VAR 123 "string" ...)
(THIS IS A DOTTED . PAIR)

PROGRAM

A Prolog/KR program consists of predicate calls and predicate definitions and both are expressed in
lists. A predicate definition consists of one or more assertions. One chunk of knowledge is called an
assertion and is added to the system using ASSERT:

(ASSERT (FALLIBLE *X) (HUMAN *X))

This assertion means:

*X is FALLIBLE if *X is HUMAN.

Procedurally, it is equivalent to:

To execute (FALLIBLE *X), execute (HUMAN *X).

The above an example of a predicate call (as well as an assertion) whose predicate name is ASSERT and
whose arguments are (FALLIBLE *X) and (HUMAN *X).

When an assertion is added to the system, it is merged into a proper position in the corresponding
definition. Details are given in the section Defining and Modifying Predicates.
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PATTERN MATCHING

Pattern matching (usually called “unification” in Prolog) is the basic mechanism of calling
predicates in Prolog. Variables may occur anywhere in the caller and the callee, and there is no
distinction between their roles. Variables may match any Prolog/KR objects including other variables
or lists which have variables as their elements.

Since variables may be instantiated to an object which contains variables, it is possible to define a
value partially and postpone defining the rest until further computation determines it. One of the
most significant examples to demonstrate this feature is APPEND which appends two lists:

(ASSERT (APPEND () *ANY *ANY))

(ASSERT (APPEND (*CAR . *CDR) *ANY (*CAR . *REST))
(APPEND *CDR *ANY *REST))

Under the above definition (see the section Defining and Modifying Predicates to understand what the
above means), a predicate call,

(APPEND (A B) (C D) *X)

proceeds as follows:

(APPEND (A . (B)) (C D) (A . *REST 0001))

where *REST_0001 is determined by (APPEND (B) (C D) *REST_0001)

(APPEND (B . ()) (C D) (B . *REST 0002))

where *REST_0002 is determined by (APPEND () (C D) *REST_0002)

(APPEND () (C D) (C D))
The result of APPEND is first (A . *REST_0001); then (A B . *REST_0002); and finally (A B C D).

Note that in the above example, dotted notations play important roles. In the pattern “(*CAR .
*CDR)”, it is used to decompose a list into its so-called car part and so-called cdr part. In the pattern
“**CAR . *REST)”, on the other hand, it is used to do the reverse, that is, to compose a list from *CAR
and *REST. Note that *REST was not defined at the time of the composition. Note also that if
APPEND is reversed to (APPEND *X (C D) (A B C D)), the roles of the patterns also are reversed.

MATCH *x *y

=¥y *y

Tests if <x> and <y> can be matched. Ifthe matching succeeds, variables in <x> and <y>
are instantiated accordingly. Otherwise, MATCH (or =) fails.

CAUTION: If you execute (MATCH *X (F *X)), it succeeds and results in instantiating *X
to(F(FF(F.....

EQ>x>y
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Tests if <x> and <y> are the same objects (in the sense of Lisp’s EQ). It does not suffice
that they are the same patterns. For example:

(EQ A A) succeeds
(EQ (A B C) (ABC)) fails
(AND (= *X A) (EQ *X A)) succeeds
(EQ *X A) fails

EXTENDED FEATURES

Quoting Patterns

Sometimes it is desired that a certain pattern not match any variables.? The pattern should be
preceded by a “” for that purpose. The quoted pattern will only match patterns which are equivalent.
For example,

(= 'A *X) fails
= 'A A) succeeds
= A *X) succeeds
= '"(ABC) '"(ABOC)) succeeds
= '(ABC) (AB *X)) fails
= '*X *X) succeeds
= '*X *ELSE) fails
(MEMBER A (*X B C)) succeeds
(MEMBER 'A (*X B C)) fails

Quote can be used as a escape character of an atom which incidentally begins with one of the variable
prefixes.
Note: predicates *, >, >=, <, and <= should be used without the quote:

(* 512 256 *X)
(> *X *Y)

For example, a negative information is expressed with FAIL:

(ASSERT (CAN PENGUIN WALK))
(ASSERT (CAN PENGUIN FLY) (FAIL))
(ASSERT (CAN HAWK FLY))

so that (CAN PENGUIN FLY) fails. But if you leave these assertions as they are,
even

(CAN *X FLY)

which is supposed to be a query to search for a flying object, fails before reaching
HAWK. To avoid this phenomenon, the previous assertion must be changed to:

(ASSERT (CAN 'PENGUIN 'FLY) (FALSE))

so that (CAN *X FLY) does not match (CAN 'PENGUIN 'FLY) but (CAN HAWK FLY).
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Executing Predicates within a Pattern

A list which begins with “!” is executed during the pattern matching unless the pattern is inside
another pattern which matched a variable. A variable with no names, usually “*”, in the rest of the
pattern is first instantiated to the target of the pattern matching, and then the pattern is executed.
For example, a pattern

(! MEMBER * (FOO BAR))

matches either FOO or BAR, for
(MEMBER * (FOO BAR))
is executed with * instantiated to the target of the matching.
Using this feature, a pattern which matches only a pattern whose first element is a variable may be
expressed as:
((1 VAR *) . *ANY)
Only the first prefix defined by PREFIX (the default is “*”) is considered to be the variable to get the
value, i.e., the target of the pattern matching. Thus after executing (PREFIX “@” “#”), “@” is the
variable to be instantiated.
Note that no backtracking occurs after finishing the execution. Therefore,
(AND (= (! MEMBER * (FOO BAR)) *X)
(= *X BAR))

fails, for * (and thus *X) is bound to FOO once and for all.

Note: Variables instantiated during the execution of the pattern may be unbound on exit.
Particularly, the value of “*” is, due to the obvious reason, local to the pattern, and hence invisible from
outside. For the value of “*” to be exported, it must be copied to another variable, e.g.,

(! AND (VAR *) (= * *THE-VARIABLE))

Executable patterns can also be used to simulate “functions”. For example, a function FACT
(factorial) is defined as:

(ASSERT (FACT *N
(! COND ((= *N 0) (= * 1))
( (TRUE)
(TIMES *N (! FACT (! SUB1l *N *) *) *]

Note the nesting of executable patterns. To show the correspondence between “!I”’s and “*”s, a suffixed
version (although it is not allowed) of the same example follows:
(ASSERT (FACT *N
(la COND ((= *N 0) (= *a 1))

( (TRUE)
(TIMES *N (lb FACT (!c SUBl1 *N *c) *b) *a]

Suppose FACT is called by
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(FACT 5 *F)

the following process takes place:

(1) *N=3

(2) *g = *F

3) (TIMES 3 ('b FACT (¢ SUB1 *N *¢) *b) *F') is executed
4) (FACT (¢ SUB1 3 *¢) *b) is executed

5) (SUBL1 3 *¢) is executed

(6) *c=2

(7

€)] *b = factorial(2) = 2
9) *F=6

For more convincing usage of the executable pattern, see the description of SELECT.

Notes on “” and “!”: ' and ! are something like Lisp’s QUOTE and EVAL. ' prevents ! from being
executed.

(ASSERT (P (! ADD1 1 *)))

asserts

(P 2)

To prevent ! from being executed at the time of the assertion, it must be quoted as:

(ASSERT (P '(! ADD1 1 *)))

Similarly,

(ASSERT (P 'A))

is asserted as:

(P A)

rather than:

(P 'a)

To assert the latter, ' must be doubled:

(ASSERT (P ''A))
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INTERPRETER

TOP LEVEL LOOP

At the top level of the Prolog/KR system, the interpreter is waiting for the user’s input. If a list is
typed in, it is interpreted (executed) and, usually, the list is echoed back with variables instantiated
according to the result of the execution. For example, suppose

(PLUS 1 2 *)

is typed in, then

(PLUS 1 2 3)

is printed back by the interpreter. Ifthe execution has failed, “NIL” is printed instead. For example,

(PLUS 1 2 5)

results in

NIL

Since all inputs are executed, even the definitions of predicates must be provided in the form of
predicate calls (see the section Defining and Modifying Predicates). For example, FACT may be
defined as:

(ASSERT (FACT 0 1))

(ASSERT (FACT *N *F)
(SUB1 *N *N1) (FACT *N1 *F1)
(TIMES *N *F1 *F))

In this case, the interpreter acknowledges simply with “ASSERTED” instead of printing the whole
assertion back.

For typing conventions, extra right parentheses are ignored. Super parentheses “[” and “]” are also
available:
(PRINT (A (B]
(PRINT [A (B])

The predicates are as follows:
LAST-INPUT *FORM
Returns the last input. LAST-INPUT is defined in the same form as user-defined
predicates so that it can be edited and re-executed. Note that the execution must be done

in the editor, since once you get out of the editor, the last input becomes “(EDIT
LAST-INPUT)”.
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LAST-RESULT *RESULT

Returns the last result typed out by the interpreter. To see the detail of the result which
had been abbreviated to “?”, type:

(GRIND (! LAST-RESULT *))
Of course, this does not change LAST-RESULT.
TOP
Transfers the control to the top-level loop.
PROLOG

Initiates the top-level loop. Unlike TOP, which transfers the control to the top level of
the current loop, PROLOG initiates a new loop, nested inside the old one.

EPILOG

Exits from a loop initiated by PROLOG and returns to the previous status.

Executing the OS Command

If a line begins with a symbol, not a list, the line is regarded as an OS command. Any OS command,
except command procedures and safe commands, can be called. For example,

:LIST FOO.VDATA (BAR)

lists the contents of FOO.VDATA(BAR). “.”inthe above example is a prompt of the top level.

Pressing the break key stops the execution of the OS command; the control returns to the top level of
Prolog/KR.

ERROR HANDLING

In the case of errors, the interpreter automatically enters the stepper, where the status of the
execution can be examined. Q command or “(TOP)” transfers the control to the top level.

The standard behavior on an error, described above, can be changed by defining a predicate ERROR,
which is called on error.

ERROR >message >object

STANDARD-ERROR-HANDLER >message >object

Prints <message> followed by <object>, where <message> is a string and <object> is a
Prolog/KR object.

The behavior of the error handler can be defined for each specific error. Since the first
argument of ERROR is a message (string), the type of the error can be detected by the
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argument. For example,

(ASSERT (ERROR *MES *OBJ)
(SELECT *MES
("UNDEFINED PREDICATE" (FALSE))
( eeenn )
(? (STANDARD-ERROR-HANDLER *MES *OBJ)))

Here is a list of messages of errors:

"INVALID ARGUMENT TO predicate-name"
"INVARID ARGUMENT LENGTH TO predicate-name"
"ILLEGAL FORM"

"UNDEFINED PREDICATE"

"UNDEFINED VARIABLE"

"ILLEGAL PATTERN"

"NO MORE DATA AREA"

"NO CATCHING STRUCTURE"

ATTENTION HANDLING

To abort the execution of a program, press the break key on the terminal; the interpreter then enters
the stepper, where some commands are accepted. To resume execution, issue a command “F”,
meaning “finish the execution”. However, to continue exactly from the place of the break is almost
hopeless. The very predicate which was about to be called at the time of the break may not be
completed properly. If the break key is pressed inside the editor, on the other hand, the control is
transferred to the top level (command interpreter) of the editor.

The standard behavior described above can be changed by defining a predicate ATTENTION, which
is called when the break key is pressed. The execution suspended by the break is resumed after
executing the body of ATTENTION. Again, the very predicate which was about to be called at the
time of the break may not be completed properly.

ATTENTION
STANDARD-ATTENTION-HANDLER

Enters the stepper.
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DEFINING AND MODIFYING PREDICATES

The following predicates are available:
ASsert (>predicate-name . >args) [>predicate-call] ...

Adds the assertion to the corresponding definition. Since there may be more than one
assertion for one predicate, the word “definition” is used to denote the entire collection of
assertions about the predicate. For example,

(ASSERT (FALLIBLE *X) (HUMAN *X))

ASSERT merges the assertion into a proper (but system-defined) position in the
definition. The position is decided so that special cases appear earlier than more general
ones. Ifthe automatic ordering is not desired, use ASSERTA, ASSERTZ, or EDIT.

Note: When you make assertions on system-defined predicates, they hide the system’s
definitions until the assertions are RETRACTed.

AssertA (>predicate-name . >args) [>predicate-call] ...

Just like ASSERT except that it adds the assertion at the top of the corresponding
definition.

AssertZ (>predicate-name . >args) [>predicate-call] ...

Just like ASSERT except that it adds the assertion at the end of the corresponding
definition.

RETRACT >pat
If <pat>is a symbol, all the assertions about <pat> are retracted.

If <pat> is a list, the first assertion whose heading matches the pattern is retracted.
Note that (FOO BAR) matches (FOO *X). Therefore,

(RETRACT (FOO BAR))
may retract an assertion which begins with (FOO *X). To avoid that case, quote the
pattern as:

(RETRACT (FOO 'BAR))

or
(RETRACT ' (FOO BAR))
Usually, the definitions of predicates are added using ASSERTSs. But sometimes it is more
convenient to override the previous definitions. In particular, when definitions are loaded from a file,

it is rarely intended that loading from the same file twice should amount to double the definitions.
The latest loading should override the previous ones.
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DEFINE >name [>definition-list] ...
Changes the definition of <name> to <definition-list>s.
The previous definition of <name> is overridden by the new one.

<definition-list> is to be given in the following form:

(<arguments> . <body-list>)

For example,
(DEFINE MEMBER ((*X (*X . *L)))
((*X (*Y . *L)) (MEMBER *X *L)))
is equivalent to:

(RETRACT MEMBER)
(ASSERT (MEMBER *X (*X . *L)))
(ASSERT (MEMBER *X (*Y . *L)) (MEMBER *X *L))

Note: (DEFINE name) is equivalent to (RETRACT name).

Calling a predicate which lacks definition is an error. Hence, it is sometimes useful to

define a predicate which always fails. As a special usage of DEFINE,

(DEFINE name NIL)

is allowed to define such a predicate. Of course, the same effect is produced by:

(DEFINE name (() (FALSE)))

SET >name >value ...

Sets the definition of <name> so that a predicate call (name *X) returns <value>.

example,

(SET X 1)

is equivalent to

(DEFINE X ((1)))

or

(RETRACT X)
(ASSERT (X 1))

DEFINITION >name *definition

Retrieves the definition of <name>. For example,
(DEFINE FALLIBLE ((*X) (HUMAN *X))

((*X) (GOD *X)))
(DEFINITION FALLIBLE *DEF)
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sets *DEF to (((*X) (HUMAN *X)) ((*X) (GOD *X))).

For example, ASSERTA can be defined as:

(ASSERT (ASSERTA (*PRED . *ARGS) . *BODY)
(DEFINITION *PRED *DEFS)
(DEFINE *PRED
((*ARGS . *BODY) . *DEFS)))

LISting >name...

Prints the definition of <name> as (ASSERT ... )... Notes on the definition form:
Definition of a predicate appears in different forms in ASSERT(A/Z), DEFINE,
DEFINITION, and WITH. Internally, it is stored in the form of DEFINE:

((<headerl> . <body-listl>)
(<header2> . <body-list2>) ... )
For example, 'append'is stored as:
((CO *xX *X))
(((*A . *X) *Y (*A . *Z))
(APPEND *X *Y *Z)))
If we call it “definition-body”, each form is expressed as:
(DEFINE <name> . <definition-body>)

(DEFINITION <name> <definition-body>)
(WITH ((<name> . <definition-body>) ... ) ... )
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CONTROLS

Although Prolog/KR’s default control strategy is the depth first trial with backtracking, users can
control the execution using control predicates provided by the system. Control predicates with no
backtracking are called deterministic control predicates. If all the controls are provided using
deterministic control predicates, the system runs without any backtrackings—Ilike Lisp.

SUCCESS AND FAILURE

Prolog’s control depends on “success” and “failure”. A predicate call succeeds if and only if the
following conditions are all satisfied:

(1) There exists a definition (either system-defined or user-defined) for the predicate.
Otherwise, it is an error.

(2)  The pattern of the caller matches the pattern of the callee. If they do not match, the
behavior is determined by whether the callee is system-defined or not: if the callee is
system-defined, it is an error; otherwise, it is a failure.

(3) If the callee is the user-defined predicate, all the predicate calls in the body of the callee
succeed. Ifitisasystem-defined predicate, the behavior is described in this manual.

On failure, the system backtracks and tries alternatives if any (deterministic control predicates leave
no alternatives). Ifthere are no alternatives, the entire execution fails.

FALSE

Always fails and triggers backtracking. For example,

(AND (MEMBER *X (A B C))
(PRINT *X)
(FALSE) )

produces a result:

A
B
C
NIL

where “NIL” indicates the failure of AND.
FAIL

Causes a failure of the caller of the predicate which contains FAIL in its body. FAIL is to
be used to express a negative information. In other words, if FAIL is encountered while

executing a body of a predicate P, then P must be false. For example, NOT may be
defined as:

(ASSERT (NOT *PRED) *PRED (FAIL))
(ASSERT (NOT ?))
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NOT >predicate
Inverts the success and failure of <predicate>. Therefore, NOT succeeds when
<predicate> fails and fails when <predicate> succeeds. Note that NOT does not
instantiate any variable because at least one failure occurs whether in <predicate> or at
NOT itself.
NOT is to be used only to test rather to return some result.
(NOT (P *X))
means
For all, *X (P *X) is false.
rather than
Exists *X such that (P *X) is false.
Therefore, for example,
(NOT (= *X A))
fails while
(AND (= *X B) (NOT (= *X a)))
succeeds.
TRUE

Immediately succeeds, but only once—TRUE does not succeed in the case of
backtracking. Therefore, TRUE and FALSE cannot be used to construct a loop:

(AND (TRUE) (PRINT DOING) (FALSE))

is executed only once.

ONBT >predicate-call
Does nothing during the forward execution. When backtracking propagates up to
ONBT, on the other hand, <predicate-call> is executed; backtracking continues

regardless of the result.

Note that (ONBT (TRUE)) has no effect at all because it does nothing even in the case of
backtracking.

CUT

Throws backtracking alternatives away up to a certain point (up to the caller of the
predicate which contains CUT in its body).

Note: It is suggested by the implementor that this predicate not be used. CUT is
provided only for compatibility with other Prolog systems.
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NON-DETERMINISTIC CONTROLS

Since non-deterministic (this word is used as a synonym of “with backtracking” in this manual)
control is the default strategy used in Prolog, all the control predicates described in this section may be
eliminated by defining extra predicates. Nevertheless, they are provided for the sake of simplicity and
efficiency.

AND [>predicate-call] ...

Executes <predicate-call>s from left to right with backtracking in case of failures until all
of them (and the rest of the execution) succeed. This is also the default mode of executing
abody of a predicate. Thus the following two assertions have exactly the same meaning.

(ASSERT (INTERSECT *X *Y *E)

(MEMBER *E *X) (MEMBER *E *Y))
(ASSERT (INTERSECT *X *Y *E)

(AND (MEMBER *E *X) (MEMBER *E *Y)))

In the above example, INTERSECT returns elements of the intersection of X and Y one by
one until INTERSECT finally fails. For example,

(AND (INTERSECT (A B C) (B C D) *E)

(PRINT *E)
(FALSE) )
results in
B
c

Note that “(AND)” immediately succeeds.
OR [>predicate-call] ...

Executes <predicate-call>s from left to right until one of them succeeds. In case of later
backtracking, the alternatives of the <predicate-call> which succeeded most recently are
tried. If they all fail, the next <predicate-call>, if any, is tried. If no <predicate-call>
remains, OR fails.

OR can be eliminated by providing an extra predicate. For example,

(ASSERT (P *X) (OR (Q *X) (R *X)))

is equivalent to:

(ASSERT (P *X) (Q-OR-R *X))
(ASSERT (Q-OR-R *X) (Q *X))
(ASSERT (Q-OR-R *X) (R *X))

Note that “(OR)” fails.
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DETERMINISTIC CONTROLS

Control predicates described in this section somewhat limit the scope of backtracking.
IF >predicate-call >then-part [>else-part]

If <predicate-call> succeeds, <then-part> is executed. Otherwise, <else-part> is
executed; if <else-part> is omitted, (TRUE) is assumed and IF succeeds. Once
<predicate> succeeds, it will not be backtracked later, and <else-part> will not be
executed. For example,

(ASSERT (MAX *X *Y *M)
(IF (> *X *Y) (= *M *X) (= *M *Y)))
is equivalent to:
(ASSERT (MAX *X *Y *X) (> *X *Y))
(ASSERT (MAX *X *Y *Y) (<= *X *Y))
Note that the above example is not equivalent to:
(ASSERT (MAX *X *Y *X) (> *X *Y))

(ASSERT (MAX *X *Y *Y))

DO [>predicate-call] ...

Executes <predicate-call>s regardless of their success or failure. In other words,
arguments of DO are executed one by one and failing to execute one of them does not
cause backtracking; the execution proceeds to the next one. For example, the result of
(DO (MEMBER *X (1 2 3))
(PRINT *X)

(FALSE)
(PRINT NEXT))

is

1
NEXT
(DO (MEMBER *X ?) (PRINT ?) ? . ?)

DAND [>predicate-call] ...

Executes <predicate-call>s one by one until all of them succeed. If one of them fails,
DAND fails without backtracking. For example,

(DAND (OR (PRINT A) (PRINT B)) (FALSE))

fails after printing only A.

(DAND p q r)

is equivalent to:

(IF p (IF q (IF r (TRUE) (FALSE)) (FALSE)) (FALSE))
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DOR [>predicate-call] ...
Executes <predicate-call>s one by one until one of them succeeds. No alternatives are
tried on later backtracking; DOR fails then. For example,

(DOR a b ¢)

is equivalent to:

(IF a (TRUE)
(IF b (TRUE)
(IF ¢ (TRUE) (FALSE))))

COND [(>predicate . >body)] ...

Tries <predicate>s from left to right until one of them succeeds, and then the
corresponding <body> is executed. Although backtracking may occur during the
execution of <body>, it does not propagate to <predicate> or other alternatives; if <body>
fails, COND fails. Once <body> succeeds COND succeeds and no more alternatives are
tried on later backtracking. For example,

(COND ((AND (PRINT A) (FALSE)) (PRINT FIRST-CHOICE))

((PRINT B) (PRINT SECOND-CHOICE) (FALSE))
( (PRINT THIS-WONT-BE-EXECUTED)))

results in

A

B
SECOND-CHOICE
NIL

RETURN [>predicate-call] ...

Fixes the choice of the alternatives of predicate to <predicate-call>s. This predicate is to
be used to simulate a kind of macro. For example:
(ASSERT (>= *X *Y)
(RETURN (OR (> *X *Y) (= *X *Y))))
is used to achieve equivalence between

(AND ... (>= *X *Y) ...)

and
(AND ... (OR (> *X *Y) (= *X *Y)) ...)

regarding backtracking. Even though there may be another assertion about >=, no
alternatives on >= are tried in case of backtracking.

A more convincing but more complex example is defining DOR using RETURN (the
semantics of DOR has been given earlier in this section):

(ASSERT (DOR *P . *REST)
*Pp
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(RETURN) )
(ASSERT (DOR *P . *REST) (RETURN (DOR . *REST)))
(ASSERT (DOR) (RETURN (FALSE)))

The second and the third RETURN are redundant in this example. A pattern which
matches the second assertion never matches the third one. RETURN executed in the
last alternative has no effect.

Note: Do not use RETURN or FAIL in RETURN as:

(RETURN (PRINT RETURNING-TWICE) (RETURN ...))

It may return or fail too many levels.
SELECT *pattern (¥*patternl . >body1) ...

Tries to match <pattern> to <patternl>, <pattern2>, etc., until one of them can be
matched. Like COND, no alternative patterns are searched on backtracking. A
pattern corresponding to “(TRUE)” in COND is, of course, “?”. For example, a
deterministic version of APPEND can be defined as:

(ASSERT (APPEND . *A)
(SELECT *A
((() *X *X))
(((*B . *X) *Y (*B . *27))
(APPEND *X *Y *2Z))))

In another example, branching on the input can be expressed as:

(AND (READ *INPUT)
(SELECT *INPUT
(YES (DO-YES))
(NO (DO-NO))
(? (HESITATE))))

Note that “?” matches anything.

If some of the branches are the same, an executable pattern is convenient to use:

(SELECT *INPUT
((! MEMBER * (YES Y)) (DOING YES))
((! MEMBER * (NO N)) (DOING NO))
(? (HESITATE)))

rather than:

(SELECT *INPUT
(YES (DOING YES))
(Y (DOING YES))
(NO (DOING NO))
(N (DOING NO))
(? (HESITATE)))
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REPETITION

FOR-ALL >predicate-call >body ...

Tries <body>s for each alternative of <predicate-call>. FOR-ALL succeeds if, and only
if,

<predicate-call> logically implies <body>s.

In other words, FOR-ALL tests whether all solutions of <predicate-call> also satisfy
<body>. No variables are instantiated inside FOR-ALL. For example:
(AND (FOR-ALL (MEMBER *X (A B C)) (PRINT *X))
(VAR *X))

succeeds after printing:

Quw»

Note that (VAR *X) succeeds, because *X is left uninstantiated.

When <body>s fail, FOR-ALL immediately fails without trying the next alternative of
<predicate>. Forexample,

(FOR-ALL (MEMBER *X (A B C)) (PRINT *X) (FALSE))

results in

A
NIL

CANDIDATES *variable >predicate-call ...

Instantiates <variable> to a list of all the values of <variable> which satisfy
<predicate-call>s. <variable> must be an uninstantiated variable on entrance. For
example, provided that EVEN-NUMBER succeeds only when its argument is an even
number,

(CANDIDATES *X (MEMBER *X 1 2 3 4 5)
(EVEN-NUMBER *X))

sets *X to (2 4). In another example, INTERSECTION and UNION may be defined as
follows:

(ASSERT (INTERSECTION *X *Y *RESULT)
(CANDIDATES *RESULT
(MEMBER *RESULT *X)
(MEMBER *RESULT *Y)))
(ASSERT (UNION *X *Y *RESULT)
(CANDIDATES *RESULT
(OR (MEMBER *RESULT *X)
(MEMBER *RESULT *Y))))
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Note that INTERSECTION (A B) (B C) (B)) fails under the above definition, because, for
example, (MEMBER (B) (A B)) fails. CANDIDATES must be used to produce a result,
not to test the result.

ACCUMULATE *structure >predicate *variable

Instantiates <variable> to a list of <structure>, the value of which is determined by each
alternative of <predicate>. ACCUMULATE is a generalized version of CANDIDATES.
In fact, CANDIDATES can be defined as:

(ASSERT (CANDIDATES *X *P)
(ACCUMULATE *X *P *X))

For example, here is a new definition of INTERSECTION according to which
(INTERSECTION (A B) (B C) (B)) succeeds.

(ASSERT (INTERSECTION *X *Y *RESULT)
(ACCUMULATE *TEMP
(AND (MEMBER *TEMP *X)
(MEMBER *TEMP *Y))
*RESULT) )

Note: On the current implementation, some predicates cannot be used inside the
predicates described so far in this section. They are NOT, DOR, COND, POR, RECORD,
and ERASE. This ruleis not applicable to the following predicates.

LOOP [predicate-call] ...

EXIT

Repeats <predicate-call>s until EXIT is executed. “while-do” and “repeat-until” are
considered to be special cases of LOOP. For example:

(ASSERT (WHILE-DO *P *BODY)

(LOOP (IF *P (TRUE) (EXIT)) *BODY))
(ASSERT (REPEAT-UNTIL *BODY *P)

(LOOP *BODY (IF *P (EXIT))))

Exits from the innermost LOOP.

PSEUDO-PARALLELISM

A limited version of pseudo-parallel computation is supported in current implementation.

POR >predicate-call ...

Executes <predicate-call>s in a pseudo parallel mode. Usually, each <predicate-call> is
executed one step (one predicate invocation) and then another one is executed. As the
name suggests, there is no interaction between <predicate-call>s. They are executed
independently even if they share the same variables; those variables are to be thought of
as different ones.

When one of the <predicate-call>s succeeds, POR succeeds once and for all. No
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alternatives are tried on later backtracking.

If a control predicate (except AND, OR, and NOT), RECORDED, or ERASE is called
within POR, the call is completed before other <predicate-call>s are executed. For
example,

(AND (POR (AND (PRINT A) (PRINT B))
(OR (PRINT OR-1) (PRINT OR-2))

(PRINT C))
(FALSE) )
results in
A
OR-1
NIL

Note that the same rule is applied when POR is called within POR.

NON-LOCAL EXIT

CATCH >predicate-call

Executes <predicate-call>. If THROW is executed during the execution of
<predicate-call>, the control may return to CATCH if the following conditions are
satisfied:

(1)  <predicate-call> matches the argument of the THROW.
(2)  The CATCH is the innermost one which satisfies 1).

In this case, variables in <predicate-call> are instantiated through the pattern matching.

If <predicate-call> terminates normally, either with success or failure, CATCH
terminates with the result.

THROW >pattern

Transfers the control up to the innermost CATCH whose argument matches <pattern>.
For example, here is a definition of DOR using CATCH and THROW.

(ASSERT (DOR . *X)

(CATCH (FOR-ALL (MEMBER *PRED *X)
(IF *PRED (THROW (FOR-ALL . ?)))))

CO-ROUTINE

In Prolog/KR, co-routines are divided into a producer and a consumer. A producer is a normal
Prolog/KR predicate which is supposed to succeed with more than one result. For example,

(MEMBER *X (A B C))

can be used as a producer which returns *X=A, *X=B, and *X=C. A consumer, on the other hand, does
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special things: initiates the producer and then gets results from it.
INITIATE >predicate-call *name

Creates a producer with <predicate-call> and names the producer uniquely. The unique
name is returned to <name>. For example:

INITIATE (MEMBER *X (A B C)) *M)

NEXT >producer . >pattern

Gets one result from <producer>. To be more precise, the producer is forced to backtrack
to another result, the pattern which was given as the first argument of INITIATE is
instantiated with the result, and finally the pattern is matched with <pattern>.

NEXT does not produce another result on backtracking; it fails instead. The fact that
the producer is called is not undone on backtracking either. Therefore, if the same
NEXT is entered more than once (after failing once or more), it produces the next result.
For example, the producer which was initiated by:

(INITIATE (MEMBER *X (A B C)) *M)

can be called by:

(NEXT *M *Y (A B C))

or

(NEXT *M *Y ?)
In both cases, *Y is instantiated to A on the first call; to B on the second call, and so on.

As you can see by the example, the last argument of NEXT, “(A B C)”, is not necessary for
normal uses. Hence, for the convenience of the programmer, <pattern> may be shorter
than the actual pattern. In that case, the rest of the pattern of the producer is ignored.
The previous producer can thus be called also by:

(NEXT *M *Y)

150 Prolog/KR: Controls



MTS 22: UTILISP in MTS

May 1988

DATABASE FACILITIES

In Prolog, predicate definitions can be regarded as a collection of assertions to a database.
Prolog/KR supports facilities to construct a kind of a hierarchical database.

INTERNAL DATABASE

Prolog/KR provides an indexed internal database which is completely separated from predicate
definitions.

Since the internal database is indexed by its contents (only by symbols and numbers), it guarantees
quick retrieval of the contents. This is the main difference from the top-level database which consists
of predicate definitions; the top-level database is indexed only by predicate names.

RECORD >pattern

Adds <pattern> into the internal database. <pattern> must be a list whose first element
is a symbol (other elements may be any objects including variables).

IMPORTANT: The effect of RECORD is undone in case of backtracking.
RECORDED >pattern

Retrieves one element in the internal database which matches <pattern>. In case of
backtracking, the next one is retrieved. The order of the retrieval is undefined.

RECORDING >pattern >daemon

Creates a daemon which is activated when something which matches <pattern> is
RECORDed. The daemon vanishes after one activation. For example,

(RECORDING (HUMAN TURING)
(PRINC "Turing is a human.")
(TERPRI)
(RECORD (FALLIBLE TURING)))
(RECORDING (FALLIBLE TURING)
(PRINC "Turing is fallible."))
(RECORD (HUMAN TURING))

resultsin

Turing is a human.
Turing is fallible.

If there already exists a datum which matches <pattern>, the daemon is immediately
activated.

ERASE >pattern
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Erases one datum which matches <pattern>. Another one will be erased in case of
backtracking.

WORLDS

Prolog/KR consists of at least two partitions of definition spaces; one of them consists of
system-defined predicates and the other is the default space for the wusers (called
STANDARD-WORLD). A wuser can construct more worlds explicitly or implicitly. Predicates
defined within other worlds, except parent worlds, cannot be called directly. They must be called as:

(WITH name-of-the-world (predicate .... ))

The following picture gives a rough idea of relations between worlds.

A world can be created explicitly (CREATE-WORLD) or implicitly (WITH), referred to (WITH), saved
(DUMP), loaded from a file (LOAD-WORLD) and destroyed (ERASE-WORLD). Suppose, for
example, worlds A and B contain the following definitions:

A contains definitions of PA1, PA2
B contains definitions of PB1, PB2

And suppose that the current world is A, then PA1 and PA2 can be called directly, but PB1 and PB2
must be called as follows:

(WITH B (PB1 ... ))
(WITH B (PB2 ... ) (PAl ...))

Note that PA1 is visible even when the world B is opened. In other words, an inner world inherits
predicate definitions from outer worlds. The inheritance is dynamically determined unlike other
programming languages or knowledge representation systems.

WITH >world [>body] ...

If <world> is a name of a world (i.e., a symbol), WITH executes <body>s within the world.
If the name of the world is a new one, a new world is created.

If <world> is a list of predicate definitions, those definitions become visible only while
<body>s are being executed. Once the system exits from the world, those definitions are

not only invisible but also destroyed.

Predicate definitions given outside of WITH are effective only if they are not overridden
by <world>.

Here is an example in which WITH is used to simulate global variables:
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(WITH ((X) (Y ((1))))

(SET X A) ; sets the value of X to A

(X *X) ; *X becomes A
(Y *Y) ; *Y becomes 1

L)
CREATE-WORLD >name [>predicate-definition] ...

Creates a new world called <name>, which initially contains predicate definitions given
by<predicate-definition>s. For example,

(CREATE-WORLD PP
(PRIN1 ((*OBJ) (PRINC *OBJ)))
(PRINT ((*OBJ) (GRIND *OBJ))))

creates a new world called PP, in which PRINT is equivalent to GRIND except that escape
character is not supplied. Therefore,

(WITH PP (PRINT /-/ A/ -))

prints

-A-

while both

(PRINT /-/ A/ -)

and

(GRIND /-/ A/ -)

print
/-/ 7/ -
ERASE-WORLD >name
Destroys the world <name> so that it no longer contains definitions.
LOAD-WORLD >file-name >name
Loads definitions from <file-name> into a world <name>. Since there is no notion of a
world once definitions are dumped into a file (cf. DUMP), the name of the world must be
given explicitly when it is loaded from a file.

WORLD-NAME *name

Returns the name of the current world.
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DEBUGGING AIDS

Prolog/KR has two modes: debugging mode and non-debugging mode. In debugging mode, some
extra information is saved. For example, backtracing is effective only when the interpreter has been
running in the debugging mode.

DEBUG *mode
Switches debugging mode according to <mode>: if <mode> is ON, the interpreter runs in

debugging mode thereafter; if <mode> is OFF, the interpreter runs in non-debugging
mode; if <mode> is a variable, the current mode (ON or OFF) is returned.

BACKTRACE *list

Returns the history of the execution (including backtracking) to <list>.

TRACER
TRACE [>name] ...

Enables tracing of <name>s. The output of the tracer is in the following form:

level (predicate-call)

or

level= (predicate-call)

The former is printed when a predicate call is tried; the latter is printed when it succeeds.
TRACE-ALL

Enables tracing of all predicates.
UNTRACE [>name] ...

Disables tracing of <name>s.
UNTRACE-ALL

Disables tracing of all predicates.

STEPPER
The stepper is called via STEP.

STEP >predicate-call [>name] ...
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Execute <predicate-call> in a step-by-step manner. On each step, the stepper requests
for command(s) to determine the next action.

If <name>s are supplied, the stepper stops only at the entrances of <name>s.

The stepper commands are:

C
Continue step-by-step execution.
F
Finish step-by-step mode and resume normal execution.
G
Execute the body in normal mode and return to step-by-step mode afterwards.
Q
Quit stepping and return to the top level.
BackTrace
Backtrace the history of the execution. BT prints the outlines, while BACKTRACE
prints with details. Debug mode must be ON to use this command.
PP
Prettyprint the current goal.
list
Execute the list.
EDITOR

The structure-oriented editor Amuse is available in Prolog/KR. To edit a predicate definition or a
file, do

(EDIT predicate-name)

or

(EDIT "file-name")

respectively.

You may also execute some editor commands on entrance by:

(EDIT name commands ...)
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You can use this feature to define some function to manipulate function definitions.
EDIT >name [([>editor-command] [>argument] ...)]

Edits <name>. If <name> is a symbol, the definition of <name> is edited. If <name> is
a string, on the other hand, a file with that name is edited. In that case, the top-level
scope is a list of the contents of the file. All the commands are the same in both cases.

Scope

The editor moves around the structure by shifting its attention. The range of the current attention
is called “scope”. You can narrow the scope by moving down in the structure, or widen it by moving up.

You can print the current scope by P command. If you use V command on the other hand, a list
which includes the current scope as its top-level element is shown. Suppose you are at the first pair of
COND list:

(COND ((ATOM X) Y)
(T (CONS (CAR X) (APPEND (CDR X) Y))))

P prints

((ATOM X) Y)

while V prints
(COND $$4$ (T (CONS ? ?)))

Note: If “$$$” appears in a list used as an example in this section, the list is supposed to be showing one
upper level of the current scope.

The Stack

The editor has one stack to save various elements. If you kill or copy an element, it is pushed into
the stack. The contents of the stack may be shown by the STACK command. If you do not need the
topmost element of the stack, it may be removed by POP command. Elements of the stack can be used
as arguments to a command, such as “F” and “R”. An integer at the argument position designates the
nth argument from the top of the stack. For example:

I1

inserts the topmost element on the stack just after the current scope.

«“r

Caution: If you want to give an integer itself as an argument, precede it with a “”, e.g., '3.

Pattern Matching and Variables

Patterns may appear as arguments to F(find) or RA(replace all), etc. Unlike the top level, an atom
which begins with a character “&” is regarded as a variable in the pattern. It can match any objects.
For example, (&A &A . &B) matches any of

(A A)
(AAXY 2)
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(XXX XXX XXX)

but not:
(A *X)
(A B C)

(X)
(&1 &2)

Note that Prolog/KR variables are not treated as variables inside the editor. Note also that the
pattern matching of the editor is one way.

If variables appear in the arguments of RA command, the values are held until each replacement
completes. You can thus, for example, change the order of arguments of all the function calls of “F” by:

RA (F &l &2) (F &2 &1)

The above command changes

(AND (F *X *Y) (F (FAB) (G12)))

to

(AND (F *Y *X) (F (¢ 1 2) (F A B)))
Note that (F' A B) has not been changed, because RA is applied to the outermost pattern.

The first argument of “G” can be quoted by:

RA (G &1 . &2) (G '&1 . &2)

How to Give Commands

Basically, there are two ways to give commands to the editor.
One, usually the editor, reads commands from the terminal with a prompt “E:”. The user may
input any number of commands (each of them may followed by some arguments) and they are executed

at once.

Two, they are given as the second argument to EDIT as:

(EDIT FOO (PP 1 I (SOMETHING)))

which first prints the top level and inserts “(SOMETHING)” after the first element before accepting
further commands from the terminal.

Basic Commands

Each command for the editor consists of one or more character(s), possibly with argument(s). Basic
commands are defined as Prolog/KR predicates. The name of the predicate begins with EC: (standing
for Editor Command) followed by the command name. For example, an insert command is

(EC:IN '(A B C))

158 Prolog/KR: Debugging Aids



MTS 22: UTILISP in MTS

May 1988

Note that arguments of a command are evaluated in Utilisp.

Basic commands also have an abbreviated form. They can be given from a terminal without
parentheses or “EC:”. For example, the above insert command may also be invoked by:

IN (A B C)
Arguments are not evaluated this time.

Commands are described in the following:

B
(EC:B)

Moves to the previous element (the opposite of N). For example, if the current scope is

(A B $$% D)

“B” changes the current scope to B:

(A $%$ C D)

BI numberl number2
(EC:BI numberl number?2)

Encloses elements (from <number1>th to <number2>th) in parentheses. For example:

BI 2 3

changes

(ABCDETF Q)

to

(A (BC) DEF Q)

BO
(EC:BO)

Removes the parentheses enclosing the current scope (the opposite of BI).

C
(EC:C)

Copies the current scope to the top of the stack.

Deletes the current scope. The new scope is the next element which followed the deleted
one. If none follow, i.e., the deleted element was the last element of the list, the scope
goes up one level.
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E name

(EC:E name)
Abandons the result of the current editing and shifts the object of editing to <name>.

F pattern

(EC:F pattern)
Moves to an element which matches <pattern>. If no proper element is found, EC:F
returns NIL in Utilisp and fails in Prolog/KR. If F had been used, on the other hand, an
message indicating the failure is printed and any commands following the same line are
ignored.

FN

(EC:FN)
Moves to the next element which matches the pattern most recently given to “F”
command. If no proper element is found, EC:FN returns NIL in Utilisp and fails in
Prolog/KR. IfFN had been used, on the other hand, an message indicating the failure is
printed and any commands following the same line are ignored.

I element

IN element

(EC:IN element)
Inserts <element> just after the current element. The scope is shifted to the inserted
element.

IB element

(EC:IB element)

K

Inserts <element> just before the current element. The scope is not changed.

(EC:K)

L
(EC:L)

LD

Kills the current element and pushes it on top of the stack. The new scope is the next
element which followed the killed one. Ifnone follow, i.e., the killed element was the last
element of the list, the scope goes up one level.

Moves to the last element of the current scope.

(EC:LD)

Executes all the elements of the topmost scope. This command is intended to be used
while editing a file to reload changed definitions.
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LI
(EC:LI)
Inserts a left parenthesis just before the current element. The scope remains the same.
For example, if the current scope is
(A $%$ ©C)
LI changes it to:
(A (388 C))
LEVEL number
(EC:LEVEL number)
Resets the printing depth to <number>. The default depthis 7.
N
(EC:N)
Moves to the next element. Ifthe current element is the last one, an error is issued.
P
(EC:P)
Prints the current element without details. Details are printed by “?”. The level of the
printing is controlled by LEVEL.
PP
(EC:PP)
Prints the current element with details.
POP
o
(EC:POP)
Pops the stack.
Q
(EC:Q)
Restores the result of the editing and exits from the editor.
R element

(EC:R element)
Replaces the current scope by <element>.

RA patternl pattern2
(EC:RA patternl pattern2 [maximum-number-of-replacement])
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Replaces all the elements of the current scope (including the scope itself) which match
<patternl> by <pattern2>. <patternl>is matched with the element on each replacement.
Hence, variables appearing in <pattern2> are replaced properly. The scope is not
changed by the command.
If <maximum-number-of-replacement> is supplied, only the first
<maximum-number-of-replacement> patterns are replaced. For example, suppose that
the current scope is
(P (T A) (T B) (T2 C))
and you issue “RA (T &X) (TT &X)”, the result is
(p (TT A) (TT B) (T2 C))
R1,R2,R3
Are all the same as “RA” except that they change only first one, two, or three elements,
respectively.
RI
(EC:RI)
Inserts a right parenthesis just after the current scope. For example, if the current scope
is
(A $3% C)
RI changes it to:
((A $3%) ©)
S
(EC:S)
Restores the current result without exiting from the editor.
SC name

(EC:SC name)

Stores the current result of editing to <name>. When a file is being edited, <name> must
be a name of an existing file, expressed as a string.

STACK
(EC:STACK)
ST

(EC:ST)

Prints the contents of the stack.

TOP
(EC:TOP)
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Moves to the top level of the definition, which is normally a list of clauses.

U symbol
(EC:U symbol)

\Y%

Goes up in the structure to a structure which begins with <symbol>. For example,

U DEFINE

goes up to a structure (DEFINE ...).

(EC:V)

Shows the current position by printing the upper level. The current scope is printed as

“$55”.

VAR character
(EC:VAR character)

Changes the variable prefix to <character>. The original variable prefixis “&”.

X predicate-call
(EC:X predicate-call)

Z

(EC:Z)

2

(EC:?)

Executes <predicate-call> and prints the result. Like other commands, elements in the
stack can be given as <predicate-call> by specifying a number. The number 0 is treated
specially by X; it designates the current scope. This feature is useful when a file is being
edited. Since changing the contents of a file does not affect the loaded definitions, the
changed definitions must be reloaded. The most simple way is to shift the scope to
(DEFINE ...) and execute the command “X 0”.

Abandons editing and exits. The original definition or contents of the file are not
changed.

Prints the name of the predicate/file which is being edited.

number
(E:MOVE number)

Moves to the <number>th element of the current scope. If the number is 0, the scope is
shifted to the upper level. And if the number is negative, the elements are counted from
the end of the list. For example, here is an example list with commands to move to its
elements listed below:
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(FOO BAR POO ZOO TONG)

[ I N .
1 2 3 4

5
-5 -4 -3 -2 -1
L

If the corresponding element is lacking (because the list is too short), or (E:MOVE 0) is
attempted at the top level, EEMOVE returns NIL in Utilisp and fails in Prolog/KR.

(number . commands)

Repeats <commands> for <number> times. If <number> is not positive, nothing is
executed.

Editor Macros

Macro commands can be defined using the full power of Prolog/KR. Following is an example
definition of a predicate to print every expression matching the pattern (given as the argument).

(ASSERT (PRINT-ALL *PAT)
(EC:F *PAT) (EC:PP)
(LOOP (IF (EC:FN) (EC:PP) (EXIT))))

In the above example, (EC:PP) is repeated until (EC:FN) finally fails.

The command defined above must be called as

(PRINT-ALL)

To allow the user to call the command without parentheses,

(E:DEFCOM PRINT-ALL (PRINT-ALL))

may be done.
E:DEFCOM >command-name [>calling-sequence] ...

Defines <command-name> to be the same as actually calling predicates in the form
<calling-sequence>.

Some extra predicates are defined to support macros.
E:SCOPE <scope
Returns the current scope.
E:STACK <stack
Returns a list of all the contents of the stack.

E:READ >prompt <object
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Gets one argument with prompt <prompt>. If a number is read, the corresponding
element in the stack is returned.

E:GETFILE >filename <contents
Reads the contents of the file and returns a list of them.
E:PUTFILE >filename >contents

Dumps <contents> to a file named <filename>. <contents> must be a list of objects to be
dumped.
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INPUTS AND OUTPUTS

FUNDAMENTAL I'O PREDICATES

I/0 is done through “streams” whose default values are assigned to the terminal. READ and
PRINT interacts with the terminal unless otherwise specified. To access a file, a stream
corresponding to the file must be created using INOPEN or OUTOPEN according to whether the
stream is input or output, respectively.

Inputs

READ *result [>stream]
Reads one object from <stream>. If <stream> is omitted, STANDARD-INPUT is
assumed (see the description about STANDARD-INPUT below).
If <result> is not a variable, the read object is compared with <result>; if they do not
match, READ fails. The read object will not be put back to the input stream on
backtracking. Nor are any alternatives read; READ simply fails on backtracking. This
feature applies all the I/O predicates.

RIND [>prompt] *result

Reads one object from the terminal prompting with proper indentations. This is also the
way the top-level loop reads. Super parentheses, “[” and “]”, are also available in this
mode.

STANDARD-INPUT *stream

If <stream> is a variable, the current STANDARD-INPUT is returned. If<stream>isa
input stream, the STANDARD-INPUT is reset to <stream>. A special symbol
TERMINAL-INPUT is recognized by this predicate: After doing (STANDARD-INPUT
TERMINAL-INPUT), the STANDARD-INPUT is reset to the terminal.

You may also ASSERT or DEFINE STANDARD-INPUT:

(STANDARD - INPUT <stream>)

and

(ASSERT (STANDARD-INPUT <stream>))

have almost the same effect except that the latter may restore the previous
STANDARD-INPUT after (RETRACT STANDARD-INPUT) but the former does not.
Asserting STANDARD-INPUT is recommended to be used with WITH as:

(WITH ((STANDARD-INPUT ((<stream>))))
(do some inputs))

which does not leave any change on STANDARD-INPUT.
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TERMINAL-INPUT <stream

Returns an input stream which is connected to your terminal. Note that this predicate is
output only, unlike STANDARD-INPUT.

PROMPT <character

Returns the default prompt character. To change the default prompt character, you
must redefine PROMPT (by either ASSERT, DEFINE, or WITH).

Outputs
PRINT >object [>stream] [>printlevel]
Prints <object> to <stream> with <printlevel>. The default values of <stream> and
<printlevel> are STANDARD-OUTPUT and 3, respectively. Details of <object> whose
level exceeds <printlevel> are abbreviated to “?”. If <printlevel> is equal to or less than
zero, no details are abbreviated.

PRIN1 >object [>stream] [>printlevel]

Just like PRINT except that PRIN1 does not feed line after printing <object>. Note that
nothing will be printed until TERPRI is executed.

PRINC >object [>stream] [>printlevel]

Just like PRIN1 except that PRINC does not supply “*“” or “/”. Note that nothing will be
printed until TERPRI is executed.

TERPRI [>stream]
Begins a new line.
TAB >indentation [>stream]

Indents the output line to <indentation>. If the current position is over the indentation,
anew line with <indentation> is begun.

GRIND >object

“(GRIND object)” is equivalent to “(PRINT object 0)”. Note that GRIND always outputs
to STANDARD-OUTPUT.

PRINT-LEVEL >level
Sets the default printlevel to <level>.
CASE *case

If <case> is UPPER, the output is printed using uppercase characters (this is the default).
If <case> is LOWER, the output characters are lowercase ones. These changes do not
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effect printing strings (in strings, lower and uppercases are preserved). If <case> is a
variable, either UPPER or LOWER is returned according to the status. Note that CASE
is used commonly by all output streams (i.e., CASE is not the property of the stream).

LINESIZE *size

If <size> is an integer, the line size of the current output stream (STANDARD-OUTPUT)
is set to <size>. If <size> is a variable, the current line size is returned. LINESIZE is a
property of each stream.

STANDARD-OUTPUT *stream

If <stream> is a variable, the current STANDARD-OUTPUT is returned. If <stream> is
an input stream, the STANDARD-OUTPUT is reset to <stream>. A special symbol
TERMINAL-OUTPUT is recognized by this predicate: After doing
(STANDARD-OUTPUT TERMINAL-OUTPUT) the STANDARD-OUTPUT is reset to
the terminal.

You may also ASSERT or DEFINE STANDARD-OUTPUT:

(STANDARD - OUTPUT <stream>)

and

(ASSERT (STANDARD-OUTPUT <stream>))

have almost the same effect except that the latter may restore the previous
STANDARD-OUTPUT after (RETRACT STANDARD-OUTPUT) but the former does
not. Asserting STANDARD-OUTPUT is recommended to be used with WITH (see the
description about STANDARD-INPUT above).

TERMINAL-OUTPUT <stream

Returns an input stream which is connected to your terminal. Note that this predicate is
output only, unlike STANDARD-OUTPUT.

FILE MANIPULATIONS

INOPEN >file-name <stream

Creates an input stream by opening a file <file-name>. <file-name> may be a closed
stream (a stream does not vanish even if it is closed).

OUTOPEN »>file-name <stream

Creates an output stream by opening a file <file-name>. <file-name> may be a closed
stream (a stream does not vanish even if it is closed).

CLOSE >stream
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Closes <stream> which has either been in-opened or out-opened.
NEW-FILE >file
Creates a new file. <file> must be given as a string.

LOAD >file

Executes the contents of <file> and remembers the names of predicates defined in it.
The list which contains the contents of <file> is called “loaded-list”. “loaded-list” may be
updated using ADD or DEL.

LOADED >file *list

Sets <list> to a list of predicate names loaded from <file> (called “loaded-list”). Note that
this does not return the original contents if “loaded-list” is modified by ADD or DEL.

DUMP >file {>definitions}

Dumps <definitions> into <file>. <definitions> must be either a list of predicate names or
the name of a world. Particularly, to dump all the definitions into a file,

(DUMP <file-name> STANDARD -WORD)
is useful.

Something which is not a definition of a predicate — such as a predicate call of printing
something — can also be dumped by just adding it, instead of a predicate name which is a
symbol, into the list of predicate names. For example, after

(DUMP "TEMP" ((PRINT BEGIN) P Q (PRINT END)))

the contents of the file TEMP will be

(PRINT BEGIN)
(DEFINE P ... )
(DEFINE Q ... )
(PRINT END)

STORE >file

Restores definitions of predicates loaded from <file>. Addition or deletion of those
definitions to/from <file> is handled by the following two predicates.

Note: Use STORE to store definitions in an existing file. DUMP is designed to create a
new file and store definitions in it.

ADD >file [>predicate-name] ...

Adds <predicate-name>s to the sets of predicates loaded from <file> (“loaded-list”). Note
that this does not change the actual contents of <file> until STORE is executed.
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DEL >file [>predicate-name] ...

Deletes <predicate-name>s from the sets of predicates loaded from <file> (“loaded-list”).
Note that this does not change the actual contents of <file> until STORE is executed.
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CALLING LISP FUNCTIONS

All the UTILISP functions can be called from Prolog/KR by either:

(1)  usingapredicate X
(2)  giving one extra argument to receive the value
(3)  without the extra argument (those functions are listed later in this section)

Usually, Lisp functions are called directly; the last argument is supposed to be the value of the
function. For example a Lisp function REVERSE is called as:

(REVERSE (A B C) *X)

There are some Lisp functions for which the values are not important (i.e., only the side effect is
important). There are also some Lisp functions which are used as predicates, e.g., >, <,
STRING-LESSP; in this case, the value is either T(rue) or NIL(false). Since the result is either not
important or necessary only to control the behavior of the program, those functions are called without
extra arguments. For those functions, the call succeeds or fails according to whether the result is
non-nil or nil, respectively.

Here is a list of Lisp functions to be called without extra arguments:

>>X ...

<>X...

>=>X...

<=>X...

0>>x

O<>x

0=>x

CALL >command [>arguments]
DEFCS >command-symbol >value
GREATERP [>x]...

LISTP >x

LESSP [>x] ...

MEMQ >element >list
NUMBERP >x

STRING-LESSP >stringl >string2
STRINGP >x

TYO >char [>stream]

VECTORP >object

ZEROP >x

Note: Arguments of the functions are not evaluated. For example,

(CAR (CONS A B) *X)
instantiates *X to CONS, rather than A.

There is also a system-defined predicate to call Lisp functions.
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X >function-name [>argument] ...

Calls <function-name> with <argument>s. <Argument>s are evaluated.

174 Prolog/KR: Calling Lisp Functions



MTS 22: UTILISP in MTS

May 1988

THE SECOND-ORDER FEATURES

The second-order features of Prolog/KR have been introduced implicitly in the previous sections.
Those are:

(1)  Arguments to a predicate themselves may be predicates.

(2)  Predicate themselves may not have the fixed interpretations or definitions; they are
context dependent.

VARIABLES AS PREDICATES OR PREDICATE CALLS

User-defined predicates can also have those second-order features mentioned above. This is done
through variables; variables may appear as predicates (the first element of the predicate call) or as
predicate calls. For example, NOT may be defined as follows.

(ASSERT (NOT *PRED)
(IF *PRED (FAIL)))
In the above example, the second appearance of “*PRED” is at the place where a predicate call must be.
For example, here is an example in which a variable appears as a predicate name.
(ASSERT (MAP *FN (*A . *L) (*R . *REST))

(*FN *A *R)
(MAP *FN *L *REST))

MANIPULATING PROGRAMS AS DATA

In writing a compiler of Prolog in Prolog itself, for example, a program must be treated as a datum.
In this case, variables contained in the programs to be compiled should not be treated as variables in
pattern matching. For example,

(ASSERT (COMPILE (*FUNCTION NIL)) ... )

should not be called when compiling, say,

(FACTORIAL *N)

To avoid the matching between *N and NIL, either (a) the variable prefix should be changed so that
*N is no longer a variable, or (b) NIL should be quoted as 'NIL (see the section Extended Features) to
avoid matching to variables.

Provided that the variable prefix is, for example, “=” in compiler, all the usual variables such as “*X”
or “*Y” are treated as constants. However, even if the variable prefix has been changed to avoid the
problem, the compiler cannot compile itself. The latter solution (quoting) should be used in the
compiler.
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MISCELLANEOUS PREDICATES

The following predicates are available:

QUIT
END
EPILOG
Exits from Prolog/KR and returns to the OS level.
LISP
Enters UTILISP top level. (PGO) transfers the control back to Prolog/KR.
MEMBER *element >list

Checks if <element> is a member of the <list>. If <element> is an uninstantiated
variable, elements of <list> are returned one by one on each backtracking.

REWRITE >old-file >new-file
Rewrites the contents of <old-file> which is written in the old syntax (Prolog/KR I
versions) to <new-file> in the new syntax. The syntax of I versions is very close to that of
Marseille Prolog.

TECO

Enters the text editor TECO. If the saved area for OS is too small, calling TECO fails
and Prolog/KR is exited. dJust press the return key to come back to Prolog/KR.

TIME >predicate-call *time
Sets <time> to the CPU time (in milliseconds) elapsed in executing <predicate-call>.
VERSION
Prints the current version name.
HELP >predicate-name
Prints the information in this manual concerning <predicate-name>. The first 20 lines
are printed and “—more—" is printed waiting for your input. Simply press the return
key to continue the output (for 20 more lines). Any character followed by the return key
or a single break (without any preceding characters) stops the output.

Note: any characters after (HELP ...) on the same line are ignored.

MANUAL [>output]
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Prints this manual. If <output> is omitted, the output is printed at your terminal. If
<output> is supplied, the output is changed according to <output>:

number
The output is printed at your terminal. But the printing pauses every <output> lines.
Hit the return key to continue. Hit break to quit. This is convenient for display
terminals.

file-name
The output is printed in a file. The file must exist (to create a file, use NEW-FILE).

LP

The output is printed on a line printer. Use a line printer which has lowercase letters for
printing.
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APPENDIX A
HOW TO ENTER PROLOG/KR

There are basically two ways to invoke Prolog/KR:

(1) Call the function PROLOG in Utilisp.

>> UTILISP FIX(40)
> (PROLOG)

(2)  Usethe command procedure PROLOG.

>> PROLOG
There are several optional parameters to PROLOG.
SAVE(pages)
Area size in pages (one page is 4KB) to be saved for the operating system. This area is
not required unless you call the OS commands from inside Prolog/KR. The default value
is 32.
STACK(pages)
Area size in pages for the system stack. The default valueis 16.
INITTAL(file-name)
A file name, the contents of which are to be executed before reading from the terminal.
HELP
If this option is given, a brief survey of the options is printed instead of invoking

Prolog/KR.

For example,

>> PROLOG SAVE (0) INITIAL (ANTI.PKR)
may invoke your own system ANTI written in Prolog/KR.

If you assign a command symbol PROLOGLIB to an existing file,

>> SETCS PROLOGLIB file.name

Prolog/KR: Appendix A 179



MTS 22: UTILISP in MTS

May 1988

the contents of the file are executed first of all (even before executing the file given as INITIAL
parameter). PROLOGLIB is supposed to be linked to a file which contains your own definitions of
utility predicates.
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Definitions of control predicates are given in Prolog/KR itself to help users understand the

language.

Since it is impossible to give the definitions of some control predicates, only those which can

be defined in terms of other predicates are listed. Note that these definitions have nothing to do with
the actual implementation.

The following is a definition of MAP which maps a predicate over lists of arguments.

holds

(ASSERT
(ASSERT
(ASSERT

(IF
(ASSERT

(IF
(ASSERT
(ASSERT

(AND >PRED .
(AND) )

(COND

>PRED >BODY (COND .
(DOR >PRED .

>PRED

(FALSE)
(IF >PRED >THEN .

>REST) >PRED (AND >REST))

>BODY) . >REST)
>REST)))

(>PRED .

>REST)
(TRUE) (DOR .
(FAIL 0))

>REST) ) )

>ELSE)

>PRED (RETURN >THEN) )

(ASSERT (IF >PRED >THEN .

(RETURN .

(ASSERT (NOT >PRED)
(ASSERT (OR >PRED .
(ASSERT (OR >PRED .

(MAP APPEND ((A B)
((0 1)
((ABO1)

(ASSERT
(ASSERT

(ASSERT
(ASSERT

(ASSERT

(ASSERT

(ASSERT
(ASSERT

(ASSERT
(ASSERT
(ASSERT

(NILS
(NILS

>ELSE)

>ELSE) )

(IF >PRED (FAIL)))
>REST) >PRED)

>REST) (OR . >REST))

(c D))

(2 3 4))

(CD 23 4)))

NIL))

NIL . *NILS) (NILS *NILS))

(DIVIDE NIL NIL NIL)

(DIVIDE ((*CAR .
(*CAR .

. *REST)
*CDRS) )

*CDR)

*CARS) (*CDR .

(DIVIDE *REST *CARS *CDRS))

(MAP *FN .
(DIVIDE *ARGS *CARS *CDRS)
(RETURN (MAP *FN .
(MAP *FN .

(CARS
(CARS
(CARS

(CDRS
(CDRS
(CDRS

*ARGS)

(*FN . *CAR
*CDRS) ) )

*ARGS) (NILS *ARGS))
NIL NIL))

((*CAR . *CDR) . *REST)
*REST *RESULT)))

(*CAR .

NIL NIL))
((*CAR) . *REST) *Y)
((*CAR . *CDR) . *REST)

(FAIL))
(*CDR .

For example,

s)

*RESULT) )

*RESULT) )
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(CDRS *REST *RESULT))

There follows a definition of FOR which iterates the body, just like other conventional languages,
giving a variable consecutive values from <FROM> to <TO>.

(ASSERT (FOR *I *FROM *TO . *BODY)
(WITH ((:FOR-INDEX))
(DO (*I *FROM (! ADD1 (! :FOR-INDEX *) *))
(<= *I *TO)
(SET :FOR-INDEX *I)
(AND . *BODY]
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APPENDIX C
SYMBOL INDEX
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[0 ] 070 IO U OO O PO PPU RO PPPPPPUTUPPPPPRRRt 163
[0 {023 2 OO U OO RPPPPPUUPPPPPRRRt 159
(EC:BINumberl NUIMDET2) ....coouiiiiiiiiiiiiee ittt ettt ettt e e ettt e e e seabeeeesssabtteeessenbtaeessssbaaeesennnes 159
[0 {023 210 ) U O U OO PP PPU NP PPPUTUPPPPPRRRRt 159
[0 {01 0 U OO O PO PPU RO RPPPPPURTUPPPPPRRIRt 159
(ECIE DAINE) ...etiiiiiiiiiiei ettt ettt ettt e ettt e e s ettt e e e s ettt e e s e abtaeeeseasbaaeessaastaaeessanstaeessassaaeessnnnes 160
(0 D] O T oY= 7171 o ) PP PPPRRRRRE 160
[0 023 L\ ) OO PPN PP PPPURURPPPPRRRRt 160
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[0 D 073 2@ TSP RPPRUPPPRPRRRRt 160
[0 D013 ) TP UPPUUPPPRPROt 160
(€ {07 15 ) TSP UPPRUPPPRPRRRt 160
(EC:LEVEL IIUINDET) ... oottt ettt e e ettt e s e ettt ee e s s et aaae s e e s eaaaaaesesesaanaassesssnnnsnseeesaen 161
[0 D053 1 ) U U RUP U PPPRRRUPPPRPRRRt 161
[ D033\ PP P P PUPRRUPPPRPRRROt 161
[0 D 013 = TSP U UPPRRUPPPRPRRRt 161
(EC:POP) ettt ettt e ettt e e e ettt e e e s atae e e e essbtaeeesasabaeeaeesnssaaessassbaaaeeeassaaaaeeasnstaaeseansaaeesennnns 161
[0 D03 = =3 TSP U UPPRRUPPPRPRRRRt 161
[0 D O3 ) T PP U UUPRRRUPPPRPRROt 161
(EC:R @LEIMNEIITE) .ottt e e e e et e s e e e e e et e e e et e s e eaae s et e s eaaneseaaaaeeaanaesenaneseennasesnnaasennns 161
(EC:RA patternl pattern2 [maximum-number-of-replacement]) ..........ccccccceeeeeeiiiiiiiiiieeeeeeeeeeeeiciiinns 161
[0 D033 4 1 TSP PRRUPPPRPROt 162
[0 D 05 ) PSP PPPRUPPPRPRRROt 162
(EC:SC N18I11E) ettt et e e e et e e e e e e s e e e e s e e e e s et e s e eaaes et e s eaanesaaaaaeeaanesenanesaennasesanaasennns 162
[0 D05 1 ) S UR U UPPUUPPPRPRRt 162
(EC:STACK) ..etiiiie ittt ettt e e ettt e e e ettt e e e seataeeeeesbtaeeesaasaeeeeassssaaessasssasaessasssseeessssssseessasssseeesannnns 162
(EC:TIOP) ettt ettt e e ettt e e e ettt e e e s atteeeeesbtaeeesasabteeeeessssaaassasssaaaessasssseaesassssaeessassssaeesannnne 162
(@ D] O U7 451 7o) | TP PUPRRRRRE 163
[0 D 02 T OO PP PP RUPPPPPRRRt 163
(EC:VAR CRATACEET)...cceiiiiiiieei ittt ettt ettt et ee e s ettt e e s ettt e e s sabtaeeesesbeeeesseasttaeesennseaaessassaaeesennnes 163
(EC:X Predicate-Call) ........cueiiiiiiiiecccciiiiiieeee e e e eeee ittt e e e e e e e e e esseeeabesraaeeeeeeeesesssssssssssnaeseseesesesssassssssnnn 163
[0 D 07/ F OO PP PPPURRUPPPPPRRIRt 163
(NUMDbET . COMMEANAS) ..eeieiiiiieiieiiiieeeeitee ettt e ettt e e e ettt e e e seatteeesseabtaeeessnbeaeessanseaaeesensraaeessannsaaeesannes 164
ettt eeeteeeeeeseteeeeeeetteeeeeeetteeeeeaattteeeaahtteeeeaaattteeeeaattteeeaanbtaeeeeaanttteeeeattaeeeeanntaaeeeeastaeeeeenbtaeeeeasnraaeeeenne 163
G AU 129
ACCUMULATE *structure >predicate *variable ...........ccoccciiiiiiiiiiieiieceeecccreee e eeeeararree e 148
ADD >file [>Predicate-Name] ...........ceeiiiii it ee e e ee et e e e e e e e e e e e eertbar e aaaeaaaeeeee e arraraaaaaaaaaaas 170
AND [SPredicate-Calll ...........uuniiiiiiiiiiiee et e et e e e e e e e e e e e e trabrbaaaeaeaaaeeeee e nrraraaaaaaaaaaas 143
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ASsert (>predicate-name . >args) [>predicate-calll ...........ccccovviiiiiiiiiiiii e 137
AssertA (>predicate-name . >args) [>predicate-call] ...........ccccovviiiiiiiiiiii i 137
AssertZ (>predicate-name . >args) [>predicate-calll............ccccoviriiiiiiiiiiiiiiiceeee e 137
ATTENTION ...ttt ettt ettt e et e e e s et bt e e e e s abaeeeeeasssaaeeeassateeseanssaaesanssseaassasnsseaesesansseens 135
B ettt e e ettt e e e e et e e e s ettt e e e e bttt e e e e aba e e e e s e bttt e e s e abateeeeenbaeeeseanree 159
BACKTRACE FLISt ...eeeiitiiiitie ettt ettt ettt ettt ettt e stt e e s bteesabteesabteesabeessbaessabeeesabaessabaeesabaeesaseeens 155
BINumberl NUMDET2 .......ccc.oiiiiiiiiiiieiiie ettt ettt ettt e st e e s bt e sttt esabe e s abeeesabaeseabaeesabaeeebaeenn 159
B0 ettt ettt e et e bt e e e b te e s bt e e e bt ee s hbee e abee s abeeeaabeeeebteesabaeeebaeenn 159
ettt ettt e ettt e e e e b bt e e e e ettt e e e ea bt teee e e abtaeeeea bt aeeeea bt teeeeanbeaeeeeabttaeeeeanbtaeeeeantaaaesennnee 159
CANDIDATES *variable >predicate-call ... ........cccccoviiiiiiiiiiiic e eeerrrrreee e e e e e e e e e e ennennnes 147
CASE HCASE .. uuttteeeeeiiitee e ettt e ettt e e ettt e e s sttt e e e seatteeeseabateeesaaabtaeesaaaseaaeesanbaaaeseansttaeesenabaaeessanbaaaesannnee 168
CATCH >predicate-Call.........ccoooeeeeiiiiiiiiieeeee ettt et e e e e e e eseeetarraeeeeeeeeeeesssssssssssaaasesassssssssssssssnnnes 149
CLOSE SSEI@AIMN c..uuvviieiieiiiieee ettt ee e seite e e ettt e e s ettt e e e seabteeesssnstaeeesassbaaeessanstaeeesesnseaeesssssseaeessnnes 169
COND [(>predicate . SDOAY)].....ccccciiiiiiiieieiee et e e e e e e e e esertrarrrreeeeeeeeeeessssssssssaesesseeassssssssssssnnes 145
CREATE-WORLD >name [>predicate-definition]..........ccccceeiiiieiiiiiiiieieece e e e e eeeeennns 153
(0 RSP 142
D TP PP PPPURRUPPPPPRRRt 159
DAND [S>Predicate-Calll.........cccoiiiieiiiiiiiiieeeeee et e e e e e e e e eseettarrereeeeeeeeesesssssssasraeaeeaeeessssssnsssssnnes 144
DEBUG #IN0GE ..cceeeetiieeieiiiieeeeeittee e ettt e e s ettt e s settteeeseabtteeesaabtaeesssastaaeesasssaaeessassseeessssseseesssssseeeessnnnes 155
DEFINE >name [>definition-list].......cccoeiiiiiiiiiiiie ettt e e s s e e s 138
DEFINITION >name *defiNition.......cc.ueiiiiieiiiiieiiiiiieeieiiiee ettt e eeiitee e seeteeeesseiareeesesbeeeesssseneeessnnnes 138
DEL >file [>predicate-namel............cccuviiiiiiiiiieiiicciiiiieeeee e e e e e eeeeterrereeeeeeeeeeeseenarsaaaaaaeeeeseeesesssnnsnnnes 171
DO [Predicate-Calll ...... ..ottt e e e e e e e e e s etareareeeeeeeeeeassssssssaaaaaeeaeeeaesasasnnnnnnes 144
DOR [SPredicate-Call] ......ccceiiiiiiiieciiiiiieeee e e ettt e e e e e e e e e esseeebaraaseeeeeeeesssssssssssssaassesassesessssssssssnnes 145
DUMP >file {SAfiNTtions} ....coeieuiiiiiiiiiiiee ettt e e s ettt e e s st eeesesbaaeessssbaaeesennes 170
o B 1 s L USSP N 160
E:DEFCOM >command-name [>calling-SeqUENCE] .............c.cooeeiiiiiiiiiiiiieeeeeeeeeeeecciiineeeeeeeeeeeeeeeeeennnnnnns 164
E:GETFILE >filename <CONTENTS ..........uviviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeecitirteeeeeeeeeeeeeeesensssssssseeesaeeeeesessssnssenes 165
E:PUTFILE >filename >CONTEIIES ........uvuviiiiiiiieiieieiiiiiiiieeeeeeeeeeeeeeciitareereeeeeeeeeeeeesesssssssssseeseseeeessssssssssnes 165
E:READ >Prompt KODJECE.....cciiiiiiiiiiiieieeee ettt e e e e et e e e e e e e e e e e e eeeetassaaaeaeeesaeeeeeeesnnsnsrenes 164
E:SCOPE <SCOPE ...uneuiiiiiiiiiieeeeeeeeeeccctttee et e e e e et eeeeettabaaeeeaeeeaeeeeeeeeasssrasaseaaaaaeeeseesasssssssssseesaeeeeesannnsnsrenes 164
EiSTACK KSEACK......uuiiiiiiiiieiieee ettt ee ettt e e e e e e e e e e e e e ttaraaaeaeaaaeeeeeeessssssssasseasaeeeeeeesnsnsrenes 164
EDIT >name [([>editor-command] [>argument] ...)]........cccccceeeiiiiiiiiiiiiiiieeee e e e e ciaiaanes 157
END .ottt e et e e e ettt e e e ee ittt e e e e bttt eeea bt aeeeaabtaaeeeanbaaaeeeantaaeeeeertaeeeeanraaeeeennnes 177
0 2 1 71 U 177
FQ X S wiitiiiiiii ittt e e e e e e e e e e ———— et aeaeeeeaa e r—t———aataaaeeeaaeaaarntrrtraaataaaaeeaaeasaannnrrrre 129
ERASE SPAtEEITL .....eeiiiiiiiiiiiiic ettt e e e e e e e e e e s eetaraareeeeeeeeeeasssssssssnaneeeaeeeasessanssnsnnnns 151
ERASE-WORLD SIIAINE ....coetiiiiiiieiiiiiieeieeiieeeeeeittteeseeieteesseitteeesssseteessassseeeessssssseeessssssseessssseeeessnnnes 153
ERROR >Message S0DJECE....ccciiiiiiiiiiiiiiiiie ettt e e e e e e eeettarre e e e e e e e e e e e esssnsssssaaaaeeaseeesssssnsssssnnes 134
7 17111t o USSP 160
FATL ...ttt ettt e e ettt e e s e taeeeeeesataeee e e sbaaeeesasabaeeaseasssaaaesanssaaaeseansaaeaeeaanstaeeeeanraaaeeennnns 141
FALSE ...ttt e ettt e e e ettt e e e ettt e e e e e sbtaeeeeaabaeeeeeanseaaeesanbaaaeeeastaeaeeeanraaaeeeanraaaeeannnes 141
N ettt ettt e e ettt e e e ettt e e e eaatteee e e brateeea bt aeeeeabrateeeanbaaeeeeantteaeeeanrtaeeeeanraaaeeennnee 160
FOR-ALL >predicate-call SDody ... c.c...uvuiiiiiiiiiiiieeciiiiieeeee ettt e e e e e eeeetivaareeeeeeeeeeeeeeeanannanes 147
GRIND S0DJECE ...ciiiiiiiteeeeee ettt e e e e e e e e ettt e e e eeeeeeeeassnsasssaaaeaaasaesasasssssssssssaeaaesessssesssnssssnne 168
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HELP >PrediCat@-TAMmIE . .ccceieiiiieeecciiiiiiiieeeeeeeeeeeeeciitrte e e e e e e eeeeeeeetsasaasseeeaseessssssssssssssassesaeseasessssssssssnes 177
TELEIMENT .ttt ettt ettt e s e e bt e st e e et e s bt e e ab e e e abe e e abeeeeabteesbaeeebaee s 160
TB ElEIMENT ....eeiiiiiiiiiieeite ettt ettt ettt e et e e bt e st e e st e e s abe e e abee e abee e abeeeeabteesabaeeebaeenn 160
IF >predicate-call >then-part [SelSe-Part].........ccoooviiiiiiiiiiiiiiieeeeeccceeee e e e e e e e e eeaaaanes 144
TN ELEIMENE ....ceiniiiieiiieeiee ettt ettt et e st e e ettt e s bt e e sabbee s abeesabee s abeessabaeesabteesabaeesbaeenn 160
INITIATE >predicate-call ¥NAmIe ...........eeviiiiiieiiiieiiiiieeieeeee e eee ettt eeeeeeeeeeeeeaaraaeraeeeseeeeeeeeseannrnnes 150
INOPEN >file-Name <SEIAIM ........ccccccuiiiiiiiciiiieececiieeeeeciiee e e eetteeeeeetreeeeseabaeeeeeesaaeeesessssaeessassssseesnnnnes 169
PR 160
L ettt et e e ettt e e beeertbee e e bee e s heeeatbee e tbeeabaeeatbeeatbeeeatbeeeaabteeasbaeeanbeeearaeearaeearaeann 160
LAST—INPUT ¥FORM.....ccttit ittt eeiteertee ettt e s teeeetteeetaeesteeessbeessssesessseessseeesssasasssesesssseesssseesssseens 133
LAST-RESULT ¥RESULT ...ttt ettt eee e et ette e etve e s tae e esabeeseaeeessvasesssesesssseesnsseessseens 134
LD ettt e e b e e rbe e e e teeesbee e e tbe e e tbeeabaeeatbeeataaeeatbeeetbteeanbaeeasbeeearaeearaeearaeann 160
LEVEL NUINDET ...ttt eeeeeeecttt vt eeeeeeeeeeeeeeeetastssaaaeeaaaeeeeseeesassssssssaseesaeeseesesnnssrssnes 161
) OO OO OO UR USRI 161
LINESIZE FSIZE...ccccutteiitiieeitiieeetieeeteeeeitteestteeesteeessteeestseessssaeassesasseaasssasaassesaasssesassesesssesesssseessseesssseens 169
Y £ ) RSP 177
LISEING SNAIMNE ... ...ttt e e e e e e e e ettt r e e e eeeeeesaessansessssaseaaeaaesasasassssssssnaaseeaeeesssssassssssnnes 139
T8 7 B I 1 - RS UR 170
LOAD-WORLD >file-Name SNAME ........ccceeieiieieiieiiiiiirireeeeeeeeeeesseeeererrereesesessssssssssssssssseessesessssssssssssnnes 153
LOADED SI1E FIISE...ueeiiieiiiieee it e e ettt e e cectte e e e eettt e e e e etaeeeeeeabaeeaeeeastaeeeeessaseeeeassaeseesassaseaeeassssaeesnnnes 170
LOOP [Predicate-Call] .......cccieiiiieeieiiiiiiieeee e s e e eeeectirteee e e e e e e e e esseeebaseeseeeaeeessessssssssssnasseeaeeessssssnsssssnne 148
MATICH FX Y utiiiittieeeieeeiieeeeeteesitteeeetteeestaeeesateeestreeasasaeesssaeessssaessseaasssaeassseeassesassasasssaeaassasesssseasnsesesnsees 129
MEMBER FElemeEnt SIIST .....ovviiiiiiiiiiiiiiiiiiiieieeee ettt e e e eeeecttre e e e e e e e e eeeeeeeaasrararaeeaaaaeaeeeeenns 177
N ettt ettt ettt e et e e et e e ettt e et b e e e a b e e e atee et aeeanate e et te e e hte e e atee e nteeenteeentaeeanbeeeanbaeeetaeeanreeeentes 161
NEW-=FTLE SI1E ...ccuuttiiiiieiiiee ettt ettt e e ettt e e e e etae e e e ettt e e e e e aaaaaeeeeaasaaaeeesnssaaeeeesssaeeeeannsseseanns 170
NEXT >Producer . SPatterm ......cciiiiiiiiieiiiiiieiee ettt e e e e e e e e eatrrreeeeeeeeeeeessssnssssnnaaeasaeessesannnns 150
NOT SPTEAICATE ..ceeiie ittt eeeecr e e e e e e e e ee s rtrrrreeeeeeeeeesesssssssssanaaaaeessesassssssssssrasaeeeeseeeannes 142
TEUIIIDET ... eeiiiiiiiee ettt ettt e e ettt e e ettt e e s ettt e e e s bt e e eeseasbeeeeesaaabtaeeseaabtaeeeseasbaaeessanstaeees e nbaaeeesanbaaeesennnee 163
O ettt ettt et e e e teeet—ee e ——eeeat—eeettteaatte ettt eatteeatbeeaatteeatbeeanbeeeanbeeeansteeasaeeeantaeeasteeeateeeasaeann 161
ONBT SPrediCate-Call ......cccoiiiiiiieeiiiiiiiieeee et e e e e e e eee ettt rrraeeeeeeeeeeseeasssssssasseesasaesesssnsssseenes 142
OR [SPredicate-Calll .........oueiiii it e e e e e e e eeeet e e e e eeeeeeeeeeeesasssssssasseesaeaeeesasnssnrsenes 143
OUTOPEN >file-Name <SEIEAIMN..........uviiiiiieieeieieiiiiiiiiiiieeeeeeeeeeeeeeeittarteseeeeeesessssssessssssssssessessessssssssssssses 169
P et e et e ettt e e tee e e tee e e tee e ettt e e taaeabtee e tteeanbaeaanbeeenbteeanbaeeanraeearaeeataeeasreenn 161
POP ...ttt ettt e ettt e e bt e e e bee e e t—e e e tbee e bate e bbeeannbaeeanbteenbteeatbeeeanraeeanraeeataeeasaeann 161
POR SPredicate-Call .........ceeiiiiiiiieeiiiiiiiieee ettt e e e e e e e e eeettarbeaeeeaeaeeeeseeasssssaaaaseeaaeeeeesasnnsssrnnes 148
o PSSR 161
PREFIX SSEIINE ... cettieiiiieeiiieeeieeeteeeette et eeeeteeesteeesstaeesstaaeassseesssseeasssesassseeassseeassseesssesessssessssesassseens 125
PRINC >object [>stream] [SPrintlevel] ...t e e e e e e e e eeaaaanes 168
PRINT >object [>stream] [SPrintlevell.........ccoooiiiiiiiieeeeceee ettt e e e et ree e e e e e e e e e e eeaeanaanes 168
PRINT-LEVEL S1EVEL .....cccuttiiiiiieeiie ettt e et estve e s stveestveesssveeesebeeessseesessaeessseeassssesssssesasseenn 168
PRIN1 >object [>stream] [SPrintlevel] ..ottt e e e et re e e e e e e e e e e e eeaensaaaes 168
PROMPT <CRATACEET ... ..uiiiiiiiiiiieeeccciiiiiteeee e e e eeeeccttrte e e e e e e e e e eeeeabbaraaaeeaaeaaeseeeasasssssassssaeaasaaeesssnsssrenes 168
ettt ettt ettt ettt ettt e et e et e et b e e e bteeeaab e e e h b e e e abteeaabee e e btee e bt e e e btee e htee e nbaeeabeeeabee e abeeeaabaeeebaeesbaeeebaeenn 161
QUIT et ettt ettt e ht e e e bt e e s bt e e e bt eesa bt e e e asteesabbeesnsbae s sbeesanbae s abeeenabaeeenbaeesabaeeesaeenn 177
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R ELIEIMENT ...coeiiiiiieeee e e ettt e e e e e e e e e e es e atbtaraassaaaaaeeeesasssssssaaasaaeaaeeaasesanssnsrnnes 161
RA patternl PAtterN2........cooiiiiiiiieieee et e e e e e e e e e ettt e e e e e eeeeeseeseestbstaaaaseesaeaaeassnnssnsranes 161
READ #result [SStream]......cccc ittt e e e e e e e eeetttrt e e e e e e e e e e e e sesasssssaaasseeaaeeesessssssssenes 167
RECORD SPAEEITL ....uuuiiiiiiiiiiiie ettt e e e e e e e e e e e ttaraaseaeeeaaeaeeesssssssssaassaesaeeassssnssssssanes 151
RECORDED SPAtEEITI....ceiiiiiiiii ittt e e e e e e e e ettt rr e e e e e eaeeeseesesssssssaaaseesaeeesesssssnssenes 151
RECORDING >pattern >AaemOm ..........cuuviiiiiieiiiiiciiiiiiiieeee e e eeeeecccitivteeeeeeeeeeeeeeeaeesssssssseesessessssssssssnnes 151
RETRACT SPAL oottt e ettt e e e ettt e e e e tae e e e eeabaseaeesabsaaeeeeastaseaeeassssaaeeassasaeeeaassaaeaeennnes 137
RETURN [>predicate-Calll.........cccccciiiiiiiiiiiie ettt e e e e e eeeeitttte e e e e e e e e e e e e e astrsaaaasseeseseesessnnssnssnnes 145
REWRITE >01d-f1€ SNEW-TI1E ...ttt e e e e e e e e e e tarbaraaeeeeeeaeeeeeennnnsannes 177
R oottt e et e e e e e etae e e e eeettaeeeeeat—aaaeeaatataaeeataaaaeeaattaaaaeeaattaaaeeaatbraaeeaarbaaeaeaannes 162
RIND [SPrompt] FFESUIL ..ceeeiiiii ittt e e e e e e eeerttt e e e e e e e e e e e e atebsaaaeeseeeaeeeeesssssssennes 167
R, R 2, R et e ettt e e e ettt e e e e eettaaeeeeeeabaseaeeebbaaeeeeattaaaeeeattaaaeeeantbaaaeeaastaraaeaannes 162
TSP UPR 162
T O T2 o1 TSP USR 162
SELECT *pattern (¥*patternl . SDoAY 1) ... c.cc.cciiiiiiiiiiiieiiiee ettt e e evte e e e e raee e e e aaeee e e e neraeas 146
SET SNAME SVAIUE ... ceeceviiiiieiiiie ettt e ettt e e eeite e e e e eteeeeeebteeeeesabaeeeeesssaaeesesssssessassssseesessssseesssnsssees 138
S 1 PSPPI 162
STACK ...ttt et e e e ettt e e e ettt e e e e eeaeeeeeeetttaseeeeasbasaaeeastasaeeeasbaseaeeasbesaeeaansaaeaeaasteseeeaanrranas 162
STANDARD-ATTENTION-HANDLER........coiitiiiietiie ettt ettt e e et e e e e va e e e e e avreeas 135
STANDARD-ERROR-HANDLER >message >0DJeCt........ccccccuviiiiiiiiiiiieeeecciiieeeee e eeeevvvvveeee e 134
STANDARD-INPUT #SEI@AIN ....cccoeuviiieieiiiiieeeeiiie e e eeiteeeeeeeiteeeeeeetteeeeeeetaeeeeeeesreseeeesaseasaeesasreseseeasssenas 167
STANDARD—OUTPUT #SEFEAIN ......uvvieeeeiiiiieeeeiiieeeeeitieeeeeetteeeeeeetteeeeeeetteeeeesetseseeeessseeaeeeasreseaeeanssenas 169
STEP >predicate-call [SName]..........coeiiiiiiiiiiiiiiiiiieeee e e et r e e e e e e e e e e e eaeesraaaaaeaeeeas 155
STORE SHILE...ccciiiiiiiiei ettt e e ettt e e e e ettt e e e e e tae e e e eetbeaeeeesabaseaeeetseseeeeansaaeaeeasseseeeennsrenas 170
TAB >indentation [S>Streaml........c...ciiiiiiiiiiiiiiiiiie ettt e et e e st e e e e stae e e e e araeeeeenrbaeeeeenraeaeeans 168
1 DO 2PN 177
TERMINAL-INPUT <SEF@AIN ......uvviiiieiiiiiieeeeiiieeeeecitieeeeeiiveeeeesivteeeeesassseeeesssssaeesesssssessssssseesessssseseans 168
TERMINAL—OUTPUT <SEI@AIMNL.....ccceieiiiiieeeeiiiiieeeiiitieeeeeiireeeeesirseeeeesssseeeesssseeesessssseessessssssesasssssseseans 169
TERPRI[SSETEAMY ..ottt e e e e eee ettt e e e e e e e e s sessasaatbeaaeeeeeessessssssssssssneaneaeesssessnnns 168
THROW SPAUEEITL ..ottt e et eeee et e r e e eeeeeeeeeeeeetaarasaereeeeseeeeeesassrsrarsereaaeeeeeennnns 149
TIME >predicate-call ¥LIIE ...........cooiiiiiiiiiiiiieeeeee ettt e e e eeeeeeecttrerreeeeeeeeeeeeeesasesrersereaaeeeeeenans 177
1 10 2 O 162
N O D B o T T o o =) [OOSR 155
TRACE=ALL ..ottt ettt et e e ettt e e e estateeeeeaabaeeaesssabaaeeaasssaeeeeasssaaesasssssaeeeassssseesannnsseeeaans 155
TRUE ...ttt e ettt e e e ettt e e e e e ba e e e e easaaaae e e ssabeaeeassssaaeeassssaaesassssaaeseasssseesansssnaeaans 142
L) 001 oo SRR 163
UNTRACE [STIAIME] ...vviiiiieiiiiieieeiiieee ettt e eetie e e e ettt e e eetaeeeeesaaseeeeessssseaeassssssaesesssssaessassssseesasssssseseans 155
UNTRACE=ALL ...ttt ettt e e e ettt e e e ettt e e eetbaeeeesssaseaeeaasssseaeesssssaesessssseeesansssasesesnssseaeaans 155
Vet e et e e e e e ——eeeeeatbeeeeeai——eteeaatttaeeaaataeteaaatbaaeeeaattaaeeeaabteaeeeanarraeeeaatreaeeeanrreeas 163
RN S 2N =1 o (=TSSR 125
RN o T =3 SRR 163
VERSION ..ottt ettt e ettt e e e ettt e e e e abaaeeeeataaaeeeaabaeaeeaasssaseeeaasssaseeeasssaseeeansssssesasnsresessannsrenas 177
WITH SWOTLA [SDOAY]...eeeeeeeiiiiiieeiiiiee ettt e ettt e e ee sttt e e eevbeeeeessbaeeeesnssaeesessssaeassassssseesessnssseesans 152
WORLD-NADME #IIAINIE ....uuvvviiiieeeeeeeeeeeciiiiiiteeeeeeeeeeeeeeetistaesaeeeseaeeeeseesassssssssssesaesesessssssssssrsssssaseeseessnanns 153
X >function-name [>argument] .........ccccoiieeeoiiiiiiiiieieee e e e e e e e e e e e e e e e e e e e s e nraarrrraaaaeeeas 174
D o) K=Y BT 1= -1 | ST 163
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Your comments will be much appreciated. The completed form may be sent to the Computing
Center by Campus Mail or U.S. Mail, or dropped in the Suggestion Box at the Computing Center,
UNYN, or NUBS.
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