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Apology

For reasons unknown, Xcrox has chosen not to provide any font for the Dover which faithfully reflects the
Ascil standard. More preciscly, there appears to be no simple way to get correct printed representations of
the 95 standard ASCII printing characters, Many fonts do not have an accent grave; in other the accent grave
is tdentical in appearance to the accent acute. Most fonts have a swung dash in place of the tilde, an uparrow
or caret in place of the circumflex, and/or a leftarrow in place of the underscore.

This cdition uses the SAILA family of Dover fonts for code. At CMU, at least, SAILA suffers from the
swung-dash deficicncy, and the accents acute and grave are not symmetric. The swung-dash problem has
been compensated for by a SCRIBE macro. Uv\,clu's% l |

[

For reference, here arc the 95 ASCII printing characters (the first is the space character) as they appear in
the code font in this edition: fs
Y]
I"#S%& ()*+,-./0123456789: ;<=>7

ﬁBCDEFGHIJKLMNOPQRSTUVWXYZ[\] : —————

bedefghijkimnopgrstuvwxyz{|
~Guy L. Stecle Ir,
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- Notes to the Swiss Cheese Edition
This edition is incredibly unpolished. It suffers from the following known deficiencies:
o FhoThapter-om macTos Tmd-defmere£o.is not-yet-writlem.—

¢ The chapter on the evaluator is not yet written.

e The chapter on how programs are expressed as S-expressions (which jdgludes defun, defvar, - -
defconst, and so on) is not yet written. R : /

e Nothing is yet written on packages and intern.

¢ No single entire pass has been made yet to catch inconsistencies.

Please send remarks, corrections, and criticisms to Guy :Stee] e@CMUA.
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Chapter 1
INTRO ,

1.1. Purpose

This manual documents a dialect of LISP called “CoMMON Lisp”, which is intended to meet these goals:

. Commonality. At least four implementation groups already actively at work on LISP implementations for
various machincs arc censidering supporting this dialect:  While the differing
implementation environments will of necessity force incompatibilities among the

implementations, nevertheless COMMON LiSP can serve as a common dialect of which each -

implementation can be an upward-compatible superset.

Portability. COMMON LISP intentionally excludes features which cannot casily be implemented on a
broad class of machines.

On the onc hand, features which are difficult or expensive to implement on hardware
without special microcode are avoided or provided in a more abstract and efficiently
implementable form. (Examples of this arc the forwarding (invisible) pointers and
locatives of Lisp Machine Lisp, Some of the problems which they solve are addressed in
different ways in COMMON LISP,) )

On the other hand, features which arc useful only on certain “ordinary” or *commercial”
processors arc avoided or madc optional. (An example of this is the type declaration
facility, which is uscful in some implementations and completely ignored in others; such
declarations are completely optional and affect only cfficiency, never semantics.)

Morcover, attention has been paid to making it easy to write programs in such a way as to
depend as little as possible on machine-specific characteristics such as word length, while

allowing some varicty of implementation techniques. e o
e re‘a
Power. COMMON LIsP is a descendant of MACLISPp/w’hich has always placed emphasis on

- providing system-building tools. Such tools may in turn be uscd to build the user-level
packages such as INTERLISP, provides; these packages are not, however, part of the
COMMON LISP core specificatipn, 1t is expected such packages will be built on top of the
COMMON LISP core.

FExpressiveness.  COMMON LIsP culls-not only from MAcCLise.but,from INTERLISP, other 1isP dialccts, and
other programming ]anguagcs)what we beliete from experience to be the most uscful and
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Compatibility.

Efficiency.

Stability,

understandable constructs. Constructs which have proved to be awkward or less useful
have been eliminated (an example is the s tore construct of MACLISP).

Unless there is a good reason to the contrary, COMMON LISP strives to be compatible with
Lisp Machine Lisp, MACLISP, and INTERLISP, roughly in that order. Incompatibilities
with varioys LIsr dialects or other languages are noted here in the text in specially marked
paragraphs.

CoMMON LISP has a number of features designed to facilitate the production of high-
quality compiled code in those implementations which care to invest effort in an
optimizing compiler. At least one implementation of COMMON LISP will have such a
compiler. This extends the work donc in MACLISP to produce extremely efficient
numerical code. )

It is intended that COMMON Lisp, once defined and agreed upon, will change only slowly
and with due deliberation, The various dialects which are supersets of COMMON LISP may
serve as laboratories within which to test language extensions, but such extensions will be
added to COMMON LISP only after carefut examination and experimentation.

The CoMMON LISP documentation is divided into four parts, known for now as the blﬁe pages, the white
pages, the yellow pages, and the red pages. (This document is the white pages.)

.

e The blue pages constitute an implementation guide in the spirit of th&INTERLISP Virtual Machine
specification [1]. Tt specifies a subsct of the white pages which an implementor must construct;
and indicates a quantity of LiSP code written in that subset which implements the remainder of
the white pages. In principle there could be more than one sct of blue pages, each with a
companion file of LisP code. (For example, onc might assume if to be primitive and define
cond as a macro in terms of i f, while another might do it the other way around.)

s The white pages (this document) is a language specification rather than an implementation
specification. It defines a sct of standard language concepts and constructs which may be used for
communication of data structures and algorithms in the COMMON LISP dialect. This is somctimes
referred to as the “core COMMON LiSP language”, because it contains conceptually necessary or
important featurcs. It is not necessarily implementationally minimal. While some features could
be defined in terms of others by writing LISP code (and indced may be implemented that way), it
was felt that these featurces should be conceptually primitive so that there might be agreement
among all users as to their usage. (For cxample, bignums and rational numbers could be
implemented as LISP code given operations on fixnums. However, it is” important to the
conceptual integrity of the language that they be regarded by the user as primitive, and they are
uscful enough to warrant a standard definition.)

e The yellow pages is a program library document, containing documentation for assorted and
relatively independent packages of code. While the white pages are to be relatively stable, the
_ycllow pages are extensible; new programs of sufficient uscfulness and quality will routinely be
added from time to time. The primary advantage of the division into whitc and yellow pages is
this relative stability; a package written solely in the white-pages language should not break if
changes are made to the ycllow-pages library.

o The red pages is implementation-dependent documentation; there will be one set for each

4

v
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imptementation. Here are specified such implementation-dependent parameters as word size,
maximum array size, sizes of floating-point cxponents and fractions, and so on, as well as
implementation-dependent functions such as input/output primitives.

1.2. Notational Conventions

In COMMON LISP the empty list is written “( )", which is not (necessarily) the same as the symbol named
“ni1”. The empty list is, as in most LISP dialects, usced to mean “false™ in Boolean tests; therefore “false” is

also written *()”. Any non-( ) value is trcated as being “true”.  * \\F \ PURY i I
, ve VY ?eg e

All numbers in this document are in decimal notation unless there is an explicit indication to the contrary.

Exccution of code in LisSP is called evaluation, because executing a piece of code normally results in a data
object called the value produced by the code. The symbol “=>" will be used in examples to indicate
evaluation. For example: ‘

(+ 4 6) => 9
means “the result of evaluating the code (+ 4 5) is (or would be, or would have been) 9”.

(push x v) ==> (setg v {cons x vy i =
means “the result of expanding the macro-call form (push x v)is (set\g v (cons x v))”. This
implics that the two picces of code do the same thing; the second picce of code is the definition of what the
first does,

The symbol *==>" will be used in examples to indicate macro expansion. For example: ,E —
._,.-ﬂ'

The symbol “<=>" will be used in exarﬁplcs to indicate code equivalence, For example:
(- xy) <> (+ x (= ¥)) _
mecans “the value and cffects of (- x y) is always the same as the value and effects of (+ x (- y)) for
any valucs of the variables x and y”. This implies that the two picces of code do the same thing; however,
ncither directly defines the other in the way macro-cxpansion does.
Nemed constanty —  —

Functions, variables, special forms, and macros are described using a distinctive typographical format.
Table 1-1 illustrates the manner in which COMMON Lisp functions are documented. The first line specifies
the name of the function, the manner in which it accepts arguments, and the fact that it is a function.
Following indented paragraphs explain the definition and uses of the function and often present examples or

related functions. -‘Qh

In general, mcmal;;l code {including actual names of functions) appears in this typcface: (cons a
b). Names which stand for picces of code (meta-variables) are written in ifalics. In a function description,
the names of the paramecters appear in italics for expository purposes. The word “&optional™ in the list of
parametcrs indicates that all arguments past that point are optional; the default values for the parameters are
described in the text. Parameter lists may also contain “&rest”, indicating that an indefinite number of

Lo —
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sample-function arg/ arg2 &optional argl argd ' [Function]
The function sample-function adds together arg/ and arg2, and then multiplies the result by
arg3. If arg3 is not provided or is (), the multiplication isn’t donc. sample-function then

returns a list whose first clement is this result and whose second clement is args (which defaults to
the symbol foo).

For example:

{function-name 3 4) => (7 foo)
{(function-name 1 2 2 ’bar) => (6 bar)

Asarule, (sample-function x y) <=> (list (+ x y) ’foo).

Table 1-1: Sample Function Description

argl{mcnts may appear. (The &optional and &rest syntax is actually used in COMMON LISP function
definitions for these purposes.)

sample-variable [Variable]

The  variable samp?e-véri able specifics how many times the special form
sample-special-form should itcratc. The value should always be a non-ncgative integer or
() {(which means iterate indefinitely many times). The initial value is 0.

Table 1-2:  Samplc Variable Description

Table 1-2 illustrates the manner in which a global variable is documented. The first line specifics the name
of the variabie and the fact that it is a variable. 5(,” b l,'c. Cb nrtd

Tables SAMPLE—SPEC]AL-FOR@CR]P’l‘lON and 1-4 illustrate the documentation of spccial forms
and macros (which are closely relafed in purpose). Functions are called according to a single,specific,
consistent syntax; the &optional and &restjsyntax specifics how the function uses its arguments
internally, but does not affect the syntax of a call. In contrast, cach special form or macro can have its own

idiosyncratic syntax, for it is by special forms and macros that the syntax of COMMON LISP is defined and
extended. ’

In the description of a special form or macro, an italicized word names a corresponding part of the form
which invokes the special form or macro. Parentheses (*(™ and *}™) stand for themsclves, and should be
written as such when invoking the special form or macro. Square brackets (“[” and “J") indicate (hat what
they enclose is optional (may appear zero times or one lime in that place); the square brackets should not be
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sample-special-form [name] ({var}*) {form}+ [Special form]
This evaluates cach form in sequence as an implicit progn, and does this as many times as
specified by the global variable samp Te-variable. Each variable var is bound and initialized to
43 before the Tirst iteration, and unbound after the tast iteration. 'The name name, if supplied, may

be used in a return-from (page 58) form to cxit from the loop prematurely. 1f the loop ends
nonmaily, sample-special-form returns { ).

For example:

(setq sampie-variable 3)
{sample-special-form () forml form2)

This evaluates form/{, form2, forml, form2, forml, form2 in that order.

Table I-3: Sample Special Form Description

sample-macro var {fag | statemeni}* " [Macro]
This evaluates the statements as a prog body, with the variable var bound to 43.

(sample-macro x (+ x x)) => 86
(sample-macro var . body) ==> (prog ((var 43)) . body)

Table 1-4: Sample Macro Description

written in code. Curly braces (“{" and “}") simply parenthesize what they enclose, but may be followed by a
star {**”) or a plus sign (“+"); a star indicates that what the braces cnclose may appear any number of times
(including zcro, that is, not at all), while a plus sign indicates that what the braces enclose may appear any

non-zero number of times (that is, must appear at least once). Within braces or brackets, vertical bars (“|”)
separate mutually exclusive choices,

In the last example in Table 1-4, notice the use of “dot notation”, The “. " in {sample-macro var .
body) means that the name body stands for a list of forms, not just a single form, at the end of a list. This
notation is oftcn used in examples.

The term “LISP reader” refers not to you, the reader of this document, nor to some person reading LISP
code, but specifically to a Lise program (the function read (page 197)) which reads characters from an input
stream and interprets them by parsing as representations of LISP objects.
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Certain characters arc used in special ways in the syntax of CoMMON Li1SP. The complctc syntax is

explained in detail in 777, but a quick summary There may be useful:

will be recognj#ed even if entered in the wrong case. You may write programs in whichever case you prefer;
MMON LISP will attempt to preserve the capitalization you usc. There are ways to force case conversion o
ihput or output, : _ ' e

code is writtc/n‘fE\Tery'wmbﬁ-m YT Hic mﬂﬁwmwm—w

You will see various symbols that have the colon (:) character in their names. By convention, all
“keyword” symbols have names starting with a colon. The colon character is not actually part of the pri

An accent acute (“single quote™) followed by an expression form is an abbreviation for (quote form).
Thus *foo mcans (quote  foo) and '(cons 'a ’'b) means (quote (cons (quote a)
(quote b))).

Semicolon is the comment character. It and cverything up to thc cnd of the line is discarded.

_‘,_r—F

Double quotes surround character stnngy

Backslash is an escape character. AS a rule, it causes the next character to be treated as a letter rather
than for its usual syntactic purpose. For example, A\ (B denotes a symbol whose name is “A(B”, and
"\ """ denoles a character string containing one character, a double-quote.

The number sign begins a more complex syntax. The next character designates the precise syntax to ]
follow. For example, #0105 means 105— (105 in octal notation); #\L denotes a character object for the ,1[“]1:
character “L”; and #{a b c) denotes a vector of three clements a, b, and c. .gln <

r

Vertical bars surround the name of a symbol whsish has special characters T ft——

Accent grave (“backquote”) signals that the next expression is a template which may contains commas.
The backquote syntax represents a pr éram Wthh will construct a data structure according to the
template. M @5,

Commas are used within the backquote syntax.

Colon is used to indicate which package a symbol belongs to. For ¢xam
symbol named reset in the package named chaos.

name, but is a package prefix indicating that the symbol belongs to the keyword package ‘This is all explained
in 77; until you read that, just make belicve that the colons are part of the names of the symbols.

"This s o } sracier st ﬁ”
tA'rftV‘g ) J

nine

- ,, “@r M\\Z,L,W

\J
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Chapter 2
Data Types ;

CoMMON LISP provides a varicty of types of data objects. It is important to note that in LISP it is data
objects which are typed, not variables. Any variable can have any LISP object as its value.

In COMMON LISP, a data type is a (possibly infinite) sct of LISP objects. Many LISP objccts belong to more

“than one such sct, and so it doesn’t always make sensc to ask what the type of an object is; instead, one usualty

asks only whether an object belongs to a given type. The predicate typep (pagé 28} may be used to ask
cither of these questions, : )

The data types defined in COMMON LISP are arranged into an almost-hierarchy (a hierarchy with shared
subtrecs) defined by the subsct relationship. Certain scts of objects are interesting cnough to descrve labels
{such as the sct of numbers or the set of strings). Symbols are used for most such labels (here, and throughout
this document, the word symbol refers to atomic symbols, one kind of LISP object). The root of the hierarchy,
which is the set of all (:chcts, istabelled by t.  Alge, thr ews lard doea € )//e, j s

/[ A.(,b” e (7.

Objects may be roughly divided into the following categories {which are in fact types): number,
character, symbol, 1ist, array, structure, function, and random. Some of these categories
have many subdivisions. There are also types which are the union of two or more of these categories. The
categorics listed above, while they are data types, are neither more nor less “real” than other data types; they
simply constitute a particularly useful slice across the type hicrarchy for expository purposes,

Each of these categorics is described briefly below. Then one section of this chapter is devoted to cach,
going into more detail, and describing notations for objects of cach type. Descriptions of LISP functions
which operate on data objccts are in later chapters. " O [,Ap. )

o Numbers arc provided in various forms nd representations.  COMMON LISP provides a-truc
intcgc'raata type: any integer, positive of ncgative, has in principle a representation as a COMMON
L1sP data object, subject only to
truc rational data type is provided: the quotient of two integers, if not an integer, is a ratio.
Floating-point numbers of various ranges and precisions arc also provided.  Some
implemecntations may choosc to provide Cartesian complex numbers. :

onc-dimensional of chamctc_rs. CoMMON Lisp provides a rich character set, including ways

#z‘ﬁo,\

p——

memory limitations (rather than machine word width) A | X L Q

o Characters represent printed glyphr{such as lcttcrs)or text formatting operations. Strings are 7 ')

- VWI’6
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to represent characters of various type styles.

o Symbols (sometimes called atomic symbols for emphasis or clarity) arc named data objects. LISP -
provides machinery for locating a symbol object, given its name (in the form of a string). Symbols
have property lists, which in effect allow symbols to be treated as record structures with an
cxtensible set of named componcnts cach of Whlch may be any LISP object ) d
A

@s are sequences represented in the form of lmkcd cclls ca]]cd conses. Fhere is a special object
—whrieh is the empty list. All other lists are built recursively by adding a new clement to the front of
an existing list, This is done by creating a new cons, which is an object having two components
called the car and the edr. The car may hold anything, and the ¢dr is made to point to the
previously existing fist. {Conses may actually be used completely generally as two-clement record
structures&ut their most important use is to represent lists.) P “’J gy lc /, 0
o Arrays are dimensioned collections of objects. An array can have any non-negative number of '6:737:1-,«
dimensions, and is indexed by gkequence of integers. General arrays can have any LISP object as ’Q ™ 4
a component; others are specialiged for efficiency or for other reasons, and can hold only certain 7 7’ 5 -
types of LISP objects. Two important special cases of arrays are sirings, which are one-
dimensional arrays of characterl::%.gd bit-strings, which are one-dimensional arrays that can

contain only the integers 0 and 1. . .
Y . g. —— — L7 d"M
e Structures arc record structures, objects which have named components. The

defstruct (page 167) facility is uscd to define new structure types. Some COMMON LIsP
implementations may choose to implement certain system-supplied data types as structures; these
might include bignums, readiables, and streams.

o Functions arc objects a«hiehfﬁ:m be invoked as procedurcs; these may take arguments, and return
values. (All LISP procedures can be construed to return a value, and therefore treated as

functions. Those uh?hav othing better to return usually return () ) L— C.u, éé_ L

¢ Random objects arc those whlch do not fit into any other category. This is a catch-all data type
w?ﬁh primarily covers implementation-dependent objects for internal use.

{
2.1. Numbers

There are several kinds of numbers defined in COMMON LisP. Table 2-1 shows the hicrarchy of number
types. ’

2.1.1. Integers

‘The integer data type is intended to represent mathematicat integers. Unlike most programming languages,
COMMON Lisp in principle imposcs no limit on the magnitude of an integer; storage is automatically allocated
as necessary to represent large integers.

In every COMMON LisP implementation therg is a range of integers widch are rcprcscntcd more cfficiently
than others; cach such integer is called a fixnwm, and an integer which is not a fixnum is catled a bignum. The
distinction between fixnums and bignums is visible to the uscr in only a few places where the efficiency of
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number
rational
integer
fixnum
bignum
ratio
float
short-float
single-float
double-float
lTong-float
complex

Table 2-1: Hierarchy of Numeric Types

representation is important; in particular, it is guaranteed that any dimension of an array (and thercfore any
index into an array) can be represenied as a fixnum, Exactly which integers are fixnums is implementation-
dependent; typically they will be those integers in the range —2" to 2"~ 1, inclusive, for some s not less than

15.
nums arc thoge ipjegers in the range
in the range [ 2§32Sli 1. In the VAX %4

Integers are ordinarily written in decimal notation, as a sequence of decimal digits, optionally preceded by
a sign and optionally followed by a decimal point.

!mplfjlneg,’ation note: In the PERQ implementation of CoMMON Lisp,
[-2°°2°" =1} In the $-1 implcmentation, fixnums "“39“‘330 integy
implementation, fixnums are those integers in the range [- 277,27 =1

For example:

‘

0 ;Zero.

-0 ;This always means the same as 0.

+6 ;The first perfect number.

28 ;The second perfect number.

1024. ;Two to the tenth power.
- 1 ;ewl
15511210043330985984000000, : 25 factorial {25'). Probably a bignum.

Compatibility note; MACLIsP and Lisp Machine Lisp normally assume that integers are writlen in octaf (radix-8) notation
unless a decimal point is present.  ENTERLISP assumes integers are wrilten in decimal notation, and uses a trailing @ to
indicate octal radix; however, a decimal point, even in trailing position, afways indicates a floating-point number. This is of
course consistent with FORTRAN; ADA docs not permit trailing decimal points, but instead requires them to be embedded. In
Common Lise, integers writien as described above are always construed to be in decimal notation, whether or not the
decimal peint is present; allowing the decimal point te be present permits compatibility with MacLise.

There are special ways to notate integers in radices other than ten. The notation
#nnrddddd

means the integer in radix-nn notation denoted by the digits ddddd. More preciscly, one may write “#”, a
non-cmpty sequence of decimal digits representing an unsigned decimal integer n, “r” (or “R”™), an optional
sign, and a sequence of radix-n digits, to indicate an integer writien in radix n. Only legal digits for the
specificd radix may be used; for example, an octal number may contain only the digits 0 through 7. Letters of
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the alphabet of either case may be used in order for digits above 9. Binary, octal, and hexadecimal radices are
uscful enough to warrant the special abbreviations “#b” for “#2r”, “#0” for “#8r”, and “#x” for “#16r™.

For example: -5 #b) #o) Hx <0 f'éwo--c _ can{”f 10 e
i lO“"f #2r11010101 ; Another way of writing 213 decimal.
X #p11010101 ; Ditto.
6 #b+11010101 ;Ditto.
#0325 ;Ditto, in octal radix.

#xD5  :Ditto,.in hexadecimal radix,
#16r+D5 ;Ditto.
#0-300 ;Deccimal -192, written in base 8.
#3r-12010 ;Same thing in base 3.
#25R-7H  ; Same thing in base 23.

Vu_’ Ma—x pes = 'lenum
2.1.2. Floating-point Numbers : ' min = ’MJ" fixobm

Generally speaking, a floating-point number is a (mathematical) rational number of the form
(—=1)™**2? where s is a bit (0 or 1), the sign; p is a positive integer, the precision (in bits) of the floating-
point number; fis a positive integer between 27 ~1 and 27—1 (inclusive), the fraction (properly speaking, the
fraction is actually /72°); and e is an integer, the exponent. In addition, there is a floating-point zero. The
value of p and the range of e depends on the implementation and on the type of floating-point number within
that implementation.

Floating-point numbers are provided in a variety of precisions and sizes, depending on the
implementation. High-quality fioating-point software tends to depend critically on the precise nature of the
floating-point arithmetic, and so may not always be completcly portable. To aid in writing programs which
are modcrately portable; however, certain definitions arc made here:

e A short floating-point number is the representation of smallest precision provided by an
implementation,

e A Jong floating-point number is the representation of the largest fixed precision provided by an
implementation,

o Intermediate between short and long sizes are two others, arbitrarily called single and double.

The precise definition of these categories is implementation-dependent.  However, the rough intent is that
short floating-point numbers be precise at least to about five decimal places; single floating-point numbers, at
least to about seven decimal places; and double floating-point numbers, at least to about fourteen decimal
places. Therefore the following minimum requirements are imposed on these formats: the precision (in bits)
and the exponent size (in bits; that is, the base-2 logarithm of one plus the maximum cxponent value) must be
at lcast as great as the values in Table FLOATING-FORMAT-REQUIREMENTS-TABLE.

In any given implementation the categories may overlap or coincide. For example, short might mean the
same as single, and long might mean the same as double.

Implementation nole: Where it is feasible, it is recommended that an implementation provide at Jeast two ly.pes of
floating-point number, and preferably three. Ideally, shori-format Neating-point numbers should have an “immediate”
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, 7 bits 20 bits e ~-
Single * 8 bits " 24 bits '
Double 8 bits 50 bits

Format ___| Minimum Precision/ _Minimum Ex g-r_lg_t:s_i_@ )| /{ E H ___’

Table 2-2: Minimum Floating-Point Precision and Exponent Size Requirements

representation that does not require consing, single-format floating-point numbers should approximate 1EEE standard
single-formal Moating-point numbers, and double-format Neating-point numbers should approximate 112 standard double-

format floating-point mumbers. {ong mey b wll  Some a5 c")ué/g) or o yee

In the PERQ SpicE Lisf implementation of ComMon Lisp, two types are to be provided: /frJ-ﬂ- Siee .
= For the small siz4 (28 bits),})—ZO and eisin{—128, 127]. Short format maps to this.
3,3

» For the large sizef(96 bits), p=63 and eis in [— 2", 27 —1]. Single, double, and long formats map to this.
On he §-1, three typeshare provided:

e For halfword size#(18 bits), p=13 and eis in [— 15, 16]. Short format maps to this.

s For singleword siffe (36 bits), p=27 and eis in [— 255, 256). Single format maps to this,

214+ 1, 214|. Double and long formats map to this,

o For doubleword fzc (72 bits), p=57 and eisin [~
The VAX architecture grovides four floating-point formats:
e F-floating: 32 bilg p=24, ein [~ 127, 127).
p="56, ¢in[-127, 127),
p=53, ein[-1023, 1023].
it§, p=113, ein [— 16383, 16383].

Probably D-floating forpat should not be used. If so, then shorr and single might refer to F-floating format, double to
G-Meating format, and /g 10 1-floating forma, (if that is supported: if not, then G-Noating format).  Allernatively, shore
format might be a 28-bit ffrmat consisting F-format with the four lowest-order fraction bits removed, \F / vs 4

Floating point numbers are written -in cither decimal fraction or “computerized scientific” notation: an
optional sign, thcn a non-empty sequence of digits with an embedded decimal point, then an optional decimal
exponent specification. The decimal point is required, and there must be digits cither before or after it;
morcover, digits are required after the decimal point if there is no cxponent specifier. The exponent specifier
consists of an exponent marker, an optional sign, and a non-cmpty sequence of digits. For preciseness, here is
an extended-BNF decription of floating-point notation. The notation “<x>"" means zCro Of MOIC oCcurTences
of “x™, the notation “<x>*”" means one or more occurrences of “x”, and the notation “¢x>™ means zero or
one occurrences of *x”.

- -u—-v—-‘—-"'-"'.-.--_

———
E—

<floating-point number> ::= (sign>? {digit digit> <cxponcnt>? | <signd’ <digi>t . <digit>' {exponent>

Ssignd> i= +| -
<digi> == 01112(3]4]51617]819 Uje_ 5'57

<exponentd 1= <exponent marker> <signd’ <digi> * E J

<cxponent marker> = e|s|f|d|T1|E|F|D|S|L /

If no exponent specifier is present, or if the cxponent marker e (or E) is used, then the precise format to be
used is not specificd. When such a floating-point number representation is read and converted to an internal

floating-point data object, the format specificd by the variable read-default-float-format (page
READ-DEFAULT-FLOAT-FORMAT-VARY) is used; the initial value of this variable is sing1e.
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The letters s, f, d, and 1 (or. their rcspcctwc upper-case equivalents) specify explicitly the use of sharl
single, double, and long format, respectively. —

277 Query: There has been some objection to the use of the words single and double, as they may be misleading to the user -
of 100 con lmﬁg"tlrﬂ-rrrm W —

= = - e

For cxample:
0.0 ; Floating-point zcro in default format,
-.0 ; Also a floating-point zero.
0. : The integer zero, not a floating-point number!
0.0s0 : A floating-point zero in shert format.
3.141592653589793 2384d0 : A double-format approximation to #.
3.1415926535897932384B0 . s A big-format approximation to #.
6.02E+23 : Avogadro’s number, in default format,
3.1010299957f-1 log ) 2, in single format.
-0.000000001s9 : €M ihghort format, the hard way. - 4/)

2.1.3. Ratios ( . - — e

The rationals include the integers, and atso ratios of two integers. The canonical printed representation of a
rational number is as an integer if its value is integral, and otherwise as the ratio of two integers, the
numerator and denominator, whose greatest common divisor is one, and of which the denominator is positive
(and in fact greater than 1, or elsc the value would be integral), written with */” as a scparator thus: “3/5”.
It is possible to notate ratios in non-canonical (unreduced) forms, such as “4/6”, but the Lisp function
prinl {page 201) always prints ths’canomcal form for a ratio.

Implemeniation note: Whllc” mpiemcntahorﬁ)f CoMMON Lisp will probably choose to maintain all ratios in reduced
form, there is no requircment for this as long as its effects are not visible to the user. Note that while it may at first glance
appear to save computation for the reader and various arithmetic operations not to have to produce reduced forms, this
savings is hkely to be counteracted by the increased cost of operating on larger numerators and denominators.

Rational numbers may be written as the possibly signed quotient of decimal numerals: an optional sign
followed by two non-empty sequences of digits separated by a “/”. The sccond sequence may not consist
entircly of zeros.

For example:
2/3 :"This is in canonical form, Q
4/6 A non-canonical f‘om! for the same number. @ " h ¥ s
-17/23 -~
-30517578126/32768 ;M|31562)15. ——
10/56 :'The canonical form for this is 2.

There arc ways to notate rational numbers in radices other than ten; one uses the same radix specifiers (one
of #anR, #0, #B, or #X) as for integers.

For example:
#0-101/75 ; Octal notation for -65/61.
#3r120/21 : Ternary notation for 1577,

#Xbc/ad ; : Hexadecimal notation for 188/173.
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Complex numbers may or fnay not be supported by a COMMON LISP implementation. They arc
represcnted in Cartesian form, withaTea an imaginary part each of which is a non-complex number
(integer, floating-point number, or ratio). It should be emphasized that the parts of a complex number are
not necessarily floating-point numbers; in this COMMON LISP is like PL/1 and differs from FORTRAN. In
general, these identities hold: '

2.1.4. Complex Numbers

{eql (realpart (complex x y)} x}
(eql (imagpart (complex x y)) ¥)

Complex numbers may be notated by writing the characiers “#C” followed by a list of the real and
imaginary parts. (Indeed, “#C(a b)” is equivalent to “#, (complex a b)”; sce the description of the
function comp Tex (page 130).)

For example: @_ w \:T Lot Ubn, ———
#C(3.0s1 2.0s-1)

#C(5 -3 ) ; A Gaussidn integer.
#C(5/3 7.0)

Some implementations furthermore provndc specialized representations of complex numbers for efficiency.
In such representations the real part and imaginary part arc of the same specialized numeric type. The “HC”
construct will produce the most specialized representation which will correctly represent the two notated
parts. The type of a specialized complex number is indicated by a list of the word complex and the type of
the components; for example, a specialized representation for complex numbers with short floating-point
parts would be of type (complex short-float). The type complex encompasses all complex
representations; the particular representation which allows parts of any numeric type is referred to as type
(complex t).

o
2.2. Characters _ M%{M % ~

Every character object has three attributes: code, bits, and font. The code attribute is intended to
distinguish among the printed glyphs and formatting functions for characters. The bits attribute allows extra
flags to be associated with a character, The font attribute permits a specification of the style of the glyphs
(such as italics). Each of these attributes may be understood to be a non-ncgative integer.

A character object can be notated by writing “#\” followed by the character itself. For example, “#\g"
means the character object for a lower-case “g”. This works well enough for “printing characters”. Non-
printing characters have names, and can be notated by writing “#\" and then the name; for example,
“#\return” {or “#\RETURN” or “#\Return”, for cxample) means the <return> character. The éyntax for
character names after “#\" is the samc as that for symbols.

The font attribute may be notated in unsigned decimal notation between the “#” and the *\". For
example, #3\A mcans the letter “A” in font 3. Note that not all COMMON Lisp implementations provide for
non-zcro font attribuites; sce char-font-11imit (page 139).
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The bits attribute nray be notated by preceding the name of the character by the names or initials of the

bits, scparated by hybhenﬁ. The character itself may be written instead of the name, preceded if necessary by

‘\”. For cxamplef
#ALControl-Meta-Return 2
P el ey ———
#\Meta-\j8 pr
#\C-M-Return : i

Note that not all COMMON LISP unplemcntatlon} provide for non-zero bits attributes; see

char-fo -1imit (page 139).

M il

Any character whosc bl[S and font attributes are zero may be contained in strings. All such characters
together constitute a subtype of the characters; this subtype is called string-char,

2.3. Symbols

Symbols are LISP data objects which serve several purposes and several intercsting properties. Every
symbol has a name, called its print name, or pname. Given a symbol, one can obtain its name in the form of a
string. More intercsting, given the name of a symbol as a string one can obtain the symbol itsclf. (More
precisely, symbols are organized into packages, and all the symbols in a packége are uniquely identified by
name.)

N

Symbols have a component called the property ligg/ or plist. By convention this is always a list whose
even-numbered components (calling the initial component zero) are symbols, here functioning as
property names, and whose ‘odd-numbered components are associated property values. Functions are
provided for manipulating this property list; in effect, these allow a symbol to be treated as an extensible
record structure.

Symbols are also used to represent certain kinds of variables in LISP programs, and there are functions for
dealing with the values associated with symbols in this role,

/A symbol can be notated simply by writing its name. Ifits name is not empty, and if the name consists only
of upper-casc alphabetic, numeric, or certain “pseudo-alphabetic™ special characters (but not delimiter
characters such as parentheses or spacc), and if the name of the symbol cannot be mistaken for a number,
then the symbol can be notated by the sequence of characters in its name.

For example:
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FROBBOZ : The symbol whose name is “FROBBOZ™.
frobboz ; Another way to notate the same symbol.
fRObBoz *:Yet another way to notate it.
unwind-protect ; A symbol with a “~" in its name.
+$ : The symbol named “+§”.
1+ ;: The symbol named “ 1+, ./
+1 . ; This is the integer 1, not a symbol. ‘
pascale styls ; This symbol has an underscore in its name. -
br2-4*a*c ; This is a single symbol! 3

. ; It has several special characters in its name:™
file.rel.43 : This symbol has periods in its namg, — )
/usr/games/zork . ; This symbol has stestics in its name.

Besides letters and numbers, the fnl}owinngth;;'aclers arc normally considered to be “alphabetic” for the
purposes of notating symbols: e - -

+ -/ @s% %~ &©= < >0" . B ; .Q_
y e — —— e ———

Some of these characters have conventional purposes for naming things; for example, symbols which name
functions having extremely implementation-dependent semantics generally have names beginning with *%”.

The last character, ““. ", is considered alphabetic provided that it does not stand alone. By itself, it has a role in

the notation of conses. (It also serves as the decimal point.) . Z}
. bt Ion ',7, (%

A symbol may have upper-case lctters, lower-case letters, or both in its print name. However, the LISP
reader normally converts lower-case letters to the corresponding upper-case Ietters when reading symbols.
The net effect is that most of the time case makes no difference when notating symbols. However, case does
make a difference internally and when printing a symbol. Internally the symbols which name all standard
CoMMON Lisp functions, variables, and keywords have upper-case namcs; their names appear in lower case
in this document for readability. Typing such names in lower case works because the function read will
convert them to upper case. '

If a symbol cannot be notated simply by the characters of its name, because the (internal) name contains
special characters or lower-casc letters, then there are two “cscape” conventions for notating them. Writing a
“\" character before any character causcs the character to be treated itself as an ordinary character for use in a
symbol name. If any character in a notation is preceded by \, then that notation can never be interpreted as a
number,

For example:
\( ; The symbol whose name is “( .
\+1 : The symbol whose name is “+1”,
+\1 ; Also the symbol whose name is “+1",
\frobboz : : The symbol whose name is “fROBBOZ™,
3.14159285\s0 : The symbol whosc name is “3.14159265s0”.
3.14159265\50 : The symbol whose name is “3.14159265507,
3.14159265s50 ; A short-format floating-point approximation to .
APLAN3BO . :The syimbol whose name is “"APL\360",
N(BA2V)N -\ 4*a*¢ :The nameis“(b~2) - 4*a*c”.

*;  Ithas parentheses and two spaces in it. -

It may be tedious to insert a “\™ befgre every delimiter character in the name of a symbol if there are many
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of them. An alternative convention is to surround the namec of a symbol with vertical bars; these cause every
character between them to be taken as part of the symbol’s name, as if “\™ had been written before cach one,
excepting only | itself and \, which must nevertheless be preceded by \.

For cxample:
a W e

"1 : The same as writing \ ™.
| (b~2) - 4*a*c| ;The name is “(b~2) - 4*a*c”.
|frobboz| ; The name is “frobboz”, not “FROBBOZ™.
{APL\360| : The name is “APL360”, because

+ 7 the "\” quotes the 3™,
JAPENN360 ; The name is “APL\ 360",
Jap1\\360} ; The.name is “ap1\3607.
ININT ; Same as{\ [\ || the nameis | | 7.

2.4, Lists and Conses

\

k2
A cons is a little record structure containing two components, called the car and the cdr. Coriscs are used
primarily to represent lists.

A list is recursively defined to be either the empty list, which is a special data object notated as “()”, or a
cons whose e¢dr component is a list. A list is therefore a chain of conses linked by their cdr components and
terminated by (). The car components of the conses are called the efements of the list. For cach element of
the list there is a cons. The empty list has no clements at all.

A list is notated by writing the clements of the list in order, separated by blank space (space, tab, or return
characters) and surrounded by parcntheses.

For example: _ ' UQ /

{a b ¢) ; A list of three symbols, w
{2.0s0 (a 1) #\*) ; A list of three things: a short floating-point number, d\@\ XJ
; another list, and a character object. = \oa
This is why the empty list is written as ( ); it is a list with no clements. : ¥

A dotied list is one whose last cons does not have ()} for its ¢dr, but some other data object (which isjalso
not a cons, or the first-mentioned cons would not be the last cons of the list). Such a list is called “dotted”
because of the special notation used for it: the elements of the list are written between parenthescs as before,
but afier the last clement and before the right parenthesis are written a dot (surrounded by blank space) and
then the edr of the last cons. As a special case, a single cons is notated by writing the car and the cdr between
parentheses and separated by a space-surrounded dot.

For cxample:
{(a . 4) : A cons whose car is a symbol
_ + and whosc edr is an integer.
{abc . d) ; A list with three clements whose last cons

;  has the symbol d in its cdr.

Compatibility note: In MAci 1se, the dot in dotted-iist nolation needed not be surrounded by white space or other delimiters,
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The dot is required to be delimited in Lisp Machine Lisp.

It is legitimatc to writc something like (a b . (¢ d)); this means the same as (a b ¢ d). The
standard 1ISP output routines will ncver print a list in the first form, however; they will avoid dot notation
wherever possible. '

Often the term fist is used to refer either to true lists or to dotted lists. The term “true list” will be used to
refer to a list terminated by ( ), when the distinction is important. Most functions advertised to eperate on

fists witlwesleom totted-frstsamtignace the pon-{ ) cdeat-the-emd:— hom},,a.}/y /w.zw'»& théecf /

Somctimes the term free is used to refer to some cons and all the other conscs transitively accessible to it
through car and cdr links until non-conses are reached; these non-conses are called the Jeaves of the tree.

NO" -»amfeﬁ oML &’50 chs,M To Ae (V/Wa/) Trees,

Lists, dotted lists, and trees are not mutually exclusive data types; they are simply useful points of view 4{ (s
about structures of conses. There arc yet other terms, such as association fist. None of these are truefLIS data f
types. Conscs are a data type, and () is the sole object of type nu11. The Fig Sidata type 1ist is taken to
mean the union of the cons and nu11 data types, and therefore encompasses Hoth true lists and dotted lists.

ot : N
25, Arra}sjb 4 61!57‘7 i ——

An array is an object with components arranged according to a rectilincar coordinate system. In general,
these components may be any LISP. data objects.

The number of dimensions of an array is called its rank (this terminology is borrowed from APL). Thisisa
non-negative integer; for convenience, it is in fact required to be a fixnum (an integer of limited magnitude).
I ikewise, each dimension has a length which is a non-negative fixnum. The total number of clements in the

array is the product of all the dimensions. dU ’ , - fl s } /™ , v /der ‘é

It is permissible for a dimension to be zero. In this case, the array has no clements, and any attempt to
access an clement in in error. However, other propertics of the array (such as the dimensions thcmz—lyfﬂ__ _,Q__
may be used. If the rank is zero, then there are no dimensions, and the product of the dimensions is then by
definition 1. A zero-rank array therefore has a single clement.

An array clement is specified by a sequence of indices. The length of the sequence must equal the rank of
the array. Each index must be a non-ncgative integer strictly less than the corresponding array dimension.
Array indexing is therefore zero-origin, not onc-origin as in (the default case of) 1-‘0RTRANL" h?.:e —_—

As an cxample, supposc tha( the variable foo names a 3-by-5 array. Then the first index may be 0, 1, or 2,
and then second index may be 0, 1, 2, 3, or 4. Onc may refer to array clements using the function aref (page
160):

(aref foo 2 1)

refers to element (2,1) of the array. Note that aref takes a variabic number of arguments: an array, and as
many indices as the array has dimensions. A zero-rank array has no dimensions, and therefore aref would
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take such an array and no indices, and return the sole clement of the array.

One-dimensional arrays and Jists are collectively considered to be sequences. They differ in that any
component of a one-dimensional array can be accessed in constant time, while the average component access
time for a list is lincar in the length of the list; on the other hand, adding a new element to the front of a list
takes constant time, while the same operation on an array takes time lincar in the length of the arra&.

In general, arrays can be multi-dimensional, can have fill pointers, can share their contents with other array
objects, and can have their size altered dynamically after creation. The important special case of a one-
dimensional array with no fill pointcr, unshared with any other array, and of unincreasable size is called a
vector. Some implementations can handle vectors in an especially efficient manner.

The general notation for arrays is rather complicated. It generally begins with “#1A”, where 7 is the rank
of the array, and is followed by a description of the contents of the array. The notation is described in full in

HE R

A general vector (a onc-dimensional array of S-cxpressions with no additional paraphernalia) can be
notated by notating the components in order, scparated by whitespace and surrounded by “#(” and ™)™

For example:

#(a b c) ; A vector of length 3.
#(2 357 11 13 17 19 23 29 31 37 41 43 47)

: A vecior containing the primes below 50. e
#() ; An empty vector. : —) wf"!‘ﬁn e —

Rationale: Numerous people have suggested that square brackets be used 10 notate vcn:lc:rsl'r “[a b c]"instead of “#(a b
¢)”. This would be shoner, perhaps more readable, and certainly in accord with cultural conventions in other parts of
compuler science and mathematics. However; 1o preserve the usefutness of the user-definable macro-character feature of
the function read {page 197), it is nccessary 1a leave some characters to the user for this purpose. Txperience in MacLisp
has shown that users, cspecially implementors of A1 languages, ofien want to define special kinds of brackels. Therefore
CoMMonN Lisp avoids using these characters in its syntax so that the user may freely redefine their syntax: [ J{3}17".

Implementations may provide certain specialized representations of arrays for efficiency in the case where
all the components are of the same specialized (typically numeric) type. All implementations provide
specialized arrays for the cases when the components are characters or when the components are always 0 or
1; the one-dimensional instances of these specializations are respectively called strings and bit-strings. Special
notations are provided for the further restriction of these types to the vector case. A string vector can be
written as the sequence of characters contained in the string, prcécdcd and followed by a **” (double-quote)
character. Any “"” or *\" character in the scquence must additionally have a *\” character before it.

For example;
"Foo" ) ; A string with three characters in it.
" ; An empty string.
"\"APLNN3607\" he cried.” : A string with twenty characters.
"Ix] = |-x|" ; A ten-character string.

Notice that any vertical bar “|” in a string need not be preceded by a “\". Similarly, any double-guote in
the name of a symbol written using vertical-bar notation need not be preceded by a “\”. “The double-quote
and vertical-bar notations arc similar but distinct: double-quotes indicate a character string containing the
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sequence of characters, while vertical bars indicate a symbol whose name is the contained sequence of
characters. )

A bit-string vector is written much lik_c a string, using double-quotes; however, a “#” is written before it,
and the clements of the bit vector must be 0 or 1,

For example:

#"10110" : A bit vector with five bits. BitQis 1,

# . ; A null bit vector.

#7110101000101000101" ; Bit # of this bit vector is 1 iff 22 is prime.
2.6. Structures

Different structures may print out in different ways; the definition of a structure type may specify a print
procedure to use for objects of that type (see the :printer (page DEFSTRUCT-PRINTER-KWD) option
to defstruct (page 167)). The default notation for structures is:

#S ( structure-name
slot-name-1 slot-value-1
slot-name-2  slot-value-2

.)
where “#S” indicates structure syntax, structure-name is the name (a symbol) of the structure type, each
slot-name is the name (also a symbol).of a component, and each corresponding slof-value is the representation
of the Lisp object in that slot. .

2.7. Functions

2.8. Randoms

Objects of type random tend to have implementation-dependent semantics, and so may print in
implementation-dependent ways.  As a rule, such objects cannot reliably be reconstructed from a printed
representation, and so they are printed usually in a format informative to the user but not acceptable to the
read function: '

#<useful information>
A hypothctical cxample might be:
#<stack-pointer si:rename-within-new-definition-maybe 311037552>

"The LIsP reader will signal an error on encountering “#<”.

It is not necessarily the case that all objects which are printed in the form “#<. . .>" arc of type random;
however, any objcct of type random will be printed in that form,
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Chapter 3

Program Structure

In the previous chapter the syntax was sketched for notating data objects in COMMON Lisp. The same
syntax is used for notating programs, because all COMMON LISP programs have a representation as COMMON
ISP data objects.

Seme Mumbr 0{

3.1, Forms

The standard unit of interaction with a COMMON LISP implc-m tation is the form, which is simply an
S-expression mcant to be evaluated as a program to produce values (which arc also data objects).
One may request cvaluation of any data object, but only certain ones (such as symbols and lists) are
meaningful forms, while others (such as most arrays) arc not. Examples of meaningful forms are 3, whose
valucis 3, and (+ 3 4), whose valuc is 7. We write “3 => 3” and “(+ 3 4) => 7” to indicate these facts
(*“=>" means “evaluates to™).

Meaningful forms may be divided into three categories: self- cvaliﬂmg forms, such as numbers; symbols,
which stand for variables; and lists. The lists in turn may be divided into three categories; special forms,
macro calls, and function calls. )

3.1.1. Sell-Evaluating Forms

All numbers, strings, and bit-strings are selfevaluating forms. When such an object is cvaluated form, that
object itsclf (or possibly a copy in the casc of numbers) is returned as the value of the form. The empty list ( )

is also a sclf-cvaluating form: the value of () is (). 5," v u “u pe s Se lf_e V&/

3.1.2. Variables

Symbols are used as names of variables in COMMON LISP programs. When a symbol is evaluated as a form,
the value of the variable it names is produced, For cxample, after doing (setq items 3), which assigns
the value 3 o the variable naimed items, then items => 3, Variables can be assigned to (as by setq (page
39)) or bound. Any program construct that binds a variable clfectively saves the old value of the variable and
causes it to have a new value, and on exit from the construct the old value is reinstated.

‘There arc actually two kinds of variables in COMMON Lisp, called lexical (or static) variables and special (or
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dynanic) variables. At any given time cither or both kinds of variable with the same name may have a current
vatue. Which of the two kinds of variable is referred to when a symbol is evaluated depends on the context of
the evaluation. The general rule is that if the symbol occurs textually within a program construct that creates
a binding for a variable of the same name, then the reference is to the kind of variable specified by the
binding; if no such program construct textually contains the reference, then it is taken to refer to the special
variable of that name. '

The distinction between the two kinds of variable is one of scope and access. A lexically bound variable
can be referred to only by forms occurring at any place textually within the program construct that binds the
variable. A dynamically bound (special) variable can be referred to at any time from the time the binding is
made until the time evaluation of the construct that binds the variable terminates. Thercfore lexical binding
imposcs spatial limitations on occurrences of references, whereas dynamic binding imposes temporal

limitations. ' (-:@O ra;a-‘ )
The valuc a special variable has when there are currently no'bindings of that variable is called the global

value of the variable. A global value can be given to a variable only by assignment, because a value given by -L, )
binding{by definition|ishiot global. | ' ;

31 8 _% . e Va;l{/‘@ )
’-— /

The symbols t and ni1 are rescrved. One may not agsign a value to t or ni 1, and gne may not bind t or
nit. ‘The global value of t is always - . and the global value of ni1 is always false ({)).
Constant symbols defined by defconst (page 23) also become reserved and may not be further assigned to /

or bound. t",/"_"f d ‘C'{"\

Rationale: It would seem appropriate for the compiler to be justified in issuing a warning if one does 4 setq on a constan

L . ) Se, -
defined by defcons t If one cannot assign, one should not be able (o bind, cither, . < 014/
772 Query: Unfortunately this vioclates the principle of alpha-conversion for lexical variables. What would people think of
6.{_ forbidding only speciaf bindings of t and n1i1, but permitting lexical bindings (and cavear the hacker who writes c“;‘
{defun time-dependent-fn (t) Gi.{(’ ﬁ.?)
(cond ((plusp t) 5) (t -5)))

or something similar, Aclu'ally. that particular one would probably work anyway..)? This allows somcone using lexical

variables to use any name without interference from the rest of the world, and also prevents anyone from clobbering global

variables such as t n the constancy of which other functions depend. /\

J

3.1.3. Special Forms

If a list is to be cvaluated as a form, the first step is to examine the first clement of the list. If the first
element is one of the symbols appearing in "Fable SPECIAL-FORM-TABLE, then the list is called a special
Sorm. (This use of the word “special” is unrelated to its use in the phrasc “special variable™.)

(The page numbers indicate where the definitions of these special fon‘n/sb' Ny

appear.) . "
C r Table 3-1: Names of Alt COMMON Lisp Spccial Forms
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Special forms are gencrally covironment and control constructs.  Every special form has its own
idiosyncratic syntax. An cxample is the if special form: “(if p (+ x 4) 5)” in COMMON1 ISP means
what “if p then x+4 else 5 would mean in ALGOL.

L

The evaluation of a special form normally produces a value {gt\n it may instcad call for a non-local cxit (see
throw (page 65)) or produce no valucs or more than one value (sce values (page 59){.

The sct of special forms is fixed in COMMON 1.15P; no way is provided for the user to define more. The
user can create new syntactic constructs, however, by defining macros.

o

3.1.4. Macros 4 — ;%

If a form is a list and the first clement is not the name of a special form, it may be the name of a macrojif so,
the form is said to be a macro call. A macro is essentially a function from forms to forms that will, given a calt
to that macro, computc a new form to be cvaluated in place of the macro call. (This computation is
sometimes referred to as macro expansion.) For example, the macro named push (page 92) will take a form
such as (push x stack) and from that form compute a new form (setf stack (cons x stack}).
We say that the old form expands into the new form. The new form is then evaluated in place of the original
form; the value of the new form is returned as the value of the original form,

There are a number of standard macros in COMMON LISP, and the user can definc more by using
defmacro (page DEFMACRO-FUN).

3.1.5. Function Calis

If a list is to be evalvated as a form and the first element is not a symbol that names a special form or
macro, then the list is assumed to be a function call. The first clement of the list is taken to name a function,
Any and all remaining elements of the list are forms,to be evaluated; one value is obtained from cach form,
and these values become the arguments to the function. The function is then applied to the arguments, The
functional computation normally produces a value (but it may instcad call for a non-local cxit (scc throw
(page 65)) or produce no values or more than one value (scc values {page 59))). If and when the function
returns, whatever value(s) it returns heeema\thc value(s) of the function-catl form. \ \0" oy

For example, consider the cvaluation of the form (+ 3 ( * 4 5) ) The symbol + names the addition
function, not a special form or macro. Therefore the two forms 3 and (* 4 5) arc evaluated to produce
arguments. The form 3 cvaluates to 3, and the form (* 4 "5} is a function call (to the multiplication
function}. Therefore the forms 4 and 6 arc cvaluated, producing arguments 4 and 5 for the multiplication.
The multiplication function calculates the number 20 and returns it. The values 3 and 20 are then given as
arguments to the addition function, which calculates and returns the number 23. Theerfore we say (+ 3 (*

4 5)) => 23.
’ 'Dv»‘7 dni/ ’((Vﬁ‘ 4
(o™ o) f‘€°"”
Wi e

AU v | ﬂ’w
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3.2. Functions . . _J,f

special and lexical variables. Tl

the symbol 1ambda. AVambda-expressiomyis not a form; it cannot be meaningfully evaluated. Lambda-
expressions and symbols as names of functions can appear only as the first clement of a function-call form, or
as the sccond element of the function (page 38) special form.

3.2.1. Named Functions - e e ————————

—

én/amc can be given to a function in one of two ways. A global name can be given to a function by using
defun (page DEFUN-FUN) spccial form. A local name can be given to a function by using the 1abels
(page LABELS-FUN) special form. If a symbol appears as the first element of a function-call form, then it
refers to the definition cstablished by the innermost 1abe1s construct that textually contains the reference,
or if to the global definition (if any) if there is no such containing 1abe1s construct.

When a function is named, a lambda-expression is associated with that name (in effect). Sec defun (page
DEFUN-FUN) and 1abe1s (page LABELS-FUN) for an explanatlon of these lambda-expressions.

3.2.2. Lambda-Expressions

A lambda-expression is a list with- the following syntax:
(lambda lambda-list . body)

The first clement must be the symbol 1ambda. The second clement gust be a list. It is called the lambda-list,
and specifies names for the parameters of the function. When the finction denoted by the lambda-expression
is applicd to arguments, the arguments are matched with the pframeters specified by the lambda-list. The
body may then refer to the arguments by using the parameternames. The body consists of any number of
forms (possibly zero). These forms are cvaluated in sequente, and the value(s) of the last form only are
returned as the value(s) of the application (the empty list ( ) j& returned if there are zero forms in the body). A

e 3* )%

The complete syntax of a lambda-expression is: _ - E(&QPl ot
(vambda ({var}* i@w E
(var [phiifo 1 [svar]])}*] [&rest

{[&optional
T ((keyword var) |}

losTional (G5, (5] (keyword sar)] w:ﬂmn [svarl)) 1T} é,g

[&aux {var | (var [inifform]}}

orm¥Fy —_ F ’7'“

Each element of a lambda-list is cnthcr a parameler specrf ter o a separalor foken; scparator tokens begin with ,9
“&”. In all cascs var must be a symbol, the name of a variable, and similatly for svar; keyword must be a "‘!‘,
keyword symbol. An initform may be any form.

A lambda-list has three parts, any or all of which may be cmpty:
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o Spccificrs for the required parameters. These are all the paramcter specifiers up to the first
separator token; if there is no such token, then all the specifiers are for required parameters.

» Either optional and rest parameters or keyword paramcters (but not both),

o If the token &k ey is not present, then the optional parameter specifiers are those following
the token &optiona?l up to the next separator token or the end of the list. Following the
opuonal parameter specifiers may be a single rest parameter specifier preccdcd by the token

hoskoond T

o If the token &k ey is present, all specifiers up to the &aux token or the end of the hst are
keyword parameter specifiers.  Any appearing after the token &optional are optional

keyword parameters; all others are required keyword parameters. ’J J o [ (
e If the token &aux is present, all specificrs after it arc auxiliary variable specifiers, # 1 4 & < 3
o, t,hﬂ[ N

Sometimes required and optional parameters are called required positional parameters and optional position
parameters to contrast them explicitty with required and optional keyword parameters.
Compalibility nete: What is provided here is a subset of the functionality currently provided in Lisp Machine Lisp. ‘The
principal restrictions here are:

o Keyword paramelers may not be mixed with positional optional and rest parameters. The rationale for not mixing
keyword parameters and positional optionals is that it would be very awkward to define a function in'such a way that
one could not specify any keyword parameters unless all positional optionals were specified. If the positional ones
arc to be non-trivially optional, then all the keyword parameters should also be optional, and as a matler of style it
would be better for all the optional parameters (o have keywords. (We know how to make interleaved required and
optional positional parameters work, too, but as a matter of siyle we only allow optionals to [ollow required) The
rationale for nol mixing keyword and rest parameters is less strong, and motivated primarily by & fecling of
awkwardness in letting more than one parameter receive the same argument. If we allow that, then why not (&rest
x a b &optional ¢ d)?

e No keyword argument may be provided for which there is no malching keyword parameter. This is a logical
consequence of not mixing keyword and rest parameters, and also greatly improves program readability: the
lambda-list cnumcrates all relevant keywords. Is non-trivial use made of &allow-extra-keywords in Lisp
Machine Lisp?

e The user may specify that some keyword arguments are required while other are optional, instead of all of them
being optional. The implementor is encouraged to error-check, of course.

How do people fecl about this? Lisp Machine Lisp will run correct programs construcled according to the above
specifications (modulo accepling &optional after &key), bul may want Lo error-check required keyword arguments,

When the function represenied by the lambda-expression is applied to arguments, the arguments and
paramcters are processed in order from left to right. In the simplest casc, only required parameters are
present in the lambda-list; cach is specificd simply by a name var for the paramcter variable. When the
function is applied, there must be exactly as many arguments as there are parameters, and cach parameter is
bound to one argument. Here, and in general, the parameter is bound as a lexical variable unless a
declaration has been made that it should be a special binding (see declare (page 72)).

In the more general case, if there are n required parameters (# may be zero), there must be at least n
arguments, and the required parameters arc bound to the first # arguments, The other parameters are then
processed using any remaining arguments.

.
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If optional parameters are specified, then cach one is processed as follows. If any unprocessed arguments
remain, then the parameter variable var is bound to the next remaining argument, just as for a required
parametcr. [fno afgumcnts remain, however, the initform part of the parameter specifier is cvaluated, and the
parameter variable is bound to the resulting value {or to { ) if no initform appears in the paramcter specifier).
If another variable name svar appears in the specifier, it is bound to true if an argument was available, and to
Jalse if no argument remained (and therefore initform had to be cvaluated). The variable svar is called a
supplied-p parameter; it is not bound to an argument, but to a valuc indicating whether or not an argument
had been supplicd for anotherparameter. '

After all opfional parameter specifiers have been processed, then there may or may not be a rest parameter.
If there is none, then there should be no unprocessed arguments {it is an error if there are). If there is a rest
parameter, it is bound 1o a list of all as-yet-unprocessed arguments. (If no unprocessed arguments remain, the
rest parameter is bound to ().)

Instead of optional and rest parameters, keyword parameters may be specified instead. In that case, after all
required parameters (and an equal number of arguments) have been processed, there must remain an even
number of arguments; these are processed in pairs, the first argument in cach pair being interpreted as a
keyword name and the second as the corresponding value. No two argument pairs should have the same
keyword name.

In each keyword parameter specificr must be a name var for the parameter variable. If an explicit keyword
is specified, that is the keyword name for the parameter; otherwise the name var serves also as the keyword
name. For each keyword parameter specifier, if there is an argument pair whose keyword name matches that
specifier's keyword name, then the parameter variable for that specifier is bound to the second item (the
valuc) of that argument pair. If no such argument pair exists, then it is an error unless the keyword parameter
specifier occurs after the &optional token, in which case the initform for that specificr is cvaluated and the
parameter variable is bound to that valuc (or to () if no initform was specified). The variable svar is treated
as for ordinary eptional parameters: it is bound to frue if there was a matching argument pair, and to false
otherwise. It is an crror if an argument pair has a keyword name not matched by any parameter specifier,

After all parameter specifiers have been processed, the auxiliary variable specifiers (those following the
token &aux) arc processed from left to right. For cach onc the initform is cvaluated and the variable var
bound to that value (or to () if no initform was specificd). (Nothing can be done with &aux variables that
cannot be done with the special form Tet (page 43). Which to usc is purely a matter of style.)

As a rule, whenever any initform is cevaluated for any parameter specifier, that form may refer to any
parameter variable to the left of the specifier in which the initform appears, including any supplied-p
variables, and may rely on no other parameter variable having yet been bound (including its own parameter
variable).

Compatibility rote; At present, one cannot depend on this in Lisp Machine Lisp for keyword parameters. 1t is the “obvious™
generalization of the current state of alfairs for optigna] paramelers and aux variables. Opinions?

Once the lambda-list has been processed; the forms in the body of the lambda-expression are exccuted.
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These forms may refer to the arguments to the function by using the names of the paramcters. On exit from
the function, either by a normal return of the function’s valuc(s) or by a non-local exit, the parameter
bindings (whether lexical or special) are no longer in effect; any such binding can later be reinstated only if a
closure over that binding was created and saved before the exit occurred.

Examples:
((1ambda (a b) (+ a (* b 3))) 4 5) => 19
((lambda (a &optional (b 2)) (+ a (* b 3))) 4 b) => 19
((lambda (a &optiondal (b 2)) (+ a (* b 3))) 4) => 10
((1ambda (&optional (a 2 b) (c 3 d} &rest x) (list a b ¢ d x)))

> (2300
((1ambda (&optional (a 2) (c 3) &rest x) (1list a c x)) 6)
= (613 () () ;
((1ambda (&optional (a 2) (¢ 3) &rest x) (list a c x)) 6 3)
=> (6t 3t ())
((lambda (&optional {(a 2) (c 3) &rest x) (list a c x)) 6 3 8)
=> (6 ¢t 3 t (8))
({1ambda (&optional (a 2) (c 3) &rest x) (list ac x)) 6 3 8 9 10 11)
=> (6 t 3t (89 10 11))

The &optional, &rest, and &key parameter specifiers ar¢ not terribly uscful in lambda-expressions
appearing cxplicitly as the first clement of a function-call form. They are extremely useful, however, in
functions given global names by defun. :

3.3. Top-Level Forms

The standard way for the user to interact with a COMMON LiIsP implementation is via what is called a
read-eval-print loop: the system repeatedly reads a form from some input source (such as a keyboard or a disk
file), evaluates it, and then prints the valué(s) to some output sink (such as a display screen or another disk
file). As a rule any form (cvaluable S-expression) is acceptable. However, certain special forms are
specifically designed to be convenient for use as top-level forms swprosedraformamedtrd-witThrower
& e e St Bepatetbr—50y Thesc top-level special forms may be used to
deﬁnc globally named functions, to define macros, to make declarations, and to define global values for

special variables,
_ Whiclhi  cm ke vsed.
rther e /i /m/ 7

g W R P i

3.3.1. Defining Named Functions

defun name lambda-list {{declare {declaration} % * [doc-string] {form}* [Special form] )
Evaluating this special form causes the symbol name to be a global name for the function specified
by the lambda-expression
_(Vambda lambda-list {(declare {declaration}}* {form}*) )

defined in the lexical environment in which the defun form was cxecuted (because defun forms
normally appear at top level, this is normally the null lexical environment).
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If the optional documentation string doc-string is present (it may be present only if at least one form
is also specified, as it is otherwise taken to be a form), then it is put on the property list of the
symbol name under the indicator documentation (sce putpr). By convention, if the string
contains multiple lines then the first line should be a complete summarizing sentence on which the
remainder expands.

Other implementation-dependent bookkeeping actions may be taken as well by defun. The pdme
is returned as the value of the defun form.

For example:

(defun discriminant (a b ¢)

(declare (number a b c))

"Compute the discriminant for a quadratic equation. :
Given arguments a, b, and c, the value b~2-4*a%c is calculated.
A gquadratic equation has real, multiple, or complex roots depen
on whether this calculated value is positive, zero, or negative

(- (* bb) (* 4ac]ll]

—mere YL I IMINANT
andnow (discriminant 1 2/3 -2) =» 76/9
It is permissible to redefine a function (for example, to install a corrected version of an incorrect
definition!). Itis not permissible to define as a function any symbol in usc as the name of a special
form or macro. To redefine a macro name as the name of a function, fmakunbound (page
40) must first be applied to the symbol.
777 Query: What do people think of this safety feature? The error handler could offer to do the

fmakunbound for you and Tetry. S‘t 7
il
/

3.3.2. Defining Macros

Macros arc usually defined by using the special form defmacro (page DEFMACRO-FUN). This facility
is fairly complicated, and is described in a separate chapter.

3.3.3. Declaring Global Variables and Named Constants

defvar name [initial-value {documentation]) [Special form]
defvar is the recommended way to declare the use of a special variable in a program, It is
normally uscd only as a top-level form.
(defvar variable)

declarcs variable to be special (scec declare (page 72)), and may perform other system-
dependent bookkeeping actions. 1f a second “argument” is supplied:

(defvar variable initial-value)
then variable is initialized to the result of evaluating the form initial-value unless it already has a
valuc. initial-value is not evaluated unless it is used; this is useful if it docs something expensive
like creating a large data structure. 'The initialization is performed by assignment, and so assigns
the variable a global value uniess there are currently special bindings of that variable.
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defvar should be used only at top level, never in function definitions il

/

defvar also provides a good place to put a comment describing the meaning of thlc variable
(whereas an ordinary special declaration offers the temptation to declare several variables at
once and not have room to describe them all). This can be a simple LISP comment:

(defvar tv-height 768) ;Height of TV screen in pixels.

or, better yet, a third “argument” to defvar, in which casc various programs can access the
documentation:

(defvar tv-height 768 "Height of TV screen in pixels")

The documentation should be a string. — V
(e pelve of te cgcg_l_/-" oo

defconst name initial-value [documentation}— il [Special form] W>
defconst is similae-to-deFvar, but declares a global variable whose value is “constant”, An
initial value is always given to the variable. It is an crror if there are currently any special bindings
of the variable (but implementations may or may not check for this).

If the variable is alrcady has a value, an error occurs unless the existing vaiue is equal (page 32) to
the specified mritiri-voie——w fem —

Implementation note: Actually, a specific interaction should occur in which the user is asked whether. it is
permissible to alter the constant. Perhaps there should be some mechanism to discover who usces the constant,

Rationale: defconst declares a constant, whose value will “never” be changed. Other code may depend on
this fact. On the other hand,de fvar declares a global variable, whose value is initialized to something but will
then be changed by the functions that use it to maintain some state.

Once a symbol has been dcclared by defconst to be constant, & further asmgnmcnts or bindings
of that variable arc . This is the case for such. system-supplied constants as t and

max-fixnum. / 7
3 . s

Tﬁf -lm/ ﬂ")’

errors

) :u Iz
pFreowfls <7 Le; " M)
(@,rt /t","d
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Chapter 4

Predicates

A predicate is a function which tests for some condition involving its arguments and rcturns (} if the
condition is false, or some non-( ) value if the condition is true. One may think of a predicate as producing a
Boolean value, where () stands for fafse and anything clsc stands for true. Conditional control structures
such as cond (page 45), if (page 46), when (page 46), and unless (page 47) test such Boolean values. We
say that a predicate is frue when it returns a non-{ ) value, and is false when it returns ( ); that is, it is truc or
falsc according to whether the condition being tested is truc or false, .

By convention, the names of predicates usually end in the letter “p” (which stands for “predicate”).
The control structures which test Boolean valucs only test for whether or not the value is (), which is
considered to be false. Any other value is considered to be true. A function which returns ( ) if it “fails™ and

some usefid value when it “succeeds™ is called a pseudo-predicate, because it can be used not only as a test but
also for the useful value provided in case of success. An example of a pseudo-predicate is member (page 97).

4.1. Data Type Predicates

Perhaps the most important predicates in LISP are those which test for data types; that is, given a data
object one can detenmine whether or not it belongs to a given type.

In COMMON LISP, types are named by LISP objects, specifically symbols and lists. The type symbols
defined by the system include: )

null ~ cons list symbol

vector string bit-string array
function structure random character
number stream float string-char
integer * fixnum bignum bit
short-float single-float double-float Tong-float
complex . ratio readtable package
sequence

In addition, when a structure type is defined using defstruct (page 167), the name of the structure type
becomes a valid type symbol.
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If the name of a type is a list, the car of the list is a symbol, and the rest of the list is subsidiary type
information. As a gencral rule, any subsidiary item may be replaced by ?, or simply omitted if it is the last
item of the list; in any of these cases the item is said to be unspecified.

1.ist names of typ:?.}zencrally refer to specializations of data types named by symbols. These specializations
may be reflected by more cfficient representations in the underlying implementation. As an example,
consider the type (vector short-float). Implementation A may choose to provide a specialized
representation for vectors of short floating-point numbers, and implementation B may choose not to, If you
should want to create a vector for the express purpose of holding only short-float objects, you may optionally
specify to make-vector (page 155) the element type short-float, mecaning, “Produce the most
specialized vector representation capable of holding short-floats which the implementation can provide.”
Implementation A will then produce a specialized short-float vector, and implementation B will produce an
ordinary vector (one of type (vector t)).

If one were then to ask whether the vector were actually of type (vector short-float), bo /Va 'ﬁé
implementations could properly say “yes™; implementation B might or might not verify that the vector) » ? ’S
actually contained short-floats. On the other hand, implementation A, if asked whether a vector of type ‘(’5 JD 51
(vector t) were of type (vector short-float), it could properly say “no” without even checking ;
the contents of the vector. All this is a bit tricky, but is designed to allow some implementations to provide | %4 /
efficient specialized representations without having to burden all implementations with irrclevant spccnallzch l
data types.

The valid list-format names for data types are:

o (array type dimensions): a specialized array whose elements are all members of the type fype
and whose dimensions match dimensions. To be more precise, this type encompasses those arrays
which can result by specifying type to the function make-array (page 159). type must be a valid —
Oh )7’¢z
type label. dimensions may be a non-negative integer, which is the number of dimensions, or it
may be a list of non-negative integers representing the length of cach dimension (any given t /3
dimensions may be unspecified),

For example: : Cpf""?’ ;“‘ ﬂ’j"’ )

(array integer 3) : Three-dimensionat arrays of integers.
(array integer (? 7 7)) ;Threc-dimensional arrays of integers.
(array 7 (4 5 6)) ; 4-by-5-by-6 arrays.

(array character (3 7)) ;Two-dimensional arrays of characters
;  which have exactly three rows.
(array short-float ()) :Zcro-rank arrays of short floating-point numbers, -

e (vector (fype size): a specialized vector (a onc-dimensional array with no fill pointer and no
displacement) whose clements.are all members of the type 7ype and which is of length size. To be
more precise, this type encompasses those vectors which can result by specifying - fype to the
function make-array (page 159). size must be a non-negative integer, and fype a valid type
label. If fype is unspecified then t is assumed (componenis may be of any type); if size is
unspecified, then vectors of all sizes are included.

For cxample:
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(vector double-float) : Vectors of double-format floating-point numbers,
(vector 7 B) : Vectors of length 5.
(vector (mod 32) 7) : Vectors of integers between 0 and 31,

The types {vector string-char) and {vector bit) arc so useful that they have the
special names string and bit-string; every COMMON LISP implementation must provide
these as distinct dafa types.

Rationale: NiL had been using the name bits for a bit vector. This tended 1o lead to awkward prose: one
had to speak of “a bits"”. The singular noun bit-vector is casier Lo discuss.

(integer low high): any integer between low and high. The limits low and high must cach be
an integer, a list of an integer, or (); an integer is an inclusive limit, a list of an intcger is an
exclusive limit, and () means that a limit does not exist and so cffectively denotes minus or plus
infinity, respectively. The type fixnum is simply a name for (integer smallest largest) for
implementation-dependent valucs of smalfest and largest. The type (integer 0 1) isso useful
that it has the special name bit.

35

{mod #): anon-negative integer less than n. This is equivalent to (integer 0 nf)) or (what
is the same thing) {integer 0 (a)). '
( g )) non o3

(signed-byte s):cquivalentto (integer —2577 2577-1),
(unsigned-byte s): cquwalentto(mod 2°), thatis, (integer 0 2°-1).

(f1loat low high): any floating-point number between fow and high. The limits low and htgh
must cach be a floating-point number, a list of a floating-point number, or ( ); a floating-point
number is an inclusive limit, a list of a floating-point number is an exclusive limit, and ( ) means
that a limit does not cxist and so effectively denotes minus or plus infinity, respectively. As
examples, the result of the cosine function may be described as being of type (float -1.0
1.0), and the argument to the logarithm function must be of type (f1oat (0.0) ()).

In a similar manner one may use (short-float low high), (single-float low high)},
(double-float low high), or {(1ong-float low high); the limits must be floating-point
numbers of the appropriate type.

(complex riype itype): a complex number whose real part is of type riype and whose
imaginary part is of type itype. To be more precise, this type cncompasses all those complex
numbers which can result by giving arguments of the specificd types to the function complex
(page 130). In a break with the usual convention on-omitted items, if ifype is omitted then it is
taken to be the same as riype. As cxamples, gaussian integers might be described as (complex
integer), and the result of the complex logarithm function might be described as being of type
(complex float (float #.(- pi) #.pi)).

(function (argi-type arg2-type ...) valuel-type valuel-type ...): this specifies a
function which accepts arguments at least of the types specificd by the argj-fype forms, and
returns values which are members of the types specified by the valuei-type forms. The
goptional and &rest keywords may appear in cither list of types. As an example, the. function
cons is of type {(function (t t) cons), because it can accept any two arguments and
always returns a cons. Itis also of type (function (float string) 1ist), becausc it can
certainly accept a floating-point number and a string (among other things), and its result is always

I o,

«'e,\
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of type 1ist (in fact a. cons and never null, but that does not matter for this type
determination).

s (oneof object! object2 ...):aname for atype containing precisely those objects named. An
object is of this type if and only if it is eq1 (page 31) to onc of the specified objects.

» (not type): all thosc objects which are not of the specified type.

o (or fypel Iype2 ...): the union of the specified types. For example, the type Tist by
definition is the same as (or null cons). Also, the value returned by the function
position (page 80) is always of type (or null (integer 0 ())) (either () or a non-
negative integer).

e (and fypel fype2 . ..): the intersection of the specified types. S %‘t Y P {
7

L J

typep object &optional type [ Function]
(typep object type) is a predicate whlch is true if object is of type fype, and is false otherwise.
Note that an object can be “of”* more than one type, since one type can include another. j‘he type
tnay be any of the type names mentioned above. E rror s/ J”d'// ¢ ,‘F M

(typep object) returns an implementation-dependent result: some fype of which the object mm ,?
member.  [mplementations arc encouraged to return the most specific type which can be

convenicntly computed and is likely to be uscful to the user. It is required that if the argument is a

named structure created by defstruct then typep will return the name of that structure and

not the symbol structure. Because the result is implementation- depcndcnt, it is usualiy better

to use typep of one argument primarily for debugging purposes, and to use typep of two

arguments or the typecase (page 48) special form in programs,

ﬂﬂ"’u Somg. o'fc ‘6/4&

Mturn 47,

4.1.1. Specific Data Type Predicates

The following predicates arc for testing for individual data types.

null object {Function)
nul1 is true if its argument is (), and otherwise is false. This is the same operation performed by
the function not (page 34); however, not is normally used to invert a Boolean value, while nu11
is normally used to test for an empty list. ‘The programmer can thercfore express intent by the
choice of function name,

(null x) <=> (typep x 'null) <=> (eq x '())

symbolp object [Function]
symbo1p is true if its argument is a symbol, and otherwise is false.
(symbolp x) <=> (typep x ’'symbol)

Compalibility nole: In most Lisp dialects, including MacLase, InterLisp, and even Lise 1.5, () is in fact
represented by the symbol n1, and therefore (symbolp () ) istrue. ‘This association of a symbol with the
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empty list has caused problems, Programmers are advised to write code in such a way as not to depend on ()
and n1i1 being cither the szme or not the same, if possible.

atom object [Function]

The predicate atom is truc if its argument is not a cons, and otherwise is false. It is the inverse of
consp. Notethat {atom *()) is true.

(atom x) <=> (typep x ‘atom) <=> (not (typep x 'cons))

consp object [ Function]
The predicate consp is true if its argument is a cons, and otherwise is false. It is the inverse of
atom, Notethat {consp '()) => ().
{consp x) <=> (typep x ’'cons) <=> {(not (typep x ‘atom))

Compatibility note: Some Lise implementations call this function pairp or 1istp. The name pairp was
rejected for Common Lise because it emphasizes too strongly the dotted-pair notion rather than the usual
usage of conses in lists. On the other hand, 17stp too strongly implies that the cons is in fact part of a list,

which after all it might not be; moreover, () is a list, though not a cons. ‘The name consp scems to be the
apprepriate compromise. ’

listp object [Function)
1istp is true if its argument is a cons or the empty list ( }, and otherwise is false. 1t docs not check
for whether the list is a “true list” (one terminated by ()) or a “dotted list” (one terminated by a
non-null atom). '

(1Tistp x) <=> (typep x '1ist) <=> (typep x ’(cons null))

Compatibility note: Lisp Machine Lise defines 14stp to mean the same as pairp, but this is under review.
‘The definition given here is that adopted by NiL. :

numberp object [Function]
numberp is true if its argument is any kind of number, and otherwisc is false,
(numberp x) <=> (typep x 'number)

integerp object [Function]
integerp is truc if its argument is an integer, and otherwise is false.
(integerp x) <=> (typep X "integer)

Compatibifity note: In MacLisp this is called fixp. Uscrs have been confused as 1o whether this meant
“integerp” or “fixnump", and so these names have been adopted here.

rationalp object . [Function]

rationalp is truc if its argument is a rational number (a ratio or an integer), and otherwise is
false.

(rationalp x) <=> (typep x °'rational)
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floatp object ' _ . | Function]
floatp is true if its argument is a ﬁoating—point number, and otherwise is false.
-(f1oatp x) <=> (typep x 'float)
characterp object . [Function]
characterp is truc if its argument is a character, and otherwise is false.
(characterp x)} <=> (typep x ‘character)

stringp object : [Function]
stringp is truc if its argument is a string, and otherwise is false.
{stringp x) <=> (typep x ’'string)

vectorp object . [Function]
vectorp is true if its argument is a vector, and otherwise is false.

(vectorp x) <=> (typep x ’vector)

arrayp object {Function]
arrayp is true if its argument is an array, and otherwise is false.

{arrayp x) <=> (typep x ‘'array)

structurep object [Function}
structurep is true if its argument is a structure, and otherwise is false.
(structu}-ep x) <=» (typep x 'structure)

functionp object : [Function)

38

functionp is true if its argument is svitable for applying to arguments, using for example the

funcall or apply function. Otherwise functionp is false,

————e

subrp object S~~~} FumTion]
subrp is truc if its argument is any compiled code object, and otherwise is false,
{subrp x) <=> (typep x 'subr)

closurep object [Function]
closurep is truc if its argument is a closure, and otherwise is false,

_ pefs

PR
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4.2. Equality Predicates. | - i

CoMMON LISP provides a spectrum of predicates for testing for equality of two objects: eq (the most
specific), eq1, equal, and equalp (thc most general). eq and equal have the meanings traditional in

Li1sp. eql was added because it is frequently needed, and equalp

" ) . aop LESSP.E

two objects satisfy any one of these equality predicates, then they also satisfy all those which are more general.

eq x y

eql x y

[Function]
(eq x y)istrueif and only if x and y arc the same identical object. (Implementationally, x and y
are usually eq if and only if they address the same identical memory location.)

It should be noted that things that print the same ar¢ not necessarily eq to each other. Symbols
with the same print name usually arc eq to cach other, because of the use of the intern (page
INTERN-FUN) function. However, numbers with the same value need not be eq, and two similar
lists are usually not eq. ' '

For example:

(eq 'a 'b) isfalse

(eq 'a 'a) istrue

(eq 3 3) might be true or false, depending on the implementation

(eq 3 3.0) isfalse '

(eq (cons 'a:'b) (cons ’a 'c)) isfalse

(eq (cons 'a 'b) (cons 'a 'b)}) isfalse

(setq x ’(a . b)) (eq x x)} istrue

(eq #\A #\A) might be true or falsc, depending on the implementation

(eq "Foo" "Foo") isia_l_sg______.ﬁ o fr-oéo«!;))/ /

{(eq "FOO" "foo") isfalse

Implementation note: eq simply comparcs the two pointers given it, so any kind of object which is represented
in an “immediate” fashion will indeed have like-valued instances satisfy eq. On the PFRQ, for example,
fixnums and characters happen 1o “work™. llowever., no program should depend on this, as other
implementations of Common Lise might not use an immediate representation for these data types.

e

[Function)
The eq predicate is truc if its arguments are eq, or if they are numbers of the same type with the
same value (that is, they are = (page 118)), or if they are character objects which represent the same
character (that is, they arc char = (page 142)).

For cxample:
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(eql 'a 'b) isfalse

{eql 'a "a) istrue

(eql 3 3) istrue

(eql 3 3.0) isfalse

{(eql (cons 'a 'b) (cons ’a ’'c)) isfalse
{(eql (cons 'a 'b) {cons 'a ’'b)) isfalse
(setq x ’(a . b)) (eql x x) istrue

(eql #\A #\A) istrue r—\_— d—é/ ——
(eql "Foo™ "Foo") isfalse : : 7

(eq] "FOO" "foo") is false

equal x y . [Function)
The equal predicate is true if its arguments are similar (isomorphic) objects. A rough rule of
thumb is that two objects are equal if and only if their printed representations are the same,

Numbers and characters are compared as for eql. Sjlmbols are comparcd as for eq. This can
violate the rule of thumb about printed representations, but only in the case of two distinct symbols
with the same print name, and this docs not ordinarily occur.

Objects which have components are equal if they are of the same type and corrcsponding
components arc equal. This test is implemented in a recursive manner, and will fail to terminate
for circular structures. For conses, equal is defined recursively as the two car’s being equal and

the two ¢dr's being equal. 4 E——
¢ s /\444,,, AAY_—

Two arrays arc equal if and only if they have the same number of dimensions, the dimensions
maich, the clement types match, and the corresponding components are equal.

Compatibility note: In Lisp Machine Lisp, equal ignores the difference between upper and lower case in
sirings. ‘This violates the nule of thumb about printed representations, however, which is very useful, especially
10 novices. It is also inconsistent with the treatment of single characters, which are represented as fixnums.

For example:

(equal °*a 'b}) is false

(equal ’'a ‘a) istrue

(equal 3 3) istrue

(equal 3 3.0) is false

(equal (cons 'a 'b) (cons 'a 'c)) isfalse
(equal (cons 'a 'b) (cons 'a 'b)) istrue
(setq x *(a . b)) (equal x x) istrue
{equal #\A #\A) istruc

(equal "Foo" "Foo") istrue

(equal "FOO" "foo") isfalse

To recursively compare only conses, and compare all atoms using eq, usc tree-equal (page 88).

equalp x y &opti'ona'l Juzz. [Function]
T'wo objects arc equalp if they are eql, if they are characters and differ only in alphabetic case
(that is, they are char-equal (page 142)), if they are numbers and have the same numerical
value, even if they arc of different types. or if they have components which arc all equalp. B~

Jatier chaseeteriSTic equaTP TOMPICMICNTS TeSSprpage++SSTFUNTand-greaterp (pege—
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A SaTeTe— ‘ T e — T Bweittdifer '*“Q
' When comparing floating-point numbers, or comparing a floating-point number to any

other kind of number, the optionat argument fuzz is used. Two numbers are considered to be
cqual if the absolute value of their difference is no greater than fuzz times the absolute value of the
onec with the larger absolute value; that is, x and y are considered equal if abs(x—y) <
ﬂ:zz*max(abs(x), abs(y)). If no third argument is supplicd, then firzz defaults to 0.0, and in this
case x and y must be exactly cqual for equalp to be true. (Sec the function = (page 118).)

Objects which have components are equalp if they are of the same type and corresponding
componcats are equal p This test is implemented in a recursive manner, and will fail to terminate -—-

for circular structurcs. m&k&&ﬁm&m&mﬂwmﬂmw

s - Use {vey=)
Two arrays are equalp if and only if they have the same number of dimension$, the dimehsions

match, the element types match, and the corresponding components arc equalp.

777 Query: How about eliminating Lhe clause “the element types match™ from the above specification? This
would allow a string and a general array that happens to contain character 10 be equalp, for example.

For example:

{equalp ’a 'b) isfalse

(equalp 'a 'a) istrue

(equalp 3 3) istrue

(equalp 3 3.0) istrue

(equalp (cons 'a 'b) (cons 'a ’c)) isfalse
(equalp (cons 'a 'b) (cons 'a 'b)) istrue
(setq x '(a . b)) (equalp x x) istrue
(equalp #\A #\A} istrue

(equalp "Foo" "Foo") istrue

{equalp "FOO" "foo") istrue

4.3. Logical Operators

COMMON LISP provides three operators on Boolean valucs: and, or, and not. Of these, and and or are
also contro! structures, because their arguments are evaluated conditionally. not necessarily examines its
single argument, and so is a simple function,

not x [Function}
not is true if x is (), and otherwise is falsc. It thercfore inverts its argument, interpreted as a
Boolcan value.

nul1 (page 36) is the same as not; both functions arc included for the sake of clarity. As a matter
of style, it is customary to usc nu11 to check whether something is the empty list, and to use not
to invert the sense of a logical value.
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and {form}* . [Special form] -
(and forml form2 ... ) evaluates cach form, one at a time, from left to right. If any form
evaluates to (), and immediatcly is falsc without evaluating the remaining forms. If every form
but the last cvatuates to a non-() value, and returns whetever the last form returns. Therefore in
gencral and can be used both for logical operations, where () stands for false and non-( ) values
stand for frue, and as a conditional expression. :

For example:
{if (and (>= n 0.)
(tessp n (length a-vector))
(eq (vref a-vector n) 'foo))
(princ "Fool"))
The above expression prints “Foo!” if clement n of a~vector is the symbol foo, provided also
that n is indeed a valid index for a-vector. Because and guarantecs left-to-right testing of its
parts, vref is not performed if n is out of range, (In this example writing
(and (>= n 0) )
{(lessp n (length a-vector))
(eq (vref a-vector n) ’'foo)
(princ "Fool"))
would accomplish the same thing; the difference is purely stylistic.) Because of the guaranteed
left-to-right ordering, and is like the and then operator in ADA, rather than the and operator. @F

See also if (page 46) and when (page 46), which are sometimes stylistically more appropriate than
and for conditional purposes.

From the general definition, onc can deduce that (and x) <=> x. Also, (and) is true, which is
an identity for this operation,

and can be defined in terms of cond (pagc 45) as follows:

{and x y z ... w) <=>
(cond ({not x) ())
((not y) (;;

{((not 2z} (
(t w))
or {form}* [Special form]
(or formi form2 ... ) evaluates cach form, onc at a time, from Icft to right. If any form

evaluates to something other than (), or immediately returns it without evaluating the remaining
Sforms. If every form but the Jast evaluates to (), or returns whatever cvaluation of the last of the
forms returns, Therefore in general or can be used both for logical operations, where () stands for
false and non-( ) values stand for true, and as a conditional expression. Because of the guaranteed j

Scc also if (page 46) and un1 ess (page 47), which are sometimes stylistically more appropriate
than or for conditional purposes.
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From the genceral definition, one can deduce that (or‘ x) <=> x. Also, (or) is false, which is the
identity for this opcration.

or can be defined in terms of cond (page 45) as follows:

{or x yz ... W) <=>
(cond (x) (¥) (2) ... (t w))
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Chapter S

Control Structure

LisP provides a varicty of special structures for organizing programs. Some have to do with. flow of control
(control structurcs), while others control access to variables (environment structures). Most of these features
are implemented either as special forms or as macros (which typically expand into complex program
fragments involving special forms), '

Function application is the primary method for construction of LISP programs. Operations are written as.
the application of a function to its arguments, Usually, LISP programs are written as a large collection of small
functions, cach of which implements a simple operation. These functions operate by calling onc another, and
so larger operations are defincd in terms of smaller ones. LISP functions may call upon themselves
recursively, cither directly or indirectly.

Lisp, while more applicative in style than statcment-oriented, nevertheless providcs‘many operations which
produce side-effects, and consequently requires constructs for controlling the sequencing of side-effects. The
construct progn (page 42), which is roughly equivalent to an ALGOL begin-end block with all its scmicolons,
executes a number of forms scquentially, discarding the valucs of ali but the last. Many Lisp control
constructs include sequencing implicitly, in which case they are said to provide an “implicit progn”. Other
sequencing constructs include prog1 (page 42) and prog2 (pagc 43). '

For looping, COMMON LISP provides the general iteration facility do (page 49), as well as a varicty of
special-purpose iteration facilitics for iterating or mapping over various data structures.

COMMON LISP provides the simple onc-way conditionals when and unless, the simple ‘two-way

conditional if, and the more gencral multi-way conditionals such as cond and @ T'he choice of
which form to use in any particular situation is a matter of taste and style.

inding of temps, multiple valucs. Evcntua]lyw
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5.1. Constants and Variables

5.1.1. Reference

quote object - [Special form] _
(quote x) simply returns x, The argument is not evaluated, and may be any LISP object. This
construct allows any LISP object to be written as a constant value in a program.

For example:

(setq a 43)

(1ist a (cons a 3)) => (43 (43 . 3))

(1ist (quote a) (quote {cons a 3)})} => (a (cons a 3))
Since quote forms are so frequently uscful but somewhat cumbersome to type, a standard
abbreviation is defined for them: any form preceded by a single quote ( * ) character is assumed to
have “(quote )" wrapped around it.

For example:

(setq x '(the magic qubte hack)}) by -f*jm. L(? ,u'sz“
is normally intcrpreted wiensoad o méan -
{setq x {quote (the magic quote hack)))

i —— r_tf ?
function fn [Special form) _
The value of function is always the functional interpretation of the form fi; fi is interpreted as if
it had appeared in the functional position of a function invocation. In particular, if fir is a symbol,
the functional value of the variable whose name is that symbol is returned.
Compatiililily note; 17

If fnisa 1amb®prcssion, then a functional object (a lexical closure) is returned. "'"'/

Since function forms arc so frequently uscful (for passing functions as arguments to other
function) but somewhat cumbersome to type, a standard abbreviation is defined for them: any
form preceded by a sharp sign and then a single quote ( #° ) is assumed to have “(function )"
wrapped around it.

For example: - W“'r

( o #'numberp '(1 a b 3) ) e i LY e ﬂjf’ :

is normally interpreted when-sead to mean

(H;-M—-I(funct'ion numberp) ‘(1 a b 3))

M aT cor ]

"A’/ po e [Function)
symeval returns the c_ur'rcnt yakr® of the dynamic (special) variable named by symbol. An error
occurs if the symbol has no@luc; sce boundp (pagP 39) and makunbound (page 40).

ley; cal _
symeval cannot access the value of a ‘ variable,

This function is particularly useful for implementing interpreters for languages embedded in LISP.
The corresponding assignment primitive is set (page 40).

symeval symbol
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fsymeval symbol ) _ [Function}
fsymeval returns the current global function definition named by symbol. An crror occurs if the
symbol has no function definition; see boundp (page 39) and makunbound (page 40).

—{\’symevﬂ cannot access the value of a local function name (lexically bound as by flet {page
FLET-FUN)er 1abels (page LABELS-FUN)).

'This function is particularly uscful for implementing interpreters for languages embedded in Lisp.
The corresponding assignment primitive is fset (page 40).

boundp symbol ' [Function] S f ) / -b —

fboundp symbol : [Function)
boundp is true if the dynamic (special} variable named by symbol has a value; otherwise, it returns -
{). fboundp is the analogous predicate for the global function definition named by symbol.

See also set (page 40), fset (page 40), makunbound (page 40), and fmakunbound (page 40).

Compatibility note: 1 believe that in Lisp Machine L1sP boundp can manage to refer to a local variable if its
argument appears as a guoted constant. 1f so, it is an incredible hack, and violates the rule that a function
cannot tell how its arguments were computed. In Common Lise, boundp can never refer to a local variable,
and Tboundp can never reler to a local function definition.

5.1.2. Assignment

setq {var form}* [Special form]

The special form (setq var! forml var2 form2 ...) is the “simple variable assignment
statement” of {isp. First form! is cvaluated and the result is assigned to varl, then form2 is
evatuated and the result is assigned to var2, and so forth. The variables are represented as symbols,
of course, and are interpreted as referring to static or dynamic instances according to the usual
rules. setq returns the last value assigned, that is, the result of the evaluation of its last argument.
As a boundary case, the form (setq) is legal and returns { ). As a rule therc must be an even
number of argument forms.

For example: _

(setg x (+ 3 2 1) y (cons x nil))
x is sct to 6, y is sct to {6), and the setq rcturns (6). Note-that the first assignment was
performed before the second form was cvaluated, allowing that form to use the new value of x.

Sce also the description of setf {page SETF-FUN}, which is the “general assignment statement™, capable
of assigning to variables, array clements, and other locations.
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psetq {var form}* . [Special form)
A psetq form is just likc a setq form, cxcept that the assignments happen in parallel; first all of
the forms are evaluated, and then the variables are set to the resulting valucs. The value of the
psetg form is ().
IFor example:
{setq a 1)

{(setqg b 2)
(psetg a b b a) fee QKI:A'F
a => 2 : _
b => 1
In this example, the values of a and b arc exchanged by using parallel assignment! (Note that the
do (page 49) iteration construct performs a very similar thing when stepping iteration variables.)

set symbol value [Function)
set allows alteration of the value of a dynamic (special) variable. set causes the dynamic variable
named by symbel to take on value as its value. Only the value of the current dynamic binding is
altered; if there are no bindings in effect, the most global value is altered.

For example:
(set (if (eq a b} 'c 'd) 'foo)
will either set ¢ to foo orset d to foo, depending on the outcomne of the test (eq a b).

Both functions return value as the result value.

set cannot alter the value of a local (lexically bound) variable. The special form setq (page 47) is
usually used for altering the values of variables (lexical or dynamic) in programs. set is
particularly useful for implementing interpreters for languages embedded in LISP, See also progv
{page 45), a construct which performs binding rather than assignment 'of dynamic variables.

fset symbol value [Function]
fset allows alteration of the global function definition named by symbol to be value. fset
rcturns value.

Sfset cannot alter the value of a local (lexically bound) function definition, as made by flet (page
FLET-FUN) or 1abe1s (page LABELS-FUN). Hhaspecisl-form-aetytpeec?T] oty mied
g Haring- o o 5. Tset is particularly useful for

= o LS 1L driapics (1c AT
implementing interpreters for languages embedded in LISP,

»
makunbound symbol [Function) 57// T ~—

fmakunbound symbol [Function)
makunbound causcs the dynamic (special) variable named by symbol to become unbotind {have
no valuc), fmakunbound docs the analogous thing for the global function definition named by
symbol.

For example:
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(setq a 1)

a =>1

{makunbound 'a)

a => Causcs an error

(defun foo (x) (+ x 1))
(foo 4) => 5

(fmakunbound ‘foo)

(foo 4) => causes an error

Both functions return symbol as the result value.

Compatibility note: I believe that in Lisp Machine Lisr makunb
its argument appears as a quoted constant. If so, it is an incre
cannot tell how its arpuments were computed. In CoMMO?
variable, and fmakunbound can never refer to a local uncy

nd can manage to refer to a local variable if

1sP, makunbound can never refer 1o a local
n-definition.

5.2. Generalized Variables

In LISP, a variable can remember one picce of data, a LISP object. ‘The main operations on a variable are to
recover that picce of data, and to alter the variable to remember a new object; these operations are often
called access and update opesations. The concept of variables named by symbols can be gencralized to any
storage location that can remember one picce of data, no matter how that location is named. Examples of
such storage locations are the car and cdr of a cons, elements of an array, and components of a structure.

theb —

For each kind of generalized variable, there are typically two functions implement the conceptual
access and update operations. For a variable, mercly mentioning the name of the variable accesses it, while
the setq {page 47) special form can be used to update it. The function car (page 87) accesses the car of a
cons, and the function rplaca (page 94) updates it. The function aref (page 160) accesses an array
clement, and the function aset (page 160) updates it.

Rather than thinking about two distinct functions that respectively access and update a storage localion
somchow deduced from their arguments, we can instead simply think of a call to the access function with
given arguments as a name for the storage location. Thus, just as x may be considered a name for a storage
location (a variable), so (car x) is a name for the car of some cons (which is in turn named by x), and
(aref a 105) is a namc for clement 105 of the array named a. Now, rather than having to remember two
functions for cach kind of generalized variable (having to remember, for example, that aset corresponds to
aref), we adopt a uniform syntax for updating storage locations named in this way, using the setf special
form. This is analogous to the way we usc the setq special form to convert the name of a variable (which is
also a form which accesses it) into a form which updates it. The uniformity of this approach may be seen
from the following table:

Access function - Update function Update using setf

X ; (setq x newvalue) (setf x newvalue)

(car x) | (rplaca x newvalue) (setf (car x) newvalue)
(aref a 105) (aset newvalue a 105) (setf (aref a 105) newgal
(nth n x) {setnth n x newvalue) (setf (nth n x) newvalpe)

setf is actually a macro that examines an access form and expands into the appropriate update function.

le hack, and violates the rule that a function o
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setf place newvalue _ : [Macro]
setf takes a form place that when evaluated accesses a data object in some location, and “inverts”
it to produce a corresponding form to update the location. A call to the setf macro therefore
expands into an update form that stores the resuit of evaluating the form newvalue into the place
referred to by the access-form,

For cxample:

(setf a 3) ==> (setq a 3) _ )

(setf (plist 'a) '(foo bar)) ==> (setplist 'a '(foo bar))
{setf (aref q 2) 56) ==> (aset 56 q 2)

(setf (cadr w) x) ==> (rplaca (cdr w) X)

The form place may be any one of the following:

¢ The name of a variable (cither lexical or dynamic).

e A function call form whose first element is the name of any one of the following
functions:
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car
(page
(page
(page
cdr
(page
. (page
(page
caar
(page
(page
(page
cdar
(page
(page
(page
cadr
(page
(page
(page
cddr
(page
(page
(page
caaar
(page
(page
{page
cdaar
(page
(page
(page
cadar
(page
(page
(page
cddar
(page
(page
(page
caadr
(page
(page
(page
cdadr
(page
{page
caddr
(page
(page
.cdddr
(page
(page

87) caaaar

‘CAAAAR-FUN)

CADDDR-FUN)

87) cdaaar
CDAAAR-FUN)
CDDDDR-FUN)

CAAR-FUN)
CADAAR-FUN)
76)

CDAR-FUN)
CODAAR-FUN)
89)

CADR-FUN)
CAADAR-FUN)
156)

CDDR-FUN)
CDADAR-FUN)
160)

CAAAR-FUN)
CADDAR-FUN)
46)

CDAAR-FUN)
CDDDAR-FUN)
47)

CADAR-FUN)
CAAADR-FUN)
GETPR-FUN)

CDDAR-FUN)
CDAADR-FUN)
109)

CAADR-FUN)
CADADR-FUN)
114)

CDADR-FUN)
CDDADR-FUN)

CADDR-FUN)
CAADDR-FUN)

CDDDR-FUN)
CDADDR-FUN)

cadddr

cddddr

cadaar
elt

cddaar
nth

caadar
vref

cdadar
aref

caddar
symeval

cdddar
fsymeval

caaadr
getpr

cdaadr
gethash

cadadr
plist

cddadr
caaddr

cdaddr

o A function call forin whose first clement is the name of a selector function constructed

51
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~f§ﬁb: Jnie =t his 7
by defstruct (page 167). . ‘ o

o A function call form whose first clement is the name of any one of the following
functions, provided that the new value is of the specified type so that it can be used to
replace the specified “location” (which is in cach of these cases not really a truly
generalized variable):

Function name Reaquired type Update function_u
char
(page 1489) string-char rplachar
(page 150)
bit
{page 156) (mod 2)rplachbit
(page 156)
subseq
(page 76) sequence replace
(page 77)

o A function call form whose first element is the name of any one of the following
functions, provided that the specified argument to that function is in turn a place form;
in this case the new place has stored back into it the result of applying the specified
“update” function (which is in cach of these cases not a true update function):

FFunction name Argument that is a place Update _function us
char-bit .
{page CHAR-BIT-FUN) First set-char-bit
(page SET-CHAR-BIT-FUN)
Tdb )
(page 134) Second dpb
(page 135)
mask-field
(page 135) . Second © deposit-field
{page 135)

e A macro call, in which casc the macro call is expanded and setf then analyzes the
resuiting form.

setf carefully arranges to preserve the usual left-to-right order in which the various subforms are
cvaluated. For example,

(setf (aref {(compute-an-array) 105) (compute-newvalue))
docs not expand precisely into

(aset (compute-newvalue) (compute-an-array) 105)
lest side effects in the computations (compute-an-array) and (compute-newvalue) occur
in the wrong order. Instead this example will expand into something more like

(Tet ((G1 (compute-an-array))
(GZz 105)
(G3 (compute-newvalue)))
(aset G3 G1 G2))

"The cxact cxpansion for any particular form is not guarantced and may even be implementation-
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dependent; alt that is guaranteed is that the expansion of a setf-form will be an update form that
works for that particular implementation, and that the left-to-right evaluation of subforms is
preserved.

Compatibility nole; Lisp Machine L1sp, at least, officially does not preserve the order of evaluation, but also e
secns to regard this as a bug Lo be Nixed, Vedwmeretr T e

The ultimate result of cvah.mting a setf form is the valuc of newvalue. (Therefor¢ (setf
(car x) y) doesnot expand into preciscly (rplaca x y), butinto something more like
(Tet ((61 x) (G2 y)) (rp'lacam 6\ 62 €2 —
the precisc cxpansion being implementation-dependent.)
Compatibility note: Presently the value of a setf form is generally considered 1o be undefined. Are

implementors willing always 1o return newvalue? ’
Tes,

The user can define new setf expansions by using defsetf (page DEFSETF-FUN).

swapf place newvalue [Macro)
The datum in place is replaced by newvalue, and then the old value of place is returned. The form
place may be any form acceptable as a generalized variable to setf (pagé 50).
For example: -
(setq x '(a b c})

{swapf (cadr x) '2z) => b
andnow x => (a z c¢)

The effect of (swapf place newvalue) is roughly equivalent to
(progl place (setf place newvalue))

except that the latter would evaluate any subforms of place twice, while swapf takes care to
cvaluate them only once.

For example;

J(setq n 0}
(setg x "(a b ¢ d))

(swapf (nth (setgq n (+ n 1)) x) 'z) => b
andnow x => (a z ¢ d)
but )
{setq n Q)
(setq x '(a b ¢ d})
(progl (nth (setg n (+ n 1)) x)
(setf (nth (setg n (+ n 1)) x) '2)) => b
andnow x => {(a b z d)

Morcover, for certain place forms swapf may be significantly more cfficient than the progi

version,
"" —

exchf placel place? / [Macrol
The data in place! and place2 Bexchanged, and then the old value of place2 (which has become the
new value of placel) is returned. The forms place! and place? may be any forms acceptable as
- gencralized variables to setf (page 50). If placei and place? refer to the same generalized
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variable, then the cffect is to leave it unchanged and return its value.
-For example:

(setqg x *(a b ¢))
{exchf (car x) (cadr x)} => b
andnow x => (b a c)

The effect of ( exchf placel place?) is roughly equivalent to
(setf placel (progl place? (setf place? placel))

except that the fatter would evaluate any subforms of place! and place2 twice, whilc exchf takes
care to cvaluate them only once. Morcover, for certain place forms exchf may be significantly
more ¢fficient than the prog1 version.

Other macros that manipulate generalized variables include incf (page INCF-FUN), decf (page
DECF-FUN), push (page 92), and pop (page 92). 3 U.,_,,.;) r,';-( ) ”“"F —

5.3. Function Invocation

The most primitive form for function invocation in LISP of course has no name; any list wh has
no other interpretation as a macro call or special form is taken to be a function call. Other constructs are
provided for less common but nevertheless frequently useful situations.

apply function arglist [Function]
This applies function to the list of arguments arglist. arglist should be a list; flinction can be a
compiled-code objeet, or it may be a “lambda cxpression”, that is, a list whose car is the symbol

lTambda, or it may a symbol, in which case the & i i of that symbol is used
(but it is illcgal in this casc for that symbol to be the name of a macro or special form),

For example: . ’ ,{' '
(setq f '+) (apply f '(1 2}) => 3 Q— S 2y
Y
(setq f '-) (apply f (1 2)) => -1 9. lhjy,:
(apply ‘cons "{(+ 2 3) 4)) => . )c 704y
((+23) . 4) not (6 . 4) ”

Of course, arglist may be () (in which casc the function is given no arguments.)

Compatibility note: 77?7

funcall fir &rest argumenis [function]
(funcall fn al a2 ... an) applics the function fir to the arguments af, a2, ..., an. fit may

not be a special form nor a macro; this would not be meaningful,

For example;

(cons 1 2) => (1 . 2)
{setq cons (fsymeval '+))
(funcall cons 1 2) => 3

The difference between funcalt and an ordinary function call is that the function is obtained by



COMMON LISP REFERENCE MANUAL 55

ordinary 1i1sP evaluation rather than by the special interpretation of the function position that
normally occurs. ) '

Compalibility note: This corresponds roughly to the INTERLISP primitive apply®.

funcall®* f &rest args [Function)
funcall* is like a cross between apply and funcall. (funcall* al a2 ... an list)
applies the function fto the arguments a/ through an followed by the clements of list. Thus we
have: '
(funcall fal ... an) <=> (funcall* fal ... an ’())

(apply f listy <=> (funcall* f list)
However, when apply or funcall fits the situation at hand, it may be stylistically clearer to use
that than to use funcal1*, whose use implies that something more complicated is going on.
(funcall* #'+ 1 11 °'(111)) =>6

(defun report-error (&rest args)
{(funcall* (function format) error-output ar‘gs))

Compatibility note: 77?7

5.4. Simple Sequencing

progn {form}* . [Special form]
The progn construct takes a number of forms and evaluates them scqucn(ially, in order, from left
to right. The values of all the forms but the last are discarded; whatever the last form returns is
returned by the progn form. One says that all the forms but the last are evatuated for effect,
because their execution is useful only for the side effects caused, but the last form is executed for
value.

progn is the primitive control structure construct for “compound statements”; it is analogous to
begin-end blocks in ALGOL-like languages. Many LISP constructs are “implicit progn™ forms, in
that{as part of ntaxJcacll allows many forms to be written which arc ¢valuated sequentially,
the results of only the last of which are used for anything. </ap >/

If the last form of the progn returns multiple valucs, then those multiple values are returned by
the progn form. If there are no forms for the progn, then the result is (). 'These rules generally
hold for implicit progn forms as well,

progl first {form}* [Special form)
prog1 is similar to progn, but it returns the value of its first form. All the argument forms are
cxccuted sequentially: the value the first form produces is saved while all the others.are cxecuted,
and is then returncd.

prog1 is most commonly used to evaluate an expression with side effects, and return a value which
must be computed before the side effects happen.
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For example:
{progl (car x) (rplaca x ’'foo))

alters the car of x to be foo and returns the old carof x. ( S&G :W‘-EF e )

progl always returns a single value, even if the first form tries to return multiple values. A
consequence of this is that (progl x) and (progn x) may behave differently if x can produce
multiple values. Scemvprog1 (page 60).

prog2 first second {form}* [Special form]
prog2 is similar to prog1, but it returns the vatue of its second form. All the argument forms are
exccuted sequentially; the value of the second form is saved while all the other forms are cxecuted,

and is then returned. - - I
m(_//_//\ r/mm 7 b o g
progz2 is provided srest for historical compatibility. '

(prog2 a bc ... z) <=> (progn a (progl bc ... z})
Occasionally it is desirable to perform one side cffect, then a value-producing operation, then
another side effect; in such a peculiar case prog?2 is fairly perspicuous. '
For example: .

(prog2 (open-a-file) (compute-on-file) (close-the-file))

;value is that of compute-on-fils

prog2, like prog1, always rcturns a single value, even if the second form trics to return multiple
values. A conscquence of this is that (prog2 x y)and (progn x y) may behave differently if
y can produce multiple values. :

5.5. Environment Manipulation d@_ o{ A D
let ({var | (var value)}*.) ‘{form}* [Macro)

A Tet form can be uscd to exccute a series of forms with specified variables bound to specified
values.
For example:
(1et ((varl valuel)
(var? value2)

i \.za.nn valuenm) )
bodyl
body2

bt;a:yn) . :
first evaluates the cxpressions valuel, value2, apd®o on, in that order, saving the resulting values.
‘Then all of the variables varj are bound wrthe corresponding values in parallel; cach binding will
be a local binding unless there is a f)special (page 72) declaration to the contrary. The
expressions bodjy‘ are then evaluated in order; the values of all but the fast are discarded (that is, the
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body of a Tet form is an implicit progn). The Tet form returns what evaluating bodyn produces
(if the body is empty, which is fairly uscless, Tet returns () as its valuc). The bindings of the
variables disappear when the Tet form is exited. :

Instead of a list (varj valuej) onc may write simply varj. In this case varjis initialized to (). Asa
matter of style, it is recommended that varj be written only when that variable will be stored into
{(such as by setq (page 47)) before its first use. If it is important that the initial value is () rather
than some undefined value, then it is clearer to write out (vazj (1)) or (varj () ).

Declarations may appear at the beginning of the body of a Te t; they apply to the code in the body
and to the bindings madc by 1et, but not to the code which produces valucs for the bindings,

The 1et form shown above is entirely equivalent to:

((1ambda (varl var? ... varn)
bodyl body2 ... bodyn)
valuel value2. ... valuem)

but let allows each variable to be textually close to the cxpression which produces the
corresponding valuce, thercby improving program rcadability.

let* ({var | (var value)}*) {form}* [Special form)

let* is similar to 1et (page 56), but the bindings of variables are performed sequentially rather
than in parallel. This allows the expression for the value of a variable to refer to variables
previously bound in the 1et* form.

More preciscly, the form:

(Vet* ((varl valuel)
{var2 value2)

i varm valuem) )
bodyl
body2

bodyn)
first evaluates the cxpression valuel, then binds the variable var/ to that value; then its cvaluates
value2 and binds var2; and so on. The cxpressions bodyj arc then cvaluated in order; the values of
all but the last are discarded (that is, the body of a Tet* form is an-implicit progn). The 1et*

form returns the results of evaluating bodyn (if the body is empty, which is fairly uscless, 1et*
returns ( ) asits value). The bindings of the variables disappcar when the e t* form is exited.

Instead of a list (varj valuej) onc may write simply varj. In this case varjis initialized to (). Asa
matter of style, it is recommended that varj be written only when that variable will be stored into
(such as by setq (page 47)) before its first use. If it is important that the initial value is () rather
than some undefined value, then it is clearer to writc out (varj ()} or (varj '())..

Declarations may appcear at the beginning of the body of a Tet; they apply to the code in the body
and to the bindings made by 1et, but not to the code which produces values for the bindings.
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progv symbols values {form}*. [Special form] .

progv is a special form which allows binding onc or more dynamic variables whose names may be
determined at run time. The sequence of forms (an implicit progn) is evatuated with the dynamic
variables whose names are in the list symbols bound to corresponding values from the list values.
(If too few valucs are supplied, the remaining symbols arc bound to (). If too many values are
supplied, the excess valucs are ignored.) The results of the progv form are those of the last form.
The bindings of the dynamic variables are undone on exit from the progv form. The lists of
symbols and values are computed quantitics; this is what makes progv different from, for
example, Vet (page 56), where the variable names are stated explicitly in the program text.

progy is particularly uscful for writing interpreters for languages cmbedded in LISP; it provides a
handle on the mechanism for binding dynamic vatriables.

5.6. Conditionals

cond {(test {form}*)}* [Special form]
The cond special form takes a number {(possibly zero) of clauses, which are lists of forms. Each
clause consists of a fest followed by zero or more consequents.

For ¢xample: _
(cond (lest-1 consequent-1-1 consequent-1-2 ...)
( test-2)
( test-3 - consequent-3-1 . ..)
)

The first clause whose fest evaluates to non-( ) is selected; all other clauses are ignored, and the
consequents of the sclected clause are evaluated in order (as an implicit progn).

More specifically, cond processes its clauses in order from left to right. For each clause, the fest is
evaluated. If the result is (), cond advances to the next clausc. Otherwise, the cdr of the clause is
treated as a list of forms, or consequents, which are evaluated in order from left to right, as an
implicit progn. After evaluating the consequents, cond returns without inspecting any remaining
clauses. The cond special form returns the results of cvaluating the last of the selected
consequents; if there were no consequents in the sclected clause, then the single (and necessarily
non-null) value of the fest is returned. If cond runs out of clauses (every test produced (), and
thercfore no clause was sclected), the value of the cond form is ().

If it is desired to select the last clause unconditionally if all others fail, the standard convention is to
usc t for the fest. As a matter of style, it is desirabie to write a last clause *(t () )" if the value of
the cond form is to be used for something. Similarly, it is in questionable taste to let the last clause
of a cond be a “singleton clause™; an explicit t should be provided. (Note morcover that (cond
(x)) may bchave differently from (cond ... (t x)) if x might producc multiple
values; the former always returns a single value, while the latter returns whatever values x returns.)

For example:
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{setq z (cond (a 'foo)} (b “bar)}) : Possibly confusing,
{setq z (cond (a 'foo) (b 'bar) (t ()))) ;Better :
{cond (a b) (¢ d) (e)) ; Possibly confusing,

(cond (a b) (c-d) (t e)) ; Better.

{cond (a b) (c d) (t (values e))) : Better (if one value is neede
(cond {a b) (c}) : Possibly confusing.

(cond {a b) (t c}) ; Better,

(if ab c) ; Also better,

A LisP cond form may be compared to a continued if-then-elseif as found in many algebraic
programming languages:

(cond (p ...} - if p then ...
(g ...) roughly ¢lse if g then ..
(r...) corresponds clse if r then ..
900 o 500
(t ...} _ else ...
if pred then [else] [Special form]

The f special form corresponds to the if-then-else construct found in most algebraic programming
languages. First the form pred is evaluated. 1f the result is not (), then the form then is selected;
otherwise the form elfse is selected. Whichever form is selected is then evaluated, and if returns -
whatever evaluation of the sclected form returns.

(1f pred then else) <=> (cond (pred then) (t else))

but if is considered more readable in some situations.

The else form may be omitted, in which case if the value of pred is ) then nothing is done and the
value of the if form is (). If the valuc of the if form is important in this situation, then the and
(page 42) construct may be stylistically preferable, depending on the context. If the value is not
important, but only the effect, then the when (page 46) construct may be stylistically preferable.

when pred {form}* [Special form]

(when pred forml form2 ... ) first cvaluates pred. If the result is (), then no form is
evaluated, and () is rcturned. Otherwise the forms constitute an implicit progn, and so are
evaluated sequentially from left to right, and the value of the last one is returned.

(when p a b ¢) <=> (and p (progn a b c))

(when p a b ¢) <=> (cond (p a b c))

(when p a b ¢) <=> (if p (progn a b c) *())

(when p a b ¢) <=> (unless (not p) a b ¢)
As a matter of style, when is normally used to conditionally produce some side cffects, and the
value of the when-form is normally not used. IF the valuc is relevant, then and {page 42) or if
(pagc 46) may be stylistically more appropriate.
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unless pred {form}* _ [Special form]

(unless pred form! form2 ... ) first evaluates pred. If the resultis not (), then the forms
are not cvaluated, and () is returned. Otherwise the forms constitute an implicit progn, and so
are evaluated sequentially from left to right, and the value of the last onc is returned.

{unless p a b ¢) <=> (cond ((not p) a b ¢))

(unless’p a b ¢) <=> (if p '{) (progn a b ¢))

(unless p a b ¢) <=> (when (not p) a b c)
As a matter of style, unless is normally used to conditionally produce some side effects, and the
value of the unless-form is normally not used, If the vaiue is relevant, then or (page 42) or if

(page 59) may be stylistically more appropriate. { ~

case keyform {{({key}*) {form}*)}* [Special form)
' case is a conditional wki ooses onc of its clauses to exccute by comparing a value to various
constants, which are typically keyword symbols, integers, or characters (but may be any objects).
Its form is as follows:

{case keyform ’ JUT It' oL,

( keylist-1 consequent-1-1 consequent-1-2 .. .)

(keylisi-2 conseguent-2-1 . ..) | o,“buc,J :’
( keylist-3 conseguent-3-1 ...)

) )
Structurally case is much like cond {page 58), and it bchaves like cond in selecting one clause
and then exccuting all consequents of that clause. 1t differs in the mechanism of clause selection.

The first thing case does is to cvaluate the form keyform to produce an object called the key
object. 'Then case considers each of the clauses in turn. If key is in the keylist (that is, is eq1 to
any item in the ke};lis!) of a clause, the consequents of that clause are cvaluated as an implicit
progn, and case returns what was returned by the last consequent (or () if there are no
conscquents in that clause). 1f no clause is satisfied, case returns (). . - L

Instead of a keylist, onc may writc t uﬂ:he rwise. A clause with such a

symbol always succeed, and must be the last clause. or—

Compatihility note: Lisp Machine Lisp uses eq for the comparison. In Lisp Machine LisP case thercfore
works for fixnums but nol bignums. In the interest of hiding the fixnum-bignum distinction, case uses eql
in ComMoOnN Lisp.

There is another problem. Tt is useful to let ( ) as a test mean an empty list.that is; a list of no keys. Such a
clause cannot ever be selecled. This is mostly useful for macros which want 1o compute lists of keys, where
some lists might turn out to be empty. This is incompatible with Lise systems in which () is the same as ni 1,
because they typically treat ni 1 as a symbol and nol as an empty fist in this context.

For example:

(print (case errorcount
({0) '(no errors))
({1) '(1 error}))
({) '(uncountable errors)) ; Cannot be sclected.
((fatal die) '(fatal error - aborting})
(t (1ist errorcount ‘'errors)))) -

If there is only one key for a clausce, then (hat key may be written in place of a list of that key,
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provided that no ambiguity results (the key should not be a cons or one of (), t,or otherwise).”

typecase keyform {(type {form}*)}* . [Special form]
typecase is a conditional which chooses one of its clauses by examining the type of an object. Its
form is as follows:
(typecase keyform
(type-1 consequeni-1-1 consequent-1-2 . ..)

(type-2 consequent-2-1 . ..)
{ type-3 consequent-3-1 ...)

Structurally typecase is much 'like cond (page 58) or case {page 60), and it behaves like them
in sclecting one clause and then exccuting all consequents of that clause. It differs in the
mechanism of clause selection.

The first thing typecase doces is to evaluate the form keyform to produce an object called the key

object. Then typecase considers each of the clauses in turn. The first clause for which the key is

of that clausc’s specified fype is selected, the consequents of this clause arc cvaluated as an implicit

progn, and typecaseq returns what was returned by the last consequent (or () if there are no-
consequents in that clause). 1f no clause is satisfied, typecase returns ( ).

As for case, the symbol t or otherwise may be written for fype to indicate that the clause
should always be sclected.

It is permissible for.more than one clause to specify a given type, particularly if one is a subtype of
another; the carlicst applicable clausc is chosen.

For example:
{(typecase an-object
(string ...) J'his clause handles strings.
((array t) ...) is clause handics general arrays.
((array bit) ...) is clause handles bit arrays.
(array ...) ;'This handles all other arrays.
(t ...)) ; This handles all other objects.

A COMMON LISP compiler may choose to issue a warning if a clause cannot be selected because it is
completely shadowed by carlier clauses.

5.7. Iteration

CoMMON LIsP provides a number of iteration constructs. The do (page 49) and do* (page 51) constructs
provides a general iteration facility. For simple iterations over lists or # consecutive integers, dolist (page
52) and related constructs arc provided. The prog (page 55) construct is the most general, permitting
arbitrary go (page 57) statcments within it. All of the itcration constructs permit statically defined non-locat
exits in the form of the return (page 58) statement and its variants.
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5.7.1. General iteration

do ({(var [init [step)])}*) (end-test {form}*) Htag | statement}* [Special form]
The do special form provides a genceralized iteration facility, with an arbitrary number of “index
variables”. These variables are baund within the itcration and stepped in parallel in specified ways.
They may be used both to generate successive values of interest (such as successive integers) or to
accumulate results. When an end condition is met, the iteration terminates with a specified value.

In general, a do loop looks like this:

{do ((varl initl stepl)
(var? init2 step?)

{varn initn stepn})
(end-test . result)
. progbody)

The first item in the form is a list of zero or more index-variable specifiers. Each index-variable
specifier is a list of the name of a variable var, an initial value init (which defaults to () if it is
omitted) and a stepping form step. If step is omitted, the var is not changed by the do construct
between repetitions (though code within the do is free to alter the value of the variable by using
setq (pagc47)). ; '

An index-variable specificr can also be just the name of a variable. In this case, the variable has an
initial valuc of ( ), and is not ¢hanged between repetitions.

Before the first iteration, all the inif forms are evaluated, and then each var is bound to the value of
its respective inif. This is a binding, not an assignment; when the loop terminates the old values of
those variables will be restored. Note that all of the init forms are evaluated before any var is
bound; hence inif forms may refer to old valucs of the variables.

The sccond clement of the do-form is a list of an end-testing predicate form end-test, and zero or
more forms, called the resuft forms. This resembles a cond clause. At the beginning of cach
iteration, after processing the variables, the end-fest is cvaluated. If the result is (), cxccution
procecds with the body of the do. 'If the result is not (), the resulr forms arc cvaluated in order as
an implicit progn (page 55), and then do returns. do returns the results of cvaluating the last
result form, 1f there are no result forms, the value of do is { ); note that this is nof quite analogous
to the treatment of clauses in a cond (page 58) special form.,

At the beginning of cach itcration other than the first, the index variables are updated as follows.
First every step form is evaluated,. from left to right. Then the resulting valucs arc assigned (as with
psetq {pagec 48)) to the respective index variables. Any variable which has no assoctated step form
is not affected. Because alf of the step forms arc cvaluated before any of the variables are altered,
when a step form is evaluated it always has access to the old values of the index variables, even if
other step forms precede it. After this process, the end-test is evaluated as described above.

If the end-test 6f a do form is ( ). the test will never succeed. Therefore this provides an idiom for
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“do forever”. The body of the do is executed repeatedly, stepping variables as usual, of course,
The infinite loop can be terminated by the use of return (page 58), return-from (page 58), go
(page 57) to an outer level, or throw (page 65).

For example:

(do £(§ 0 (+§ 1)) O hsevre
()

: Do forever.
(format t F(,Input “D:" j)
(1et ((itef (read)))
(if (null item) {return) ; Process items until ( ) seen.
(format t utput "D: (<P j (process item)))))

The remainder of the do form constitutes a prog body. The function return (page 58) and its
variants may be used within'a do form to terminate it immediately, returning a specifted result.
Tags may appcar within the body of a do loop for use by go (page 57) statements. When the end -
of a do body is reached, the next itcration cycle (beginning with the evaluation of step forms)
occurs, '

declare (page 72) forms may appear at the beginning of a do body. They apply to code in the
do body, to the bindings of the do variables, to the sfep forms (but not the init forms), to the
end-test, and to the result forms,

Compatibility note: “Old-style” MaCLISP do loops, of the form (do ver init step end-rest . body), are not
supported. They are chsolete, and are casily converied to a new-siyle do with the insertion of three pairs of
parentheses. In practice the compiler ¢an catch nearly all instances of old-style do loops because they will not
have a legal format anyway,

For example:

(do ((i 0 (+ i 1)) ; Sets every clement of an-array to empty
(n (array-length an-array)))
((= i n})
(aset 'empty an-array 1i))
The construction
{do {{x e {(cdr-x))
(oldx x x))
((null x))
body) .
exploits parallct assignment to index variables, On the first iteration, the value of 01dx is whatever
value x had before the do was entered. On succeeding iterations, 01dx contains the value that x
had on the previous iteration. '

Werpofitn an iterative algorithm can be most clearly expressed entirely in the step forms of a do,
and the body is empty.

For example:

(do {(x foo (cdr x})

{(y bar (cdr y))
" {z () (econs (f {car x) (car y)) z)))
{(or (null x} (null y))

{nreverse z))) -

docs the same thing as (mapcar #'f foo bar). Note that the step computation for z exploits
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the fact that variables are stepped in parallel. Also, the body of the loop is empty. Finally, the use
of nreverse (page 77) to put an accumulated do loop result into the correct order is a standard
idiom, '

Other examples:

(defun length (list) ;
’ (dog((x list (cdr x)) oC s f’t{ l
(30 (+ 3 1)) hovw’,

((atom x)"j))) { :(,\5

(defun reverse (1ist)
(do ((x T1ist (cdr x))
(y *() (cons {car x) y)))
({atom x} y)))

Note the use of atom rather than nul1 to test for the end of a list in the above two examples, This
results in more robust code: it will not atternpt to cdr the end of a dotted list. '

As an example of nested loops, suppose that env holds a list of conses. The car of each cons is-a
list of symbols, and the cdr of cach cons is a list of equal length containing corresponding valucs.
Such a data structure is similar to an association list, but is divided into “frames”; the overall
structure resembles a rib-cage. A lookup function on such a data structure might be:

(defun ribcage-Tookup (sym ribcage)
{do backbone-loop '
{((r ribcage (cdr r)))
((nu11 ) ()
{(do rib-Toop

({s (caar r} (cdr s))
(v (cdar r) (cdr v)))
{((nul11 s))

(when (eq {car s} sym) ;

(return-from backbone-loop (car v))}))))

(Notice the use of indentation in the above example to set off the bodies of the do loops.)

om0
do/ “ﬁ ‘Fﬂ' " /[erctt'onl

do* is cxactly like do cxcept that the bindings and steppings of the variables are performed
sequentially rather than in parallel. At the beginning cach variable is bound to the value of its init
form before the inir form for the next variable is evaluated. Similarly, between iterations each
variabie is given the new value computed by its step form before the sfep form of the next variable
is evaluated.

5.7.2. Simple Iteration Constructs

The constructs dolist and dotimes perform a body of statements repeatedly. On cach iteration a
specificd variable is bound to an clement of interest which the body may examine. dolist cxamines
successive clements of a list, and dot imes cxamines integers from ¢ to o} for some specified positive integer
n.

w4



COMMON LISP REFERENCE MANUAL ' 65

The value of any of these constructs may be specified by zin optional result form, which if omitted defaults

to the value {). g

The return (page 58) areretrrm=tTOMIPIICS® statement may be used to return immediately from a
dolist or dotimes form, dlscardmg any to]lowmg iterations which mlght have bcen performed. Hretoop-
: o 5 : atiea- The body of the
loop is in ﬁct a prog (page SS) body; it may contain tags to serve as the targcts of go {page 57) statements,
and may have dec1are (page 72) forms at the beginning.
d&‘,(’,rﬂ’tl on$
dolist (var listform [resu!{fonn])ng | statemenf}* [Special form]
do1ist provides straightforward iteration over the clements of a list. The expression (dolist
(var listform resultform) . progbody) evaluatcs the form Jistform, which should produce a list.
It then performs progbody once for cach element in the list, in order, with the variable var bound to
the element. Then resultform (a single form, nof an implicit progn) is evaluated, and the result is
the value of the do1ist form. If resultform is omitted, the resultis-( ).

oI NS L dswr=-=

For cxample:
(dolist (x '(a b c d)) (prinl x)- (princ " ")} => ()
after printing“a b ¢ d 7
The loop may be named by placing the name before the binding specification. An explicit return
statcment may be used to terminate the loop and return a specificd value.

Compatibility note: The resuftform part of a do1ist is not currently supported in Lisp Machine Lisp. 1t seems
1o improve the utility of the censtruct markedly.

dasl
dotimes (var countform [resultform}) \{tag | statement}* [Special form]

dotimes provides straightforward itcration over a sequence of integers. The cxpression
(dotimes (var countform resuliform) progbody) cvaluates the form countform, which should
produce an integer. It then performs proghbody once for each integer from zero (inclusive) to count
(exclusive), in order, with the variable var bound to the integer; if the integer is zero or negative,
then the progbody is performed zero times. Finally, resultform (a single form, not an implicit
progn) is cvaluated, and the'result is the value of the dot imes form. If resultform is omitted, the
resuttis ().

Altering the value of var in the body of the loop (by using setq (page 47), for cxample) will have
unpredictable, possibly implementation-dependent results. A COMMON LisP compiler may choose
to issue a warning if such a variable appearsin a set.q.

For example:

(defun str1ng posq (char string &optional
(start 0)
(end (string- 1ength string}))
(dotimes (k (- end start) '())
(when (char= char (char string (+ start k)))
(return k))})

The loop may be named by blacing the name before the binding specification. An explicit retura
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statement may be used to terminate the loop and return a specified value.

5.7.3. Mapping -

Mapping is a type of iteration in which a function is successively applied to picces of one or more
sequences. The result of the iteration is a sequence containing the respective results of the function
applications. There arc several options for the way in which the pieces of the list are chosen and for what is
done with the results returncd.by the applications of the function.

In CoMMON LISP mapping is done by two kinds of constructs: mapping functions and for-loops.
Mapping functions take functional arguments and apply them as described above. for-loops are special
forms which are often syntactically more convenient; they have bodies, which can refer to a bound variable,
and the valuc of the body provides a result.

mapcar function list &rest more-lists [Function]
maplist function list &rest more-lists [Function]
mapc function list &rest more-lists {Function]
mapl function list &rest more-lists [Function]
mapcan function list &rest more-lists . [Function]
mapcon fiunction list &rest more-lists [Function)

For cach these mapping functions, the first argument is a function and the rest must be lists. The
function must take as many arguments as there are lists.

mapcar operates on successive elements of the lists. First the function is applied to the car of cach
list, then to the cadr of cach list, and so on. (Ideally all the lists arc the same length; if not, the
iteration terminates when the shortest list runs out, and excess clements in other lists are ignored.)
The value returned by mapcar is a list of the results of the successive calls to the function.

For example:

(mapcar #'abs (3 -4 2 -5 -6})}) => (3 42 5 6)
(mapcar #'cons '{a b c) "(123)) = ((a. 1) (b.2) (c.3))

maplist is like mapcar except that the function is applied to the list and successive cdr’s of that
list rather than to successive clements of the list. '

For example:

(maplist #'(lambda (x) (cons 'foo x))
‘{fab c d))
=> ((foo a b ¢ d) (foo b c d) (foo c d) (foo d))
(maplist #'(lambda (x) (if (member {(car x) (cdr x)) 0 1)))
'{fabacdbc))
=> (0010111)
: An entry is 1 iff the corresponding clement of the input
:  list was the last instiance of that clement in the input list.

map1 and mapc arc likc map1ist and mapcar respectively, except that they do not accumulate
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the results of calling the function,

Compatihiltity note: In all Lisp systems.#fnce Lisp 1.5, map1 has been called map. In the chapler on sequences
it is cxplained why this was a bad ghtiice. Here the name map is used for the far more useful generic sequence
mapper, in closer accord the computer science literalure, especially the growing body of papers on
functional programming.

These functions are used when the function is being called merely for its side-cffects, rathier than its
returned values. The value returned by map1 or mapc is the second argument, that is, the first
sequence argument.

mapcan and mapcon ar¢ like mapcar and maplist respectively, except that they combine the
results of the function using nconc (page 92) instead of 1ist. That s,
{mapcon f x/ ... xn)
<=> (apply #'nconc (maplist fx! ... xa)) )
and similarly for the relationship between mapcan and mapcar. Conceptually, these functions
allow the mapped function to return a variable number of items to be put into the output list. This
is particularly useful for effectively returning zero or one item:

(mapcan #'{lambda (x) {(and (numberp x) (1ist x}))
"(albc34ds)) ’/’7—"
=> (13 4 5) ¢ m‘
In this case the function serues s a filter; this is a standard LISP idiom using mapcan. (The
function i (page 79) might have been useful in this particular context, however.)

Remember that nconc is a destructive operation, and therefore so are mapcan and mapcon; the
lists returned by the finction are altered in order to concatenate them.

Sometimes a do or a straightforward recursion is preferable to a mapping operation; however, the
mapping functions should be used wherever they naturally apply because this increascs the clarity
of the code. '

The functional argument to a mapping function must be acceptable to app1y; it cannot be a macro
or the name of a special form. Of course, there is nothing wrong with using functions which have
&optional and &rest parameters.

There are also functions {mapatoms (page MAPATOMS-FUN) and mapatoms-all (page
MAPATOMS-ALL-FUN)) for mapping over all symbols in certain packages.

5.7.4. The Program Feature

Lisp implementations since LISP 1.5 have had what was originally called “the program feature™! as if it were
impossible to writc programs without it! The prog construct allows onc to write in an ALGOL-like or
FORTRAN-like statement-oricnted style, using go statements which can refer to tags in the body of the prog.
Contemporary 1S programming style tends to usc prog rather infrequently. The various iteration
constructs, such as do {page 62), have bodics with the characteristics of a prog. '
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ole,o J

prog ({var | (var init)}*) ‘ftag | statement}* - [Special form]

prog is a special form which provides bound temporary variables, sequential cvaluation of forms,
and a “goto/return” facility, It is this latter characteristic which distinguishes prog from other
LisP constructs; 1ambda (page LAMBDA-FUN) and 1et (page 56) also provide local variable
bindings, and progn (page 55) also cvaluates forms sequentially.

A typical prog looks like:

{prog (var! var2 (var3 init3} vard (vars init5)) C

statementi

tagl
statement2
statement3
statemenit4d

tag?
statement5

The list after the keyword prog is a set of specifications for binding .varl, var2, ctc., which are
temporary variables, bound locally to the prog. This list is processed exactly as the list in a Tet
(page 56) statement: first all the init forms are cvaluated from left to right (where () is used for
any omitted init form), and then the variables are all bound in parallel to the respective results,
(prog* (page 57) is the same as prog except that this initialization is sequential rather than
paratlcl.)

The part of a prog after the variable fist is called the body. An item in the body may be a symbol
or a number, in which case it is called a fag, or any other COMMON LISP f(_mn, in which case it is
called a statement.

After prog binds the temporary variables, it processes cach form in its body scquentially. fags are
ignored; statements arc evaluated, and their returned values discarded. If the end of the body is -
reached, the prog returns (). However, two special forms may be used in prog bodics to alter
the flow of control. If (return x) is evaluated, prog stops processing its body, evaluates x, and
returns the result. If (go fag) is evaluated, prog jumps to the part of the body labelied with the
fag (that is, with an atom eq (page 39) to fag). tagis not evaluated.

Compatibility note: The “computed go” feature of Maclisp is not supported. The syntax of a computed go is
idiosyncratic, and the feature is not supporicd by Lisp Machine Lisp, Niv., or INTERLISP,

go and return forms must be lexically within the scope of the prog; it is not possible for one / = #
function to return to a prog which is in progress in its caller. ‘Thus, a program which contains a ¢ Of‘l {
go which is not containcd within the body of a prog (or other constructs such as do, which have

prog bodics) are in error, A dyliamically scoped non-local exit mechanism is provided by catch

(pagc 63) and throw (page 65) and other rclated operations.

Sometimes code which is lexically within more than on¢ prag form needs to return from one of
the outer progs. However, the return function normally returns from the innerost prog.

Here is a fine example of what can be done with prog:
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prog*

go lag

-(defun king-of-confusion (w)

) (prog (x y z) ; Initialize x, y, 2 to ()

(setq y (car w) z {cdr w))

Toop

(cond ((null y) (return x))

{((null z) {(go err)))
. rejoin .
(setq x (cons (cons (car y) (car z)} x))

(setq y (cdr y) 2z (cdr 2))

{go loop)
err

{error "Mismatch - gleep!"™)
(setq z y)
(go rejoin))

which is accomplished somewhat more perspicuousty by:

(defun prince-of-clarity (w)

(do ((y (car w) (cdr y})
(z (cdr w) (cdr 2z})

(x *() {cons (cons {car y) (car z)) x)))

{(nul1l y} x)
(when {null z)

(error "Mismatch - gleep!"”)
(setq z y))))

Declarations may appear at the beginning of a prog body; see dec1are (page 72).

Nrow, pra {Special form]

The prog* special form is almost the same as prog. The only difference is that the binding and
initialization of the temporary variables is done sequentially, so that the init form for cach one can
use the values of previous ories. Therefore prog* is to prog as Tet* (page 57y is to Tet (page
56). :

For cxample:

{(prog* ((y z) (x (car y)))
{(return x))

returns the car of the value of z.

[Special form]
The {go tag) special form is used to do a “go to” within a a prog body. The fag must be a
symbol or a number; fag is not cvaluated. go transfers control to the point in the body labelled by
a tag equal to the onc given. [f there is no such tag in the body, the bodics of lexically containing
prog bodies (if any) arc examined as well. It is an crror if there is no matching tag.

The go form docs not cver return a value. A go form may not appear as an argument to an
ordinary function, but only at the top level of a prog body or within certain special forms such as
conditionals which arc within a prog body. '

For cxample:
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{prog {(n .(E—u_i.BVCngth a-string}) (j 0))

Toop (when (= j n) (return a-string))
(when (char= #\Space (char j a-string))

(return (subs a-string 0 j))) €

(increment j) G-ML vz ,/'& Z
{go Toop)) e

returns the first “word” in a-string, where words are scparated by spaces. This could of course

have becn expressed more succinctly as:
(dotimes (j ( ' ength a-string) a-string)

(when (char= #\Space (char j a-string))

(return (SUDMM 54.C

As a matter of style, it is recommended that the user think twice before using a go. Most purposes
of go can be accomplished with one of the iteration primitives, nested conditional - forms, or
return-from (page 58). Ifthe use of go scems to be unavoidable, perhaps the control structure
implemented by go should be packaged up as a macro definition. (If the usc of go is avoidable,
and return also is not nceded, then prog probably is not nceded cither; 1et can be used to bind
variables and then execute somc statements.) '

return result [Special form)
return is used to return from a prog, do, or similar iteration construct. Whatever the evaluation
of result producces is returned by the construct being cxited by return.

{defun member (item 1ist)
(do {(x 1ist (cdr x}))
((pull x) *())

(when (equal item (car x))
(return x)})))
return is, like go, a special form which doces not return a value. Instead, it causes a containing
iteration construct to return a value. If the cvaluation of result produces multiple values, those
multiple values are returned by the construct exited. :

If the symbol t is used as the name of a prog, then it will be made “invisible” to return forms;
any return inside that prog will rcturn to the next outermost level whose name is not t.
(return-from t ...) will rcturn from a prog named t. This featurc is not intended to be
uscd by user-written code; it is for inacros to expand into.

return-from progname result [Special form)
This is just like return, except that before the resuls form is written a symboel (not cvaluated),
which is the name of the construct from which to return, Sce the descriptions of the special forms
do (page 62) and prog {page 68) for cxamples.
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5.8. Multiple Values

Ordinarily the result of calling a LISP function is a single Lisp object. Sometimes, however, it is convenient
for a function to compute several quantities and return them, COMMON LisP provides a mechanism for
handling multiple values dircctly. This mechanism is cleaner and more cfficient than the usual tricks
involving rcturning a list of results or stashing results in global variables.

5.8.1. Constructs for Handling Multiple Values

Normatly multiple values are not used. Special forms are required both to produce multiple values and to
receive them. If the caller of a function does not request multiple values, but the called function produces
multiple valucs, then the first value is given to the caller and ail others are discarded (and if the called
function produces zero valucs then the caller gets () as a value).

The primary primitive for producing multiple values is values (page 59), which takes any number of
arguments and returns that many values. If the last form in the body of a function is a values with three
arguments, then a call to that function will return three values. Other special forms also produce multiple
values, but they can be described in terms of values. Some-built-in COMMON LISP functions (such as |
f1oor (page 128)) return multiple valucs; those which do are so documented. b‘ ;d

’/

The special forms for receiving multiple values/ are multiple-value-set® (page
MULTIPLE-VALUE-SETQ-FUN), multiple-value (page MULTIPLE-VALUE-LET-FUN),
multiple-value-list (page 60), and multiple-value-vector (page 60). These specify a form to
cvaluate and an indication of where to put the valucs returned by that form.

values &rest args [Function]
Returns all of its arguments, in order, as values,
For example:

{defun polar (x y)
(values (sqrt (+ (* x x) (* y y)))} (atan y x)})
(multiple-value-let (r theta) (polar 3.0 4.0)
(1ist r theta))
=> (5.0 0.9272952)

The expression (values ) returns zero values.

values-Tist [ist [Function]
Returns as multiple values all the elements of list,

Forexémp]e:
(values-1ist (list a b c)) <=> (values a b c)



COMMON LISP REFERENCE MANUAL 72

multiple-value-1ist form . [Special form]

multiple~-value-vector form ) [Special form] )
mu1t1‘p.'le—va1 ue~T1ist cvaluates form, and returns a list of the multiple values it returned.
multiple-value-vector is similar, but returns a general vector containing the multiple

values.
For example:
(multiple-value-list (floor -3 4)} => (-1 1)
(multipTe-value-vector (floor -3 4)) => #(-1 1)
mvcall finction {form}* [Special form]

mvcall first evaluates firnction to obtain a function, and then cvaluates all of the forms. All the
the valucs of the forms are gathered together (not just one value from cach), and given as
arguments to the function. The result of mvcall is whatever is returned by the function.

For example:

(mvcall #'+ (floor 5 3) (floor 7 3)) <=> (+ 12 2 1) => 6
{(multiple-value-list form) <=> (mvcall #'list form)

mvprogl form {form}* [Special form]
mvprog1 evaluates the first form and saves all the valucs produced by that form. It then cvaluates
the other forns from left to right, discarding their values. The valucs produced by the first form are
returned by mvprog1. Sce progl (page 55), which always returns a single value.

mvlet lambda-list valuks-form {form}* [Special form]
mv1et evaluat vaiue&fbmi, possibly obtaining multiple valucs, and binds the variables specified
in lambda-list to Rese values while the forms in body (an implicit p'rogn) arc evaluated. Whatever
is returned by the st form of bod) is returned by mvlet.
(mvlet bldings form . body)
does exactly the same

(apply #'(ANambda bindings . body) (multiple-value-list form}) / 54
but using mv tet is poten\ially much more efficient. v

mvsetq Jambda-list form
This special form causes the
from the evaluation of form; the

[Special form]
riables in Jambda-list to get as values the multiple values returned
assignment to the variables is as with se tq {page 47).

The fambda-list is allowed to ha
cxpression, including &optional
assignment rather than binding.

the full syntax of the binding specifications for a 1ambda
and &rest keywords. However, this construct performs

'The result of a mvsetq form is a single \alue, the first one returnced by form, or {) if forn returns
7ero values.
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multiple-value-bind .({var}*) values-form {form}* [Special form]
The values-form is evaluated, and each of the variables var is bound to the respective value returned
by that form. If there are more variables than values returned, extra values of () arc given to the
remaining variables. If there are more vatues than variables, the excess values are simply discarded.
The variables are bound to the values over the exccution of the forms, which make up an implicit
progn. :
Compatibility note: This is compalible with Lisp Machine Lise.
For example:

(multiple-value-bind (x) {floor 5 3) (list x}) => (1)
(multiple-value-bind (x y) (floor & 3) (1list x y)) => (1 2)
(multiple-value-bind (x y z) (floor 5 3) (list x y z))

=> (1 2 ())

In general,

(multiple-value-bind (x y z ...) form . body)

<=>
(mvliet (&optional (x ()} (¥ ()) (z ()} &rest ())
form . body)
multiple-value variables form ' [Special form]

The variables must be a list of variables. The form is evaluated, and the variables arc set (not
bound) to the valucs returned by that form. If there arc more variables than values returned, extra
values of () are assigned to the remaining variables. If there are more values than variables, the
excess valucs are simply discarded. ; ‘

Compatibility note: This is compatible with Lisp Machine Lisp.
multiple-value always returns a single value, which is the first value returned by form, or () if
Jorm produces zero values. '

5.8.2. Rules for Tail-Recursive Situations

It is often the case that the valuc of a special form is defined to be the value of one of its sub-forms, For
cxample, the value of a cond is the value of the last form in the sclecied clause. In most such cases, if the
sub-form produces multiple valucs, the original form will also produce all of those values. This passing-back
of multiple values of course has no cffect unless eventually one of the special forms for receiving multiple
values is reached.

To be explicit, multiple values can result from a special form under precisely these circumstances:

e eval (page EVAL-FUN) rcturns multiple values if the form given it to evaluatc produces
multiple valucs.

e apply (page 54), funcall (page 54), funcall* (page 55), mvcall (page 72), subrcail
{page SUBRCALL-FUN), and subrcall* (page SUBRCALL*FUN) pass back multiple
valucs from the function applicd or called.
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» When a 1ambda (page LAMBDA-FUN}-cxpression is invokcd, the function passcs back multiple
values from the last form of the 1ambda body (which is an implicit progn).

o Indeed, progn (page 55} itsclf passes back multiple values from its last form, as does any
construct some part of which is defined to be an “implicit progn™; these include progyv (page
58), 1et (page 56), Tet* (page 57).when (page 59), unless (page 60), case (page 60),
typecase (page 61), mviet (page 72), mvsetq (page 72), multiple-value-bind (page 73),
multiple-value (page 73). catch {page 63), and catch-al1l (page 63). g

e mvprogl (page 72) passcs back multiple values from its first form. However, progl (page
55) always returns a single value.

e unwind-protect (page 64) returns multiple values if the form it protects does.

e catch (page 63) returns multiple values if the result form in a throw (page 65) exiting from such
a catch produces multiple values,

» cond (page 58) passes back multiple values from the last form of the implicit progn of the
selected clause. If, however, the clause selected is a singleton clause, then only a single value {(the
non-( } predicate value) is returned. This is truc even if the singleton clause is the last clause of
the cond. Itis nor permitted to treat a final clause “(x )™ as being the same as “(t x)” for this
reason; the latter passes back multiple values from the form x.

o if (page 59) passes back multiple values from whichever form is sclected (the then form or the
else form).

o and (page 42) and or (page 42) pass back multiple values from the last form, but not from forms
other than the last..

o do (page 62), prog (page 68), prog* (pagc 69), and other constructs fromadsich return (page
70) can return, cach pass back the multiple values of the form appcar ition, do passes
back multiple values from the last form of the exit clause, exactly as i xietlause were a cond

clause.

Among special forms which never pass back multiple values are setq (page 47), multiple-value (page
73), and progl (page 55). A good way to force only one value to be returned from a form x is to write
{values x),

The most important rule about muttiple valucs, however, is:

Ne matter how many values a form produces,
if the form is an argaument form in a function cabl,
then.exactly ONE value (the first onc) is used.

For cxample, if you write (cons (foo x)), then cons will receive exactly onc argument, even if foo
returns two values. Each argument form produces exactly one argument. If such a form returns zero values,
() is used for the argument. Similarly, conditional constructs which test the value of a form will use exactly
one value (the first) from that form and discard the rest, or use () if zero values are returned.

'-Mlloh [ 4 , Z
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5.9. Dynamic Non-local Exits

COMMON LISP provides a facility for exiting from a complex process in a non-local, dynamically scoped
manner. There arc two classes of special forms for this purpose, calied carch forms and throw forms, or simply
catches and throws. A catch form cvaluates some subforms in such a way that, if a throw form is exccuted
during such evatuation, the evaluation is aborted at that point and the catch form immcdiateh} returns a value
specified by the throw. Unlike block (page BLOCK-FUN) and return (page 70), which allow for so
exiting a block form from any point lexically within the body of the block, the catch/throw mechanism
works even if the throw form is not textually within the body of the catch form. The throw need only occur
within the extent (time span) of the evaluation of the body of the catch. This is analogous to the distinction
between dynamically bound (special) variables and lexically bound (local) variables.

5.9.1. Catch Forms

catch rag {form}* [Special form)
The catch special form is the simplest catcher. The tag is evaluated first to produce an object that
names the catch; it may be any LISP object. The forms arc evaluated as an implicit progn, and the
results of the last form are returned, except that if during the evaluation of the forms a throw
should be exccuted, such that the tag of the throw matches (is eq to) the tag of the catch, then the
evaluation of the forms is aborted and the results specified by the throw are immediately returned
from the catch expression.

The tag is used to match up throws with catches (using eq, not eq1; therefore numbers should not
be used as catch tags). (catch 'foo form) will catch a (throw 'foo form) but not a
(throw ’bar form). Itisan crrorif throw is done when there is no suitable catch (or one of
its variants) ready to catch it. -

Compatibility nofe; This syntax for catch is not compatible with MacLisp. Lisp Machine Lise defines catch
to-be compatible with that of MAcLIsp, but discourages its use. The definition here is compatible wigt{ ).

Lisp Machine Lisr defines *catch to return four values, This is complicated, implementation-dependent,
and not terribly useful. Here we simply define catch to be consistent with the standard convention on the
interaction of mulliple values with implicit progn forms, and with a throw “tail-recursing” out of the
matching catch, by analogy with return and prog.

catch-all catch-function {form}* ' [Special form]

unwind-all catch-function {form}* [Special form}
catchail behaves roughly like catch, except that instead of a tag, a catch-fiunction is provided.
If no throw occurs during the evaluation of the forms, then this behaves just as for catch: the
catchall form returns what is returned from cvaluation of the last of the forms. catch-all
will catch any throw not caught by some inner catcher, however: if such a throw occurs, then the
function is called, and whatever it returns is returned by catch-all. The cateh-function will get
one or inore arguments; the first argument is always the throw tag, and the other arguinents arc the
thrown rcsults (there may be more than onc if the result form for the throw produces multiple
valucs).
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The catch-al1 is not in foree during exccution of the cateh-function. 1f a throw occurs within
the catch-function, it will throw to some catch exterior to the catch-al1. This is useful because
the carch-function can examine the tag, and if it is not of interest can relay the throw.

{catch-all #'(lambda {(tag &rest results)

(caseq tag ; Check tag.
{(win (values-1ist results)) ;Ifwin, return results.
(1ose (cleanup) ; If lose, clean up
{ferror "Lose lose!")) : andsignal an crror,
{otherwise : Otherwise relay throw. -

" (throw tag (values-list results}))))
{determine-win-or-lose))
unwind-atll is just like catch-all except that the cafch-function is always called, even if no
throw occurs; in that case the first argument (the “tag”) to the cafch-function is (), and the other
arguments are the results from the last of the forms. Often unwind-protect is more suitable for
a given task than unwind-all, however; the choice should be weighed for any particular
application.

unwind-protect protected-form {cleanup-fonn}* [Special form)
Sometimes it is necessary to evaluate a form and make sure that certain side-effects take place after
the form is evaluated; a typical example is:

(progn (start-motor)
(drill-hole)
(stop-motor})
The non-local exit facility of Lisp creates a situation in which the above code won’t work, however:
if dri11-ho1le should do a throw to a catch which is outside of the progn form {(perhaps because
the drill bit broke), then { stop-motor) will never be evaluated (and the motor will presumably
be left running). This is particularly likely if dri17-hole causes a LISP crror and the user tells
the error-handler to give up and abort the computation. (A possibly more practical example might
be: '
(prog2 {(open-a-file)
{process-file)
(close-the-file}))

where it is desired always to close the file when the computation is terminated for whatever reason.)

In order to allow the above program to work, it can be rewritten using unwind-protect as
follows:

{(unwind-prote

(progn rn-on-wa&ler-start-motop
drill-hotle))
(stop-motd

If dril1~hole docs a throw which attempts to quit out of the unwind-protect, then
(stop-motor) will be exccuted.

As a general rule, unwind-protect guaranteces to cxccute all the cleanup-forms before exiting,
whether it terminates normally or is aborted by a throw of some kind. unwind-protect returns
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whatever results from evaluation of the protected-forn, and discards all the results from the
cleanup-forms.

5.9.2, Throw Forms

throw tfag result [Special form} .
The throw special form is the simplest thrower. - The fag is evaluated first to produce an object
called the throw tag. The most recent outstanding catch whose tag matches the throw tag is exited.
Some catches, such as a catch-a171, will match any throw tag; a catch matches only if the catch
tag is eq to the throw tag.

In the process dynamic variable bindings are undone back to the point of the catch, and any
intervening unwind-prote ct cleanup code is executed. The resulf form is evaluated before the
unwinding process commences, and whatever results it produces are returned from the catch {or
given to the catch-function, if appropriate).

If there is no outstanding catch whose tag matches the throw tag, no unwinding of the stack is
performed, and an error is signalled. When the error is signalled, the outstanding catches and the |
dynamic variable bindings are those in force at the point of the throw.

Implenentation note: These requirements imply that throwing must be done by two passes over the control
siack. In the first pass one simply scarches for a matching catch. In this search cvery catch, catch-all,
and unwind-al1 must be considered, but every unwind-protect should be ignored. On the second pass
the stack is actually unwound, one frame at a time, undoing dynamic bindings and oulstanding
unwind-protec gn reverse order of creation until the matching cateh is reached,
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Chapter 8 Po / nT TE°
EF Al &
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{” ’ Declarations D
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e

Declarations allow you to specify extra information about your program to the Lisp systefn. All
declarations are completely optional and do not affect the meaning of a correct program, with one exception:
special declarations do affeet the interpretation of variable bindings and refcrencesg and so must be
specified where appropriate. All other declarations are of an advisory nature, and may by used by the Lisp
system to aid you by performing extra crror checking or producing more cfficight compiled code.
Declarations are also a good way to add documentation to a program. '

ibli%ey nove! pecLARE In both

< .
8.1. Declaration Synta forms & "’° v f
declare {declaration}* : See [Specaal Sform)

This form may occur only at top level, or at the beginning of the bodies of certain special forms;
that is, a declare form not at top level may occur only as a statement of such a form, and all
statements preceding it (if any) must also be declare forms, If a declaration is found anywhere
else an crror will be signalled,

Each declaration form is a list whose car is a keyword specifying the kind of declaration it is.
Declarations may be divided into two classcs: those that concern the bindings of variables, and
those that do not. Those which concern variable bindings apply only to the bindings made by the
special form at the head of whose body they appear; if such a declaration appears at top level, it
applics to the dynamic valuc of the variable, For example, in
(defun foo (x) (declare (type float x)) ... {let ((x 'a)) ...)

the type declaration applics only to the outer binding of x, and not to the binding made in the Tet.

Compatibility note: This is different from Maclisy, in which ype declarations are pervasive,
The top-level declaration

 (declare (type float tolerance))

specifics that the dynamic value of tolerance should always be a floating-point number.
Declarations that do not concern themselves with variable bindings are pervasive, affecting all code

in the body of the special form (but not code in any initialization forms used to compute initial
_ values for bound variablcs). .

For cxample:
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{defun foo (x y) (declare (noti'nh'ne floor)) ...)

.advises that everywhere within the body of foo the function f1oor should not be open-ceded,
but calied as an out-of-linc subroutine. Any pervasive declaration made at top level constitutes a
universal declaration, always in force unless locally shadowed.

For example:

-

{(dectare {(inline floor))

adviscs that f1oor should normally be open-coded in-line by the compiler (but within foo it will
be compiled out-of-line anyway, because of the shadowing local declaration to that effect).

For example:

(defun (k x)
(declare (type 1nteger k))
(let ((j (foo k x))
(x (* k k)))

(declare (intine foo) (special x))

(foo x 3)))}
In this rather nonsensical example, k is declared to be of type integer. The in1ine declaration
applies to the inncr call to foo, but not to the one to whose value j is bound, because that is code
in the binding part of the 1et. The special declaration of x causes the Tet form to make a
special binding for x, and causes the reference to x in the body of the Tet to be a special reference.
However, the reference to x in the first call to foo is a local reference, not a special one.

locally {declare-form}* {form}* ' [Special form]
This special form may be used to make local pervasive declarations where desired. It does not bind
any variables, and so cannot be used meaningfully for declarations of variable bindings.

For example;

: . N | -eof",""ﬁl
(tocally (declare (inline floor)) O“ ﬁ [#w,sfbe

(declare (notinline car cdr))
(floor (car x)} (cdr y))) e

8.2. Declaration Forms ' ;w_g,wé

Here is a list of valid declaration forms for use in declare. A construct is said to be “affected” by a
declaration if it occurs within the scope of a declaration.

pecial (special varl var2 ...} declares that all of the variables named are to be considered
special.  All variable bindings affected arc made to be dynamic bindings, and affected
variable references refer o the current dynamic binding rather than the current local
binding. (Noucc rhat inner bindings of a variable implicitly shadow a special
declaration;.is must be explicitly re-declared to be special.)

ype (typre . ) affects only variable bindings, and dcclarcs that the
specified variables wil mkc on valuc‘; only of the specified type. ;
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@RandomKeyword[type] (4ype var! var? ...) is an abbreviation for (type fype varl var2 ...)
provided that type is one of the following symbols: ‘ ’

null cons Tist symbol
vdctor . string bit-string array
function structure randot charactar
number stream ‘ float string-char
integer fixnum bignum bit
short-float single-fioat doubie-float 1long-float.
complex ratio readtable package
sequence :

@Keyword|[ftype] (ftype type function! function2 . ..) declares that the specified functions will be
of the functionat type fype.

For example:

(declare (ftype (function (integer list) t) nth)
{ftype (function (number) float) sin cos))

@Keyword[function] {( function name arglist result-typel result-type2 ...) isentircly cquivalent to
(ftype (function name arglist result-typel result-type? ...) name)
but may be more convenient for some purposes.

For example:

(declare {(function nth (integer 1ist) t)
{(function sin (number} float)
(function cos (number) float))

@XKeyword[inline] (in1ine function! function2 ...) declares that it is desirable for the compiler to
open-code calls to the specified functions; that is, the code for a specificd function should be integrated into
the calling routine, appearing “in linc”, rather than a procedure call appearing there. This may achicve cxtra
speed at the expense of debuggability (calls to functions compiled in-line cannot be traced, for example).
Remember that a compiler is free to ignore this declaration. '

@Kecyword[notinline] (notinline finctionl function2 ...) declares that it is undesirable to compile
the specified functions in-line. Remember that a compiler is free to ignore this declaration,
——— — Yon <

@K cyword[ignore] (ignore var! var2.... varn)¥leclares that the bindings of the specified variables are never
used. It is desirable for a compiler to issue a warning if a variable so declared is ever referred to or is also
declared special, or if a variable is lexical, never referred to, and not declared to be ignored.

777 Query: This is a new idea: what do people think? This is more mnemonic than writing ignore or () for an ignored
parameter because you can give a meaningful (and possibly conventional) name. 1t is more explicil and robust than simply
mentioning the variable at the front of the lambda-body; the latter convention prevents the compiler from issuing a warning
about a possibly malformed program.

@K cyword[optimizc] (optimize quality! quality? ...} adviscs the compiler that quah:lyl should be
given greatest attention in producing cuminilcd code, then guality2, and so on. ‘The qualitics may include
speed (of the compiled code), space (both code size and run-time spacc), and safety (run-time crror
checking); any qualitics- not mentioned are assumed to be of lower priority than those mentioned. The
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default situation is implementation-dependent, but implementors are encouraged to consider- {optimize
safety speed space) for the default.

For example:

(defun often-used-subroutine (x y)
(error-check x y)
(hairy-setup x)
(locally
;3 This inner loop really needs to hurn. ;
(declare (optimize speed})
(do ({i 0 (+ 1 1))
(z x (cdr 2))})
{(null 2))
{declare (fixnum i))}))

77?7 Query: This is a new idea: what do people think?

An implementation is free to support other (impicmentation-dependent) declarations as well. On the other
hand, a COMMON Lisp compiler is free to ignore entire classes of declarations (for example, implementation-
dependent declarations not supported by that compiler’s implementation?). Compiler implementors are
encouraged, however, to program the compiler by default to issuc a warning if the compiler finds a
declaration of a kind it never uses (as a hedge against spelling crrors). .
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Chapter 9

»

Sequences (Cross-Product Version)

This chapter is one of several parallel chapters on sequences. The
assumption is that onc will be chosen to define the official set of COMMON
LisP sequence functions. Reviewers of this draft are encouraged to
compare these parallel chapters carefully.

The type sequence encompasses objects of type 1ist, and onc-dimensional arrays {all one-dimensional
arrays, not just vectors). While these all are different data structures with different structural properties
leading to different algorithmic uses, they do have a common property: each contains contain an ordered set
of elements,

There are many operations which are uscful on both lists and one-dimensional arrays because they deal
with ordered sets of elements. One may ask the number of elements, reverse the ordering, concatenate two
ordered sets to form a larger one, and so on. A sct of operations are provided on sequences; these are generic
operations, which may be applied to lists, vectors, or arrays:

elt reverse map remove-
setelt nreverse some ' position
subseq concat every scan-over
copyseq reduce . notany count
Tength left-reduce notevery mismatch
fill right-reduce merge maxprefix
replace sort nmerge maxsuffix
search

The operations in the last column involve scarch or comparison. Each of these comes in several varieties and
two directions. The variety indicates how clements are to be.compared; the direction can be either forward or
reverse. For example, the remove operation has these ten variations:

Forward dircction Reverse direction

remove remove-from-end Comparc elements using equal

remq remg-from-end Comparc clements using eq

rem rem-from-end Comparc clements with uscr predicate
rem-if rem-from-end-if Test clements with user predicate
rem-if-not rem-from-end-if-not Test clements with inverse user predicate

Rationale: Afl of these options multiplicd oul makes for a very large number of funclions: This was decmed more
perspicuous than passing flags lo a smaller number of funclions, and more consistent than providing an incomplete set.
rem-from-end-if-not scems Lo be a conceplually alomic operation, for exampie, despite the fact that its name is made
from Lhree separale components,

Compatibility note: In a few of its s1riné functions, Lisp Machine 11sp uscs the term ~reverse- in function names to
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indicate that the string is traversed in the backwards direction. Unfortunately, there is a possible confusion with the
reversing of the string, which is not quite the same thing. NI has proposed (hat the letter b be used, presumably standing -
for “backwards”. Here the suffix - f rom-end is proposed; 1 believe the meaning of this to be more immediately evident.

elt sequence index ’ . [Function]

This returns the element of sequence specificd by index, which must be a non-negative integer less
than the length of the sequence. The first element of any sequence has index 0.

setelt sequence index newvalue ’ {Function)
The object newvalue is stored into the component of the sequence specified by index, which must be
a non-negative integer less than the length of the sequence. 'The first clement of any sequence has

index 0. If sequence is a specialized array, then the newvalue must be an object that the array can
contain,

subseq seqgience start &optional end. ‘ [Function]
This returns a subsequence of sequence, starting at the clement specified by the integer index start
and going up to, but not including, the element specificd by the integer index end. The length of
the subsequence is therefore end minus start. If end is not specified, it defaults to the length of the
sequence, meaning that all clements after starf are included. 1t is an error if end is less than sfart, or
if either is less than zero or greater than the length of the string,

subsaq always allocates a new sequence for a result; it never shares storage with an old sequence.
The result subsequence is always of the same type as the argument sequence.

copyseq sequence _ {Function]
A copy is made of the argument sequence; the result is equaT to the argument but not eq to it.
{(copyseq x) <=> (subseq x 0)
but the name copy seq is more perspicuous when applicable.

length sequence [ Function]
The number of clements in sequence is rcturned as a non-negative integer. Note that if the
sequence is an array with a fill pointer, then 1ength rcturns the value of the fill pointer (see
array-active-length (page 161)), not the total storage spacc for the array. the total

fi11 sequence itemt &optional start end [Function]
The sequence is destructively modified by replacing some or all of its elements with the ifem. The
item may be any LISP object, but must be a suitable ctement for the sequence. The item is stored
into all the components of the sequence, beginning at the one specified by the index start, and up to
but not including the one specified by the index end. The start index defaults to zcro, and the end
index to the tength of the sequence. 111 returns the modificd sequence.

For cxample:
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(setq x (vector 'a 'b 'c ’d ‘é)) => #(a b c d e)
(fi11 x 'z 1 3) => #(a z z d e)
andnow x => #(a z z d e)

(fi1} x "p) =>#(p p P P P)
andnow x => #(p p p o p)

replace largel-sequence source-sequence &optional target-start target-end source-start source-end [F
The target-sequence is destructively modified by copying successive clemenis into it from
source-sequence. The clements of source-sequence must be of a type that may be stored into the
target-sequence. 'The leftmost clement modified is specified by the index farget-siart, which
defaults to zero; the leftmost element copied is specificd by the index source-siart, which also
defaulis to zero. The index targer-end limits the region of arget-sequence which is modified; it
defaults to the length of the target-sequence. source-end limits the region of source-sequence which
is copied; it defaults to the length of the source-seguence. The indices must all be integers and
satisfy the relationships

(<= 0 targer-start target-end (length targer-sequence))
(<= 0 source-start source-end (length source-sequence)) .

The number of elements copied may be expressed as: .
(min (- target-end target-start) (- source-end source-start))

The value returncd by replace is the modified farget-sequence.

If target-sequence and source-sequence are the same object and the region being modified overlaps
with the region being copicd from, then it is as if the entire source region were copied to another
place and only then copied back into the target region.

reverse sequence [Function)
The result is a new sequence of the same kind as sequence, containing the same elements but in
reversc order. The argument is not modified.

nreverse sequence : [Function]
The result is a sequence containing the same clements as sequence but in reverse order. The
argument may be destroyed and re-used to produce the result. The result may or may not be eq to
the argument, so it is usually wise to say somcthing like (setq x (nreverse x)), because
simply (nreverse x) is not guarantced to leave a reversed value in .

catenate &rest sequences _ [Function] .
"The result is a new sequence which contains all the clements of all the sequences in order. All of
the scquences are copied from; the result does not share any structure with any of the argument

scquences {in this catenate differs from append).

The type of the result may depend to some extent on the implementation, As a rule it should be
_ the Jeast gencral sequence type among those the implementation provides which can contain the
clements of all the argument sequences. The implementation must be such that catenate is
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associative, m the sense that the elements of the result sequence are not affected by reassociation
. (but the type of the result sequence may be affccted). If no arguments are provided, catenate
returns { ). '

map function result-type sequence &rest more-sequences [Function]
The function must take as many arguments as there are sequences provided; at Jeast one sequence
must be provided. The result of inap is a sequence such that element j is the result of applying
function to clement j of cach of the argument sequences. The result sequence is as Jong as the
shortest of the input sequences.

If the finction has side-cffects, it can count on being called first on all the clements numbered 0,
then on all those numbered 1, and so on.

The type of the result sequence is specified by the argument result-type.

Compatibility note: In MacLisp, Lisp Machine Lisp, INTERLISP, and indeed even Lisp 1.5, the function map has
always meant a non-value-returning version. In my opinion they blew it. 1 suggest that for CoMMON Lisp this
should be corrected, as the names map and reduce have become quite common in the Jiterature, map always
meaning what in the past Lise people have called mapcar. It would simplify things in the future to make the
standard (according to the rest of the world) name map do the standard thing. Therefore the old map function
is here renamed map 1 (page 66).

For example:

{map #'- "list '(1°2 3 4)) = (-1 -2 -3 -4.)
(map #'(lambda (x) (if (oddp x) 1 0)) ’'bit-string '(1 2 3 4}) =

some predicale sequence &rest more-sequences [Function]
every predicate sequence &rest more-sequences {Function]
notany predicate sequence &rest more-sequences [Function]
notevery predicale sequence &rest more-sequences [Function]

These are all predicates. The predicate must take as many arguments as there are sequences
provided. The predicate is first applicd to the clements with index 0 in cach of the sequences, and
possibly then to the elements with index 1, and so on, until a termination criterion is met or the end
of the shortest of the sequences is reached.

some returns as soon as any invocation of predicate returns a non-( ) value; some returas that
value. If the end of a sequence is reached, some returns (). Thus as a predicate it is truc if some
invocation of predicate is true.

every rcturns { ) as soon as any invocation of predicate returns (). If the end of a sequence is
reached, every returns a non-( ) valuc.. Thus as a predicate it is true if every invocation of
predicate is true,

notany returns () as soon as any invocation of predicate returns a non-( ) value. If the end of a
scquence is reached, notany returns a non-( ) value. Thus as a predicate it is truc if no invocation
of predicate is true.

notevery rcturns a non-{ ) value as soon as any invocation of predicate returns (). If the end of
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a sequence is reached, notevery returns (). Thus as a predicate it is true if nof every invocation
of predicate is true. :

Compatibility note: The order of the arguments here is not compatible with INTERLISP and Lisp Machine Lisp,
This is to stress the similarity of these functions to map. The functions arc therefore extended here to functions

of more than one argument, and multiple sequences.

remove item sequence &optional count [Function]
remq item sequence &optional count [ Function]
rem predicate item sequence &optional count [Function]
rem-if predicate sequence &optional count [Function]
rem-if-not predicale seguence &optional count [Function]
remove-from-end item sequence &optional count [Function}
remq-from-end item sequence &optional count {Function]
rem-from-end predicate item sequence &optional count [Function]
rem-from-end-if predicate sequence Zoptional count [ Function]

rem-from-end-if-not predicate éequence &optional count

[Function]

The result is a sequence of the same kind as the argument sequence, which has the same clements
except that those satisfying a certain test have been removed. This is a nondestructive operation;
the result is a copy of the input sequence, save that some ¢lements are not copied.

For removae, an clement is removed if item is equal to it.
For remq, an clement is removed if item is eq to it.

For rem, an clement is removed is predicate is true when applied to ifem and an clement (in that
order).

For rem- if, an clement is removed if predicate is true of it.
For rem-if-not, an element is removed if predicate is not true of it,

The argument count, if supplied, limits the number of clements removed; if more elements than
count satisfy the test, only the leftmost count such are removed.

The -from-end variants differ from the others only when count is provided; in that case only the
rightmost coun/ clements satisfying the test are removed.

For example:

(remove 4 '(1 2 4 1
(remove 4 (1 2 4 1
(remove-from-end 4 {1
{rem #'> 3 '(1 2 4 13
{rem-if #'oddp "(1 2 4
{(rem-from-end-if #'evenp

3
3
(

L
- Y
ot

The result of remove and related functions may share with the argument sequence; a list result
may sharc a tail with an input list, and the result may be eq to the input sequence if no clements
need to be removed.
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position ifem sequence &optional starf end [Function]
posq item sequence &optional start end {Funetion)
pos predicate item sequence &optional start end [Function]
pos—if predicate sequence &optional start end [Function]
pos-if-not predicate sequence &optional start end [Function}
position-from-end ifem sequence &optional starl end [Function]
posq-from-end ifem sequence &optional start end [Function]
pos-from-end predicate item sequence &optional start end [Function] ~
pos-from-end-if predicate sequence &optional start end [Function]

pos-from-end-if-not predicate sequence &optional start end {Function]
If the sequence contains an clement satisfying a certain test, then the index within the sequence of
the leftmost such element is returned as a non-ncgative integer; otherwise () is returned.

For position, an clement passes the test if ifem is equal to it.
For posq, an clement passcs the test if item is eq to it.

For pos, an element passes the test is predicate is true when applied to item and an element (in that
order).

For pos-if, an element passes the test if predicate is true of it.
For pos-if-not, an clement passes the test if predicate is not true of it.

The -from-end variants differ in that the index of the rightmost clement passing the test, if any, is
returned, '

The implementation may choose to scan the sequence in any order; there is no guarantee on the
number of times the test is made. For example, position-from-end might scan a list from
left-to-right instcad of from right-to-left. ‘Therefore it is a good idea for a user-supplied predicate to .
be free of side-cffects.

The arguments start and end limit the search to the specified subsequence; as usual, start defaults
to zero and end to the length of the sequence.

count item sequence &optional starl end [Function]
cntq item sequence &optional start end [Function]
cnt predicate item sequence &optional start end [Function]
cnt-if predicate sequence &optional start end [Function]
cnt-if-not predicate sequence &optional start end [Function]

The tesult is always a non-negative integer, the number of clements in the sequence satisfying a
certain test.

For count, an clement passes the test if itein is equal toit.
For cntq, an clement passes the test if itent is eq to it.

For cnt, an clement passes the test is predicate is truc when applied to ifem and an clement (in that
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order). *
For cnt-1if, an clement passes the test if predicate is true of it.
For cnt-if-not, an clement passcs the test if predicate is not true of it,

There is no guarantee on the number of times a user-supplicd predicate will -be called. For
example, a tricky implementation for bit-strings might call the predicate once each on the values 0
and /, assume that those results arc vatid for all calls on 0 and 1, and then just count the actual bits
and return an appropriate result. Therefore it is a good idea for a user-supplied predicate to be free
of side-cffects.

The arguments start and end limit the search to the specified subsequence; as usual, start defaults
to zero and end to the length of the sequence.

mismatch sequencel sequence?-%optional startl start2 endl end2? [Function}
mismatq sequencel sequence? &optional startl stari2 end! end2 [Function]
mismat predicate sequencel sequencel &optional start! start2 endl end? [Function]

mismatch-from-end sequencel sequence? &optional start! stari2 end! end? [Function]
mismatq-from-end sequencel sequence? &optional start! start2 endl end? {Function)
mismat-from-end predicate sequencel sequence2 &optional siart! start2 endl end? [Function)

The arguments sequencel and sequence2 arc compared clement-wise. If they are of equal length
and match in every element, the result is '( ). Otherwise, the result is a non-negative integer, the
index of the leftmost position at which they fail to match; or, if one is shorter than and a matching
prefix of the other, the length of the shorter sequence is returned.

Formismatch, clements are compared using equal.
Formismatq, clements are compared using eq.

For mismat, clements are compared by passing an clement of sequence! and an clement of
sequence? (in that order) to a user-specified predicate.

The arguments start/ and end! dclimit a subsequence of sequencel to be matched, and start2 and
end? delimit a subscquence of sequence2. As usual, start! and start2 default to zcro, endl to the
length of sequencel, and end? to the length of sequence2. ‘The ¢omparison procceds by first
aligning the left-hand ends of the two subsequences; the index returned is an index into sequencel.
mismatch is therefore not commutative if start! and start2 are not cqual.

The -from-end variants'differ in that the index of the rightmost position in which the sequences
differ is returned. The (sub)sequences are aligned at their right-hand cnds; the last clements are
compared, the penultimate clemenis, and so on. ‘The index returned is again an index into
sequencel. Ifthe first sequence is a proper suffix of the second, zero is returned; if the second is a
proper suffix of the first, the length of the first less the that of the sccond is returned.

The implementation may choose to match the sequences in any order; there is no guarantee on the
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number of times the test is made. For example, mismatch-from-end might match a list from
left-to-right instead of from right-to-left. Therefore it is a good idca for a user-supplicd predicate'to
be frec of side-effects. :

maxprefix sequencel sequencel &optional start! stari? end! end? {Function]
maxprefq sequencel sequence? &optional start! stari2 endl end? [Function]
maxpref predicate sequencel sequencel &optional startl start2 endl end? {Function]
maxsuffix sequencel sequence? &optional startl start2 endl end2? [Function]
maxsuffq sequencel seguence? &optional startl start? end! end? " [Function]
maxsuff predicate sequencel sequence? Roptional startl start? endl end? [Function]

The arguments sequencel and sequence? are compared clement-wise. The result is a non-negative
integer, the index of the lefimost position at which they fail to match; or, if one is shorter than and
a matching prefix of the other, the length of the shorter sequence is returned. If they are of equal
length and match in every element, the result is the length of each.

For maxprefix, clements are cofnparcd using equal.
For maxpref g, elements are compared using eq.

For maxpref, elements are compared by passing an clement of sequencel and an element of
sequence? (in that order) to a user-specificd predicate.

The arguments start! and end! delimit a subscquence of sequencel to be matched, and star(2 and
end? dclimit a subsequence of sequence2. As usual, start! and start2 default to zero, end! to the
length of sequencel, and end? to the length of sequence2. The comparison procecds by first
aligning the left-hand ends of the two subsequences; the index returned is an index into sequencel.
maxprefix is therefore not commutative if start/ and start2 are not equal.

The suffix and suff variants differ in that 1 plus the index of the rightmost position in which
the sequences differ is returned. The (sub)sequences are aligned at their right-hand ends; the last
clements are compared, the penultimate elements, and so on. The index returned is again an index
into sequencel. 1f the first sequence is a proper suffix of the second, zero is returned; if the second
is a proper suffix of the first, the length of the first less that of the sccond is returned.

The implementation may choose to match the sequences in any order; there is no guarantec on the
number of times the test is made. For example, maxsuf fix might match lists from left-to-right
instead of from right-to-left. Therefore it is a good idea for a user-supplied predicate to be free of
side-cffects,

search sequencel sequence? &optional startl start2 endl end2 [Function]
srchq sequencel sequence? &optional startl start2? endl end?  [Function)

srch predicate sequencel sequence? &optional startl start? end! end? [Function]
search-from-end sequencel sequence? &optional staril start? endl end? [Function] .
srchq-from-end sequencel sequence? &optional staril start2 endl end? [Function}

srch-from-end predicate sequencel sequence? &optional start! start2 endl end? [Function]
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A scarch is conducted for a subsequence of sequence? which element-wise matches sequencel. If
there is no such subsequence, the result is ( ); if there is, the result is the index into sequence2 of
the leftmost element of the teftmost such matching subsequence. '

For search, elements are comparcd using equal.

For srchq, clements are compared using eq.

For srch, clements are compared by passing an clement of sequencel and an element of sequence2
{in that order) to a user-specified predicate.

The arguments start! and end! delimit a subsequence of sequencel to be maiched, and stari2 and
end? delimit a subsequence of seguence? to be searched. As usual, startf and start2 default to zero,
endl to the length of sequencel, and end? to the length of sequence2.

The -from-end variants differ in that the index of the leftmost element of the rightrost matching
subsequence is returned, :

The implementation may choose to cnt the sequence in any order; there is no guarantee on the
number of times the test is made. For example, search-from-end might cnt a list from left-to- -
right instead of from right-to-left, Therefore it is a good idea for a user-supplied predicate to be
free of side-effects.

sort sequence predicate &optional selector [Funetion]

stable-sort sequence predicate &optional selector [Function]
The sequence is destructively sorted according to an ordering determined by the predicate. The
predicate should take two arguments, and return non-( ) if and only if the first argument is strictly
less than the second (in some appropriate sensc). 1f the first argument is greater than or equal to
the second (in the appropriate sensc), then the predicate should return ().

The sort function determines the relationship between two clements by giving keys extracted
from the clements to the predicate. 'The function sefector, when applied to an clement, should
return the key for that clement; the selector function defaults to the identity function, thereby
making the element itself be the key.

The selector function should not have any side cffects. A useful example of a selector function
would be a component sclector function for a defstruct (page 167) structure, for sorting a
sequence of structures. :
(sort aps) .
<=> {sort a #'(lambda (x y) (P (s x} (s ¥y)})))
While the above two cxpression are cquivalent, the first may be more cfficicnt in some
implementations for certain types of arguments. For example, an implementation may choose to
apply selector to cach item just once, putting the resulting keys into a separate table, and then sort
the parallel tables, as opposed to applying selector to an itern every time just before applying the
" predicate. '
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If the selecior and predicate functions always return, then the sorting opcration will always
terminate, producing a sequence coxitaining the same elements as the original sequente (that is, the
result is a permutation of sequence). This is guaranteed cven if the predicate docs not really
consistently represent a total order. If the selector consistently returns meaningful keys, and the
predicate does reflect some total ordering criterion on those keys, then the clements of the result
sequence will conform to that ordering,. ‘

The sorting operation performed by sort is not guaranteed stable, however; clements considered
equal by the predicate may or tay not stay in their originat order. The function stable-sort
guarantees stability, but may be somewhat slower.

The sorting operation may be destructive in all cases. In the case of an array argument, this is
accomplished by permuting the clements. In the case of a list, the list is destructively reordered in
the same manner as for nreverse (page 89). Thus if the argument should not be destroyed, the
user must sort a copy of the argument.

Should the selector or predicate cause an crror, the state of the list or array being sorted is
undefined. However, if the error is corrected the sort will, of course, proceed correctly.

Note that since sorting requires many comparisons, and thus many calls to the predicate, sorting
will be much faster if the predicate is a compiled function rather than interpreted.

For example:

{(defun mostcar (x)
(if (symbolp x) x (mostcar (car x))))

(sort fooarray #'string-lessp #'mostcar)
If fooarray contained these items before the sort:

(Tokens (The .1ion sleeps tonight)) :
(Carpenters (Close to you))

({(Ro11ing Stones) (Brown sugar))

((Beach Boys) (I get around))

(Beatles (I want to hold your hand})

then after the sort fooarray would contain:

{(Beach Boys) {1 get arcund))
{Beatles (I want to hold your hand))
(Carpenters (Close to you))
((Ro11ing Stones) (Brown sugar})
{Tokens (The lion sleeps tonight})

merge sequencel sequence? predicate &optional selector [Function)
The sequences sequencel and sequence2 are destructively merged according to an ordering
determined by the predicate. The predicate should take two arguments, and return non-( } if and
only if the first argument is strictly less than the sccond (in some appropriate scnse). If the first
argument is greater than or cqual to the second (in the appropriate sensc), then the predicate should
return ().
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The merge function determincs the relationship between two clements by giving keys extracted
from the elements to the predicate. The function selector, when applied to an element, should
return the key for that clement; the selecfor function defaults to the identity function, thereby
making the clement itself be the key. '

The selector function should not have any side effects. A uscful example of a selector function
would be a component sclector function for a defstruct (page 167) structure, for merging a
sequence of structures, ' : .

If the selector and predicate functions always return, then the merging operation will always
terminate. The result of merging two sequences x and y is a new sequence z such that the length of
zis the sum of the lengths of x and y, and z contains the all the clements of x and y. If x/ and x2
are two clements of x, and x/ precedes x2 in x, then x/ precedes x2 in z; similarly for elements of
y. In other words, z is an interfeaving of x and y.

Morcover, if x and y were correctly sorted according to the predicate, then z will also be correctly
sorted. If x or yis not so sorted, then z will not be sorted, but will nevertheless be an interlcaving of
xand y.

The merging operation is guaranteed stable; if two or more elements are considered equal by the -
predicate, then the elements from sequence! will precede those from seguence? in the result.

Implementation note: To guarantee stability, one should give elements of sequence? as the first argument to the
predicare, and elements of sequencel as the second argument,

For example:
(merge (13 46 7) '(258) #<)=>(12345678)
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Chapter 1_0

Sequences (Functional Version)

This chapter is one of several parallel chapters on sequences. The.
assumption is that one will be chosen to define the official set of COMMON
LISP scquence functions, Reviewers of this draft are encouraged to
compare these parallel chapters carefully.
The type sequence encompasses both lists and one-dimensional arrays. While these are different data
structures with diffcrent structural properties lcading to different algorithmic vses, they do have a common
property: each contains contain an ordered set of elements.

There are some operations which are useful on both lists and arrays because they deal with ordered sets of
elements. One may ask the number of clements, reverse the ordering, extract a subsequence, and so on. For
such purposes COMMON LISP provides a set of generic functions on sequences:

elt reversse map remove remove-duplica
setelt nreverse some delete delete-duplica
subseq concat every position find

copyseq length notany mismatch substitute
fill sort notevery maxprefix search

replace merge maxsuffix count

Some of these operations come in more than one version. Such versions arc indicated by adding prefixes or
suffixes to the basic name of the operation,

If the operation requires testing sequence elements according to some criterion, then the criterion may be
specificd in one of two ways. The basic operation accepts an item, and elements are tested for being eql to
that item. The other version is a functional (indicated by prefixing the name with “f). The functional takes
a predicate and optionally some other arguments. The functional returns a function to perform the desired
opcration. This function will test clements of its sequence argument by calling the predicate, giving it the
scquence clement and also any extra arguments originally given to the functional, in that order. As an
example,

(remove item sequence)
returns a copy of sequence from which all clements eq1 to ifem have been removed;
((fremove #'equal ifem) séquence)

returns a copy of sequence from which all clements equal to item have been removed;
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