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Preface
SECOND EDITION

Common Lisp has succeeded. Since publication of the first edition of this
book in 1984, many implementors have used it as a de facto standard for Lisp
implementation. As a result, it is now much easier to port large Lisp programs
from one implementation to another. Common Lisp has proved to be a useful
and stable platform for rapid prototyping and systems delivery in artificial
intelligence and other areas. WIth experience gained in using Common Lisp
for so many applications, implementors found no shortage of opportunities for
innovation. One of the important characteristics of Lisp is its good support for
experimental extension of the language; while Common Lisp has been stable,
it has not stagnated.

The 1984 definition of Common Lisp was imperfect and incomplete. In some
cases this was inadvertent: some odd boundary situation was overlooked and
its consequences not specified, or different passages in were conflict, or some
property of Lisp was so well-known and traditionally relied upon that I forgot
to write it down. In other cases the informal committee that was defining
Common Lisp could not settle on a solution, and therefore agreed to leave
some important aspect of the language unspecified rather than choose a less
than satisfactory definition. An example is error handling; 1984 Common
Lisp had plenty of ways to signal errors but no way for a program to trap or
process them.

Over the next year I collected reports of errors in the book and gaps in
the language. In December 1985, a group of implementors and users met in
Boston to discuss the state of Common Lisp. I prepared two lists for this
meeting, one of errata and clarifications that I thought would be relatively
uncontroversial (boy, was I wrong!) and one of more substantial changes I
thought should be considered and perhaps voted upon. Others also brought
proposals to discuss. It became clear to everyone that there was now enough
interest in Common Lisp, and dependence on its stability, that a more formal
mechanism was needed for managing changes to the language.

xiii
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This realization led to the formation of X3J13, a subcommittee of ANSI
committee X3, to produce a formal American National Standard for Common
Lisp. That process is nearing completion. X3J13 has completed the bulk of
its technical work in rectifying the 1984 definition and codifying extensions
to that definition that have received widespread use and approval. A draft
standard is now being prepared; it will probably be available in 1990. There
will then be a period (required by ANSI) for public review. X3J13 must then
consider the comments it receives and respond appropriately. If the comments
result in substantial changes to the draft standard, multiple public review
periods may be required before the draft can be approved as an American
National Standard.

Fortunately, X3J13 has done an outstanding job of documenting its work.
For every change that came to a formal vote, a document was prepared that
described the problem to be solved and one or more solutions. For each
solution there is a detailed proposal for changing the language; a rationale; test
cases that distinguish the proposal from the status quo or from other proposals
for solving that problem; discussions of current practice, cost to implementors,
cost to users, cost of not adopting the proposal, benefits of adoption, aesthetic
criteria; and any relevant informal discussion that may have preceded creation
of the formal proposal. All of these proposal documents were made available
on-line as well as in paper form. By my count, by June 1989 some 186 such
proposals were approved as language changes. (This count does not include
many proposals that came before the committee but were rejected.)

The purpose of this second edition is to bridge the gap between the first
edition and the forthcoming ANSI standard for Common Lisp. Because of the
requirement for formal public review, it will be some time yet before the ANSI
standard is final. This book in no way resembles the forthcoming standard
(which is being written independently by Kathy Chapman of Digital Equip-
ment Corporation with assistance from the X3J13 Drafting Subcommittee).

I have incorporated into this second edition a great deal of material based
on the votes of X3J13, in order to give the reader a picture of where the
language is heading. My purpose here is not simply to quote the X3J13
documents verbatim but to paraphrase them and relate them to the structure
of the first edition. A single vote by X3J13 may be discussed in many parts
of this book, and a single passage of this book may be affected by many of
the votes.

I wish to be very clear: this book is not an official document of X3J13,
though it is based on publicly available material produced by X3J13. In
no way does this book constitute a definitive description of the forthcoming
ANSI standard. The committee’s decisions have been remarkably stable (it



PREFACE (SECOND EDITION) XV

has rescinded earlier decisions only two or three times), and I do not expect
radical changes in direction. Nevertheless, it is quite probable that the draft
standard will be substantively revised in response to editorial review or public
comment. I have therefore reported here on the actions of X3J13 not to
inscribe them in stone, but to make clear how the language of the first edition
is likely to change. I have tried to be careful in my wording to avoid saying
“the language has been changed” and to state simply that “X3J13 voted at
such-and-so time to make the following change.”

Until the day when an official ANSI Common Lisp standard emerges, it
is likely that the 1984 definition of Common Lisp will continue to be used
widely. This book has been designed to be used as a reference both to the
1984 definition and to the language as modified by the actions of X3J13.

It contains the entire text of the first edition of Common Lisp: The Lan-
guage, with corrections and minor editorial changes; however, more than half
of the material in this edition is new. All new material is identified by solid
lines in the left margin. Dotted lines in the left margin indicate material from
the first edition that applies to the 1984 definition but that has been modified
by a vote of X3J13. Modifications to these outmoded passages are explained
by preceding or following text (which will have a solid line in the margin). In
summary:

- To use the 1984 language definition, read all material that does not have a
solid line in the margin.

- To use the updated language definition, read everything, but be wary of
material with a dotted line in the margin.

At the end of the book is an index of the X3J13 votes, ordered by the com-
mittee’s internal code names (included to ease cross-reference to the X3J13
documents, which may be useful during the public review periods). Refer-
ences to this list of votes appear as numbers in angle brackets; thus “(14)”
refers to the vote on issue number 14, whereas “[14]” refers to reference 14 in
the bibliography.

I have kept changes to the wording of the first-edition material to a min-
imum. Obvious spelling and typographical errors have been corrected, and
the entire text has been edited to a uniform style of spelling and punctuation.
(Note in particular that the first edition used the spelling “signalling” but
this edition, in deference to the style decision of the X3J13 Drafting Subcom-
mittee, uses “signaling.”) A few minor changes were made to accommodate
typographical or layout constraints. (For example, the word “also” has been
deleted from the first sentence of chapter 1, partly to make that paragraph
look better and partly to allow a better page break at the bottom of page 2.)
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In a very few cases the first edition contained substantive errors that I could
not in good conscience correct silently; these have been flagged by paragraphs
beginning with the phrase Notice of correction.

The chapter and section numbering of this edition matches that of the
first edition, with the exception that a new section 7.9 has been interpolated.
Four new chapters (26-29) describe substantial changes approved by X3J13:
an extended loop macro, a pretty printer interface, the Common Lisp Object
System, and the Common Lisp Condition System.

X3J13, in the course of its work, formed a subcommittee to study whether
additional means of iteration should be standardized for use in Common Lisp,
for a great deal of existing practice in this area was not included in the first
edition because of lack of agreement in 1984. The X3J13 Iteration Subcom-
mittee produced reports on three possible facilities. One (Loop) was approved
for inclusion in the forthcoming draft standard and is described in chapter 26.

X3J13 expressed interest in the other two approaches (series and genera-
tors), but the consensus as of January 1989 was that these other approaches
were not yet sufficiently mature or in sufficiently widespread use to warrant
inclusion in the draft Common Lisp standard at that time. However, the sub-
committee was directed to continue work on these approaches and X3J13 is
open to the possibility of standardizing them at a later date. Please note that
I do not wish the prejudge the question of whether X3J13 will ever choose
to make the other two proposals the subject of standardization. Neverthe-
less, I have chosen to include them in the second edition, in cooperation with
Dr. Richard C. Waters, as appendices A and B, in order to make these ideas
available to the Lisp community. In my judgement these proposals address
an area of language design not otherwise covered by Common Lisp and are
likely to have practical value even if they are never adopted as part of a formal
standard.

Some new material in this book has nothing to do with the work of X3J13.
In many places I have added explanations, clarifications, new examples, warn-
ings, and tips on writing portable code. Appendix C contains a piece of code
that may help in understanding the backquote syntax.

This second edition, unlike the first edition, also includes a few diagrams
to pep up the text. However, there are absolutely no new jokes, and very few
outright lies.
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Would it be wonderful if, under the
pressure of all these difficulties, the
Convention should have been
forced into some deviations from
that artifi- cial structure and
regular symmetry which an
abstract view of the subject might
lead an ingenious theorist to
bestow on a constitution planned
in his closet or in his imagination?

—James Madison, The Federalist
No. 37, January 11, 1788



Introduction

Common Lisp is a new dialect of Lisp, a successor to MacLisp [33, 37], in-
fluenced strongly by Zetalisp [55, 34] and to some extent by Scheme [46] and
Interlisp [50].

1.1. Purpose

Common Lisp is intended to meet these goals:

Commonality

Common Lisp originated in an attempt to focus the work of several imple-
mentation groups, each of which was constructing successor implementations
of MacLisp for different computers. These implementations had begun to
diverge because of the differences in the implementation environments: mi-
crocoded personal computers (Zetalisp, Spice Lisp), commercial timeshared
computers (NIL—the “New Implementation of Lisp”), and supercomputers
(S-1 Lisp). While the differences among the several implementation environ-
ments of necessity will continue to force certain incompatibilities among the
implementations, Common Lisp serves as a common dialect to which each
implementation makes any necessary extensions.

Portability

Common Lisp intentionally excludes features that cannot be implemented
easily on a broad class of machines. On the one hand, features that 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 are the invisible forwarding pointers and locatives
of Zetalisp. Some of the problems that they solve are addressed in differ-
ent ways in Common Lisp.) On the other hand, features that are useful
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only on certain “ordinary” or “commercial” processors are avoided or made
optional. (An example of this is the type declaration facility, which is use-
ful in some implementations and completely ignored in others. Type dec-
larations are completely optional and for correct programs affect only effi-
ciency, not semantics.) Common Lisp is designed to make it easy to write
programs that depend as little as possible on machine-specific characteris-
tics, such as word length, while allowing some variety of implementation
techniques.

Consistency

Most Lisp implementations are internally inconsistent in that by default the
interpreter and compiler may assign different semantics to correct programs.
This semantic difference stems primarily from the fact that the interpreter
assumes all variables to be dynamically scoped, whereas the compiler assumes
all variables to be local unless explicitly directed otherwise. This difference
has been the usual practice in Lisp for the sake of convenience and efficiency
but can lead to very subtle bugs. The definition of Common Lisp avoids
such anomalies by explicitly requiring the interpreter and compiler to impose
identical semantics on correct programs so far as possible.

Ezpressiveness

Common Lisp culls what experience has shown to be the most useful and un-
derstandable constructs from not only MacLisp but also Interlisp, other Lisp
dialects, and other programming languages. Constructs judged to be awk-
ward or less useful have been excluded. (An example is the store construct
of MacLisp.)

Compatibility
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.

Efficiency

Common Lisp has a number of features designed to facilitate the production of
high-quality compiled code in those implementations whose developers care to
invest effort in an optimizing compiler. One implementation of Common Lisp,
namely S-1 Lisp, already has a compiler that produces code for numerical
computations that is competitive in execution speed to that produced by
a Fortran compiler [11]. The S-1 Lisp compiler extends the work done in
MacLisp to produce extremely efficient numerical code [19].
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Power

Common Lisp is a descendant of MacLisp, which has traditionally placed
emphasis on providing system-building tools. Such tools may in turn be used
to build the user-level packages such as Interlisp provides; these packages are
not, however, part of the Common Lisp core specification. It is expected such
packages will be built on top of the Common Lisp core.

Stability

It is intended that Common Lisp will change only slowly and with due delib-
eration. The various dialects that 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 careful examination and experimen-
tation.

The goals of Common Lisp are thus very close to those of Standard Lisp
[31] and Portable Standard Lisp [51]. Common Lisp differs from Standard
Lisp primarily in incorporating more features, including a richer and more
complicated set of data types and more complex control structures.

This book is intended to be a language specification rather than an
implementation specification (although implementation notes are scattered
throughout the text). It defines a set of standard language concepts and con-
structs that may be used for communication of data structures and algorithms
in the Common Lisp dialect. This set of concepts and constructs is sometimes
referred to as the “core Common Lisp language” because it contains conceptu-
ally necessary or important features. It is not necessarily implementationally
minimal. While many features could be defined in terms of others by writing
Lisp code, and indeed may be implemented that way, it was felt that these
features should be conceptually primitive so that there might be agreement
among all users as to their usage. (For example, 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 useful enough to warrant a standard
definition.)

For the most part, this book defines a programming language, not a pro-
gramming environment. A few interfaces are defined for invoking such stan-
dard programming tools as a compiler, an editor, a program trace facility,
and a debugger, but very little is said about their nature or operation. It is
expected that one or more extensive programming environments will be built
using Common Lisp as a foundation, and will be documented separately.
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There are now many implementations of Common Lisp, some programmed
by research groups in universities and some by companies that sell them com-
mercially, and a number of useful programming environments have indeed
grown up around these implementations. What is more, all the goals stated
above have been achieved, most notably that of portability. Moving large
bodies of Lisp code from one computer to another is now routine.

1.2. Notational Conventions

A number of special notational conventions are used throughout this book for
the sake of conciseness.

1.2.1. Decimal Numbers

All numbers in this book are in decimal notation unless there is an explicit
indication to the contrary. (Decimal notation is normally taken for granted,
of course. Unfortunately, for certain other dialects of Lisp, MacLisp in partic-
ular, the default notation for numbers is octal (base 8) rather than decimal,
and so the use of decimal notation for describing Common Lisp is, taken in
its historical context, a bit unusual!)

1.2.2. Nil, False, and the Empty List

In Common Lisp, as in most Lisp dialects, the symbol nil is used to represent
both the empty list and the “false” value for Boolean tests. An empty list may,
of course, also be written (); this normally denotes the same object as nil.
(It is possible, by extremely perverse manipulation of the package system, to
cause the sequence of letters nil to be recognized not as the symbol that
represents the empty list but as another symbol with the same name. This
obscure possibility will be ignored in this book.) These two notations may
be used interchangeably as far as the Lisp system is concerned. However,
as a matter of style, this book uses the notation () when it is desirable to
emphasize the use of an empty list, and uses the notation nil when it is
desirable to emphasize the use of the Boolean “false”. The notation nil
(note the explicit quotation mark) is used to emphasize the use of a symbol.
For example:

(defun three () 3) ; Emphasize empty parameter list
(append OO O) = O ; Emphasize use of empty lists
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(not nil) = t ; Emphasize use as Boolean “false”
(get nil color) ; Emphasize use as a symbol

Any data object other than nil is construed to be Boolean “not false”, that
is, “true”. The symbol t is conventionally used to mean “true” when no other
value is more appropriate. When a function is said to “return false” or to “be
false” in some circumstance, this means that it returns nil. However, when
a function is said to “return true” or to “be true”’ in some circumstance, this
means that it returns some value other than nil, but not necessarily t.

1.2.3. Evaluation, Expansion, and Equivalence

Execution of code in Lisp is called evaluation because executing a piece of
code normally results in a data object called the value produced by the code.
The symbol = is used in examples to indicate evaluation. For example,

(+45) =9

means “the result of evaluating the code (+ 4 5) is (or would be, or would
have been) 9.”
The symbol — is used in examples to indicate macro expansion. For exam-

ple,
(push x v) — (setf v (cons x v))

means “the result of expanding the macro-call form (push x v) is (setf v
(cons x v)).” This implies that the two pieces of code do the same thing;
the second piece of code is the definition of what the first does.

The symbol = is used in examples to indicate code equivalence. For exam-

ple,
(gcd x (gecd y z)) = (ged (ged x y) 2)

means “the value and effects of evaluating the form (gcd x (gcd y z)) are
always the same as the value and effects of (gcd (gcd x y) z) for any values
of the variables x, y, and z.” This implies that the two pieces of code do the
same thing; however, neither directly defines the other in the way macro
expansion does.

1.2.4. Errors

When this book specifies that it “is an error” for some situation to occur, this
means that:
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- No valid Common Lisp program should cause this situation to occur.

- If this situation occurs, the effects and results are completely undefined as
far as adherence to the Common Lisp specification is concerned.

- No Common Lisp implementation is required to detect such an error. Of
course, implementors are encouraged to provide for detection of such errors
wherever reasonable.

This is not to say that some particular implementation might not define the
effects and results for such a situation; the point is that no program conforming
to the Common Lisp specification may correctly depend on such effects or
results.

On the other hand, if it is specified in this book that in some situation “an
error is signaled,” this means that:

- If this situation occurs, an error will be signaled (see error and cerror).

- Valid Common Lisp programs may rely on the fact that an error will be
signaled.

- Every Common Lisp implementation is required to detect such an error.

In places where it is stated that so-and-so “must” or “must not” or “may
not” be the case, then it “is an error” if the stated requirement is not met.
For example, if an argument “must be a symbol,” then it “is an error” if the
argument is not a symbol. In all cases where an error is to be signaled, the
word “signaled” is always used explicitly in this book.

X3J13 has adopted a more elaborate terminology for errors, and has made
some effort to specify the type of error to be signaled in situations where
signaling is appropriate. This effort was not complete as of September 1989,
and I have made little attempt to incorporate the new error terminology
or error type specifications in this book. However, the new terminology is
described and used in the specification of the Common Lisp Object System
appearing in chapter 28; this gives the flavor of how erroneous situations will
be described, and appropriate actions prescribed, in the forthcoming ANSI
Common Lisp standard.

1.2.5. Descriptions of Functions and Other Entities

Functions, variables, named constants, special forms, and macros are de-
scribed using a distinctive typographical format. Table 1-1 illustrates the
manner in which Common Lisp functions are documented. The first line
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Table 1-1: Sample Function Description

samplefunction arg! arg2 &optional arg3 arg4 [Function]

The function samplefunction adds together argl and arg2, and then multi-
plies the result by arg3. If arg3 is not provided or is nil, the multiplication
isn’t done. samplefunction then returns a list whose first element is this
result and whose second element is arg/ (which defaults to the symbol foo).
For example:

(samplefunction 3 4) = (7 foo)
(samplefunction 1 2 2 bar) = (6 bar)

In general, (samplefunction z y) = (list (+ z y) foo).

Table 1-2: Sample Variable Description

*samplevariablex [Variable)

The variable *samplevariable* specifies how many times the special form
samplespecialform should iterate. The value should always be a non-
negative integer or nil (which means iterate indefinitely many times). The
initial value is 0 (meaning no iterations).

Table 1-3: Sample Constant Description

sampleconstant [Constant]

The named constant sampleconstant has as its value the height of the ter-
minal screen in furlongs times the base-2 logarithm of the implementation’s
total disk capacity in bytes, as a floating-point number.

specifies the name of the function, the manner in which it accepts arguments,
and the fact that it is a function. If the function takes many arguments, then
the names of the arguments may spill across two or three lines. The para-
graphs following this standard header explain the definition and uses of the
function and often present examples or related functions.

Sometimes two or more related functions are explained in a single combined
description. In this situation the headers for all the functions appear together,
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Table 1-4: Sample Special Form Description

samplespecialform [name] ({var}*) {form}* [Special form)

This evaluates each form in sequence as an implicit progn, and does this
as many times as specified by the global variable *samplevariable*. Each
variable var is bound and initialized to 43 before the first iteration, and un-
bound after the last iteration. The name name, if supplied, may be used
in a returnfrom form to exit from the loop prematurely. If the loop ends
normally, samplespecialform returns nil. For example:

(setq *samplevariablex 3)
(samplespecialform () forml1 form2)

This evaluates form1, form2, forml1, form2, forml, form2 in that order.

Table 1-5: Sample Macro Description

samplemacro war [ declaration® | doc-string] {tag | statement}*  [Macro]

This evaluates the statements as a prog body, with the variable var bound to
43.

(samplemacro x (return (+ x x))) = 86
(samplemacro wvar . body) — (prog ((var 43)) . body)

followed by the combined description.

In general, actual code (including actual names of functions) appears in this
typeface: (cons a b). Names that stand for pieces of code (metavariables)
are written in italics. In a function description, the names of the parameters
appear in italics for expository purposes. The word &optional in the list
of parameters 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 arguments
may appear, or &key, indicating that keyword arguments are accepted. (The
&optional/&rest/&key syntax is actually used in Common Lisp function
definitions for these purposes.)

Table 1-2 illustrates the manner in which a global variable is documented.
The first line specifies the name of the variable and the fact that it is a variable.
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Purely as a matter of convention, all global variables used by Common Lisp
have names beginning and ending with an asterisk.

Table 1-3 illustrates the manner in which a named constant is documented.
The first line specifies the name of the constant and the fact that it is a
constant. (A constant is just like a global variable, except that it is an error
ever to alter its value or to bind it to a new value.)

Tables 1-4 and 1-5 illustrate the documentation of special forms and macros,
which are closely related in purpose. These are very different from functions.
Functions are called according to a single, specific, consistent syntax; the
&optional/&rest/&key syntax specifies how the function uses its arguments
internally but does not affect the syntax of a call. In contrast, each special
form or macro can have its own idiosyncratic syntax. 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 that invokes the special form or macro.
Parentheses stand for themselves and should be written as such when invoking
the special form or macro. Brackets, braces, stars, plus signs, and vertical bars
are metasyntactic marks. Brackets, [ and |, indicate that what they enclose
is optional (may appear zero times or one time in that place); the square
brackets should not be written in code. 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 enclose may appear any number of times
(including zero, that is, not at all), whereas 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, a vertical bar, |, separates
mutually exclusive choices. In summary, the notation {z}* means zero or
more occurrences of z, the notation {z}* means one or more occurrences of
z, and the notation [z] means zero or one occurrence of z. These notations
are also used for syntactic descriptions expressed as BNF-like productions, as
in table 22-2.

Double brackets, [ and ], indicate that any number of the alternatives
enclosed may be used, and those used may occur in any order, but each
alternative may be used at most once unless followed by a star. For example,

plz] {y} |=2] ¢

means that at most one z, any number of 3’s, and at most one z may appear
between the mandatory occurrences of p and ¢, and those that appear may
be in any order.

A downward arrow, |, indicates a form of syntactic indirection that helps
to make [ ] notation more readable. If X is some non-terminal symbol
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occurring on the left-hand side of some BNF production, then the right-hand
side of that production is to be textually substituted for any occurrence of
| X. Thus the two fragments

p [lzyz-mizture] q
zyz-mizture ==z | {y}* | z

are together equivalent to the previous example.

In the last example in table 1-5, notice the use of dot notation. The dot
appearing in the expression (samplemacro 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 often used in examples.

In the heading line in table 1-5, notice the use of [ ] notation to indicate
that any number of declarations may appear but at most one documentation
string (which may appear before, after, or somewhere in the middle of any
declarations).

1.2.6. The Lisp Reader

The term “Lisp reader” refers not to you, the reader of this book, nor to some
person reading Lisp code, but specifically to a Lisp procedure, namely the
function read, which reads characters from an input stream and interprets
them by parsing as representations of Lisp objects.

1.2.7. Overview of Syntax

Certain characters are used in special ways in the syntax of Common Lisp.
The complete syntax is explained in detail in chapter 22, but a quick summary
here may be useful:

(A left parenthesis begins a list of items. The list may contain any number
of items, including zero. Lists may be nested. For example, (cons (car
x) (cdr y)) is a list of three things, of which the last two are themselves
lists.

) A right parenthesis ends a list of items.

An acute accent (also called single quote or apostrophe) followed by
an expression form is an abbreviation for (quote form). Thus foo
means (quote foo) and (cons a b) means (quote (cons (quote
a) (quote b))).
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Semicolon is the comment character. It and all characters up to the end
of the line are discarded.

Double quotes surround character strings:
"This is a thirtyninecharacter string."

Backslash is an escape character. 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 consists of the three characters A, (, and
B. Similarly, "\"" denotes a character string containing one character, a
double quote, because the first and third double quotes serve to delimit the
string, and the second double quote serves as the contents of the string.
The backslash causes the second double quote to be taken literally and pre-
vents it from being interpreted as the terminating delimiter of the string.

Vertical bars are used in pairs to surround the name (or part of the name)
of a symbol that has many special characters in it. It is roughly equivalent
to putting a backslash in front of every character so surrounded. For
example, |A(B) |, Al (IBI) |, and A\ (B\) all mean the symbol whose name
consists of the four characters A, (, B, and ).

The number sign signals the beginning of a complicated syntactic struc-
ture. The next character designates the precise syntax to follow. For
example, #0105 means 1055 (105 in octal notation); #x105 means 10514
(105 in hexadecimal notation); #b1011 means 10115 (1011 in binary no-
tation); #\L denotes a character object for the character L; and #(a b ¢)
denotes a vector of three elements a, b, and c. A particularly important
case is that # fn means (function fn), in a manner analogous to form
meaning (quote form).

Grave accent (“backquote”) signals that the next expression is a template
that may contain commas. The backquote syntax represents a program
that will construct a data structure according to the template.

Commas are used within the backquote syntax.

Colon is used to indicate which package a symbol belongs to. For example,
network:reset denotes the symbol named reset in the package named
network. A leading colon indicates a keyword, a symbol that always eval-
uates to itself. The colon character is not actually part of the print name
of the symbol. This is all explained in chapter 11; until you read that,
just keep in mind that a symbol notated with a leading colon is in effect a
constant that evaluates to itself.
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Notice of correction. In the first edition, the characters “,” and “:” at the
left margin above were inadvertently omitted.

Brackets, braces, question mark, and exclamation point (that is, [, 1, {,
}, 7, and !) are not used for any purpose in standard Common Lisp syntax.
These characters are explicitly reserved to the user, primarily for use as macro
characters for user-defined lexical syntax extensions (see section 22.1.3).

All code in this book is written using lowercase letters. Common Lisp is
generally insensitive to the case in which code is written. Internally, names of
symbols are ordinarily converted to and stored in uppercase form. There are
ways to force case conversion on output if desired; see *printcase*. In this
book, wherever an interactive exchange between a user and the Lisp system
is shown, the input is exhibited with lowercase letters and the output with
uppercase letters.

X3J13 voted in June 1989 (150) to introduce readtablecase. Certain set-
tings allow the names of symbols to be case-sensitive. The default behavior,
however, is as described in the previous paragraph. In any event, only upper-
case letters appear in the internal print names of symbols naming the standard
Common Lisp facilities described in this book.



Data Types

Common Lisp provides a variety of types of data objects. It is important to
note that in Lisp it is data objects that are typed, not variables. Any variable
can have any Lisp object as its value. (It is possible to make an explicit
declaration that a variable will in fact take on one of only a limited set of
values. However, such a declaration may always be omitted, and the program
will still run correctly. Such a declaration merely constitutes advice from the
user that may be useful in gaining efficiency. See declare.)

In Common Lisp, a data type is a (possibly infinite) set of Lisp objects.
Many Lisp objects belong to more than one such set, and so it doesn’t always
make sense to ask what is the type of an object; instead, one usually asks only
whether an object belongs to a given type. The predicate typep may be used
to ask whether an object belongs to a given type, and the function typeof
returns a type to which a given object belongs.

The data types defined in Common Lisp are arranged into a hierarchy
(actually a partial order) defined by the subset relationship. Certain sets
of objects, such as the set of numbers or the set of strings, are interesting
enough to deserve labels. Symbols are used for most such labels (here, and
throughout this book, the word “symbol” refers to atomic symbols, one kind
of Lisp object, elsewhere known as literal atoms). See chapter 4 for a complete
description of type specifiers.

The set of all objects is specified by the symbol t. The empty data type,
which contains no objects, is denoted by nil.

A type called common encompasses all the data objects required by the
: Common Lisp language. A Common Lisp implementation is free to provide
. other data types that are not subtypes of common.

: X3J13 voted in March 1989 (17) to remove the type common (and the pred-
. icate commonp) from the language, on the grounds that it has not proved to
be useful in practice and that it could be difficult to redefine in the face of

13
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other changes to the Common Lisp type system (such as the introduction of
CLOS classes).

The following categories of Common Lisp objects are of particular interest:
numbers, characters, symbols, lists, arrays, structures, and functions. There
are others as well. Some of these categories have many subdivisions. There are
also standard types defined to be the union of two or more of these categories.
The categories 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 hierarchy for expository purposes.

Here are brief descriptions of various Common Lisp data types. The remain-
ing sections of this chapter go into more detail and also describe notations
for objects of each type. Descriptions of Lisp functions that operate on data
objects of each type appear in later chapters.

- Numbers are provided in various forms and representations. Common Lisp
provides a true integer data type: any integer, positive or negative, has in
principle a representation as a Common Lisp data object, subject only to
total memory limitations (rather than machine word width). A true 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 are also
provided, as well as Cartesian complex numbers.

Characters represent printed glyphs such as letters or text formatting op-
erations. Strings are one-dimensional arrays of characters. Common Lisp
provides for a rich character set, including ways to represent characters of
various type styles.

Symbols (sometimes called atomic symbols for emphasis or clarity) are
named data objects. Lisp provides machinery for locating a symbol ob-
ject, 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
extensible set of named components, each of which may be any Lisp object.
Symbols also serve to name functions and variables within programs.

- Lists are sequences represented in the form of linked cells called conses.
There is a special object (the symbol nil) that is the empty list. All other
lists are built recursively by adding a new element 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 cdr. The car may hold anything, and the
cdr is made to point to the previously existing list. (Conses may actually be
used completely generally as two-element record structures, but their most
important use is to represent lists.)
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- Arrays are dimensioned collections of objects. An array can have any non-
negative number of dimensions and is indexed by a sequence of integers. A
general array can have any Lisp object as a component; other types of arrays
are specialized for efficiency and can hold only certain types of Lisp objects.
It is possible for two arrays, possibly with differing dimension information,
to share the same set of elements (such that modifying one array modifies
the other also) by causing one to be displaced to the other. One-dimensional
arrays of any kind are called vectors. One-dimensional arrays of characters
are called strings. One-dimensional arrays of bits (that is, of integers whose
values are 0 or 1) are called bit-vectors.

- Hash tables provide an efficient way of mapping any Lisp object (a key) to
an associated object.

- Readtables are used to control the built-in expression parser read.

- Packages are collections of symbols that serve as name spaces. The parser
recognizes symbols by looking up character sequences in the current pack-
age.

- Pathnames represent names of files in a fairly implementation-independent
manner. They are used to interface to the external file system.

Streams represent sources or sinks of data, typically characters or bytes.
They are used to perform I/O, as well as for internal purposes such as
parsing strings.

- Random-states are data structures used to encapsulate the state of the
built-in random-number generator.

Structures are user-defined record structures, objects that have named com-
ponents. The defstruct facility is used to define new structure types. Some
Common Lisp implementations may choose to implement certain system-
supplied data types, such as bignums, readtables, streams, hash tables, and
pathnames, as structures, but this fact will be invisible to the user.

- Functions are objects that can be invoked as procedures; these may take ar-
guments and return values. (All Lisp procedures can be construed to return
values and therefore every procedure is a function.) Such objects include
compiled-functions (compiled code objects). Some functions are represented
as a list whose car is a particular symbol such as lambda. Symbols may
also be used as functions.
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X3J13 voted in June 1988 (90) to specify that symbols are not of type
function, but are automatically coerced to functions in certain situations
(see section 2.13).

X3J13 voted in June 1988 (30) to adopt the Common Lisp Condition Sys-
tem, thereby introducing a new category of data objects:

Conditions are objects used to affect control flow in certain conventional
ways by means of signals and handlers that intercept those signals. In
particular, errors are signaled by raising particular conditions, and errors
may be trapped by establishing handlers for those conditions.

X3J13 voted in June 1988 (12) to adopt the Common Lisp Object System,
thereby introducing additional categories of data objects:

Classes determine the structure and behavior of other objects, their in-
stances. Every Common Lisp data object belongs to some class. (In some
ways the CLOS class system is a generalization of the system of type spec-
ifiers of the first edition of this book, but the class system augments the
type system rather than supplanting it.)

- Methods are chunks of code that operate on arguments satisfying a partic-
ular pattern of classes. Methods are not functions; they are not invoked
directly on arguments but instead are bundled into generic functions.

Generic functions are functions that contain, among other information, a
set of methods. When invoked, a generic function executes a subset of its
methods. The subset chosen for execution depends in a specific way on the
classes or identities of the arguments to which it is applied.

These categories are not always mutually exclusive. The required relation-
ships among the various data types are explained in more detail in section 2.15.

2.1. Numbers

Several kinds of numbers are defined in Common Lisp. They are divided into
integers; ratios; floating-point numbers, with names provided for up to four
different floating-point representations; and complexr numbers.

X3J13 voted in March 1989 (151) to add the type real.

The number data type encompasses all kinds of numbers. For convenience,
there are names for some subclasses of numbers as well. Integers and ratios
are of type rational. Rational numbers and floating-point numbers are of
type real. Real numbers and complex numbers are of type number.
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Although the names of these types were chosen with the terminology of
mathematics in mind, the correspondences are not always exact. Integers and
ratios model the corresponding mathematical concepts directly. Numbers of
type float may be used to approximate real numbers, both rational and ir-
rational. The real type includes all Common Lisp numbers that represent
mathematical real numbers, though there are mathematical real numbers (ir-
rational numbers) that do not have an exact Common Lisp representation.
Only real numbers may be ordered using the <, >, <, and > functions.

Compatibility note: The Fortran 77 standard defines the term real datum to mean
“a processor approximation to the value of a real number.” In practice the Fortran
bastic real type is the floating-point data type that Common Lisp calls singlefloat.
The Fortran double precision type is Common Lisp’s doublefloat. The Pascal real
data type is an “implementation-defined subset of the real numbers.” In practice
this is usually a floating-point type, often what Common Lisp calls doublefloat.

A translation of an algorithm written in Fortran or Pascal that uses real data
usually will use some appropriate precision of Common Lisp’s float type. Some
algorithms may gain accuracy or flexibility by using Common Lisp’s rational or
real type instead.

2.1.1. Integers

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

In every Common Lisp implementation there is a range of integers that are
represented more efficiently than others; each such integer is called a fiznum,
and an integer that is not a fixnum is called a bignum. Common Lisp is
designed to hide this distinction as much as possible; the distinction between
fixnums and bignums is visible to the user in only a few places where the
efficiency of representation is important. Exactly which integers are fixnums
is implementation-dependent; typically they will be those integers in the range
—2" to 2™ —1, inclusive, for some n not less than 15. See mostpositivefixnum
and mostnegativefixnum.

X3J13 voted in January 1989 (76) to specify that fixnum must be a su-
pertype of the type (signedbyte 16), and additionally that the value of
arraydimensionlimit must be a fixnum (implying that the implementor
should choose the range of fixnums to be large enough to accommodate the
largest size of array to be supported).
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Rationale: This specification allows programmers to declare variables in portable
code to be of type fixnum for efficiency. Fixnums are guaranteed to encompass at
least the set of 16-bit signed integers (compare this to the data type short int in
the C programming language). In addition, any valid array index must be a fixnum,
and therefore variables used to hold array indices (such as a dotimes variable) may
be declared fixnum in portable code.

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. 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 ;eﬂ'i
15511210043330985984000000. ; 25 factorial (25!), probably a bignum

Compatibility note: MacLisp and Lisp Machine Lisp normally assume that in-
tegers are written in octal (radix-8) notation unless a decimal point is present.
Interlisp assumes integers are written in decimal notation and uses a trailing Q to
indicate octal radix; however, a decimal point, even in trailing position, always indi-
cates a floating-point number. This is of course consistent with Fortran. Ada does
not permit trailing decimal points but instead requires them to be embedded. In
Common Lisp, integers written as described above are always construed to be in
decimal notation, whether or not the decimal point is present; allowing the decimal
point to be present permits compatibility with MacLisp.

Integers may be notated in radices other than ten. The notation
#nnrddddd or #nnRddddd

means the integer in radix-nn notation denoted by the digits ddddd. More
precisely, one may write #, a non-empty sequence of decimal digits represent-
ing an unsigned decimal integer n, r (or R), an optional sign, and a sequence
of radix-n digits, to indicate an integer written in radix n (which must be
between 2 and 36, inclusive). Only legal digits for the specified radix may be
used; for example, an octal number may contain only the digits 0 through 7.
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For digits above 9, letters of the alphabet of either case may be used in or-
der. Binary, octal, and hexadecimal radices are useful enough to warrant the
special abbreviations #b for #2r, #o for #8r, and #x for #16r. For example:

#2r11010101 ; Another way of writing 213 decimal
#b11010101 ; Ditto
#b+11010101 ; Ditto
#0325 ; Ditto, in octal radix
#xD5 ; Ditto, in hexadecimal radix
#16r+D5 ; Ditto
#0300 ; Decimal —192, written in base 8
#3r21010 ; Same thing in base 3
#25R7TH ; Same thing in base 25
#xACCEDED ; 181202413, in hexadecimal radix

2.1.2. Ratios

A ratio is a number representing the mathematical ratio of two integers. In-
tegers and ratios collectively constitute the type rational. The canonical
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 1, and of which the denominator is positive
(and in fact greater than 1, or else the value would be integral). A ratio is
notated with / as a separator, thus: 3/5. It is possible to notate ratios in
non-canonical (unreduced) forms, such as 4/6, but the Lisp function prini
always prints the canonical form for a ratio.

If any computation produces a result that is a ratio of two integers such
that the denominator evenly divides the numerator, then the result is imme-
diately converted to the equivalent integer. This is called the rule of rational
canonicalization.

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 /. This syntax may be described as follows:

ratio ::= [sign] {digit}t / {digit}™
The second sequence may not consist entirely of zeros. For example:

2/3 ; This is in canonical form
4/6 ; A non-canonical form for the same number
17/23 ; A not very interesting ratio
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30517578125/32768 ; This is (—=5/2)1°
10/5 ; The canonical form for this is 2

To notate rational numbers in radices other than ten, one uses the same
radix specifiers (one of #nnR, #0, #B, or #X) as for integers. For example:

#0101/75 ; Octal notation for 65/61

#3r120/21 ; Ternary notation for 15/7

#Xbc/ad ; Hexadecimal notation for 188/173
#xFADED/FACADE ; Hexadecimal notation for 1027565/16435934

2.1.3. Floating-Point Numbers

Common Lisp allows an implementation to provide one or more kinds of
floating-point number, which collectively make up the type float. Now a
floating-point number is a (mathematical) rational number of the form s - f -
b~ P, where s is +1 or —1, the sign; b is an integer greater than 1, the base
or radiz of the representation; p is a positive integer, the precision (in base-b
digits) of the floating-point number; fis a positive integer between b?~! and
b? — 1 (inclusive), the significand; and e is an integer, the ezponent. The
value of p and the range of e depends on the implementation and on the type
of floating-point number within that implementation. In addition, there is
a floating-point zero; depending on the implementation, there may also be a
“minus zero.” If there is no minus zero, then 0.0 and 0.0 are both interpreted
as simply a floating-point zero.

Implementation note: The form of the above description should not be con-
strued to require the internal representation to be in sign-magnitude form. Two’s-
complement and other representations are also acceptable. Note that the radix of
the internal representation may be other than 2, as on the IBM 360 and 370, which
use radix 16; see floatradix.

Floating-point numbers may be provided in a variety of precisions and sizes,
depending on the implementation. High-quality floating-point software tends
to depend critically on the precise nature of the floating-point arithmetic and
so may not always be completely portable. As an aid in writing programs
that are moderately portable, however, certain definitions are made here:

- A short floating-point number (type shortfloat) is of the representation
of smallest fixed precision provided by an implementation.
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Table 2-1: Recommended Minimum Floating-Point Precision and Exponent Size

Format Minimum Precision Minimum Exponent Size
Short 13 bits 5 bits
Single 24 bits 8 bits
Double 50 bits 8 bits
Long 50 bits 8 bits

- A long floating-point number (type longfloat) is of the representation of
the largest fixed precision provided by an implementation.

- Intermediate between short and long formats are two others, arbitrarily
called single and double (types singlefloat and doublefloat).

The precise definition of these categories is implementation-dependent. How-
ever, the rough intent is that short floating-point numbers be precise to at
least four decimal places (but also have a space-efficient representation); single
floating-point numbers, to at least seven decimal places; and double floating-
point numbers, to at least fourteen decimal places. It is suggested that the
precision (measured in bits, computed as p log, b) and the exponent size (also
measured in bits, computed as the base-2 logarithm of 1 plus the maximum
exponent value) be at least as great as the values in table 2-1.
Floating-point numbers are written in either decimal fraction or computer-
ized scientific notation: an optional sign, then a non-empty sequence of digits
with an embedded decimal point, then an optional decimal exponent specifi-
cation. If there is no exponent specifier, then the decimal point is required,
and there must be digits after it. The exponent specifier consists of an ex-
ponent marker, an optional sign, and a non-empty sequence of digits. For
preciseness, here is a modified-BNF description of floating-point notation.

floating-point-number ::= [sign] {digit}* decimal-point {digit}* [ezponent]
| [sign] {digit}™ [decimal-point {digit}*] exponent

sign = + |

decimal-point ::= .

digitz=0|1|2|3|4|5|6|7]|8]|9

exponent ::= exponent-marker [sign] {digit}™

exponent-marker :==e |s|f|d|1|E|S|F|D|L

If no exponent specifier is present, or if the exponent marker e (or E) is used,
then the precise format to be used is not specified. When such a representation
is read and converted to an internal floating-point data object, the format
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specified by the variable *readdefaultfloatformat* is used; the initial value
of this variable is singlefloat.
The letters s, £, d, and 1 (or their respective uppercase equivalents) explic-
itly specify the use of short, single, double, and long format, respectively.
Examples of floating-point numbers:

0.0 ; Floating-point zero in default format
OEO ; Also floating-point zero in default format
.0 ; This may be a zero or a minus zero,

; depending on the implementation
0. ; The integer zero, not a floating-point zero!
0.0s0 ; A floating-point zero in short format
0s0 ; Also a floating-point zero in short format
3.1415926535897932384d0 ; A double-format approximation to 7
6.02E+23 ; Avogadro’s number, in default format
602E+21 ; Also Avogadro’s number, in default format
3.010299957f1 ;logo 2, in single format
0.000000001s9 ;€™ in short format, the hard way

Notice of correction. The first edition unfortunately listed an incorrect
value (3.1010299957f1) for the base-10 logarithm of 2.

The internal format used for an external representation depends only on
the exponent marker and not on the number of decimal digits in the external
representation.

While Common Lisp provides terminology and notation sufficient to ac-
commodate four distinct floating-point formats, not all implementations will
have the means to support that many distinct formats. An implementation is
therefore permitted to provide fewer than four distinct internal floating-point
formats, in which case at least one of them will be “shared” by more than one
of the external format names short, single, double, and long according to the
following rules:

- If one internal format is provided, then it is considered to be single,
but serves also as short, double, and long. The data types shortfloat,
singlefloat, doublefloat, and longfloat are considered to be identical.
An expression such as (eql 1.0s0 1.0d0) will be true in such an imple-
mentation because the two numbers 1.0s0 and 1.0d0 will be converted
into the same internal format and therefore be considered to have the same
data type, despite the differing external syntax. Similarly, (typep 1.0LO

shortfloat) will be true in such an implementation. For output purposes
all floating-point numbers are assumed to be of single format and thus will
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print using the exponent letter E or F.

- If two internal formats are provided, then either of two correspondences
may be used, depending on which is the more appropriate:

— One format is short; the other is single and serves also as double and
long. The data types singlefloat, doublefloat, and longfloat are
considered to be identical, but shortfloat is distinct. An expression
such as (eql 1.0s0 1.0d40) will be false, but (eql 1.0£0 1.0d0) will be
true. Similarly, (typep 1.0LO shortfloat) will be false, but (typep
1.0LO singlefloat) will be true. For output purposes all floating-
point numbers are assumed to be of short or single format.

— One format is single and serves also as short; the other is double and serves
also as long. The data types shortfloat and singlefloat are considered
to be identical, and the data types doublefloat and longfloat are
considered to be identical. An expression such as (eql 1.0s0 1.0d0)
will be false, as will (eql 1.0£0 1.0d0); but (eql 1.0d0 1.0L0) will be
true. Similarly, (typep 1.0LO shortfloat) will be false, but (typep
1.0LO doublefloat) will be true. For output purposes all floating-
point numbers are assumed to be of single or double format.

- If three internal formats are provided, then either of two correspondences
may be used, depending on which is the more appropriate:

— One format is short; another format is single; and the third format is
double and serves also as long. Similar constraints apply.

— One format is single and serves also as short; another is double; and the
third format is long.

Implementation note: It is recommended that an implementation provide as
many distinct floating-point formats as feasible, using table 2-1 as a guideline. Ide-
ally, short-format floating-point numbers should have an “immediate” representation
that does not require heap allocation; single-format floating-point numbers should
approximate IEEE proposed standard single-format floating-point numbers; and
double-format floating-point numbers should approximate IEEE proposed standard
double-format floating-point numbers [23, 17, 16].

2.1.4. Complex Numbers

Complex numbers (type complex) are represented in Cartesian form, with
a real part and an imaginary part, each of which is a non-complex number
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(integer, ratio, or floating-point number). It should be emphasized that the
parts of a complex number are not necessarily floating-point numbers; in this,
Common Lisp is like PL/T and differs from Fortran. However, both parts
must be of the same type: either both are rational, or both are of the same
floating-point format.

Complex numbers may be notated by writing the characters #C followed by
a list of the real and imaginary parts. If the two parts as notated are not
of the same type, then they are converted according to the rules of floating-
point contagion as described in chapter 12. (Indeed, #C(a b) is equivalent to
#, (complex a b); see the description of the function complex.) For example:

#C(3.0s1 2.0s1) ; Real and imaginary parts are short format

#C(5 3) ; A Gaussian integer

#C(5/3 7.0) ; Will be converted internally to #C(1.66666 7.0)
#C(0 1) ; The imaginary unit, that is, ¢

The type of a specific complex number is indicated by a list of the word
complex and the type of the components; for example, a specialized repre-
sentation for complex numbers with short floating-point parts would be of
type (complex shortfloat). The type complex encompasses all complex
representations.

A complex number of type (complex rational), that is, one whose com-
ponents are rational, can never have a zero imaginary part. If the result of
a computation would be a complex rational with a zero imaginary part, the
result is immediately converted to a non-complex rational number by taking
the real part. This is called the rule of complex canonicalization. This rule
does not apply to floating-point complex numbers; #C(5.0 0.0) and 5.0 are
different.

2.2. Characters

Characters are represented as data objects of type character.
There are two subtypes of interest, called standardchar and stringchar.
X3J13 voted in March 1989 (11) to remove the type stringchar.
. A character object can be notated by writing #\ followed by the charac-
© ter itself. For example, #\g means the character object for a lowercase 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,
#\Space (or #\SPACE or #\space or #\sPaCE) means the space character. The
syntax for character names after #\ is the same as that for symbols. However,
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only character names that are known to the particular implementation may
be used.

2.2.1. Standard Characters

Common Lisp defines a standard character set (subtype standardchar) for
two purposes. Common Lisp programs that are written in the standard char-
acter set can be read by any Common Lisp implementation; and Common Lisp
programs that use only standard characters as data objects are most likely
to be portable. The Common Lisp character set consists of a space charac-
ter #\Space, a newline character #\Newline, and the following ninety-four
non-blank printing characters or their equivalents:

' #$%& ()x+, ./0123456789: ;< >°7
@QABCDEFGHIJKLMNOPQRSTUVWXYZTI[\]
abcdefghijklmnopgrstuvwxyzd{l}’}

The Common Lisp standard character set is apparently equivalent to the
ninety-five standard ASCII printing characters plus a newline character. Nev-
ertheless, Common Lisp is designed to be relatively independent of the ASCII
character encoding. For example, the collating sequence is not specified ex-
cept to say that digits must be properly ordered, the uppercase letters must
be properly ordered, and the lowercase letters must be properly ordered (see
char< for a precise specification). Other character encodings, particularly
EBCDIC, should be easily accommodated (with a suitable mapping of print-
ing characters).

Of the ninety-four non-blank printing characters, the following are used in
only limited ways in the syntax of Common Lisp programs:

t1 {r = - $

. All of these characters except ! and _ are used within format strings as
. formatting directives. Except for this, [, 1, {, }, ?, and ! are not used in
Common Lisp and are reserved to the user for syntactic extensions; and _
are not yet used in Common Lisp but are part of the syntax of reserved tokens
. and are reserved to implementors; is not yet used in Common Lisp and is
. reserved to implementors; and $ and % are normally regarded as alphabetic
. characters but are not used in the names of any standard Common Lisp
. functions, variables, or other entities.

X3J13 voted in June 1989 (139) to add a format directive

5 (see chap-
D ter 27).
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The following characters are called semi-standard:
#\Backspace #\Tab #\Linefeed #\Page #\Return #\Rubout

Not all implementations of Common Lisp need to support them; but those
implementations that use the standard ASCII character set should support
them, treating them as corresponding respectively to the ASCII characters
BS (octal code 010), HT (011), LF (012), FF (014), CR (015), and DEL
(177). These characters are not members of the subtype standardchar unless
synonymous with one of the standard characters specified above. For example,
in a given implementation it might be sensible for the implementor to define
#\Linefeed or #\Return to be synonymous with #\Newline, or #\Tab to be
synonymous with #\Space.

2.2.2. Line Divisions

The treatment of line divisions is one of the most difficult issues in designing
portable software, simply because there is so little agreement among operating
systems. Some use a single character to delimit lines; the recommended ASCII
character for this purpose is the line feed character LF (also called the new line
character, NL), but some systems use the carriage return character CR. Much
more common is the two-character sequence CR followed by LF. Frequently
line divisions have no representation as a character but are implicit in the
structuring of a file into records, each record containing a line of text. A deck
of punched cards has this structure, for example.

Common Lisp provides an abstract interface by requiring that there be a sin-
gle character, #\Newline, that within the language serves as a line delimiter.
(The language C has a similar requirement.) An implementation of Common
Lisp must translate between this internal single-character representation and
whatever external representation(s) may be used.

Implementation note: How the character called #\Newline is represented inter-
nally is not specified here, but it is strongly suggested that the ASCII LF character
be used in Common Lisp implementations that use the ASCII character encoding.
The ASCII CR character is a workable, but in most cases inferior, alternative.

When the first edition was written it was not yet clear that UNIX would
become so widely accepted. The decision to represent the line delimiter as a
single character has proved to be a good one.
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The requirement that a line division be represented as a single character has
certain consequences. A character string written in the middle of a program in
such a way as to span more than one line must contain exactly one character
to represent each line division. Consider this code fragment:

(setq astring "This string
contains
fortytwo characters.")

Between g and c there must be exactly one character, #\Newline; a two-
character sequence, such as #\Return and then #\Newline, is not acceptable,
nor is the absence of a character. The same is true between s and f£.

When the character #\Newline is written to an output file, the Common
Lisp implementation must take the appropriate action to produce a line divi-
sion. This might involve writing out a record or translating #\Newline to a

CR/LF sequence.

Implementation note: If an implementation uses the ASCII character encoding,
uses the CR/LF sequence externally to delimit lines, uses LF to represent #\Newline
internally, and supports #\Return as a data object corresponding to the ASCII char-
acter CR, the question arises as to what action to take when the program writes out
#\Return followed by #\Newline. It should first be noted that #\Return is not a
standard Common Lisp character, and the action to be taken when #\Return is writ-
ten out is therefore not defined by the Common Lisp language. A plausible approach
is to buffer the #\Return character and suppress it if and only if the next character
is #\Newline (the net effect is to generate a CR/LF sequence). Another plausible
approach is simply to ignore the difficulty and declare that writing #\Return and
then #\Newline results in the sequence CR/CR/LF in the output.

2.2.3. Non-standard Characters

Any implementation may provide additional characters, whether printing
characters or named characters. Some plausible examples:
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#\m #\a #\Break #\HomeUp #\Escape

The use of such characters may render Common Lisp programs non-portable.

2.2.4. Character Attributes

Every object of type character has three attributes: code, bits, and font.

The code attribute is intended to distinguish among the printed glyphs and

formatting functions for characters; it is a numerical encoding of the character

proper. 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-negative
. integer.

The font attribute may be notated in unsigned decimal notation between

the # and the \. For example, #3\a means the letter a in font 3. This might

mean the same thing as #\« if font 3 were used to represent Greek letters.

Note that not all Common Lisp implementations provide for non-zero font

attributes; see charfontlimit.

The bits attribute may be notated by preceding the name of the character
by the names or initials of the bits, separated by hyphens. The character itself
may be written instead of the name, preceded if necessary by \. For example:

#\ControlMetaReturn #\MetaControlQ
© #\HyperSpace #\Meta\a
! #\ControlA #\MetaHyper\:
#\CMReturn #\Hyper\7

. Note that not all Common Lisp implementations provide for non-zero bits

attributes; see charbitslimit.
X3J13 voted in March 1989 (11) to replace the notion of bits and font
attributes with that of implementation-defined attributes.

2.2.5. String Characters

Any character whose bits and font attributes are zero may be contained in
strings. All such characters together constitute a subtype of the characters;
this subtype is called stringchar.

X3J13 voted in March 1989 (11) to eliminate the type stringchar. Two
new subtypes of character are basecharacter, defined to be equivalent to

the result of the function call
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(upgradedarrayelementtype standardchar)
and extendedcharacter, defined to be equivalent to the type specifier
(and character (not basecharacter))

An implementation may support additional subtypes of character that may
or may not be supertypes of basecharacter. In addition, an implementation
may define basecharacter to be equivalent to character. The choice of any
base characters that are not standard characters is implementation-defined.
Only base characters can be elements of a base string. No upper bound
is specified for the number of distinct characters of type basecharacter—
that is implementation-dependent—but the lower bound is 96, the number of
standard Common Lisp characters.

2.3. Symbols

Symbols are Lisp data objects that serve several purposes and have several
interesting characteristics. Every object of type symbol has a name, called
its print name. Given a symbol, one can obtain its name in the form of a
string. Conversely, given the name of a symbol as a string, one can obtain the
symbol itself. (More precisely, symbols are organized into packages, and all
the symbols in a package are uniquely identified by name. See chapter 11.)

Symbols have a component called the property list, or plist. By conven-
tion this is always a list whose even-numbered components (calling the first
component zero) are symbols, here functioning as property names, and whose
odd-numbered components are associated property values. Functions are pro-
vided for manipulating this property list; in effect, these allow a symbol to be
treated as an extensible re