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SUMMARY

The report gives a defining description of the programming language Scheme. Scheme is a statically scoped and properly
tail-recursive dialect of the Lisp programming language invented by Guy Lewis Steele Jr. and Gerald Jay Sussman. It was
designed to have an exceptionally clear and simple semantics and few different ways to form expressions. A wide variety
of programming paradigms, including imperative, functional, and message passing styles, find convenient expression in
Scheme.

The introduction offers a brief history of the language and of the report. It also gives a short introduction to the basic
concepts of the language.

Chapter 2 explains Scheme’s number types. Chapter 3 defines the read syntax of Scheme programs. Chapter 4 presents
the fundamental semantic ideas of the language. Chapter 5 defines notational conventions used in the rest of the report.
Chapters 6 and 7 describe libraries and top-level programs, the basic organizational units of Scheme programs. Chapter 8
explains the expansion process for Scheme code.

Chapter 9 explains the Scheme base library which contains the fundamental forms useful to programmers.

Appendix 10 provides a formal semantics for a core of Scheme. Appendix A contains definitions for some of the derived
forms described in the report.

The report concludes with a list of references and an alphabetic index.

This report is accompanied by a report describing standard libraries [40]; references to this document are identified by
designations such as “library section” or “library chapter”.

This is a preliminary draft. It is intended to reflect the decisions taken by the editors’ committee, but contains many
mistakes, ambiguities and inconsistencies.
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INTRODUCTION

Programming languages should be designed not by piling
feature on top of feature, but by removing the weaknesses
and restrictions that make additional features appear nec-
essary. Scheme demonstrates that a very small number of
rules for forming expressions, with no restrictions on how
they are composed, suffice to form a practical and efficient
programming language that is flexible enough to support
most of the major programming paradigms in use today.

Scheme was one of the first programming languages to in-
corporate first class procedures as in the lambda calculus,
thereby proving the usefulness of static scope rules and
block structure in a dynamically typed language. Scheme
was the first major dialect of Lisp to distinguish proce-
dures from lambda expressions and symbols, to use a sin-
gle lexical environment for all variables, and to evaluate
the operator position of a procedure call in the same way
as an operand position. By relying entirely on procedure
calls to express iteration, Scheme emphasized the fact that
tail-recursive procedure calls are essentially gotos that pass
arguments. Scheme was the first widely used program-
ming language to embrace first class escape procedures,
from which all previously known sequential control struc-
tures can be synthesized. A subsequent version of Scheme
introduced the concept of exact and inexact numbers, an
extension of Common Lisp’s generic arithmetic. More re-
cently, Scheme became the first programming language to
support hygienic macros, which permit the syntax of a
block-structured language to be extended in a consistent
and reliable manner.

Numerical computation was long neglected by the Lisp
community. Until Common Lisp there was no carefully
thought out strategy for organizing numerical computa-
tion, and with the exception of the MacLisp system [35]
little effort was made to execute numerical code efficiently.
The Scheme reports recognized the excellent work of the
Common Lisp committee and accepted many of their rec-
ommendations, while simplifying and generalizing in some
ways consistent with the purposes of Scheme.

Background

The first description of Scheme was written by Gerald Jay
Sussman and Guy Lewis Steele Jr. in 1975 [44]. A revised
report by Steele and Sussman [43] appeared in 1978 and
described the evolution of the language as its MIT imple-
mentation was upgraded to support an innovative com-
piler [41]. Three distinct projects began in 1981 and 1982
to use variants of Scheme for courses at MIT, Yale, and
Indiana University [36, 33, 19]. An introductory computer
science textbook using Scheme was published in 1984 [1].
A number of textbooks describing and using Scheme have
been published since [14].

As Scheme became more widespread, local dialects be-
gan to diverge until students and researchers occasion-
ally found it difficult to understand code written at other
sites. Fifteen representatives of the major implementa-
tions of Scheme therefore met in October 1984 to work
toward a better and more widely accepted standard for
Scheme. Participating in this workshop were Hal Abel-
son, Norman Adams, David Bartley, Gary Brooks, William
Clinger, Daniel Friedman, Robert Halstead, Chris Han-
son, Christopher Haynes, Eugene Kohlbecker, Don Oxley,
Jonathan Rees, Guillermo Rozas, Gerald Jay Sussman, and
Mitchell Wand. Kent Pitman made valuable contributions
to the agenda for the workshop but was unable to at-
tend the sessions. Their report [7], edited by Will Clinger,
was published at MIT and Indiana University in the sum-
mer of 1985. Further revision took place in the spring
of 1986 [9] (edited by Jonathan Rees and Will Clinger),
and in the spring of 1988 [11] (also edited by Will Clinger
and Jonathan Rees). Another revision published in 1998,
edited by Richard Kelsey, Will Clinger and Jonathan Rees,
reflected further revisions agreed upon in a meeting at Xe-
rox PARC in June 1992 [26].

Attendees of the Scheme Workshop in Pittsburgh in Octo-
ber 2002 formed a Strategy Committee to discuss a process
for producing new revisions of the report. The strategy
committee drafted a charter for Scheme standardization.
This charter, together with a process for selecting edito-
rial committees for producing new revisions for the report,
was confirmed by the attendees of the Scheme Workshop in
Boston in November 2003. Subsequently, a Steering Com-
mittee according to the charter was selected, consisting of
Alan Bawden, Guy L. Steele Jr., and Mitch Wand. An
editors’ committee charged with producing this report was
also formed at the end of 2003, consisting of Will Clinger,
R. Kent Dybvig, Marc Feeley, Matthew Flatt, Richard
Kelsey, Manuel Serrano, and Mike Sperber, with Marc Fee-
ley acting as Editor-in-Chief. Richard Kelsey resigned from
the committee in April 2005, and was replaced by Anton
van Straaten. Marc Feeley and Manuel Serrano resigned
from the committee in January 2006. Subsequently, the
charter was revised to reduce the size of the editors’ com-
mittee to five and to replace the office of Editor-in-Chief by
a Chair and a Project Editor [39]. R. Kent Dybvig served
as Chair, and Mike Sperber served as Project Editor. Parts
of the report were posted as Scheme Requests for Imple-
mentation (SRFIs) and discussed by the community before
being revised and finalized for the report [22, 6, 13, 21, 16].
Jacob Matthews and Robby Findler wrote the operational
semantics for the language core.

We intend this report to belong to the entire Scheme com-
munity, and so we grant permission to copy it in whole or in
part without fee. In particular, we encourage implementors
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of Scheme to use this report as a starting point for manuals
and other documentation, modifying it as necessary.

Guiding principles

To help guide the standardization effort, the editors have
adopted a set of principles, presented below. Like the
Scheme language defined in Revised® Report on the Algo-
rithmic Language Scheme [26], the language described in
this report is intended to:

e allow programmers to read each other’s code, and al-
low development of portable programs that can be ex-
ecuted in any conforming implementation of Scheme;

e derive its power from simplicity, a small number of
generally useful core syntactic forms and procedures,
and no unnecessary restrictions on how they are com-
posed;

e allow programs to define new procedures and new hy-
gienic syntactic forms;

e support the representation of program source code as
data;

e make procedure calls powerful enough to express any
form of sequential control, and allow programs to per-
form non-local control operations without the use of
global program transformations;

e allow interesting, purely functional programs to run
indefinitely without terminating or running out of
memory on finite-memory machines;

e allow educators to use the language to teach program-
ming effectively, at various levels and with a variety of
pedagogical approaches; and

e allow researchers to use the language to explore the de-
sign, implementation, and semantics of programming
languages.

In addition, this report is intended to:

e allow programmers to create and distribute substan-
tial programs and libraries, e.g., SRFI implementa-
tions, that run without modification in a variety of
Scheme implementations;

e support procedural, syntactic, and data abstraction
more fully by allowing programs to define hygiene-
bending and hygiene-breaking syntactic abstractions
and new unique datatypes along with procedures and
hygienic macros in any scope;

e allow programmers to rely on a level of automatic run-
time type and bounds checking sufficient to ensure
type safety; and

e allow implementations to generate efficient code, with-
out requiring programmers to use implementation-
specific operators or declarations.

While it was possible to write portable programs in Scheme
as described in Revised® Report on the Algorithmic Lan-
guage Scheme, and indeed portable Scheme programs were
written prior to this report, many Scheme programs were
not, primarily because of the lack of substantial stan-
dardized libraries and the proliferation of implementation-
specific language additions.

In general, Scheme should include building blocks that al-
low a wide variety of libraries to be written, include com-
monly used user-level features to enhance portability and
readability of library and application code, and exclude fea-
tures that are less commonly used and easily implemented
in separate libraries.

The language described in this report is inteded to also be
backward compatible with programs written in Scheme as
described in Revised® Report on the Algorithmic Language
Scheme to the extent possible without compromising the
above principles and future viability of the language. With
respect to future viability, the editors have operated under
the assumption that many more Scheme programs will be
written in the future than exist in the present, so the future
programs are those with which we must be most concerned.
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DESCRIPTION OF THE LANGUAGE

1. Overview of Scheme

This chapter gives an overview of Scheme’s semantics. A
detailed informal semantics is the subject of the following
chapters. For reference purposes, appendix 10 provides a
formal semantics for a core subset of Scheme.

Following Algol, Scheme is a statically scoped program-
ming language. Each use of a variable is associated with a
lexically apparent binding of that variable.

Scheme has latent as opposed to manifest types [47]. Types
are associated with values (also called objects) rather than
with variables. (Some authors refer to languages with
latent types as weakly typed or dynamically typed lan-
guages.) Other languages with latent types are Python,
Ruby, Smalltalk, and other dialects of Lisp. Languages
with manifest types (sometimes referred to as strongly
typed or statically typed languages) include Algol 60, C,
C#, Java, Haskell and ML.

All objects created in the course of a Scheme computation,
including procedures and continuations, have unlimited ex-
tent. No Scheme object is ever destroyed. The reason that
implementations of Scheme do not (usually!) run out of
storage is that they are permitted to reclaim the storage
occupied by an object if they can prove that the object
cannot possibly matter to any future computation. Other
languages in which most objects have unlimited extent in-
clude C#, Haskell, ML, Python, Ruby, Smalltalk and other
Lisp dialects.

Implementations of Scheme are required to be properly
tail-recursive. This allows the execution of an iterative
computation in constant space, even if the iterative compu-
tation is described by a syntactically recursive procedure.
Thus with a properly tail-recursive implementation, iter-
ation can be expressed using the ordinary procedure-call
mechanics, so that special iteration constructs are useful
only as syntactic sugar. See section 4.9.

Scheme was one of the first languages to support proce-
dures as objects in their own right. Procedures can be cre-
ated dynamically, stored in data structures, returned as re-
sults of procedures, and so on. Other languages with these
properties include Common Lisp, Haskell, ML, Smalltalk,
and Ruby.

One distinguishing feature of Scheme is that continuations,
which in most other languages only operate behind the
scenes, also have “first-class” status. Continuations are
useful for implementing a wide variety of advanced control
constructs, including non-local exits, backtracking, and
coroutines. See section 9.17.

Arguments to Scheme procedures are always passed by
value, which means that the actual argument expressions
are evaluated before the procedure gains control, whether

the procedure needs the result of the evaluation or not.
C, C#, Common Lisp, Python, Ruby, and Smalltalk are
other languages that always pass arguments by value. This
is distinct from the lazy-evaluation semantics of Haskell, or
the call-by-name semantics of Algol 60, where an argument
expression is not evaluated unless its value is needed by
the procedure. Note that call-by-value refers to a different
distinction than the distinction between by-value and by-
reference passing in Pascal. In Scheme, all data structures
are passed by reference.

Scheme’s model of arithmetic is designed to remain as in-
dependent as possible of the particular ways in which num-
bers are represented within a computer. In Scheme, every
integer is a rational number, every rational is a real, and
every real is a complex number. Scheme distinguishes be-
tween exact arithmetic, which corresponds to the mathe-
matical ideal, and inexact arithmetic on approximations.
Exact arithmetic includes arithmetic on integers, rationals
and complex numbers.

The following sections give a brief overview of the most
fundamental elements of the language. The purpose of
this overview is to explain enough of the basic concepts of
the language to facilitate understanding of the subsequent
chapters of the report, which are organized as a reference
manual. Consequently, this overview is not a complete
introduction of the language, nor is it precise in all respects.

1.1. Basic types

Scheme programs manipulate values, which are also re-
ferred to as objects. Scheme values are organized into sets
of values called types. This gives an overview of the funda-
mentally important types of the Scheme language. More
types are described in later chapters.

Note:
in this report differs from the use of the term in the context of

As Scheme is latently typed, the use of the term type

other languages, particularly those with manifest typing.

Boolean values A boolean value denotes a truth value,
and can either be true or false. In Scheme, the value for
“false” is written #£. The value “true” is written #t. In
most places where a truth value is expected, however, any
value different from #f counts as true.

Numbers Scheme supports a rich variety of numerical
data types, including integers of arbitrary precision, ra-
tional numbers, complex numbers and inexact numbers of
various kinds. Chapter 2 gives an overview of the structure
of Scheme’s numerical tower.



Characters Scheme characters mostly correspond to
textual characters. More precisely, they are isomorphic
to the scalar values of the Unicode standard.

Strings Strings are finite sequences of characters with
fixed length and thus represent arbitrary Unicode texts.

Symbols A symbol is an object representing a string
that cannot be modified. This string is called the symbol’s
name. Unlike strings, two symbols whose names are spelled
the same way are indistinguishable. Symbols are useful for
many applications; for instance, they may be used the way
enumerated values are used in other languages.

Pairs and lists A pair is a data structure with two com-
ponents. The most common use of pairs is to represent
(singly linked) lists, where the first component (the “car”)
represents the first element of the list, and the second com-
ponent (the “cdr”) the rest of the list. Scheme also has a
distinguished empty list, which is the last cdr in a chain of
pairs representing a list.

Vectors Vectors, like lists, are linear data structures rep-
resenting finite sequences of arbitrary objects. Whereas the
elements of a list are accessed sequentially through the pair
chain representing it, the elements of a vector are addressed
by an integer index. Thus, vectors are more appropriate
than lists for random access to elements.

Procedures As mentioned in the introduction, proce-
dures are values in Scheme.

1.2. Expressions

The most important elements of Scheme code are ezxpres-
Expressions can be evaluated, producing a value.
The

sions.
(Actually, any number of values—see section 4.7.)
most fundamental expressions are literal expressions:

#t — #t
23 = 23

This notation means that the expression #t evaluates to
#t, that is, the value for “true”, and that the expression
23 evaluates to the number 23.

Compound expressions are formed by placing parentheses
around their subexpressions. The first subexpression is an
operator and identifies an operation; the remaining subex-
pressions are operands:

(+ 23 42)
(+ 14 (* 23 42))

— 65
— 980
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In the first of these examples, +, the operator, is the name
of the built-in operation for addition, and 23 and 42 are the
operands. The expression (+ 23 42) reads as “the sum of
23 and 42”. Compound expressions can be nested—the
second example reads as “the sum of 14 and the product
of 23 and 42”.

As these examples indicate, compound expressions in
Scheme are always written using the same prefix nota-
tion. As a consequence, the parentheses are needed to
indicate structure, and “superfluous” parentheses, which
are permissible in mathematics and many programming
languages, are not allowed in Scheme.

As in many other languages, whitespace and newlines are
not significant when they separate subexpressions of an
expression, and can be used to indicate structure.

1.3. Variables and binding

Scheme allows identifiers to denote values. These identi-
fiers are called variables. (More precisely, variables denote
locations. This distinction is not important, however, for
a large proportion of Scheme code.)

(let ((x 23)
(y 42))

+ xy) = 65

In this case, the operator of the expression, let, is a bind-
ing construct. The parenthesized structure following the
let lists variables alongside expressions: the variable x
alongside 23, and the variable y alongside 42. The let
expression binds x to 23, and y to 42. These bindings are
available in the body of the let expression, (+ x y), and
only there.

1.4. Definitions

The variables bound by a let expression are local, because
their bindings are visible only in the let’s body. Scheme
also allows creating top-level bindings for identifiers as fol-
lows:

(define x 23)
(define y 42)

+xy = 65

(These are actually “top-level” in the body of a top-level
program or library; see section 1.10 below.)

The first two parenthesized structures are definitions; they
create top-level bindings, binding x to 23 and y to 42. Defi-
nitions are not expressions, and cannot appear in all places
where an expression can occur. Moreover, a definition has
no value.
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Bindings follow the lexical structure of the program: When
several bindings with the same name exist, a variable refers
to the binding that is closest to it, starting with its occur-
rence in the program and going from inside to outside,
going all the way to a top-level binding only if no local
binding can be found along the way:

(define x 23)
(define y 42)
(et ((y 43))

+xy)) = 66
(let ((y 43))
(let ((y 44))
+ x ) — 67

1.5. Procedures

Definitions can also be used to define procedures:

(define (f x)
(+ x 42))

(f 23) —> 65

A procedure is, slightly simplified, an abstraction over an
expression. In the example, the first definition defines a
procedure called f. (Note the parentheses around f x,
which indicate that this is a procedure definition.) The
expression (f 23) is a procedure call, meaning, roughly,
“evaluate (+ x 42) (the body of the procedure) with x
bound to 23”.

As procedures are regular values, they can be passed to
other procedures:

(define (f x)
(+ x 42))

(define (g p x)
(p x))

(g £ 23) — 65

In this example, the body of g is evaluated with p bound to
f and x bound to 23, which is equivalent to (£ 23), which
evaluates to 42.

In fact, many predefined operations of Scheme are bindings
for procedures. The + operation, for example, which re-
ceives special syntactic treatment in many other languages,
is just a regular identifier in Scheme, bound to a procedure
that adds numbers. The same holds for * and many others:

(define (h op x y)

(op x y))
(h + 23 42) = 65
(h * 23 42) = 966

Procedure definitions are not the only way to create pro-
cedures. A lambda expression creates a new procedure as
a value, with no need to specify a name:

((Qambda (x) (+ x 42)) 23) — 65

The entire expression in this example is a procedure call;
its operator is (lambda (x) (+ x 42)), which evaluates
to a procedure that takes a single number and adds 42 to
it.

1.6. Procedure calls and syntactic key-
words

Whereas (+ 23 42), (f 23), and ((lambda (x) (+ x
42)) 23) are all examples of procedure calls, lambda and
let expressions are not. This is because let, even though
it is an identifier, is not a variable, but is instead a syntac-
tic keyword. An expression that has a syntactic keyword as
its operator obeys special rules determined by the keyword.
The define identifier in a definition is also a syntactic key-
word. Hence, definitions are also not procedure calls.

In the case of lambda, these rules specify that the first
subform is a list of parameters, and the remaining subforms
are the body of the procedure. In let expressions, the
first subform is a list of binding specifications, and the
remaining subforms are a body of expressions.

Procedure calls can be distinguished from these “special
forms” by looking for a syntactic keyword in the first posi-
tion of an expression: if it is not a syntactic keyword, the
expression is a procedure call. The set of syntactic key-
words of Scheme is fairly small, which usually makes this
task fairly simple. It is possible, however, to create new
bindings for syntactic keywords; see below.

1.7. Assignment

Scheme variables bound by definitions or let or lambda
forms are not actually bound directly to the values specified
in the respective bindings, but to locations containing these
values. The contents of these locations can subsequently
be modified destructively via assignment:

(let ((x 23))
(set! x 42)
x) — 42

In this case, the body of the let expression consists of two
expressions which are evaluated sequentially, with the value
of the final expression becoming the value of the entire let
expression. The expression (set! x 42) is an assignment,
saying “replace the value in the location denoted by x with
42”. Thus, the previous value of 23 is replaced by 42.



1.8. Derived forms and macros

Many of the special forms specified in this report can
be translated into more basic special forms. For exam-
ple, let expressions can be translated into procedure calls
and lambda expressions. The following two expressions are
equivalent:

(let ((x 23)
(y 42))
+xy) = 65
((lambda (x y) (+ x y)) 23 42)
—> 65

Special forms like 1et expressions are called derived forms
because their semantics can be derived from that of other
kinds of forms by a syntactic transformation. Procedure
definitions are also derived forms. The following two defi-
nitions are equivalent:

(define (f x)
(+ x 42))

(define f
(lambda (x)
(+ x 42)))

In Scheme, it is possible for a program to create its own
derived forms by binding syntactic keywords to macros:

(define-syntax def
(syntax-rules ()

((def £ (p ...) body)
(define (f p ...)
body))))
(def £ (%)
(+ x 42))

The define-syntax construct specifies that a parenthe-
sized structure matching the pattern (def £ (p ...)
body), where £, p, and body are pattern variables, is trans-
lated to (define (£ p ...) body). Thus, the def form
appearing in the example gets translated to:

(define (f x)
(+ x 42))

The ability to create new syntactic keywords makes Scheme
extremely flexible and expressive, enabling the formula-
tion of many features built into other languages as derived
forms.

1.9. Syntactic datums and datum values

A subset of the Scheme values called datum wvalues have
a special status in the language. These include booleans,
numbers, characters, and strings as well as lists and vec-
tors whose elements are datums. Each datum value may
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be represented in textual form as a syntactic datum, which
can be written out and read back in without loss of infor-
mation. Several syntactic datums can represent the same
datum value, but the datum value corresponding to a syn-
tactic datum is uniquely determined. Moreover, each da-
tum value can be trivially translated to a literal expression
in a program by prepending a ’ to a corresponding syntac-
tic datum:

723 — 23

T#t — #t

’foo —> foo

’(1 2 3) = (12 3)
#(1 2 3) = #(1 2 3)

The ’ is, as shown in the previous examples, not needed for
number or boolean literals. The identifier foo is a syntactic
datum that can represent a symbol with name “foo”, and
’foo is a literal expression with that symbol as its value.
(1 2 3) is a syntactic datum that can represent a list with
elements 1, 2, and 3, and ’> (1 2 3) is a literal expression
with this list as its value. Likewise, #(1 2 3) is a syntactic
datum that can represent a vector with elements 1, 2 and
3, and *#(1 2 3) is the corresponding literal.

The syntactic datums form a superset of the Scheme forms.
Thus, datums can be used to represent Scheme forms as
data objects. In particular, symbols can be used to repre-
sent identifiers.

> (+ 23 42)

> (define (f x) (+ x 42))
— (define (f x) (+ x 42))

= (+ 23 42)

This facilitates writing programs that operate on Scheme
source code, in particular interpreters and program trans-
formers.

1.10. Libraries

Scheme code is organized in components called libraries.
Each library contains definitions and expressions. It can
import definitions from other libraries and export defini-
tions to other libraries:

(library (hello)
(export)
(import (r6rs base)
(r6rs i/o simple))
(display "Hello World")
(newline))

1.11. Top-level programs

A Scheme program is invoked via a top-level program. Like
a library, a top-level program contains definitions and ex-
pressions, but specifies an entry point for execution. Thus,
a top-level program defines, via the transitive closure of
the libraries it imports, a Scheme program.



10 Revised””# Scheme

#!rérs
(import (r6rs base)
(r6rs i/o ports))
(put-bytes (standard-output-port)
(call-with-port
(open-file-input-port
(cadr (command-line)))
get-bytes-all))

2. Numbers

This chapter describes Scheme’s representations for num-
bers. It is important to distinguish between the mathemat-
ical numbers, the Scheme numbers that attempt to model
them, the machine representations used to implement the
Scheme numbers, and notations used to write numbers.
This report uses the types number, complex, real, ratio-
nal, and integer to refer to both mathematical numbers
and Scheme numbers. The fiznum and flonum types refer
to certain subtypes of the Scheme numbers, as explained
below.

2.1. Numerical types

Mathematically, numbers may be arranged into a tower of
subtypes in which each level is a subset of the level above
it:

number
complex
real
rational
integer

For example, 5 is an integer. Therefore 5 is also a rational,
a real, and a complex. The same is true of the Scheme
numbers that model 5. For Scheme numbers, these types
are defined by the predicates number?, complex?, real?,
rational?, and integer?.

There is no simple relationship between a number’s type
and its representation inside a computer. Although most
implementations of Scheme offer at least three different
representations of 5, these different representations denote
the same integer.

Scheme’s numerical operations treat numbers as abstract
data, as independent of their representation as possible.
Although an implementation of Scheme may use many dif-
ferent representations for numbers, this should not be ap-
parent to a casual programmer writing simple programs.

It is necessary, however, to distinguish between numbers
that are represented exactly and those that may not be.
For example, indexes into data structures must be known
exactly, as must some polynomial coefficients in a symbolic
algebra system. On the other hand, the results of measure-
ments are inherently inexact, and irrational numbers may

be approximated by rational and therefore inexact approx-
imations. In order to catch uses of inexact numbers where
exact numbers are required, Scheme explicitly distinguishes
exact from inexact numbers. This distinction is orthogonal
to the dimension of type.

A fiznum is an exact integer whose value lies within a cer-
tain implementation-dependent subrange of the exact inte-
gers. (Library section 9.1 describes a library for computing
with fixnums.) Likewise, every implementation is required
to designate a subset of its inexact reals as flonums, and
to convert certain external representations into flonums.
(Library section 9.2 describes a library for computing with
fixnums.) Note that this does not imply that an implemen-
tation is required to use floating point representations.

2.2. Exactness

Scheme numbers are either exact or inexact. A number
is exact if it is written as an exact constant or was de-
rived from exact numbers using only exact operations. A
number is inexact if it is written as an inexact constant
or was derived from inexact numbers. Thus inexactness is
contagious.

Exact arithmetic is reliable in the following sense: If exact
numbers are passed to any of the arithmetic procedures
described in section 9.9, and an exact number is returned,
then the result is mathematically correct. This is gener-
ally not true of computations involving inexact numbers
because approximate methods such as floating point arith-
metic may be used, but it is the duty of each implementa-
tion to make the result as close as practical to the mathe-
matically ideal result.

2.3. Implementation restrictions

Implementations of Scheme are required to implement the
whole tower of subtypes given in section 2.1.

Implementations are required to support exact integers and
exact rationals of practically unlimited size and precision,
and to implement certain procedures (listed in 9.9.1) so
they always return exact results when given exact argu-
ments.

Implementations may support only a limited range of in-
exact numbers of any type, subject to the requirements of
this section. For example, an implementation may limit
the range of inexact reals (and therefore the range of in-
exact integers and rationals) to the dynamic range of the
flonum format. Furthermore the gaps between the repre-
sentable inexact integers and rationals are likely to be very
large in such an implementation as the limits of this range
are approached.



An implementation may use floating point and other ap-
proximate representation strategies for inexact numbers.
This report recommends, but does not require, that the
IEEE floating point standards be followed by implemen-
tations that use floating point representations, and that
implementations using other representations should match
or exceed the precision achievable using these floating point
standards [25].

In particular, implementations that use floating point rep-
resentations must follow these rules: A floating point result
must be represented with at least as much precision as is
used to express any of the inexact arguments to that op-
eration. It is desirable (but not required) for potentially
inexact operations such as sqrt, when applied to exact ar-
guments, to produce exact answers whenever possible (for
example the square root of an exact 4 ought to be an exact
2). If, however, an exact number is operated upon so as to
produce an inexact result (as by sqrt), and if the result is
represented in floating point, then the most precise float-
ing point format available must be used; but if the result
is represented in some other way then the representation
must have at least as much precision as the most precise
floating point format available.

It is the programmer’s responsibility to avoid using inex-
act numbers with magnitude or significand too large to be
represented in the implementation.

2.4. Infinities and NalNs

Positive infinity is regarded as a real (but not rational)
number, whose value is indeterminate but greater than all
rational numbers. Negative infinity is regarded as a real
(but not rational) number, whose value is indeterminate
but less than all rational numbers.

A NaN is regarded as a real (but not rational) number
whose value is so indeterminate that it might represent
any real number, including positive or negative infinity,
and might even be greater than positive infinity or less
than negative infinity.

3. Lexical syntax and read syntax

The syntax of Scheme code is organized in three levels:

1. the lexical syntax that describes how a program text
is split into a sequence of lexemes,

2. the read syntaz, formulated in terms of the lexical syn-
tax, that structures the lexeme sequence as a sequence
of syntactic datums, where a syntactic datum is a re-
cursively structured entity,

3. the program syntar formulated in terms of the read
syntax, imposing further structure and assigning
meaning to syntactic datums.
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Syntactic datums (also called external representations)
double as a notation for data, and Scheme’s (r6rs i/o
ports) library (library section 7.2) provides the get-datum
and put-datum procedures for reading and writing syntac-
tic datums, converting between their textual representation
and the corresponding values. A syntactic datum can be
used in a program to obtain the corresponding value using
quote (see section 9.5.1).

Moreover, valid Scheme expressions form a subset of the
syntactic datums. Consequently, Scheme’s syntax has the
property that any sequence of characters that is an expres-
sion is also a syntactic datum representing some object.
This can lead to confusion, since it may not be obvious
out of context whether a given sequence of characters is
intended to denote data or program. It is also a source
of power, since it facilitates writing programs such as in-
terpreters and compilers that treat programs as data (or
vice versa). A syntactic datum occurring in program text
is often called a form.

Note that several syntactic datums may represent the
same object, a so-called datum value. For example, both
“#e28.000” and “#x1c” are syntactic datums representing
the exact integer 28; The syntactic datums “(8 13)”7, “(
08 13 )7, “(8 . (13 . ()))” (and more) all represent a
list containing the integers 8 and 13. Syntactic datums
that denote equal objects are always equivalent as forms of
a program.

Because of the close correspondence between syntactic da-
tums and datum values, this report sometimes uses the
term datum to denote either a syntactic datum or a da-
tum value when the exact meaning is apparent from the
context.

An implementation is not permitted to extend the lexical
or read syntax in any way, with one exception: it need not
treat the syntax #! (identifier), for any (identifier) (see sec-
tion 3.2.3) that is not r6rs, as a syntax violation, and it
may use specific #!-prefixed identifiers as flags indicating
that subsequent input contains extensions to the standard
lexical syntax. The syntax #!r6rs may be used to signify
that the input which follows is written purely with the lex-
ical syntax described by this report. It is otherwise treated
as a comment; see section 3.2.2.

This chapter overviews and provides formal accounts of the
lexical syntax and the read syntax.

3.1. Notation

The formal syntax for Scheme is written in an extended
BNF. Non-terminals are written using angle brackets; case
is insignificant for non-terminal names.

All spaces in the grammar are for legibility.
stands for the empty string.

(Empty)
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The following extensions to BNF are used to make the de-
scription more concise: (thing)* means zero or more occur-
rences of (thing); and (thing)* means at least one (thing).

Some non-terminal names refer to the Unicode scalar
values of the same name: (character tabulation)
(U+0009),  (linefeed) (U4000A), (line tabulation)
(U+000B), (form feed) (U4000C), (carriage return)
(U+000D), (space) (U+0020), (next line (nel)) (U40085),
(line separator) (U+2028), and (paragraph separator)
(U+2029).

3.2. Lexical syntax

The lexical syntax describes how a character sequence is
split into a sequence of lexemes, omitting non-significant
portions such as comments and whitespace. The charac-
ter sequence is assumed to be text according to the Uni-
code standard [46]. Some of the lexemes, such as numbers,
identifiers, strings etc. of the lexical syntax are syntactic

(comment) — ; (all subsequent characters up to a
(linefeed), (line separator),
or (paragraph separator))
| (nested comment)
| #; (datum)
| #!r6rs
(nested comment) — #| (comment text)
(comment cont)*® |#
(comment text) — (character sequence not containing
#| or |#)
(comment cont) — (nested comment) (comment text)
(atmosphere) — (whitespace) | (comment)
(interlexeme space) — (atmosphere)*
(

identifier) — (initial) (subsequent)*
| (peculiar identifier)

(initial) — (constituent) | (special initial)
| (inline hex escape)

(letter) — a | b | c| ... | z
|A|B|C]| ... |2

(constituent) — (letter)

datums in the read syntax, and thus represent data. Be-
sides the formal account of the syntax, this section also
describes what datum values are denoted by these syntac-

| (any character whose Unicode scalar value is greater than
127, and whose category is Lu, L1, Lt, Lm, Lo, Mn, Mc,
Me, Nd, N1, No, Pd, Pc, Po, Sc, Sm, Sk, So, or Co)

tic datums.

Note that the lexical syntax, in the description of com-
ments, contains a forward reference to (datum), which is
described as part of the read syntax. However, being com-
ments, these (datum)s do not play a significant role in the
syntax.

Case is significant except in boolean datums, number da-
tums, and hexadecimal numbers denoting Unicode scalar
values. For example, #x1A and #X1a are equivalent. The
identifier Foo is, however, distinct from the identifier FOO.

3.2.1. Formal account

(Interlexeme space) may occur on either side of any lexeme,
but not within a lexeme.

Lexemes that require implicit termination (identifiers,
numbers, characters, booleans, and dot) are terminated
by any (delimiter) or by the end of the input, but not nec-
essarily by anything else.

The following two characters are reserved for future exten-
sions to the language: { }

(lexeme) — (identifier) | (boolean) | (number)
| (character) | (string)

L 0 O B O O e A
(delimiter) — (whitespace) | C | ) | [ |
(whitespace) — (character tabulation)

| (linefeed) | (line tabulation) | (form feed)

| (carriage return) | (next line (nel))

| (any character whose category is Zs, Z1, or Zp)

| .
]|ll|,

(special initial) — ' | $ | h | & | * |/ | : ] <] =
I I B I
(subsequent) — (initial) | (digit)
| (special subsequent)
(digity — 0 |1 |2|3|4|5|6]7]8]9
(hex digit) — (digit)
|a|A|b|B|c|C|d|D|]e|E|f]|F
(special subsequent) — + | = | . | @
(inline hex escape) — \x(hex scalar value);
(hex scalar value) — (hex digit)™
(peculiar identifier) — + | = | ... | => (subsequent)*
(boolean) — #t | #T | #f | #F
(character) — #\(any character)
| #\(character name)
| #\x(hex scalar value)
(character name) — nul | alarm | backspace | tab
| linefeed | vtab | page | return | esc
| space | delete
(string) — " (string element)* "
(string element) — (any character other than " or \)
Ma |\ | \e | \a | \v | \E | \r
A" AN
| \(linefeed) | \(space)
| (inline hex escape)

(number) — (num 2) | (num &)
| (num 10) | (num 16)

The following rules for (num R), (complex R), (real R),
(ureal R), (uinteger R), and (prefix R) should be repli-



cated for R =2,8,10, and 16. There are no rules for
(decimal 2), (decimal 8), and (decimal 16), which means
that numbers containing decimal points or exponents must
be in decimal radix.

(num R) — (prefix R) (complex R)
(complex R) — (real R) | (real R) @ (real R)
| (real R) + (ureal R) i | (real R) - (ureal R) i
| (real R) + (naninf) i | (real R) - (naninf) i
| (real R) + i | (real R) -
| + (ureal R) i | - (ureal R) i
| + (naninf) i | - (naninf) i
| +1i] -1
(real R) — (sign) (ureal R)
| + (naninf) | - (naninf)
(naninf) — nan.0 | inf.0
(ureal R) — (uinteger R)
| (uinteger R) / (uinteger R)
| (decimal R) (mantissa width)
(decimal 10) — (uinteger 10) (suffix)
| . (digit 10)" #* (suffix)
| (digit 10)™ . (digit 10)* #* (suffix)
| (digit 10)" #t . #* (suffix)
(uinteger R) — (digit R)™
(prefix R) — (radix R) (exactness)
| (exactness) (radix R)

(suffix) — (empty)
| (exponent marker) (sign) <dlgl 10)*
(exponent marker) — e | E| s | S |
|[d|D|1]L
(mantissa width) — (empty)
| | (digit 10)*
(sign) — {empty) | + | -
(exactness) — (empty)
| #i | #I | #e | 4E
<rad1x 2) — #b | #B
( — #o | #0
(radix 10) — (empty) | #d | #D
(radix 16) — #x | #X
(digit 2) — 0 | 1
(digit8 — 0| 1] 2]3|4|5|6]|7
( (digit)
( (hex digit)

digit 10) —
digit 16) —

3.2.2. Whitespace and comments

Whitespace characters are spaces, linefeeds, carriage re-
turns, character tabulations, form feeds, line tabulations,
and any other character whose category is Zs, Z1, or Zp.
Whitespace is used for improved readability and as nec-
essary to separate lexemes from each other. Whitespace
may occur between any two lexemes, but not within a lex-
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eme. Whitespace may also occur inside a string, where it
is significant.

The lexical syntax includes several comment forms. In all
cases, comments are invisible to Scheme, except that they
act as delimiters, so a comment cannot appear in the mid-
dle of an identifier or number.

A semicolon (;) indicates the start of a line comment. The
comment continues to the end of the line on which the
semicolon appears (i.e., it is terminated by a linefeed char-
acter).

Another way to indicate a comment is to prefix a (datum)
(cf. Section 3.3.1) with #;, possibly with whitespace before
the (datum). The comment consists of the comment prefix
#; and the (datum) together. (This notation is useful for
“commenting out” sections of code.)

Block comments may be indicated with properly nested #|
and |# pairs.

#
The FACT procedure computes the factorial
of a non-negative integer.
[#
(define fact
(lambda (n)
;; base case
(if (=n 0)
#;(=n 1)
1 ; identity of *
(* n (fact (- n 1))))))

Rationale: #1| ...
trary datum or set of datums; it works only when none of the

|# cannot be used to comment out an arbi-

datums include a string with an unmatched #| or |# character
sequence. While #| ... |# and ; can often be used, with care, to
comment out a datum, only #; allows the programmer to clearly
communicate that a single datum has been commented out, as

opposed to a block or line of arbitrary text.

The lexeme #!r6rs, which signifies that the program text
which follows is written purely with the lexical syntax de-
scribed in this report, is also otherwise treated as a com-
ment.

3.2.3. Identifiers

Most identifiers allowed by other programming languages
are also acceptable to Scheme. In particular, a sequence of
letters, digits, and “extended alphabetic characters” that
begins with a character that cannot begin a number is an
identifier. In addition, +, -, and ... are identifiers. Here
are some examples of identifiers:

lambda q
list->vector soup

+ Vi7a

<=7 a34kTMNs

the-word-recursion-has-many-meanings
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Extended alphabetic characters may be used within iden-
tifiers as if they were letters. The following are extended
alphabetic characters:

'S % & x+ -/

<=>70" _ "7

Moreover, all characters whose Unicode scalar values are
greater than 127 and whose Unicode category is Lu, Lt,
Lm, Lo, Mn, Mc, Me, Nd, NI, No, Pd, Pc, Po, Sc, Sm,
Sk, So, or Co can be used within identifiers. Moreover,
any character can appear as the constituent of an identi-
fier when denoted via a hexadecimal escape sequence. For
example, the identifier H\x65;110 is the same as the iden-
tifier Hello, and the identifier \x3BB; is the same as the
identifier \.

Any identifier may be used as a variable or as a syntactic
keyword (see sections 4.2 and 6.3.2) in a Scheme program.

Moreover, when viewed as a datum value, an identifier de-
notes a symbol (see section 9.12).

3.2.4. Booleans

The standard boolean objects for true and false are written
as #t and #f. The character after a boolean literal must
be a delimiter character, such as a space or parenthesis.

3.2.5. Characters

Characters are written using the notation #\(character)
or #\(character name) or #\x(digit 16)", where the last
specifies the Unicode scalar value of a character with a
hexadecimal number of no more than eight digits.

For example:

#\a — lower case letter a
#\A = upper case letter A
#\( = left parenthesis

#\ = space character
#\nul = U+0000

#\alarm = U+0007
#\backspace = =— U+0008

#\tab = U+0009
#\linefeed = U+000A

#\vtab — U+000B

#\page = U+000C

#\return = U+000D

#\esc = U+001B

#\space = U+0020

; preferred way to write a space

#\delete = U+007F

#\xFF = U+00FF

#\x03BB — U+03BB
#\x00006587 —> U+6587

#\ —> U+03BB

#\x0001z —> &lexical exception

#\Ax —> &lexical exception
#\alarmx — &lexical exception
#\alarm x = U-+0007
; followed by x
#\Alarm — &lexical exception
#\alert = &lexical exception
#\xA = U+4000A
#\xFF = U+4-00FF
#\xff = U+400FF
#\x ff = U+40078
; followed by another datum, ff
#\x (1) = U+40078
; followed by another datum,
; a parenthesized f£f
#\ (x) — &lexical exception
#\ (x —> &lexical exception
#\ ((x) = U+4-0028
; followed by another datum,
; parenthesized x
#\x00110000 — &lexical exception
; out of range
#\x000000001 =—> &lexical exzception
; too many digits
#\xD800 — &lexical exception

; in excluded range

(The notation &lexical exception means that the line in
question is a lexical syntax violation.)

Case is significant in #\(character), and in in #\(character
name), but not in #\x(digit 16)". The character after a
(character) must be a delimiter character such as a space
or parenthesis. This rule resolves various ambiguous cases,
for example, the sequence of characters “#\space” could be
taken to be either a representation of the space character
or a representation of the character “#\s” followed by a
representation of the symbol “pace”.

3.2.6. Strings

String are written as sequences of characters enclosed
within doublequotes ("). Within a string literal, various
escape sequences denote characters other than themselves.
Escape sequences always start with a backslash (\):

e \a : alarm, U+0007

e \b : backspace, U+0008

e \t : character tabulation, U+0009
e \n : linefeed, U+000A

e \v : line tabulation, U+000B

e \f : formfeed, U4+000C

e \r : return, U+000D



e \" : doublequote, U+0022
e \\ : backslash, U+005C

e \(linefeed) : nothing

e \(space) space, U40020 (useful for terminating
the previous escape sequence before continuing with
whitespace)

o \x(digit 16)7; (note the terminating semi-colon)
where no more than eight (digit 16)s are provided,
and the sequence of (digit 16)s forms a hexadecimal
number between 0 and #x10FFFF excluding the range
[#2D800, #2DFFF].

These escape sequences are case-sensitive, except that
(digit 16) can be an uppercase or lowercase hexadecimal
digit.

Any other character in a string after a backslash is an er-
ror. Any character outside of an escape sequence and not
a doublequote stands for itself in the string literal. For
example the single-character string "A" (double quote, a
lower case lambda, double quote) denotes the same string
literal as "\x03bb;".

Examples:
"abc" = U+40061, U+40062, U+0063
"\x41;bc" = "Abc" ; U+0041, U+40062, U+0063
"\x41; bc" — "A bc"

; U40041, U+0020, U+0062, U40063
"\x41bc;" = U+41BC
"\x41" —> &lexical exception
"\x;" = &lexical exception
"\x41bx;" —> &lexical exception

"\x00000041;" = "A" ; U+40041
"\x0010FFFF;" — U+10FFFF
"\x00110000;" = &lexical ezception
; out of range
"\x000000001; "= &lexical exception
; too many digits
—> &lexical exception
; in excluded range

"\xD800; "

3.2.7. Numbers

The syntax of written representations for numbers is de-
scribed formally by the (number) rule in the formal gram-
mar. Note that case is not significant in numerical con-
stants.

A number may be written in binary, octal, decimal, or hex-
adecimal by the use of a radix prefix. The radix prefixes
are #b (binary), #o (octal), #d (decimal), and #x (hexadec-
imal). With no radix prefix, a number is assumed to be
expressed in decimal.

3. Lexical syntax and read syntax 19

A numerical constant may be specified to be either exact or
inexact by a prefix. The prefixes are #e for exact, and #i
for inexact. An exactness prefix may appear before or after
any radix prefix that is used. If the written representation
of a number has no exactness prefix, the constant may be
either inexact or exact. It is inexact if it contains a decimal
point, an exponent, or a “#’ character in the place of a
digit; otherwise it is exact.

In systems with inexact numbers of varying precisions, it
may be useful to specify the precision of a constant. For
this purpose, numerical constants may be written with an
exponent marker that indicates the desired precision of the
inexact representation. The letters s, £, d, and 1 specify
the use of short, single, double, and long precision, respec-
tively. (When fewer than four internal inexact represen-
tations exist, the four size specifications are mapped onto
those available. For example, an implementation with two
internal representations may map short and single together
and long and double together.) In addition, the exponent
marker e specifies the default precision for the implemen-
tation. The default precision has at least as much precision
as double, but implementations may wish to allow this de-
fault to be set by the user.

3.1415926535897