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Preface

This is an introduction to the Scheme programming language. It is intended as a
quick-start guide, something a novice can use to get a non-trivial working knowledge
of the language, before moving on to more comprehensive and in-depth texts.

The text describes an approach to writing a crisp and utilitarian Scheme. Al-
though we will not cover Scheme from abs to zero?, we will not shy away from those
aspects of the language that are difficult, messy, nonstandard, or unusual, but never-
theless useful and usable. Such aspects include call-with-current-continuation,
system interface, and dialect diversity. Our discussions will be informed by our fo-
cus on problem-solving, not by a quest for metalinguistic insight. I have therefore
left out many of the staples of traditional Scheme tutorials. There will be no in-
depth pedagogy; no dwelling on the semantic appeal of Scheme; no metacircular
interpreters; no discussion of the underlying implementation; and no evangelizing
about Scheme’s virtues. This is not to suggest that these things are unimportant.
However, they are arguably not immediately relevant to someone seeking a quick
introduction.

How quick though? I do not know if one can teach oneself Scheme in 21
days', although I have heard it said that the rudiments of Scheme should be a
matter of an afternoon’s study. The Scheme standard [23] itself, for all its exacting
comprehensiveness, is a mere fifty pages long. It may well be that the insight, when
it comes, will arrive in its entirety in one afternoon, though there is no telling how
many afternoons of mistries must precede it. Until that zen moment, here is my
gentle introduction.

Acknowledgment. 1 thank Matthias Felleisen for introducing me to Scheme and
higher-order programming; and Matthew Flatt for creating the robust and pleasant
MzScheme implementation used throughout this book.

—d

L A fiznum is a machine’s idea of a “small” integer. Every machine has its own
idea of how big a fixnum can be.



Chapter 1

Enter Scheme

The canonical first program is the one that says "Hello, World!" on the console.
Using your favorite editor, create a file called hello.scm with the following contents:

;The first program

(begin
(display "Hello, World!")
(newline))

The first line is a comment. When Scheme sees a semicolon, it ignores it and all
the following text on the line.

The begin-form is Scheme’s way of introducing a sequence of subforms. In
this case there are two subforms. The first is a call to the display procedure that
outputs its argument (the string "Hello, World!") to the console (or “standard
output”). It is followed by a newline procedure call, which outputs a carriage
return.

To run this program, first start your Scheme. This is usually done by typing
the name of your Scheme executable at the operating-system command line. Eg, in
the case of MzScheme [9], you type

mzscheme

at the operating-system prompt.

This invokes the Scheme listener, which reads your input, evaluates it, prints
the result (if any), and then waits for more input from you. For this reason, it is
often called the read-eval-print loop. Note that this is not much different from your
operating-system command line, which also reads your commands, executes them,
and then waits for more. Like the operating system, the Scheme listener has its
own prompt — usually this is >, but could be something else.

At the listener prompt, load the file hello.scm. This is done by typing

(load "hello.scm")

Scheme will now execute the contents of hello.scm, outputting Hello, World!
followed by a carriage return. After this, you will get the listener prompt again,
waiting for more input from you.

Since you have such an eager listener, you need not always write your programs
in a file and load them. Sometimes, it is easier, especially when you are in an
exploring mood, to simply type expressions directly at the listener prompt and see
what happens. For example, typing the form

(begin (display "Hello, World!")
(newline))

at the Scheme prompt produces

Hello, World!



Actually, you could simply have typed the form "Hello, World!" at the lis-
tener, and you would have obtained as result the string

"Hello, World!"

because that is the result of the listener evaluating "Hello, World!'".

Other than the fact that the second approach produces a result with double-
quotes around it, there is one other significant difference between the last two pro-
grams. The first (ie, the one with the begin) does not evaluate to anything — the
Hello, World! it emits is a side-effect produced by the display and newline pro-
cedures writing to the standard output. In the second program, the form "Hello,
World!" evaluates to the result, which in this case is the same string as the form.

Henceforth, we will use the notation = to denote evaluation. Thus

E= v
indicates that the form E evaluates to a result value of v. Eg,

(begin
(display "Hello, World!")
(newline))

=

(ie, nothing or void), although it has the side-effect of writing
Hello, World!
to the standard output. On the other hand,

"Hello, World!"
= "Hello, World!"

In either case, we are still at the listener. To exit, type
(exit)

and this will land you back at the operating-system command-line (which, as we’ve
seen, is also a kind of listener).

The listener is convenient for interactive testing of programs and program frag-
ments. However it is by no means necessary. You may certainly stick to the tradi-
tion of creating programs in their entirety in files, and having Scheme execute them
without any explicit “listening”. In MzScheme, for instance, you could say (at the
operating-system prompt)

mzscheme -r hello.scm

and this will produce the greeting without making you deal with the listener. After
the greeting, mzscheme will return you to the operating-system prompt. This is
almost as if you said

echo Hello, World!

You could even make hello.scm seem like an operating-system command (a
shell script or a batch file), but that will have to wait till chapter 16.



Chapter 2

Data types

A data type is a collection of related values. These collections need not be disjoint,
and they are often hierarchical. Scheme has a rich set of data types: some are simple
(indivisible) data types and others are compound data types made by combining
other data types.

2.1 Simple data types

The simple data types of Scheme include booleans, numbers, characters, and sym-
bols.

2.1.1 Booleans

Scheme’s booleans are #t for true and #£ for false. Scheme has a predicate procedure
called boolean? that checks if its argument is boolean.

(boolean? #t) = #t
(boolean? "Hello, World!") = #f

The procedure not negates its argument, considered as a boolean.

(not #f) = #t
(not #t) = #f
(not "Hello, World!") = #f

The last expression illustrates a Scheme convenience: In a context that requires a
boolean, Scheme will treat any value that is not #f as a true value.

2.1.2 Numbers

Scheme numbers can be integers (eg, 42), rationals (22/7), reals (3.1416), or com-
plex (2+3i). An integer is a rational is a real is a complex number is a number.
Predicates exist for testing the various kinds of numberness:

(number? 42) = #t
(number? #t) = #f
(complex? 2+3i) = #t
(real? 2+3i) = #f
(real? 3.1416) = #t
(real? 22/7) = #t
(real? 42) = #t
(rational? 2+3i) = #f
(rational? 3.1416) = #t
(rational? 22/7) = #t
(integer? 22/7) = #f
(integer? 42) = #t



Scheme integers need not be specified in decimal (base 10) format. They can be
specified in binary by prefixing the numeral with #b. Thus #b1100 is the number
twelve. The octal prefix is #o and the hex prefix is #x. (The optional decimal prefix
is #d.)

Numbers can tested for equality using the general-purpose equality predicate
eqv?.

(eqv? 42 42) = #t
(eqv? 42 #f) = #f
(eqv? 42 42.0) = #f

However, if you know that the arguments to be compared are numbers, the special
number-equality predicate = is more apt.

(= 42 42) = #t
(= 42 #f) —FERRORI!!!
(= 42 42.0) = #t

Other number comparisons allowed are <, <=, >, >=.

(<32 = #f
(>= 4.5 3) = #t

Arithmetic procedures +, -, *, /, expt have the expected behavior:

(+123)
(- 5.3 2)
(-521)
(x 12 3)
(/ 6 3)

(/ 22 7) 22/7
(expt 2 3) 8

(expt 4 1/2) = 2.0

S

For a single argument, - and / return the negation and the reciprocal respectively:
(-4) = -4
/ 4 = 1/4

The procedures max and min return the maximum and minimum respectively of the
number arguments supplied to them. Any number of arguments can be so supplied.

(max 1 342 3) = 4
(min 1342 3) = 1

The procedure abs returns the absolute value of its argument.

(abs 3) = 3
(abs -4) = 4

This is just the tip of the iceberg. Scheme provides a large and comprehensive suite
of arithmetic and trigonometric procedures. For instance, atan, exp, and sqrt
respectively return the arctangent, natural antilogarithm, and square root of their
argument. Consult R5RS [23] for more details.

2.1.3 Characters

Scheme character data are represented by prefixing the character with #\. Thus, #\c
is the character c. Some non-graphic characters have more descriptive names, eg,
#\newline, #\tab. The character for space can be written #\ , or more readably,
#\space.

The character predicate is char?:



(char? #\c) = #t
(char? 1) = #f
(char? #\;) = #t

Note that a semicolon character datum does not trigger a comment.
The character data type has its set of comparison predicates: char=7, char<?,
char<=7, char>?, char>="7.

(char=7 #\a #\a) = #t
(char<? #\a #\b) = #t
(char>=7 #\a #\b) = #f

To make the comparisons case-insensitive, use char-ci instead of char in the pro-
cedure name:

(char-ci=7 #\a #\A) = #t
(char-ci<? #\a #\B) = #t

The case conversion procedures are char-downcase and char-upcase:

(char-downcase #\A) = #\a
(char-upcase #\a) = #\A

2.1.4 Symbols

The simple data types we saw above are self-evaluating. le, if you typed any object
from these data types to the listener, the evaluated result returned by the listener
will be the same as what you typed in.

#t = #t
42 = 42
#\c = #\c

Symbols don’t behave the same way. This is because symbols are used by Scheme
programs as identifiers for variables, and thus will evaluate to the value that the
variable holds. Nevertheless, symbols are a simple data type, and symbols are
legitimate values that Scheme can traffic in, along with characters, numbers, and
the rest.

To specify a symbol without making Scheme think it is a variable, you should
quote the symbol:

(quote xyz)

= xyz

Since this type of quoting is very common in Scheme, a convenient abbreviation
is provided. The expression

’E
will be treated by Scheme as equivalent to

(quote E)

Scheme symbols are named by a sequence of characters. About the only limitation
on a symbol’s name is that it shouldn’t be mistakable for some other data, eg, char-
acters or booleans or numbers or compound data. Thus, this-is-a-symbol, i18n,
<=> and $!#x are all symbols; 16, -i (a complex number!), #t, "this-is-a-string"
and (barf) (alist) are not. The predicate for checking symbolness is called symbol7:

)

(symbol? ’xyz) = #t
(symbol? 42) = #f



Scheme symbols are normally case-insensitive. Thus the symbols Calorie and
calorie are identical:

(eqv? ’Calorie ’calorie)
= #t

We can use the symbol xyz as a global variable by using the form define:
(define xyz 9)

This says the variable xyz holds the value 9. If we feed xyz to the listener, the
result will be the value held by xyz:

Xyz
= 9

We can use the form set! to change the value held by a variable:
(set! xyz #\c)
Now

Xyz
= #\c

2.2 Compound data types

Compound data types are built by combining values from other data types in struc-
tured ways.

2.2.1 Strings

Strings are sequences of characters (not to be confused with symbols, which are
simple data that have a sequence of characters as their name). You can specify
strings by enclosing the constituent characters in double-quotes. Strings evaluate
to themselves.

"Hello, World!"
= "Hello, World!"

The procedure string takes a bunch of characters and returns the string made from
them:

(string #\h #\e #\1 #\1 #\o)
= "hello"

Let us now define a global variable greeting.
(define greeting "Hello; Hello!")

Note that a semicolon inside a string datum does not trigger a comment.

The characters in a given string can be individually accessed and modified.
The procedure string-ref takes a string and a (0-based) index, and returns the
character at that index:

(string-ref greeting 0)
= #\H

New strings can be created by appending other strings:

10



(string-append "E "
"Pluribus "
||Un-umll)

= "E Pluribus Unum"

You can make a string of a specified length, and fill it with the desired characters
later.

(define a-3-char-long-string (make-string 3))

The predicate for checking stringness is string?.
Strings obtained as a result of calls to string, make-string, and string-append
are mutable. The procedure string-set! replaces the character at a given index:

(define hello (string #\H #\e #\1 #\1 #\o))
hello
= "Hello"

(string-set! hello 1 #\a)
hello
= "Hallo"

2.2.2 Vectors

Vectors are sequences like strings, but their elements can be anything, not just
characters. Indeed, the elements can be vectors themselves, which is a good way to
generate multidimensional vectors.

Here’s a way to create a vector of the first five integers:

(vector 01 2 3 4)
= #0 1 2 3 4)

Note Scheme’s representation of a vector value: a # character followed by the vec-
tor’s contents enclosed in parentheses.

In analogy with make-string, the procedure make-vector makes a vector of
a specific length:

(define v (make-vector 5))

The procedures vector-ref and vector-set! access and modify vector elements.
The predicate for checking if something is a vector is vector?.

2.2.3 Dotted pairs and lists

A dotted pair is a compound value made by combining any two arbitrary values
into an ordered couple. The first element is called the car, the second element is
called the cdr, and the combining procedure is cons.

(cons 1 #t)
= (1 . #t)

Dotted pairs are not self-evaluating, and so to specify them directly as data (ie,
without producing them via a cons-call), one must explicitly quote them:

(1. #t) = (1 . #t)
(1 . #t) —FERROR!!!

11



The accessor procedures are car and cdr:
(define x (cons 1 #t))

(car x)
= 1

(cdr x)
= #t

The elements of a dotted pair can be replaced by the mutator procedures set-car!
and set-cdr!:

(set-car! x 2)
(set-cdr! x #f)

X
= (2 . #f)

Dotted pairs can contain other dotted pairs.

(define y (cons (cons 1 2) 3))

y
= (1.2 .3

The car of the car of this list is 1. The cdr of the car of this list is 2. Ie,

(car (car y))
- 1

(cdr (car y))
= 2

Scheme provides procedure abbreviations for cascaded compositions of the car and
cdr procedures. Thus, caar stands for “car of car of”, and cdar stands for “cdr
of car of”, etc

(caar y)
= 1

(cdar y)
= 2

c...r-style abbreviations for upto four cascades are guaranteed to exist. Thus,
cadr, cdadr, and cdaddr are all valid. cdadadr might be pushing it.

When nested dotting occurs along the second element, Scheme uses a special
notation to represent the resulting expression:

(cons 1 (cons 2 (cons 3 (cons 4 5))))
= (1234 .5)

Te, (1 2 3 4 . 5) is an abbreviation for (1 . (2 . (3 . (4 . 5)))). The last
cdr of this expression is 5.

Scheme provides a further abbreviation if the last cdr is a special object called
the empty list, which is represented by the expression (). The empty list is not
considered self-evaluating, and so one should quote it when supplying it as a value
in a program:

12



O = 0
The abbreviation for a dotted pair of the form (1 . (2 . (3 . (4 . (0)))) is
(123 4)

This special kind of nested dotted pair is called a list. This particular list is four
elements long. It could have been created by saying

(cons 1 (cons 2 (cons 3 (cons 4 >()))))

but Scheme provides a procedure called 1ist that makes list creation more conve-
nient. 1list takes any number of arguments and returns the list containing them:

(list 1 2 3 4)
= (1234

Indeed, if we know all the elements of a list, we can use quote to specify the
list:

(1234
= (1234

List elements can be accessed by index.

(define y (list 1 2 3 4))

(list-ref y 0) = 1
(list-ref y 3) = 4

(list-tail y 1) = (2 3 4)
(list-tail y 3) = (4)

list-tail returns the tail of the list starting from the given index.
The predicates pair?, 1ist?, and null? check if their argument is a dotted
pair, list, or the empty list, respectively:

(pair? (1 . 2)) = #t
(pair? (1 2)) = #t
(pair? > () = #f
1ist? > O)) = #t
(null? > ) = #t
(1ist? °(1 2)) = #t
(list? (1 . 2)) = #f
(null? (1 2)) = #f
(null? °(1 . 2)) = #f

2.2.4 Conversions between data types

Scheme offers many procedures for converting among the data types. We al-
ready know how to convert between the character cases using char-downcase and
char-upcase. Characters can be converted into integers using char->integer,
and integers can be converted into characters using integer->char. (The integer
corresponding to a character is usually its ascii code.)

(char->integer #\d) = 100
(integer->char 50) = #\2

Strings can be converted into the corresponding list of characters.

(string->1ist "hello") = (#\h #\e #\1 #\1 #\o)

13



Other conversion procedures in the same vein are list->string, vector->list,
and list->vector.
Numbers can be converted to strings:

(number->string 16) = "16"

Strings can be converted to numbers. If the string corresponds to no number,
#£ is returned.

(string->number "16")
= 16

(string->number "Am I a hot number?")
= #f

string->number takes an optional second argument, the radix.
(string->number "16" 8) = 14

because 16 in base 8 is the number fourteen.
Symbols can be converted to strings, and vice versa:

(symbol->string ’symbol)
= "symbol"

(string->symbol "string")
= string

2.3 Other data types

Scheme contains some other data types. One is the procedure. We have already seen
many procedures, eg, display, +, cons. In reality, these are variables holding the
procedure values, which are themselves not visible as are numbers or characters:

cons
= <procedure>

The procedures we have seen thus far are primitive procedures, with standard global
variables holding them. Users can create additional procedure values.

Yet another data type is the port. A port is the conduit through which input
and output is performed. Ports are usually associated with files and consoles.

In our “Hello, World!” program, we used the procedure display to write a
string to the console. display can take two arguments, one the value to be dis-
played, and the other the output port it should be displayed on.

In our program, display’s second argument was implicit. The default output
port used is the standard output port. We can get the current standard output port
via the procedure-call (current-output-port). We could have been more explicit
and written

(display "Hello, World!" (current-output-port))

2.4 S-expressions

All the data types discussed here can be lumped together into a single all-encompassing
data type called the s-expression (s for symbolic). Thus 42, #\c, (1 . 2), #(a b
c), "Hello", (quote xyz), (string->number "16"), and (begin (display "Hello,
World!") (newline)) are all s-expressions.

14



Chapter 3

Forms

The reader will have noted that the Scheme example programs provided thus far
are also s-expressions. This is true of all Scheme programs: Programs are data.

Thus, the character datum #\c is a program, or a form. We will use the more
general term form instead of program, so that we can deal with program fragments
too.

Scheme evaluates the form #\c to the value #\c, because #\c is self-evaluating.
Not all s-expressions are self-evaluating. For instance the symbol s-expression xyz
evaluates to the value held by the variable xyz. The list s-expression (string->number
"16") evaluates to the number 16.

Not all s-expressions are valid programs. If you typed the dotted-pair s-
expression (1 . 2) at the Scheme listener, you will get an error.

Scheme evaluates a list form by examining the first element, or head, of the
form. If the head evaluates to a procedure, the rest of the form is evaluated to get
the procedure’s arguments, and the procedure is applied to the arguments.

If the head of the form is a special form, the evaluation proceeds in a manner
idiosyncratic to that form. Some special forms we have already seen are begin,
define, and set!. begin causes its subforms to be evaluated in order, the result
of the entire form being the result of the last subform. define introduces and
initializes a variable. set! changes the binding of a variable.

3.1 Procedures

We have seen quite a few primitive Scheme procedures, eg, cons, string->list,
and the like. Users can create their own procedures using the special form lambda.
For example, the following defines a procedure that adds 2 to its argument:

(lambda (x) (+ x 2))

The first subform, (x), is the list of parameters. The remaining subform(s)
constitute the procedure’s body. This procedure can be called on an argument, just
like a primitive procedure:

((lambda (x) (+ x 2)) 5)
= 7

If we wanted to call this same procedure many times, we could create a replica
using lambda each time, but we can do better. We can use a variable to hold the
procedure value:

(define add2
(lambda (x) (+ x 2)))

We can then use the variable add2 each time we need a procedure for adding
2 to its argument:

(add2 4) = 6
(add2 9) = 11

15



3.1.1 Procedure parameters

The parameters of a lambda-procedure are specified by its first subform (the form
immediately following the head, the symbol lambda). add2 is a single-argument
— or unary — procedure, and so its parameter list is the singleton list (x). The
symbol x acts as a variable holding the procedure’s argument. Each occurrence of x
in the procedure’s body refers to the procedure’s argument. The variable x is said
to be local to the procedure’s body.

We can use 2-element lists for 2-argument procedures, and in general, n-element
lists for m-argument procedures. The following is a 2-argument procedure that
calculates the area of a rectangle. Its two arguments are the length and breadth of
the rectangle.

(define area
(lambda (length breadth)
(* length breadth)))

Notice that area multiplies its arguments, and so does the primitive procedure
*x. We could have simply said:

(define area *)

3.1.2 Variable number of arguments

Some procedures can be called at different times with different numbers of argu-
ments. To do this, the lambda parameter list is replaced by a single symbol. This
symbol acts as a variable that is bound to the list of the arguments that the proce-
dure is called on.

In general, the lambda parameter list can be a list of the form (x ...), a
symbol, or a dotted pair of the form (x ... . z). In the dotted-pair case, all the
variables before the dot are bound to the corresponding arguments in the procedure
call, with the single variable after the dot picking up all the remaining arguments
as one list.

3.2 apply

The Scheme procedure apply lets us call a procedure on a list of its arguments.
(define x (1 2 3))
(apply + x)
= 6

In general, apply takes a procedure, followed by a variable number of other
arguments, the last of which must be a list. It constructs the argument list by
prefixing the last argument with all the other (intervening) arguments. It then
returns the result of calling the procedure on this argument list. Eg,

(apply + 1 2 3 x)
= 12
3.3 Sequencing

We used the begin special form to bunch together a group of subforms that need to
be evaluated in sequence. Many Scheme forms have implicit begins. For example,

16



let’s define a 3-argument procedure that displays its three arguments, with spaces
between them. A possible definition is:

(define display3
(lambda (argl arg2 arg3)
(begin

(display argl)
(display " ")
(display arg2)
(display " ")
(display arg3)
(newline))))

In Scheme, lambda-bodies are implicit begins. Thus, the begin in display3’s

body isn’t needed, although it doesn’t hurt. display3, more simply, is:

(define display3
(lambda (argl arg2 arg3)
(display argl)

(display " ")
(display arg2)
(display " ")

(display arg3)
(newline)))

17



Chapter 4

Conditionals

Like all languages, Scheme provides conditionals. The basic form is the if:

(if test-expression
then-branch
else-branch)

If test-expression evaluates to true (ie, any value other than #f), the “then”
branch is evaluated. If not, the “else” branch is evaluated. The “else” branch is
optional.

(define p 80)

(if ¢ p 70)
’safe
’unsafe)

= safe

(if (< p 90)
’low-pressure) ;no ‘‘else’’ branch
= low-pressure

Scheme provides some other conditional forms for convenience. They can all
be defined as macros (chap 8) that expand into if-expressions.

4.1 when and unless

when and unless are convenient conditionals to use when only one branch (the
“then” or the “else” branch) of the basic conditional is needed.

(when (< (pressure tube) 60)
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube))

Assuming pressure of tube is less than 60, this conditional will attach f1loor—pump
to tube and depress it 5 times. (attach and depress are some suitable proce-
dures.)

The same program using if would be:

(if (< (pressure tube) 60)
(begin
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube)))

18



Note that when’s branch is an implicit begin, whereas if requires an explicit
begin if either of its branches has more than one form.
The same behavior can be written using unless as follows:

(unless (>= (pressure tube) 60)
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube))

Not all Schemes provide when and unless. If your Scheme does not have them, you
can define them as macros (see chap 8).

4.2 cond

The cond form is convenient for expressing nested if-expressions, where each “else”
branch but the last introduces a new if. Thus, the form

(if (char<? c #\c) -1
(if (char=7 c #\c) O
1))

can be rewritten using cond as:

(cond ((char<? c #\c) -1)
((char=7 c #\c) 0)
(else 1))

The cond is thus a multi-branch conditional. Each clause has a test and an
associated action. The first test that succeeds triggers its associated action. The
final else clause is chosen if no other test succeeded.

The cond actions are implicit begins.

4.3 case

A special case of the cond can be compressed into a case expression. This is when
every test is a membership test.

(case ¢
((#M\a) 1)
((#\b) 2)
((#\c) 3)
(else 4))

= 3

The clause whose head contains the value of ¢ is chosen.

4.4 and and or

Scheme provides special forms for boolean conjunction (“and”) and disjunction
(“or”). (We have already seen (sec 2.1.1) Scheme’s boolean negation not, which is
a procedure.)

The special form and returns a true value if all its subforms are true. The
actual value returned is the value of the final subform. If any of the subforms are
false, and returns #f.
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(and 1 2) = 2
(and #f 1) = #f

The special form or returns the value of its first true subform. If all the subforms
are false, or returns #f£.

(or 1 2) = 1
(or #f 1) = 1

Both and and or evaluate their subforms left-to-right. As soon as the result can be
determined, and and or will ignore the remaining subforms.

(and 1 #f expression-guaranteed-to-cause-error)
= #f

(or 1 #f expression-guaranteed-to-cause-error)
= 1
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Chapter 5

Lexical variables

Scheme’s variables have lexical scope, ie, they are visible only to forms within a
certain contiguous stretch of program text. The global variables we have seen thus
far are no exception: Their scope is all program text, which is certainly contiguous.

We have also seen some examples of local variables. These were the lambda
parameters, which get bound each time the procedure is called, and whose scope is
that procedure’s body. Eg,

(define x 9)
(define add2 (lambda (x) (+ x 2)))

X = 9

(add2 3) = 5
(add2 x) = 11

X = 9

Here, there is a global x, and there is also a local x, the latter introduced by
procedure add2. The global x is always 9. The local x gets bound to 3 in the first
call to add2 and to the value of the global x, ie, 9, in the second call to add2. When
the procedure calls return, the global x continues to be 9.

The form set! modifies the lexical binding of a variable.

(set! x 20)

modifies the global binding of x from 9 to 20, because that is the binding of x that
is visible to set!. If the set! was inside add2’s body, it would have modified the
local x:

(define add2

(lambda (x)
(set! x (+ x 2))
x))

The set! here adds 2 to the local variable x, and the procedure returns this
new value of the local x. (In terms of effect, this procedure is indistinguishable from
the previous add2.) We can call add2 on the global x, as before:

(add2 x) = 22

(Remember global x is now 20, not 9!)

The set! inside add2 affects only the local variable used by add2. Although
the local variable x got its binding from the global x, the latter is unaffected by the
set! to the local x.

x = 20
Note that we had all this discussion because we used the same identifier for a

local variable and a global variable. In any text, an identifier named x refers to the
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lexically closest variable named x. This will shadow any outer or global x’s. Eg, in
add2, the parameter x shadows the global x.

A procedure’s body can access and modify variables in its surrounding scope
provided the procedure’s parameters don’t shadow them. This can give some inter-
esting programs. Eg,

(define counter 0)

(define bump-counter
(lambda ()
(set! counter (+ counter 1))
counter))

The procedure bump-counter is a zero-argument procedure (also called a thunk).
It introduces no local variables, and thus cannot shadow anything. Each time it
is called, it modifies the global variable counter — it increments it by 1 — and
returns its current value. Here are some successive calls to bump-counter:

(bump-counter) = 1
(bump-counter) = 2
(bump-counter) = 3

5.1 let and let*

Local variables can be introduced without explicitly creating a procedure. The
special form let introduces a list of local variables for use within its body:

(let ((x 1)
(y 2)
(z 3))
(list x y 2))
= (123)

As with lambda, within the let-body, the local x (bound to 1) shadows the global
x (which is bound to 20).

The local variable initializations — x to 1; y to 2; z to 3 — are not considered
part of the let body. Therefore, a reference to x in the initialization will refer to
the global, not the local x:

(let ((x 1)
(y x))
+ x y))
= 21

This is because x is bound to 1, and y is bound to the global x, which is 20.

Sometimes, it is convenient to have let’s list of lexical variables be introduced
in sequence, so that the initialization of a later variable occurs in the lexical scope
of earlier variables. The form let* does this:

(let* ((x 1)
(y x))
+ x y))
= 2

The x in y’s initialization refers to the x just above. The example is entirely equiva-
lent to — and is in fact intended to be a convenient abbreviation for — the following
program with nested lets:
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(let ((x 1))
(Let ((y x))
+x y)))
= 2

The values bound to lexical variables can be procedures:

(let ((cons (lambda (x y) (+ x y))))
(cons 1 2))
= 3

Inside this let body, the lexical variable cons adds its arguments. Outside, cons
continues to create dotted pairs.

5.2 fluid-let

A lexical variable is visible throughout its scope, provided it isn’t shadowed. Some-
times, it is helpful to temporarily set a lexical variable to a certain value. For this,
we use the form fluid-let.?

(fluid-let ((counter 99))
(display (bump-counter)) (newline)
(display (bump-counter)) (newline)
(display (bump-counter)) (newline))

This looks similar to a let, but instead of shadowing the global variable counter,
it temporarily sets it to 99 before continuing with the fluid-let body. Thus the
displays in the body produce

100
101
102

After the fluid-let expression has evaluated, the global counter reverts to the
value it had before the fluid-let.

counter = 3

Note that fluid-1let has an entirely different effect from let. fluid-let does
not introduce new lexical variables like let does. It modifies the bindings of existing
lexical variables, and the modification ceases as soon as the fluid-let does.

To drive home this point, consider the program

(let ((counter 99))
(display (bump-counter)) (newline)
(display (bump-counter)) (newline)
(display (bump-counter)) (newline))

which substitutes let for fluid-let in the previous example. The output is now

4
5
6

Te, the global counter, which is initially 3, is updated by each call to bump-counter.
The new lexical variable counter, with its initialization of 99, has no impact on the
calls to bump-counter, because although the calls to bump-counter are within the
scope of this local counter, the body of bump-counter isn’t. The latter continues
to refer to the global counter, whose final value is 6.

2 fluid-let is a nonstandard special form. See sec 8.3 for a definition of
fluid-let in Scheme.
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counter = 6
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Chapter 6

Recursion

A procedure body can contain calls to other procedures, not least itself:

(define factorial
(lambda (n)
(if (=n0) 1
(* n (factorial (- n 1))))))

This recursive procedure calculates the factorial of a number. If the number is 0,
the answer is 1. For any other number n, the procedure uses itself to calculate the
factorial of n - 1, multiplies that subresult by n, and returns the product.

Mutually recursive procedures are also possible. The following predicates for
evenness and oddness use each other:

(define is-even?
(lambda (n)
(if (= n 0) #t
(is-0dd? (- n 1)))))

(define is-o0dd?
(lambda (n)
(if (= n 0) #f
(is-even? (- n 1)))))

These definitions are offered here only as simple illustrations of mutual recur-
sion. Scheme already provides the primitive predicates even? and odd?.

6.1 letrec

If we wanted the above procedures as local variables, we could try to use a let
form:

(let ((local-even? (lambda (n)
(if (=n 0) #t
(local-odd? (- n 1)))))
(local-o0dd? (lambda (n)
(if (=n 0) #£f
(local-even? (- n 1))))))
(list (local-even? 23) (local-odd? 23)))

This won’t quite work, because the occurrences of local-even? and local-o0dd? in
the initializations don’t refer to the lexical variables themselves. Changing the let
to a let* won’t work either, for while the local-even? inside local-odd?’s body
refers to the correct procedure value, the local-odd? in local-even?’s body still
points elsewhere.

To solve problems like this, Scheme provides the form letrec:
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(letrec ((local-even? (lambda (n)
(if (= n 0) #t
(local-odd? (- n 1)))))
(local-odd? (lambda (n)
(if (= n 0) #f
(local-even? (- n 1))))))
(list (local-even? 23) (local-odd? 23)))

The lexical variables introduced by a letrec are visible not only in the letrec-
body but also within all the initializations. letrec is thus tailor-made for defining
recursive and mutually recursive local procedures.

6.2 Named let

A recursive procedure defined using letrec can describe loops. Let’s say we want
to display a countdown from 10:

(letrec ((countdown (lambda (i)
(if (=1 0) ’liftoff
(begin
(display i)
(newline)
(countdown (- i 1)))))))
(countdown 10))

This outputs on the console the numbers 10 down to 1, and returns the result
liftoff.

Scheme allows a variant of let called named let to write this kind of loop
more compactly:

(let countdown ((i 10))
(if (=1 0) ’liftoff
(begin
(display i)
(newline)
(countdown (- i 1)))))

Note the presence of a variable identifying the loop immediately after the 1let. This
program is equivalent to the one written with letrec. You may consider the named
let to be a macro (chap 8) expanding to the letrec form.

6.3 Iteration

countdown defined above is really a recursive procedure. Scheme can define loops
only through recursion. There are no special looping or iteration constructs.

Nevertheless, the loop as defined above is a genuine loop, in exactly the same
way that other languages bill their loops. Ie, Scheme takes special care to ensure
that recursion of the type used above will not generate the procedure call/return
overhead.

Scheme does this by a process called tail-call elimination. If you look closely
at the countdown procedure, you will note that when the recursive call occurs in
countdown’s body, it is the tail call, or the very last thing done — each invocation
of countdown either does not call itself, or when it does, it does so as its very last
act. To a Scheme implementation, this makes the recursion indistinguishable from
iteration. So go ahead, use recursion to write loops. It’s safe.

Here’s another example of a useful tail-recursive procedure:
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(define list-position
(lambda (o 1)
(let loop ((i 0) (1 1))
(if (null? 1) #£f
(if (eqv? (car 1) o) i
(Qoop (+ i 1) (cdr 1)))))))

list-position finds the index of the first occurrence of the object o in the list 1.
If the object is not found in the list, the procedure returns #f.

Here’s yet another tail-recursive procedure, one that reverses its argument list
“in place”, ie, by mutating the contents of the existing list, and without allocating
a new one:

(define reverse!
(lambda (s)
(let loop ((s s) (r > (O)))
(if (null? s) r
(let ((d (cdr s)))
(set-cdr! s r)

(loop d s))))))

(reverse! is a useful enough procedure that it is provided primitively in many
Scheme dialects, eg, MzScheme and Guile.)
For some numerical examples of recursion (including iteration), see Appendix C.

6.4 Mapping a procedure across a list

A special kind of iteration involves repeating the same action for each element of a
list. Scheme offers two procedures for this situation: map and for-each.

The map procedure applies a given procedure to every element of a given list,
and returns the list of the results. Eg,

(map add2 ’(1 2 3))
= (3 45)

The for-each procedure also applies a procedure to each element in a list, but
returns void. The procedure application is done purely for any side-effects it may
cause. Eg,

(for-each display
(list "one " "two " "buckle my shoe"))

has the side-effect of displaying the strings (in the order they appear) on the console.
The procedures applied by map and for-each need not be one-argument pro-

cedures. For example, given an n-argument procedure, map takes n lists and applies

the procedure to every set of n of arguments selected from across the lists. Eg,

(map cons ’(1 2 3) ’(10 20 30))
= (1 .10) (2. 20) (3. 30))

(map + ’(1 2 3) >(10 20 30))
= (11 22 33)
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Chapter 7

1/0

Scheme has input/output (I/O) procedures that will let you read from an input
port or write to an output port. Ports can be associated with the console, files or
strings.

7.1 Reading

Scheme’s reader procedures take an optional input port argument. If the port is
not specified, the current input port (usually the console) is assumed.

Reading can be character-, line- or s-expression-based. Each time a read is
performed, the port’s state changes so that the next read will read material following
what was already read. If the port has no more material to be read, the reader
procedure returns a specific datum called the end-of-file or eof object. This datum
is the only value that satisfies the eof-object? predicate.

The procedure read-char reads the next character from the port. read-line
reads the next line, returning it as a string (the final newline is not included). The
procedure read reads the next s-expression.

7.2 Writing

Scheme’s writer procedures take the object that is to be written and an optional
output port argument. If the port is not specified, the current output port (usually
the console) is assumed.

Writing can be character- or s-expression-based.

The procedure write-char writes the given character (without the #\) to the
output port.

The procedures write and display both write the given s-expression to the
port, with one difference: write attempts to use a machine-readable format and
display doesn’t. Eg, write uses double quotes for strings and the #\ syntax for
characters. display doesn’t.

The procedure newline starts a new line on the output port.

7.3 File ports

Scheme’s I/O procedures do not need a port argument if the port happens to be
standard input or standard output. However, if you need these ports explicitly, the
zero-argument procedures current-input-port and current-output-port fur-
nish them. Thus,

(display 9)
(display 9 (current-output-port))

have the same behavior.
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A port is associated with a file by opening the file. The procedure open-input-file
takes a filename argument and returns a new input port associated with it. The
procedure open-output-file takes a filename argument and returns a new output
port associated with it. It is an error to open an input file that doesn’t exist, or to
open an output file that already exists.

After you have performed I/O on a port, you should close it with close-input-port
or close-output-port.

In the following, assume the file hello.txt contains the single word hello.

(define i (open-input-file "hello.txt"))

(read-char i)
= #\h

(define j (read 1))

J
= ello

Assume the file greeting.txt does not exist before the following programs are
fed to the listener:

(define o (open-output-file "greeting.txt"))

(display "hello" o)
(write-char #\space o)
(display ’world o)
(newline o)

(close-output-port o)
The file greeting.txt will now contain the line:

hello world

7.3.1 Automatic opening and closing of file ports

Scheme supplies the procedures call-with-input-file and call-with-output-file
that will take care of opening a port and closing it after you're done with it.

The procedure call-with-input-file takes a filename argument and a pro-
cedure. The procedure is applied to an input port opened on the file. When the
procedure completes, its result is returned after ensuring that the port is closed.

(call-with-input-file "hello.txt"
(lambda (i)
(let* ((a (read-char i))
(b (read-char i))
(c (read-char i)))
(list a b ¢))))
= (#\h #\e #\1)

The procedure call-with-output-file does the analogous services for an
output file.
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7.4 String ports

It is often convenient to associate ports with strings. Thus, the procedure open-input-string
associates a port with a given string. Reader procedures on this port will read off
the string:

(define i (open-input-string "hello world"))

(read-char i)
= #\h

(read i)
= ello

(read i)
= world

The procedure open-output-string creates an output port that will eventu-
ally be used to create a string:

(define o (open-output-string))

(write ’hello o)
(write-char #\, o)
(display " " o)
(display "world" o)

You can now use the procedure get-output-string to get the accumulated
string in the string port o:

(get-output-string o)
= "hello, world"

String ports need not be explicitly closed.

7.5 Loading files

We have already seen the procedure load that loads files containing Scheme code.
Loading a file consists in evaluating in sequence every Scheme form in the file.
The pathname argument given to load is reckoned relative to the current working
directory of Scheme, which is normally the directory in which the Scheme executable
was called.

Files can load other files, and this is useful in a large program spanning many
files. Unfortunately, unless full pathnames are used, the argument file of a load is
dependent on Scheme’s current directory. Supplying full pathnames is not always
convenient, because we would like to move the program files as a unit (preserving
their relative pathnames), perhaps to many different machines.

MzScheme provides the load-relative procedure that greatly helps in fixing
the files to be loaded. load-relative, like load, takes a pathname argument.
When a load-relative call occurs in a file foo.scm, the path of its argument is
reckoned from the directory of the calling file foo.scm. In particular, this pathname
is reckoned independent of Scheme’s current directory, and thus allows convenient
multifile program development.
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Chapter 8

Macros

Users can create their own special forms by defining macros. A macro is a symbol
that has a transformer procedure associated with it. When Scheme encounters a
macro-expression — ie, a form whose head is a macro —, it applies the macro’s
transformer to the subforms in the macro-expression, and evaluates the result of
the transformation.

Ideally, a macro specifies a purely textual transformation from code text to
other code text. This kind of transformation is useful for abbreviating an involved
and perhaps frequently occurring textual pattern.

A macro is defined using the special form define-macro (but see sec A.3).3
For example, if your Scheme lacks the conditional special form when, you could
define when as the following macro:

(define-macro when
(lambda (test . branch)
(1ist ’if test
(cons ’begin branch))))

This defines a when-transformer that would convert a when-expression into the
equivalent if-expression. With this macro definition in place, the when-expression

(when (< (pressure tube) 60)
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube))

will be converted to another expression, the result of applying the when-transformer
to the when-expression’s subforms:

(apply
(lambda (test . branch)
(list ’if test

(cons ’begin branch)))

> ((< (pressure tube) 60)
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube)))

The transformation yields the list

3 MzScheme provides define-macro via the defmacro library. Use (require
(1ib "defmacro.ss")) to load this library.
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(if (< (pressure tube) 60)
(begin
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube)))

Scheme will then evaluate this expression, as it would any other.
As an additional example, here is the macro-definition for when’s counterpart
unless:

(define-macro unless
(lambda (test . branch)
(list ’if
(list ’not test)
(cons ’begin branch))))

Alternatively, we could invoke when inside unless’s definition:

(define-macro unless
(lambda (test . branch)
(cons ’when
(cons (1list ’not test) branch))))

Macro expansions can refer to other macros.

8.1 Specifying the expansion as a template

A macro transformer takes some s-expressions and produces an s-expression that
will be used as a form. Typically this output is a list. In our when example, the
output list is created using

(1ist ’if test
(cons ’begin branch))

where test is bound to the macro’s first subform, ie,
(< (pressure tube) 60)
and branch to the rest of the macro’s subforms, ie,

((open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube))

Output lists can be quite complicated. It is easy to see that a more ambitious macro
than when could lead to quite an elaborate construction process for the output list.
In such cases, it is more convenient to specify the macro’s output form as a template,
with the macro arguments inserted at appropriate places to fill out the template for
each particular use of the macro. Scheme provides the backquote syntax to specify
such templates. Thus the expression

(list ’IF test
(cons ’BEGIN branch))

is more conveniently written as
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‘(IF ,test
(BEGIN ,@branch))

We can refashion the when macro-definition as:

(define-macro when
(lambda (test . branch)
‘(IF ,test
(BEGIN ,@branch))))

Note that the template format, unlike the earlier list construction, gives immediate
visual indication of the shape of the output list. The backquote (‘) introduces a
template for a list. The elements of the template appear verbatim in the resulting
list, except when they are prefixed by a comma (‘,’) or a comma-splice (*,@). (For
the purpose of illustration, we have written the verbatim elements of the template
in UPPER-CASE.)

The comma and the comma-splice are used to insert the macro arguments
into the template. The comma inserts the result of evaluating its following expres-
sion. The comma-splice inserts the result of evaluating its following expression after
splicing it, ie, it removes the outermost set of parentheses. (This implies that an
expression introduced by comma-splice must be a list.)

In our example, given the values that test and branch are bound to, it is easy
to see that the template will expand to the required

(IF (< (pressure tube) 60)
(BEGIN
(open-valve tube)
(attach floor-pump tube)
(depress floor-pump 5)
(detach floor-pump tube)
(close-valve tube)))

8.2 Avoiding variable capture inside macros

A two-argument disjunction form, my-or, could be defined as follows:

(define-macro my-or
(lambda (x y)
“(if ,x ,x ,y)))

my-or takes two arguments and returns the value of the first of them that is true
(ie, non-#£). In particular, the second argument is evaluated only if the first turns
out to be false.

(my-or 1 2)
= 1
(my-or #f 2)
= 2

There is a problem with the my-or macro as it is written. It re-evaluates the
first argument if it is true: once in the if-test, and once again in the “then” branch.
This can cause undesired behavior if the first argument were to contain side-effects,
€g,

(my-or
(begin
(display "doing first argument")
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(newline)
#t)
2)

displays "doing first argument" twice.
This can be avoided by storing the if-test result in a local variable:

(define-macro my-or
(lambda (x y)
‘(let ((temp ,x))
(if temp temp ,y))))

This is almost OK, except in the case where the second argument happens to contain
the same identifier temp as used in the macro definition. Eg,

(define temp 3)

(my-or #f temp)
= #f

Surely it should be 3! The fiasco happens because the macro uses a local variable
temp to store the value of the first argument (#f) and the variable temp in the
second argument got captured by the temp introduced by the macro.

To avoid this, we need to be careful in choosing local variables inside macro
definitions. We could choose outlandish names for such variables and hope fervently
that nobody else comes up with them. Eg,

(define-macro my-or
(lambda (x y)
‘(let ((+temp ,x))
(if +temp +temp ,y))))

This will work given the tacit understanding that +temp will not be used by code
outside the macro. This is of course an understanding waiting to be disillusioned.

A more reliable, if verbose, approach is to use generated symbols that are
guaranteed not to be obtainable by other means. The procedure gensym generates
unique symbols each time it is called. Here is a safe definition for my-or using
gensym:

(define-macro my-or
(lambda (x y)
(let ((temp (gensym)))
‘(let ((,temp ,x))
(if ,temp ,temp ,y)))))

In the macros defined in this document, in order to be concise, we will not use
the gensym approach. Instead, we will consider the point about variable capture
as having been made, and go ahead with the less cluttered +-as-prefix approach.
We will leave it to the astute reader to remember to convert these +-identifiers into
gensyms in the manner outlined above.

8.3 fluid-let

Here is a definition of a rather more complicated macro, fluid-let (sec 5.2).
fluid-let specifies temporary bindings for a set of already existing lexical vari-
ables. Given a fluid-let expression such as
(fluid-let ((x 9) (y (+ y 1))
+ x y))
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we want the expansion to be

(let ((OLD-X x) (OLD-Y y))
(set! x 9)
(set! y (+ y 1))
(let ((RESULT (begin (+ x y))))
(set! x OLD-X)
(set! y OLD-Y)
RESULT))

where we want the identifiers OLD-X, OLD-Y, and RESULT to be symbols that will
not capture variables in the expressions in the fluid-let form.

Here is how we go about fashioning a fluid-let macro that implements what
we want:

(define-macro fluid-let
(lambda (xexe . body)
(let ((xx (map car xexe))
(ee (map cadr xexe))
(0ld-xx (map (lambda (ig) (gensym)) xexe))
(result (gensym)))
‘(let ,(map (lambda (old-x x) ‘(,old-x ,x))
0old-xx xx)
,@(map (lambda (x e)
‘(set! ,x ,e))
XX ee)
(let ((,result (begin ,@body)))
,0(map (lambda (x old-x)
‘(set! ,x ,0ld-x))
xx o0ld-xx)
,result)))))

The macro’s arguments are: xexe, the list of variable/expression pairs introduced
by the fluid-let; and body, the list of expressions in the body of the fluid-let.
In our example, these are ((x 9) (y (+ y 1))) and ((+ x y)) respectively.

The macro body introduces a bunch of local variables: xx is the list of the
variables extracted from the variable/expression pairs. ee is the corresponding list
of expressions. old-xx is a list of fresh identifiers, one for each variable in xx. These
are used to store the incoming values of the xx, so we can revert the xx back to them
once the fluid-let body has been evaluated. result is another fresh identifier,
used to store the value of the fluid-let body. In our example, xx is (x y) and
ee is (9 (+ y 1)). Depending on how your system implements gensym, old-xx
might be the list (GEN-63 GEN-64), and result might be GEN-65.

The output list is created by the macro for our given example looks like

(let ((GEN-63 x) (GEN-64 y))
(set! x 9)
(set! y (+y 1))
(let ((GEN-65 (begin (+ x y))))
(set! x GEN-63)
(set! y GEN-64)
GEN-65))

which matches our requirement.

35



Chapter 9

Structures

Data that are naturally grouped are called structures. One can use Scheme’s com-
pound data types, eg, vectors or lists, to represent structures. Eg, let’s say we are
dealing with grouped data relevant to a (botanical) tree. The individual elements
of the data, or fields, could be: height, girth, age, leaf-shape, and leaf-color, making
a total of 5 fields. Such data could be represented as a 5-element vector. The
fields could be accessed using vector-ref and modified using vector-set!. Nev-
ertheless, we wouldn’t want to be saddled with the burden of remembering which
vector index corresponds to which field. That would be a thankless and error-prone
activity, especially if fields get excluded or included over the course of time.

We will therefore use a Scheme macro defstruct to define a structure data
type, which is basically a vector, but which comes with an appropriate suite of
procedures for creating instances of the structure, and for accessing and modifying
its fields. Thus, our tree structure could be defined as:

(defstruct tree height girth age leaf-shape leaf-color)

This gives us a constructor procedure named make-tree; accessor procedures
for each field, named tree.height, tree.girth, etc; and modifier procedures for
each field, named set!tree.height, set!tree.girth, etc. The constructor is used
as follows:

(define coconut
(make-tree ’height 30
’leaf-shape ’frond
’age 5))

The constructor’s arguments are in the form of twosomes, a field name followed by
its initialization. The fields can occur in any order, and may even be missing, in
which case their value is undefined.

The accessor procedures are invoked as follows:

(tree.height coconut) = 30
(tree.leaf-shape coconut) = frond
(tree.girth coconut) = <undefined>

The tree.girth accessor returns an undefined value, because we did not specify
girth for the coconut tree.
The modifier procedures are invoked as follows:

(set!tree.height coconut 40)
(set!tree.girth coconut 10)

If we now access these fields using the corresponding accessors, we will get the
new values:

(tree.height coconut) = 40
(tree.girth coconut) = 10
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9.1 Default initializations

We can have some initializations done during the definition of the structure itself,
instead of per instance. Thus, we could postulate that leaf-shape and leaf-color
are by default frond and green respectively. We can always override these defaults
by providing explicit initialization in the make-tree call, or by using a field modifier
after the structure instance has been created:

(defstruct tree height girth age
(leaf-shape ’frond)
(leaf-color ’green))

(define palm (make-tree ’height 60))

(tree.height palm)
= 60

(tree.leaf-shape palm)
= frond

(define plantain
(make-tree ’height 7
>leaf-shape ’sheet))

(tree.height plantain)
= 7

(tree.leaf-shape plantain)
= sheet

(tree.leaf-color plantain)
= green

9.2 defstruct defined

The defstruct macro definition follows:

(define-macro defstruct
(lambda (s . ff)
(let ((s-s (symbol->string s)) (n (length ff)))
(let* ((n+t1 (+ n 1))
(vv (make-vector n+1)))
(let loop ((i 1) (ff £ff))
(if (<= i n)
(let ((f (car f£)))
(vector-set! vv i
(if (pair? f) (cadr f) ’(if #f #£f)))
(loop (+ i 1) (cdr ££)))))
(let ((ff (map (lambda (f) (if (pair? f) (car f) £))
££)))
‘ (begin
(define , (string->symbol
(string-append "make-" s-s))
(lambda fvfv
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(let ((st (make-vector ,n+1)) (ff ’,ff))
(vector-set! st 0 ’,s)
,@(let loop ((1 1) (r *()))
(if >=1i n+1) r
(loop (+ i 1)
(cons ‘(vector-set! st ,i
, (vector-ref vv i))

r))))
(let loop ((fvfv fvfv))

(if (not (null? fvfv))
(begin
(vector-set! st
(+ (list-position (car fvfv) ff)
1)
(cadr fvfv))

(loop (cddr fvfv)))))
st)))

,@(let loop ((i 1) (procs ’()))
(if (>= i n+1) procs
(loop (+ i 1)
(let ((f (symbol->string

(list-ref ff (- i 1)))))
(cons

‘(define , (string->symbol
(string-append
s-s "." £))
(lambda (x) (vector-ref x ,1)))
(cons

‘(define , (string->symbol
(string-append
"set!" s-s "." f))
(lambda (x v)
(vector-set! x ,i v)))
procs))))))

(define , (string->symbol (string-append s-s "?7"))
(lambda (x)

(and (vector? x)

(eqv? (vector-ref x 0) ’,s))))))))))
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Chapter 10

Alists and tables

An association list, or alist, is a Scheme list of a special format. Each element of the
list is a cons cell, the car of which is called a key, the cdr being the value associated
with the key. Eg,

(a. 1) (. 2) (c. 3)

The procedure call (assv k al) finds the cons cell associated with key k in
alist al. The keys of the alist are compared against the given k using the equality
predicate eqv?. In general, though we may want a different predicate for key com-
parison. For instance, if the keys were case-insensitive strings, the predicate eqv?
is not very useful.

We now define a structure called table, which is a souped-up alist that allows
user-defined predicates on its keys. Its fields are equ and alist.

(defstruct table (equ eqv?) (alist ’()))

(The default predicate is eqv? — as for an ordinary alist — and the alist is initially
empty.)

We will use the procedure table-get to get the value (as opposed to the cons
cell) associated with a given key. table-get takes a table and key arguments,
followed by an optional default value that is returned if the key was not found in
the table:

(define table-get
(lambda (tbl k . d)
(let ((c (lassoc k (table.alist tbl) (table.equ tbl))))
(cond (¢ (cdr c))
((pair? d) (car d))))))

The procedure lassoc, used in table-get, is defined as:

(define lassoc
(lambda (k al equ?)
(let loop ((al al))
(if (null? al) #f
(let ((c (car al)))
(if (equ? (car c) k) ¢
(Loop (cdr al))))))))

The procedure table-put! is used to update a key’s value in the given table:

(define table-put!
(lambda (tbl k v)
(let ((al (table.alist tbl)))
(let ((c (lassoc k al (table.equ tbl))))
(if ¢ (set-cdr! c v)
(set!table.alist tbl (cons (coms k v) al)))))))

The procedure table-for-each calls the given procedure on every key/value
pair in the table
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(define table-for-each
(lambda (tbl p)
(for-each
(lambda (c)
(p (car ¢) (cdr c)))
(table.alist tbl))))
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Chapter 11

System interface

Useful Scheme programs often need to interact with the underlying operating sys-
tem.

11.1 Checking for and deleting files

file-exists? checks if its argument string names a file. delete-file deletes its
argument file. These procedures are not part of the Scheme standard, but are
available in most implementations. These procedures work reliably only for files
that are not directories. (Their behavior on directories is dialect-specific.)

file-or-directory-modify-seconds returns the time when its argument file
or directory was last modified. Time is reckoned in seconds from 12 AM GMT, 1
January 1970. Eg,

(file-or-directory-modify-seconds "hello.scm")
= 893189629

assuming that the file hello.scm was last messed with sometime on 21 April 1998.

11.2 Calling operating-system commands

The system procedure executes its argument string as an operating-system com-
mand.* Tt returns true if the command executed successfully with an exit status
0, and false if it failed to execute or exited with a non-zero status. Any output
generated by the command goes to standard output.

(system "1s")
;1lists current directory

(define fname "spot")

(system (string-append "test -f " fname))
;tests if file ‘spot’ exists

(system (string-append "rm -f " fname))
;removes ‘spot’

The last two forms are equivalent to

(file-exists? fname)

(delete-file fname)

4 MzScheme provides the system procedure via the process library. Use (require
(1ib "process.ss")) to load this library.

41



11.3 Environment variables

The getenv procedure returns the setting of an operating-system environment vari-
able. Eg,

(getenv "HOME")
= "/home/dorai"

(getenv "SHELL")
= "/bin/bash"
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Chapter 12

Objects and classes

A class describes a collection of objects that share behavior. The objects described
by a class are called the instances of the class. The class specifies the names of the
slots that the instance has, although it is up to the instance to populate these slots
with particular values. The class also specifies the methods that can be applied to
its instances. Slot values can be anything, but method values must be procedures.

Classes are hierarchical. Thus, a class can be a subclass of another class, which
is called its superclass. A subclass not only has its own direct slots and methods,
but also inherits all the slots and methods of its superclass. If a class has a slot
or method that has the same name as its superclass’s, then the subclass’s slot or
method is the one that is retained.

12.1 A simple object system

Let us now implement a basic object system in Scheme. We will allow only one
superclass per class (single inheritance). If we don’t want to specify a superclass,
we will use #t as a “zero” superclass, one that has neither slots nor methods. The
superclass of #t is deemed to be itself.

As a first approximation, it is useful to define classes using a struct called
standard-class, with fields for the slot names, the superclass, and the methods.
The first two fields we will call slots and superclass respectively. We will use
two fields for methods, a method-names field that will hold the list of names of the
class’s methods, and a method-vector field that will hold the vector of the values
of the class’s methods.> Here is the definition of the standard-class:

(defstruct standard-class
slots superclass method-names method-vector)

We can use make-standard-class, the maker procedure of standard-class, to
create a new class. Eg,

(define trivial-bike-class
(make-standard-class
’superclass #t
’slots ’(frame parts size)
’method-names ’ ()
’method-vector #()))

This is a very simple class. More complex classes will have non-trivial superclasses
and methods, which will require a lot of standard initialization that we would like

5 We could in theory define methods also as slots (whose values happen to be
procedures), but there is a good reason not to. The instances of a class share
methods but in general differ in their slot values. In other words, methods can be
included in the class definition and don’t have to be allocated per instance as slots
have to be.
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to hide within the class creation process. We will therefore define a macro called
create-class that will make the appropriate call to make-standard-class.

(define-macro create-class
(lambda (superclass slots . methods)
¢ (create-class-proc
,superclass
(l1ist ,@(map (lambda (slot) ¢’,slot) slots))
(1ist ,@(map (lambda (method) ‘’,(car method)) methods))
(vector ,@(map (lambda (method) ¢, (cadr method)) methods)))))

We will defer the definition of the create-class-proc procedure to later.

The procedure make-instance creates an instance of a class by generating a
fresh vector based on information enshrined in the class. The format of the instance
vector is very simple: Its first element will refer to the class, and its remaining
elements will be slot values. make-instance’s arguments are the class followed by
a sequence of twosomes, where each twosome is a slot name and the value it assumes
in the instance.

(define make-instance
(lambda (class . slot-value-twosomes)

;Find ‘n’, the number of slots in ‘class’.

;Create an instance vector of length ‘n + 17,
;because we need one extra element in the instance
;to contain the class.

(let* ((slotlist (standard-class.slots class))
(n (length slotlist))
(instance (make-vector (+ n 1))))
(vector-set! instance 0 class)

;Fill each of the slots in the instance
;with the value as specified in the call to
; ‘make-instance’.

(let loop ((slot-value-twosomes slot-value-twosomes))
(if (null? slot-value-twosomes) instance
(let ((k (list-position (car slot-value-twosomes)
slotlist)))
(vector-set! instance (+ k 1)
(cadr slot-value-twosomes))
(loop (cddr slot-value-twosomes))))))))

Here is an example of instantiating a class:

(define my-bike
(make-instance trivial-bike-class
’frame ’cromoly
’size ’18.5
’parts ’alivio))
This binds my-bike to the instance
#(<trivial-bike-class> cromoly 18.5 alivio)

where <trivial-bike-class> is a Scheme datum (another vector) that is the value
of trivial-bike-class, as defined above.
The procedure class-of returns the class of an instance:
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(define class-