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Introdu
tion

This do
ument provides a 
omplete list of pro
edures and spe
ial forms implemented in version

4.0 of STk. Sin
e STk is (nearly) 
ompliant with the language des
ribed in the Revised

4

Report on the Algorithmi
 Language S
heme (denoted R

4

RS hereafter

1

)[1℄, the organization

of this manual follows the R

4

RS and only des
ribes extensions.

1 Overview of STk

Today's graphi
al toolkits for appli
ative languages are often not satisfa
tory. Most of the

time, they ask the user to be an X window system expert and for
e him/her to 
ope with

ar
ane details su
h as server 
onne
tions and event queues. This is a real problem, sin
e

programmers using this kind of languages are generally not in
lined to system programming,

and few of them will bridge the gap between the di�erent abstra
tion levels.

Tk is a powerful graphi
al toolkit promising to �ll that gap. It was developed at the

University of Berkeley by John Ousterhout [2℄. The toolkit o�ers high level widgets su
h as

buttons or menus and is easily programmable, requiring little knowledge of X fundamentals.

Tk relies on an interpretative shell-like language named T
l [3℄.

STk is an implementation of the S
heme programming language, providing a full integration

of the Tk toolkit. In this implementation, S
heme establishes the link between the user and

the Tk toolkit, repla
ing T
l.

2 Lexi
al 
onventions

2.1 Identi�ers

Synta
ti
 keywords 
an be used as variables in STk. Users must be aware that this extension

of the language 
ould lead to ambiguities in some situations.

2.2 Comments

There are three types of 
omments in STk:

1. a semi
olon (;) indi
ates the start of a 
omment. This kind of 
omment extends to the

end of the line (as des
ribed in R

4

RS).

2. multi-lines 
omment use the 
lassi
al Lisp 
onvention: a 
omment begins with #| and

ends with |#.

3. 
omments 
an also be introdu
ed by #!. This extension is parti
ularly useful for building

STk s
ripts. On most Unix implementations, if the �rst line of a s
ript looks like

this:

#!/usr/lo
al/bin/stk -file

1

The Revised

4

Report on the Algorithmi
 Language S
heme is available through anonymous FTP from

ftp.
s.indiana.edu in the dire
tory /pub/s
heme-repository/do
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then the s
ript 
an be started dire
tly as if it were a binary. STk is loaded behind the

s
enes and reads and exe
utes the s
ript as a S
heme program. Of 
ourse this assumes

that STk is lo
ated in /usr/lo
al/bin.

2.3 Other notations

STk a

epts all the notations de�ned in R

4

RS plus

[ ℄ Bra
kets are equivalent to parentheses. They are used for grouping and to notate lists.

A list opened with a left square bra
ket must be 
losed with a right square bra
ket

(se
tion 6.3).

: A 
olon at the beginning of a symbol introdu
es a keyword. Keywords are des
ribed in

se
tion 6.11.

#.<expr> is read as the evaluation of the S
heme expression <expr>. The evaluation is

done during the read pro
ess, when the #. is en
ountered. Evaluation is done in the

environment of the 
urrent module.

(define foo 1)

#.foo

=) 1

'(foo #.foo #.(+ foo foo))

=) (foo 1 2)

(let ((foo 2))

#.foo)

=) 1

#n= is used to represent 
ir
ular stru
tures . The value given of nmiust be a number. It is

used as a label, whi
h 
an be referen
ed later by a #n# syntax (see below). The s
ope

of the label is the expression being read by the outermost read.

#n# is used to referen
e a some obje
t labeled by a #n= syntax; that is, #n# represents a

pointer to the obje
t labeled exa
tly by #n=. For instan
e, the obje
t 
reated returned

by the following expression

(let* ((a (list 1 2))

(b (append '(x y) a)))

(list a b))


aen be represented in this way:

(#0=(1 2) (x y . #0#))

3 Basi
 
on
epts

Identi
al to R

4

RS.
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4 Expressions

4.1 Primitive expression types

(quote hdatumi) syntax

'hdatumi syntax

The quoting me
hanism is identi
al to R

4

RS. Keywords (see se
tion 6.11), as numeri
al 
on-

stants, string 
onstants, 
hara
ter 
onstants, and boolean 
onstants evaluate \to themselves";

they need not be quoted.

'"ab
" =) "ab
"

"ab
" =) "ab
"

'145932 =) 145932

145932 =) 145932

'#t =) #t

#t =) #t

':key =) :key

:key =) :key

Note: R

4

RS requires to quote 
onstant lists and 
onstant ve
tors. This is not ne
essary with STk.

(hoperatori hoperand

1

i : : : ) syntax

Identi
al to R

4

RS. Furthermore, hoperatori 
an be a ma
ro (see se
tion 6.15).

(lambda hformalsi hbodyi) syntax

(if htesti h
onsequenti halternatei) syntax

(if htesti h
onsequenti) syntax

(set! hvariablei hexpressioni) syntax

Identi
al to R

4

RS.

4.2 Derived expression types

(
ond h
lause

1

i h
lause

2

i : : : ) syntax

(
ase hkeyi h
lause

1

i h
lause

2

i : : : ) syntax

(and htest

1

i : : : ) syntax

(or htest

1

i : : : ) syntax

Identi
al to R

4

RS.

(when htesti hexpression

1

i hexpression

2

i : : : ) syntax

If the htesti expression yields a true value, the hexpressionis are evaluated from left to right

and the value of the last hexpressioni is returned.

(unless htesti hexpression

1

i hexpression

2

i : : : ) syntax

If the htesti expression yields a false value, the hexpressionis are evaluated from left to right

and the value of the last hexpressioni is returned.
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(let hbindingsi hbodyi) syntax

(let hvariablei hbindingsi hbodyi) syntax

(let* hbindingsi hbodyi) syntax

Identi
al to R

4

RS.

(fluid-let hbindingsi hbodyi) syntax

The bindings are evaluated in the 
urrent environment, in some unspe
i�ed order, the 
urrent

values of the variables present in bindings are saved, and the new evaluated values are assigned

to the bindings variables. On
e this is done, the expressions of body are evaluated sequentially

in the 
urrent environment; the value of the last expression is the result of fluid-let. Upon

exit, the stored variables values are restored. An error is signalled if any of the bindings

variable is unbound.

(let* ((a 'out)

(f (lambda () a)))

(list a

(fluid-let ((a 'in)) (f))

a))

=) (out in out)

When the body of a fluid-let is exited by invoking a 
ontinuation, the new variable values

are saved, and the variables are set to their old values. Then, if the body is reentered by

invoking a 
ontinuation, the old values are saved and new values are restored. The following

example illustrates this behaviour

(let ((
ont #f)

(l '())

(a 'out))

(set! l (
ons a l))

(fluid-let ((a 'in))

(set! 
ont (
all/

 (lambda (k) k)))

(set! l (
ons a l)))

(set! l (
ons a l))

(if 
ont (
ont #f) l))

=) (out in out in out)

(letre
 hbindingsi hbodyi) syntax

(begin hexpression

1

i hexpression

2

i : : : ) syntax

(do hinitsi htesti hbodyi) syntax

(delay hexpressioni) syntax

(quasiquote htemplatei) syntax

�htemplatei syntax

Identi
al to R

4

RS.
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(dotimes (var 
ount) hexpression

1

i hexpression

2

i : : : ) syntax

(dotimes (var 
ount result) hexpression

1

i hexpression

2

i : : : ) syntax

Dotimes evaluates the 
ount form, whi
h must return an integer. It then evaluates the

hexpressionis on
e for ea
h integer from zero (in
lusive) to 
ount (ex
lusive), in order, with

the variable var bound to the integer; if the value of 
ount is zero or negative, then the

hexpressionis are not evaluated. When the loop 
ompletes, result is evaluated and its value

is returned as the value of the dotimes expression. If result is omitted, dotimes returns #f.

(let ((l '()))

(dotimes (i 4 l)

(set! l (
ons i l))))

=) (3 2 1 0)

(while htesti hexpression

1

i hexpression

2

i : : : ) syntax

While evaluates the hexpressionis until htesti returns a false value. The value of a while


onstru
t is unspe
i�ed.

(until htesti hexpression

1

i hexpression

2

i : : : ) syntax

Until evaluates the hexpressionis while htesti returns a false value. The value of an unless


onstru
t is unspe
i�ed.

5 Program stru
ture

Identi
al to R

4

RS.

6 Standard pro
edures

6.1 Booleans

In STk the boolean value #f is di�erent from the empty list, as required by R

4

RS.

(not obj) pro
edure

(boolean? obj) pro
edure

Identi
al to R

4

RS.

6.2 Equivalen
e predi
ates

(eqv? obj

1

obj

2

) pro
edure

STk extends the eqv? predi
ate de�ned in the R

4

RS to take keywords into a

ount: if obj

1

and obj

2

are both keywords, the eqv? predi
ate will yield #t if and only if

(string=? (keyword->string obj1)

(keyword->string obj2))

=) #t
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(eq? obj

1

obj

2

) pro
edure

STk extends the eq? predi
ate de�ned in R

4

RS to take keywords into a

ount. On keywords,

eq? behaves like eqv?.

(eq? :key :key) =) #t

(equal? obj

1

obj

2

) pro
edure

Identi
al to R

4

RS.

6.3 Pairs and lists

(pair? obj) pro
edure

(
ons obj

1

obj

2

) pro
edure

(
ar pair) pro
edure

(
dr pair) pro
edure

(set-
ar! pair obj) pro
edure

(set-
dr! pair obj) pro
edure

(
aar pair) pro
edure

(
adr pair) pro
edure

.

.

.

.

.

.

(
dddar pair) pro
edure

(
ddddr pair) pro
edure

(null? obj) pro
edure

(list? obj) pro
edure

(list obj : : : ) pro
edure

(length list) pro
edure

(append list : : : ) pro
edure

Identi
al to R

4

RS.

(append! list . . .) pro
edure

Returns a list 
onsisting of the elements of the �rst list followed by the elements of the other

lists, as with append. The di�erene
e with append is that the arguments are 
hanged rather

than 
opied.

(append! '(1 2) '(3 4) '(5 6))

=) '(1 2 3 4 5 6)

(let ((l1 '(1 2))

(l2 '(3 4))

(l3 '(5 6)))

(append! l1 l2 l3)

(list l1 l2 l3))

=) ((1 2 3 4 5 6) (3 4 5 6) (5 6))
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(reverse list) pro
edure

(list-tail list k) pro
edure

(list-ref list k) pro
edure

(memq obj list) pro
edure

(memv obj list) pro
edure

(member obj list) pro
edure

(assq obj alist) pro
edure

(assv obj alist) pro
edure

(asso
 obj alist) pro
edure

Identi
al to R

4

RS.

(remq obj list) pro
edure

(remv obj list) pro
edure

(remove obj list) pro
edure

Ea
h fun
tion return a 
opy of list where all the o

uren
es of obj have been deleted. The

predi
ate used to test the presen
e of obj in list is respe
tively eq, eqv and equal.

Note: It is not an error if obj does not appear in list .

(remq 1 '(1 2 3)) =) (2 3)

(remq "foo" '("foo" "bar")) =) ("foo" "bar")

(remove "foo" '("foo" "bar"))

=) ("bar")

(last-pair list) pro
edure

Returns the last pair of list

2

.

(last-pair '(1 2 3))

=) (3)

(last-pair '(1 2 . 3))

=) (2 . 3)

(list* obj) pro
edure

list* is like list ex
ept that the last argument to list* is used as the 
dr of the last pair


onstru
ted.

(list* 1 2 3) =) (1 2 . 3)

(list* 1 2 3 '(4 5)) =) (1 2 3 4 5)

(
opy-tree obj) pro
edure

Copy-tree re
ursively 
opies trees of pairs. If obj is not a pair, it is returned; otherwise the

result is a new pair whose 
ar and 
dr are obtained by 
alling 
opy-tree on the 
ar and 
dr

of obj, respe
tively.

2

Last-pair was a standard pro
edure in R

3

RS.
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6.4 Symbols

The STk reader 
an 
ope with symbols whose names 
ontain spe
ial 
hara
ters or letters

in the non standard 
ase. When a symbol is read, the parts en
losed in bars (\|") will be

entered verbatim into the symbol's name. The \|" 
hara
ters are not part of the symbol;

they only serve to delimit the sequen
e of 
hara
ters that must be entered \as is". In order to

maintain read-write invarian
e, symbols 
ontaining su
h sequen
es of spe
ial 
hara
ters will

be written between a pair of \|"

'|x| =) x

(string->symbol "X") =) |X|

(symbol->string '|X|) =) "X"

'|a b| =) |a b|

'a|B|
 =) |aB
|

(write '|FoO|) =) writes the string "|FoO|"

(display '|FoO|) =) writes the string "FoO"

Note: This notation has been introdu
ed be
ause R

4

RS states that 
ase must not be signi�
ant in

symbols whereas the Tk toolkit is 
ase signi�
ant (or more pre
isely thinks it runs over T
l whi
h is


ase signi�
ant). However, symbols 
ontaining the 
hara
ter \|" itself still 
an't be read in.

(symbol? obj) pro
edure

Returns #t if obj is a symbol, otherwise returns #f.

(symbol? 'foo) =) #t

(symbol? (
ar '(a b))) =) #t

(symbol? "bar") =) #f

(symbol? 'nil) =) #t

(symbol? '()) =) #f

(symbol? #f) =) #f

(symbol? :key) =) #f

(symbol->string symbol) pro
edure

(string->symbol string) pro
edure

Identi
al to R

4

RS.

(string->uninterned-symbol string) pro
edure

Returns a symbol whose print name is made from the 
hara
ters of string. This symbol is

guaranteed to be unique (i.e. not eq? to any other symbol):

(let ((ua (string->uninterned-symbol "a")))

(list (eq? 'a ua)

(eqv? 'a ua)

(eq? ua (string->uninterned-symbol "a"))

(eqv? ua (string->uninterned-symbol "a"))))

=) (#f #t #f #t)
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(gensym) pro
edure

(gensym pre�x) pro
edure

Gensym 
reates a new symbol. The print name of the generated symbol 
onsists of a pre�x

(whi
h defaults to "G") followed by the de
imal representation of a number. If pre�x is

spe
i�ed, it must be a string.

(gensym)

=) |G100|

(gensym "foo-")

=) foo-101

6.5 Numbers

The only numbers re
ognized by STk are integers (with arbitrary pre
ision) and reals (im-

plemented as C double floats).

(number? obj) pro
edure

Returns #t if obj is a number, otherwise returns #f.

(
omplex? obj) pro
edure

Returns the same result as number? . Note that 
omplex numbers are not implemented.

(real? obj) pro
edure

Returns #t if obj is a 
oat number, otherwise returns #f.

(rational? obj) pro
edure

Returns the same result as number? . Note that rational numbers are not implemented.

(integer? obj) pro
edure

Returns #t if obj is an integer, otherwise returns #f. Note: The STk interpreter distinguishes

between integers whi
h �t in a C long int (minus 8 bits) and integers of arbitrary length (aka

\bignums"). This should be transparent to the user, though.

(exa
t? z) pro
edure

(inexa
t? z) pro
edure

In this implementation, integers (C long int or \bignums") are exa
t numbers and 
oats

are inexa
t.

(= z

1

z

2

z

3

: : : ) pro
edure

(< x

1

x

2

x

3

: : : ) pro
edure

(> x

1

x

2

x

3

: : : ) pro
edure

(<= x

1

x

2

x

3

: : : ) pro
edure

(>= x

1

x

2

x

3

: : : ) pro
edure

(zero? z) pro
edure
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(positive? z) pro
edure

(negative? z) pro
edure

(odd? z) pro
edure

(even? z) pro
edure

(max x

1

x

2

: : : ) pro
edure

(min x

1

x

2

: : : ) pro
edure

(+ z

1

: : : ) pro
edure

(* z

1

: : : ) pro
edure

(- z

1

z

2

) pro
edure

(- z) pro
edure

(- z

1

z

2

: : : ) pro
edure

(/ z

1

z

2

) pro
edure

(/ z) pro
edure

(/ z

1

z

2

: : : ) pro
edure

(abs x) pro
edure

(quotient n

1

n

2

) pro
edure

(remainder n

1

n

2

) pro
edure

(modulo n

1

n

2

) pro
edure

(g
d n

1

: : : ) pro
edure

(l
m n

1

: : : ) pro
edure

Identi
al to R

4

RS.

(numerator q) pro
edure

(denominator q) pro
edure

Not implemented.

(floor x) pro
edure

(
eiling x) pro
edure

(trun
ate x) pro
edure

(round x) pro
edure

Identi
al to R

4

RS.

(rationalize x y) pro
edure

not yet implemented.

(exp z) pro
edure

(log z) pro
edure

(sin z) pro
edure

(
os z) pro
edure

(tan z) pro
edure

(asin z) pro
edure

(a
os z) pro
edure

(atan z) pro
edure

(atan y x) pro
edure
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(sqrt z) pro
edure

(expt z

1

z

2

) pro
edure

Identi
al to R

4

RS.

(make-re
tangular x

1

x

2

) pro
edure

(make-polar x

1

x

2

) pro
edure

(real-part z) pro
edure

(imag-part z) pro
edure

(magnitude z) pro
edure

(angle z) pro
edure

These pro
edures are not implemented sin
e 
omplex numbers are not de�ned.

(exa
t->inexa
t z) pro
edure

(inexa
t->exa
t z) pro
edure

(number->string number) pro
edure

(number->string number radix) pro
edure

(string->number string) pro
edure

(string->number string radix) pro
edure

Identi
al to R

4

RS.

6.6 Chara
ters

Table 1 gives the list of allowed 
hara
ter names together with their ASCII equivalent ex-

pressed in o
tal.

(
har? obj) pro
edure

(
har=? 
har

1


har

2

) pro
edure

(
har<? 
har

1


har

2

) pro
edure

(
har>? 
har

1


har

2

) pro
edure

(
har<=? 
har

1


har

2

) pro
edure

(
har>=? 
har

1


har

2

) pro
edure

(
har-
i=? 
har

1


har

2

) pro
edure

(
har-
i<? 
har

1


har

2

) pro
edure

(
har-
i>? 
har

1


har

2

) pro
edure

(
har-
i<=? 
har

1


har

2

) pro
edure

(
har-
i>=? 
har

1


har

2

) pro
edure

(
har-alphabeti
? 
har) pro
edure

(
har-numeri
? 
har) pro
edure

(
har-whitespa
e? 
har) pro
edure

(
har-upper-
ase? letter) pro
edure

(
har-lower-
ase? letter) pro
edure

(
har->integer 
har) pro
edure

(integer->
har n) pro
edure

(
har-up
ase 
har) pro
edure

(
har-down
ase 
har) pro
edure

Identi
al to R

4

RS.
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name value alternate name name value alternate name

nul 000 null bs 010 ba
kspa
e

soh 001 ht 011 tab

stx 002 nl 012 newline

etx 003 vt 013

eot 004 np 014 page

enq 005 
r 015 return

a
k 006 so 016

bel 007 bell si 017

dle 020 
an 030

d
1 021 em 031

d
2 022 sub 032

d
3 023 es
 033 es
ape

d
4 024 fs 034

nak 025 gs 035

syn 026 rs 036

etb 027 us 037

sp 040 spa
e

del 177 delete

Table 1: Valid 
hara
ter names

Sequen
e Chara
ter inserted

\b Ba
kspa
e

\e Es
ape

\n Newline

\t Horizontal Tab

\n Carriage Return

\0ab
 ASCII 
hara
ter with o
tal value ab


\<newline> None (permits to enter a string on several lines)

\<other> <other>

Table 2: String es
ape sequen
es

6.7 Strings

STk string 
onstants allow the insertion of arbitrary 
hara
ters by en
oding them as es
ape

sequen
es, introdu
ed by a ba
kslash (\). The valid es
ape sequen
es are shown in Table 2.

For instan
e, the string

"ab\040
\nd\

e"

is the string 
onsisting of the 
hara
ters #\a, #\b,#\spa
e, #\
, #\newline, #\d and #\e.

(string? obj) pro
edure

(make-string k) pro
edure

(make-string k 
har) pro
edure
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(string 
har : : : ) pro
edure

(string-length string) pro
edure

(string-ref string k) pro
edure

(string-set! string k 
har) pro
edure

(string=? string

1

string

2

) pro
edure

(string-
i=? string

1

string

2

) pro
edure

(string<? string

1

string

2

) pro
edure

(string>? string

1

string

2

) pro
edure

(string<=? string

1

string

2

) pro
edure

(string>=? string

1

string

2

) pro
edure

(string-
i<? string

1

string

2

) pro
edure

(string-
i>? string

1

string

2

) pro
edure

(string-
i<=? string

1

string

2

) pro
edure

(string-
i>=? string

1

string

2

) pro
edure

(substring string start end) pro
edure

(string-append string : : : ) pro
edure

(string->list string) pro
edure

(list->string 
hars) pro
edure

(string-
opy string) pro
edure

(string-fill! string 
har) pro
edure

Identi
al to R

4

RS.

(string-find? string

1

string

2

) pro
edure

Returns #t if string

1

appears somewhere in string

2

; otherwise returns #f.

(string-index string

1

string

2

) pro
edure

Returns the index of where string

1

is a substring of string

2

if it exists; returns #f otherwise.

(string-index "
a" "abra
adabra")

=) 4

(string-index "ba" "abra
adabra")

=) #f

(split-string string) pro
edure

(split-string string delimiters) pro
edure

This fun
tion parses string

1

and returns a list of tokens ended by a 
hara
ter of the delimiters

1

string. If delimiters

1

is omitted, it defaults to a string 
ontaining a spa
e, a tabulation and a

newline 
hara
ters.

(split-string "/usr/lo
al/bin" "/")=) ("usr" "lo
al" "bin")

(split-string "on
e upon a time")=) ("on
e" "upon" "a" "time")

(string-lower string) pro
edure

Returns a string in whi
h all upper 
ase letters of string have been repla
ed by their lower


ase equivalent.
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(string-upper string) pro
edure

Returns a string in whi
h all lower 
ase letters of string have been repla
ed by their upper


ase equivalent.

6.8 Ve
tors

(ve
tor? obj) pro
edure

(make-ve
tor k) pro
edure

(make-ve
tor k �ll) pro
edure

(ve
tor obj : : : ) pro
edure

(ve
tor-length ve
tor) pro
edure

(ve
tor-ref ve
tor k) pro
edure

(ve
tor-set! ve
tor k obj) pro
edure

(ve
tor->list ve
tor) pro
edure

(list->ve
tor list) pro
edure

(ve
tor-fill! ve
tor �ll) pro
edure

Identi
al to R

4

RS.

(ve
tor-
opy ve
tor) pro
edure

returns a 
opy of ve
tor .

(ve
tor-resize ve
tor size) pro
edure

ve
tor-resize physi
ally 
hanges the size of ve
tor . If size is greater than the old ve
tor size,

the 
ontents of the newly allo
ated 
ells are unde�ned.

6.9 Control features

(pro
edure? obj) pro
edure

(apply pro
 args) pro
edure

(apply pro
 arg

1

: : : args) pro
edure

(map pro
 list

1

list

2

: : : ) pro
edure

(for-ea
h pro
 list

1

list

2

: : : ) pro
edure

(for
e promise) pro
edure

Identi
al to R

4

RS.

(
all-with-
urrent-
ontinuation pro
) pro
edure

(
all/

 pro
) pro
edure

Call/

 is a shorter name for 
all-with-
urrent-
ontinuation.

(
losure? obj) pro
edure

returns #t if obj is a pro
edure 
reated by evaluating a lambda expression, otherwise returns

#f.
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(primitive? obj) pro
edure

returns #t if obj is a pro
edure and is not a 
losure, otherwise returns #f.

(promise? obj) pro
edure

returns #t if obj is an obje
t returned by the appli
ation of delay, otherwise returns #f.

(
ontinuation? obj) pro
edure

returns #t if obj is a 
ontinuation obtained by 
all/

, otherwise returns #f.

(dynami
-wind hthunk

1

i hthunk

2

i hthunk

3

i) pro
edure

hThunk

1

i, hthunk

2

i and hthunk

3

i are 
alled in order. The result of dynami
-wind is the

value returned by hthunk

2

i. If hthunk

2

i es
apes from its 
ontinuation during evaluation (by


alling a 
ontinuation obtained by 
all/

 or on error), hthunk

3

i is 
alled. If hthunk

2

i is

later reentered, hthunk

1

i is 
alled.

(
at
h hexpression

1

i hexpression

2

i : : : ) syntax

The hexpressionis are evaluated from left to right. If an error o

urs, evaluation of the

hexpressionis is aborted, and #t is returned to 
at
h's 
aller. If evaluation �nishes without

an error, 
at
h returns #f.

(let* ((x 0)

(y (
at
h

(set! x 1)

(/ 0) ; 
auses a "division by 0" error

(set! x 2))))

(
ons x y))

=) (1 . #t)

(pro
edure-body hpro
edurei) pro
edure

returns the body of hpro
edurei. If hpro
edurei is not a 
losure, pro
edure-body returns

#f.

(define (f a b)

(+ a (* b 2)))

(pro
edure-body f) =) (lambda (a b)

(+ a (* b 2)))

(pro
edure-body 
ar) =) #f
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6.10 Input and output

The R

4

RS states that ports represent input and output devi
es. However, it de�nes only

ports whi
h are atta
hed to �les. In STk, ports 
an also be atta
hed to strings, to a external


ommand input or output, or even be 
ompletely virtual (i.e. the behavior of the port is

given by the user).

� String ports are similar to �le ports, ex
ept that 
hara
ters are read from (or written

to) a string rather than a �le.

� External 
ommand input or output ports are implemented with Unix pipes and are


alled pipe ports. A pipe port is 
reated by spe
ifying the 
ommand to exe
ute pre�xed

with the string "| ". Spe
i�
ation of a pipe port 
an o

ur everywhere a �le name is

needed.

� Virtual ports are 
reated by supplying basi
 I/O fun
tions at port 
reation time. These

fun
tions will be used to simulate low level a

esses to a \virtual devi
e". This kind

of port is parti
ularly 
onvenient for reading or writing in a graphi
al window as if it

was a �le. On
e a virtual port is 
reated, it 
an be a

essed as a normal port with the

standard S
heme primitives.

(
all-with-input-file string pro
) pro
edure

(
all-with-output-file string pro
) pro
edure

Note: if string starts with the two 
hara
ters "| ", these pro
edures return a pipe port. Consequently,

it is not possible to open a �le whose name starts with those two 
hara
ters.

(
all-with-input-string string pro
) pro
edure

behaves exa
tly as 
all-with-input-file ex
ept that the port passed to pro
 is the string

port obtained from string .

(
all-with-input-string "123 456" (lambda (x) (read x)))

=) 123

(
all-with-output-string pro
) pro
edure

Pro
 should be a pro
edure of one argument. Call-with-output-string 
alls pro
 with a

freshly opened output string port. The result of this pro
edure is a string 
ontaining all the

text that has been written on the string port.

(
all-with-output-string

(lambda (x) (write 123 x) (display "Hello" x)))

=) "123Hello"

(input-port? obj) pro
edure

(output-port? obj) pro
edure

Identi
al to R

4

RS.
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(input-file-port? obj) pro
edure

(output-file-port? obj) pro
edure

Returns #t if obj is either an input or an output �le port, otherwise returns #f.

(input-string-port? obj) pro
edure

(output-string-port? obj) pro
edure

Returns #t if obj is either an input or an output string port, otherwise returns #f.

(input-virtual-port? obj) pro
edure

(output-virtual-port? obj) pro
edure

Returns #t if obj is either an input or an output virtual port, otherwise returns #f.

(
urrent-input-port) pro
edure

(
urrent-output-port) pro
edure

Identi
al to R

4

RS.

(
urrent-error-port) pro
edure

Returns the 
urrent default error port.

(with-input-from-file string thunk) pro
edure

(with-output-to-file string thunk) pro
edure

(with-error-to-file string thunk) pro
edure

With-input-from-file and with-output-to-file are identi
al to R

4

RS. With-error-to-file

is similar to with-output-to-file ex
ept that this is the error port whi
h is redire
ted to

the �le.

The following example uses a pipe port opened for reading. It permits to read all the lines

produ
ed by an external ls 
ommand (i.e. the ouput of the ls 
ommand is redire
ted to the

S
heme pipe port).

(with-input-from-file "| ls -ls"

(lambda ()

(do ((l (read-line) (read-line)))

((eof-obje
t? l))

(display l)

(newline))))

Hereafter is another example of Unix 
ommand redire
tion. This time, it is the standard

input of the Unix 
ommand whi
h is redire
ted.

(with-output-to-file "| mail root"

(lambda()

(format #t "A simple mail sent from STk\n")))
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(with-input-from-port port thunk) pro
edure

(with-output-to-port port thunk) pro
edure

(with-error-to-port port thunk) pro
edure

These pro
edure are similar to the above fun
tion ex
ept that the thunk is 
alled with the

input, output or error port redire
ted to the given port (port 
an be any kind of port)

(let ((p (open-input-string "123 456")))

(with-input-from-port p

(lambda ()

(read p))))

=) 123

(with-input-from-string string thunk) pro
edure

A string port is opened for input from string . Current-input-port is set to the port

and thunk is 
alled. When thunk returns, the previous default input port is restored.

With-input-from-string returns the value yielded by thunk .

(with-input-from-string "123 456" (lambda () (read)))

=) 123

(with-output-to-string thunk) pro
edure

A string port is opened for output. Current-output-port is set to it and thunk is 
alled.

When the thunk returns, the previous default output port is restored. With-output-to-string

returns the string 
ontaining all the text written on the string port.

(with-output-to-string (lambda () (write 123) (write "Hello")))

=) "123Hello"

(with-error-to-string thunk) pro
edure

A string port is opened for output. Current-error-port is set to it and thunk is 
alled.

When the thunk returns, the previous default error port is restored. With-error-to-string

returns the string 
ontaining all the text written on the string port.

(with-error-to-string (lambda () (write 123 (
urrent-error-port))))

=) "123"

(open-input-file �lename) pro
edure

(open-output-file �lename) pro
edure

Identi
al to R

4

RS.
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Note: if f ilename starts with the string "| ", these pro
edure return a pipe port. Consequently, it is

not possible to open a �le whose name starts with those two 
hara
ters.

(open-input-string string) pro
edure

Returns an input string port 
apable of delivering 
hara
ters from string .

(open-output-string) pro
edure

Returns an output string port 
apable of re
eiving and 
olle
ting 
hara
ters.

(get-output-string port) pro
edure

Returns a string 
ontaining all the text that has been written on the output string port .

(let ((p (open-output-string)))

(display "Hello, world" p)

(get-output-string p))

=) "Hello, world"

(open-input-virtual get
 readyp eofp 
lose) pro
edure

Returns a virtual port using the get
 pro
edure to read a 
hara
ter from the port, readyp to

know if there is any data to read from the port, eofp to know if the end of �le is rea
hed on

the port and �nally 
lose to 
lose the port. All theses pro
edure takes one parameter whi
h

is the port from whi
h the input is done. Open-input-virtual a

epts also the spe
ial value #f

for the I/O pro
edures with the following 
onventions:

� if get
 or eofp is #f any attempt to read the virtual port will return an eof obje
t;

� if readyp is #f, the �le will always be ready for reading;

� if 
lose is #f, no a
tion is done when the port is 
losed.

Hereafter is a possible implementation of open-input-string using virtual ports:

(define (open-input-string str)

(let ((index 0))

(open-input-virtual

(lambda (p) ;; get


;; test on eof is already done by the system

(let ((res (string-ref str index)))

(set! index (+ index 1))

res))

#f ;; readyp

(lambda (p) (= index (string-length str))) ;; eofp

(lambda (p) (set! index 0))))) ;; 
lose
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(open-output-virtual wrt
 wrts 
ush 
lose) pro
edure

Returns a virtual port using the wrt
 pro
edure to write a 
hara
ter to the port, wrts to write

a string to the port, 
ush to 
ush the 
hara
ter on the port and �nally 
lose to 
lose the

port. Wrt
 takes two parameters: a 
hara
ter and the port to whi
h the output must be done.

Wrts takes two parameters: a string and a port. Flush and 
lose takes one parameter whi
h

is the port on whi
h the a
tion must be done. Open-input-virtual a

epts also the spe
ial

value #f for the I/O pro
edures. If a pro
edure is #f nothing is done on the 
orresponding

a
tion.

Hereafter is an (very ineÆ
ient) implementation of a variant of open-output-string using

virtual ports. The value of the output string is printed when the port is 
losed:

(define (open-output-string)

(let ((str ""))

(open-output-virtual

(lambda (
 p) ;; wrt


(set! str (string-append str (
har->sting 
))))

(lambda (s p) ;; wrts

(set! str (string-append str s)))

#f ;; flush

(lambda (p) (write str) (newline))))) ;; 
lose

;; Example

(let ((p (open-output-string)))

(display "Hello, world" p)

(
lose-port p))

=) prints "Hello, world" on 
urrent output port

(
lose-input-port port) pro
edure

(
lose-output-port port) pro
edure

Identi
al to R

4

RS.

(read) pro
edure

(read port) pro
edure

The STk pro
edure is identi
al to the R

4

RSpro
edure. It has bee extended to a

ept the

\#x=" and \#x#" notations used for 
ir
ular stu
tures (see 2.3).

(read-
har) pro
edure

(read-
har port) pro
edure

(peek-
har) pro
edure

(peek-
har port) pro
edure

(
har-ready?) pro
edure

(
har-ready? port) pro
edure

Identi
al to R

4

RS.
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(read-line) pro
edure

(read-line port) pro
edure

Reads the next line available from the input port port and returns it as a string. The

terminating newline is not in
luded in the string. If no more 
hara
ters are available, an end

of �le obje
t is returned. Port may be omitted, in whi
h 
ase it defaults to the value returned

by 
urrent-input-port.

(write obj) pro
edure

(write obj port) pro
edure

Identi
al to R

4

RS.

(write* obj) pro
edure

(write* obj port) pro
edure

Writes a written representation of obj to the given port. The main di�eren
e with the write

pro
edure is that write* handles data stru
tures with 
y
les. Cir
ular stru
ture written by

this pro
edure use the \#x=" and \#x#" notations (see 2.3).

As write, the port argument 
an be omitted, defaulting to the value returned by 
urrent-

-output-port, and the value returned by write* is unde�ned.

(let ((l (
ons 1 2)))

(set-
dr! l l)

(write* l)) =) writes #0=(1 . #0#)

(let ((l1 '(1 2))

(l2 '(3 4))

(l3 '(5 6)))

(append! l1 l2 l3)

(write* (list l1 l2 l3))) =) writes ((1 2 . #0=(3 4 . #1=(5 6))) #0# #1#)

(display obj) pro
edure

(display obj port) pro
edure

(newline) pro
edure

(newline port) pro
edure

(write-
har 
har) pro
edure

(write-
har 
har port) pro
edure

Identi
al to R

4

RS.

(format port string obj

1

obj

2

: : : ) pro
edure

Writes the obj s to the given port , a

ording to the format string string . String is written

literally, ex
ept for the following sequen
es:

� ~a or ~A is repla
ed by the printed representation of the next obj .

� ~s or ~S is repla
ed by the \slashi�ed" printed representation of the next obj .
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� ~w or ~W is repla
ed by the printed representation of the next obj (
ir
ular stru
tures

are 
orre
tly handled and printed using writes*).

� ~~ is repla
ed by a single tilde.

� ~% is repla
ed by a newline

Port 
an be a boolean, a port or a string port. If port is #t, output goes to the 
urrent output

port; if port is #f, the output is returned as a string. Otherwise, the output is printed on the

spe
i�ed port.

(format #f "A test.")

=) "A test."

(format #f "A ~a." "test")

=) "A test."

(format #f "A ~s." "test")

=) "A \"test\"."

(flush) pro
edure

(flush port) pro
edure

Flushes the bu�er asso
iated with the given port . The port argument may be omitted, in

whi
h 
ase it defaults to the value returned by 
urrent-output-port.

(when-port-readable port handler) pro
edure

(when-port-readable port) pro
edure

When port is ready for reading, handler , whi
h must be a thunk, is 
alled leaving the 
urrent

evaluation suspended. When handler exe
ution is terminated, normal evaluation is resumed

at its suspension point. If the spe
ial value #f is provided as handler , the 
urrent handler

for port is deleted. If a handler is provided, the value returned by when-port-readable is

unde�ned. Otherwise, it returns the handler 
urrently asso
iated to port .

The example below shows a simple usage of the when-port-readable pro
edure: the 
om-

mand 
md is run with its output redire
ted in a pipe asso
iated to the p S
heme port.

(define p (open-input-file "| 
md"))

(when-port-readable p

(lambda()

(let (( l (read-line p)))

(if (eof-obje
t? l)

(begin

;; delete handler

(when-port-readable p #f)

;; and 
lose port

(
lose-input-port p))

(format #t "Line read: ~A\n" l)))))



STk Referen
e Manual 29

(when-port-writable port handler) pro
edure

(when-port-writable port) pro
edure

When port is ready for writing, handler , whi
h must be a thunk, is 
alled leaving the 
urrent

evaluation suspended. When handler exe
ution is terminated, normal evaluation is resumed

at its suspension point. If the spe
ial value #f is provided as handler , the 
urrent handler

for port is deleted. If a handler is provided, the value returned by when-port-writable is

unde�ned. Otherwise, it returns the handler 
urrently asso
iated to port .

(load �lename) pro
edure

(load �lename module) pro
edure

The �rst form is identi
al to R

4

RS. The se
ond one loads the 
ontent of �lename in the given

module environment. Note: The load primitive has been extended to allow loading of obje
t �les,

though this is not implemented on all systems. This extension uses dynami
 loading on systems whi
h

support it

3

. See [4℄ for more details.

(try-load �lename) pro
edure

(try-load �lename module) pro
edure

Tries to load the �le named �lename . If �lename exists and is readable, it is loaded, and

try-load returns #t. Otherwise, the result of the 
all is #f. The se
ond form of try-load

tries to load the 
ontent of �lename in the given module environment.

(autoload �lename hsymbol

1

i hsymbol

2

i : : : ) syntax

De�nes hsymbolis as autoload symbols asso
iated to �le �lename . First evaluation of an

autoload symbol will 
ause the loading of its asso
iated �le in the module environment in

whi
h the autoload was done. Filename must provide a de�nition for the symbol whi
h lead

to its loading, otherwise an error is signaled.

(autoload? symbol module) pro
edure

Returns #t if symbol is an autoload symbol in module environment ; returns #f otherwise.

(require string) pro
edure

(provide string) pro
edure

(provided? string) pro
edure

Require loads the �le whose name is string if it was not previously \provided".Provide

permits to store string in the list of already provided �les. Providing a �le permits to avoid

subsequent loads of this �le. Provided? returns #t if string was already provided; it returns

#f otherwise.

(open-file �lename mode) pro
edure

Opens the �le whose name is �lename with the spe
i�ed mode . Mode must be \r" to open

for reading or \w" to open for writing. If the �le 
an be opened, open-�le returns the port

3

Current version (4.0) allows dynami
 loading only on some platforms: SunOs 4.1.x, SunOs 5.x, NetBSD 1.0,

Linux 2.0, HPUX, Irix 5.3
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asso
iated with the given �le, otherwise it returns #f. Here again, the \magi
" string "| ``

permit to open a pipe port.

(
lose-port port) pro
edure

Closes port . If port denotes a string port, further reading or writing on this port is disallowed.

(port-
losed? port) pro
edure

Returns #t if port has been 
losed, #f otherwise.

(
opy-port sr
 dst) pro
edure

Copies the 
ontent of the input port sr
 to the output-port dest .

(define 
opy-file

(lambda (sr
 dst)

(with-input-from-file sr
 (lambda ()

(with-output-to-file dst (lambda ()

(
opy-port (
urrent-input-port)

(
urrent-output-port))))))))

(port->string port) pro
edure

(port->list reader port) pro
edure

(port->string-list port) pro
edure

(port->sexp-list port) pro
edure

Those pro
edures are utility for generally parsing input streams. Their spe
i�
ation has been

stolen from s
sh.

Port->string reads the input port until eof, then returns the a

umulated string.

(port->string (open-input-file "| (e
ho AAA; e
ho BBB)"))

=) "AAA\nBBB\n"

(define exe


(lambda (
ommand)

(
all-with-input-file

(string-append "| " 
ommand) port->string)))

(exe
 "ls -l") =) a string whi
h 
ontains the result of "ls -l"

Port->list uses the reader fun
tion to repeatedly read obje
ts from port . Thes obje
ts are

a

umulated in a list whi
h is returned upon eof.

(port->list read-line (open-input-file "| (e
ho AAA; e
ho BBB)"))

=) ("AAA" "BBB")

Port->string-list reads the input port line by line until eof, then returns the a

umulated

list of lines. This pro
edure is de�ned as



STk Referen
e Manual 31

(define port->string-list (lambda (p)(port->list read-line p)))

Port->sexp-list repeatedly reads data from the port until eof, then returns the a

umulated

list of items. This pro
edure is de�ned as

(define port->sexp-list (lambda (p) (port->list read p)))

For instan
e, the following expression gives the list of users 
urrently 
onne
ted on the ma
hine

running the STk interpreter.

(port->sexp-list (open-input-file "| users"))

(trans
ript-on �lename) pro
edure

(trans
ript-off) pro
edure

Not implemented.

6.11 Keywords

Keywords are symboli
 
onstants whi
h evaluate to themselves. A keyword must begin with

a 
olon.

(keyword? obj) pro
edure

Returns #t if obj is a keyword, otherwise returns #f.

(make-keyword obj) pro
edure

Builds a keyword from the given obj . obj must be a symbol or a string. A 
olon is automat-

i
ally prepended.

(make-keyword "test")

=) :test

(make-keyword 'test)

=) :test

(make-keyword ":hello")

=) ::hello

(keyword->string keyword) pro
edure

Returns the name of keyword as a string. The leading 
olon is in
luded in the result.

(keyword->string :test)

=) ":test"
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(get-keyword keyword list) pro
edure

(get-keyword keyword list default) pro
edure

List must be a list of keywords and their respe
tive values. Get-keyword s
ans the list and

returns the value asso
iated with the given keyword . If the keyword does not appear in an

odd position in list , the spe
i�ed default is returned, or an error is raised if no default was

spe
i�ed.

(get-keyword :one '(:one 1 :two 2))

=) 1

(get-keyword :four '(:one 1 :two 2) #f)

=) #f

(get-keyword :four '(:one 1 :two 2))

=) error

6.12 Tk 
ommands

As we mentioned in the introdu
tion, STk 
an easily 
ommuni
ate with the Tk toolkit. All

the 
ommands de�ned by the Tk toolkit are visible as Tk-
ommands, a basi
 type re
ognized

by the interpreter. Tk-
ommands 
an be 
alled like regular s
heme pro
edures, serving as an

entry point into the Tk library.

Note: Some Tk-
ommands 
an dynami
ally 
reate other Tk-
ommands. For instan
e, exe
ution of the

expression

(label '.lab)

will 
reate a new Tk-
ommand 
alled \.lab". This new obje
t, whi
h was 
reated by a primitive

Tk-
ommand, will be 
alled a widget .

Note: When a new widget is 
reated, it 
aptures its 
reation environment. This permits to have

bindings whi
h a

ess variables in the s
ope of the widget 
reation 
all (see 6.17).

(tk-
ommand? obj) pro
edure

Returns #t if obj is a Tk-
ommand, otherwise returns #f.

(tk-
ommand? label)

=) #t

(begin (label '.lab) (tk-
ommand? .lab))

=) #t

(tk-
ommand? 12)

=) #f

(widget? obj) pro
edure

Returns #t if obj is a widget, otherwise returns #f. A widget is a Tk-
ommand 
reated by a

primitive Tk-
ommand su
h as button, label, menu, et
.



STk Referen
e Manual 33

(widget? label)

=) #f

(begin (label '.lab) (widget? .lab))

=) #t

(widget? 12)

=) #f

(widget->string widget) pro
edure

Returns the widget name of widget as a string.

(begin (label '.lab) (widget->string .lab))

=) ".lab"

(string->widget str) pro
edure

Returns the widget whose name is str if it exists; otherwise returns #f.

(begin (label '.lab) (string->widget ".lab"))

=) the Tk-
ommand named ".lab"

(widget-name widget) pro
edure

Returns the widget name of widget as a symbol.

(begin (label '.lab) (widget->name .lab))

=) .lab

(tk-get widget opt) pro
edure

Returns the value of the widget option opt of widget .

(begin

(label '.lab :text "Hello" :bd 3)

(
ons (tk-get .lab :bd) (tk-get .lab :text)))

=) (3 . "Hello")

See the online do
umentation for all the options provided by the Tk widgets. (see 6.25).

(tk-set! widget opt value) pro
edure

Sets the value of the widget option opt of widget to the given value.

(begin

(label '.lab :text "Hello")

(tk-set! .lab :text "Hello, world!")

(tk-get .lab :text))

=) "Hello, world!"
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See the online do
umentation for all the options provided by the Tk widgets. (see 6.25).

(set-widget-data! widget expr) pro
edure

Set-widget-data! asso
iates arbitrary data with a widget . The system makes no assump-

tions about the type of expr; the data is for programmer 
onvenien
e only. As shown below,

it 
ould be used as a kind of property list for widgets.

(get-widget-data widget) pro
edure

Returns the data previously asso
iated with widget if it exists; otherwise returns #f.

(begin

(set-widget-data! .w '(:mapped #t :geometry "10x50"))

(get-keyword :mapped (get-widget-data .w)))

=) #t

6.13 Modules

STk modules 
an be used to organize a program into separate environments (orname spa
es).

Modules provide a 
lean way to organize and enfor
e the barriers between the 
omponents of

a program.

STk provides a simple module system whi
h is largely inspired from the one of Tung and

Dybvig exposed in [5℄. As their modules system, STk modules are de�ned to be easily used

in an intera
tive environment.

(define-module name hbodyi) syntax

De�ne-module evaluates the expressions whi
h are in hbodyi in the environment of the module

name . name must be a valid symbol. If this symbol has not already been used to de�ne a

module, a new module, named name , is 
reated. Otherwise, hbodyi is evaluated in the

environment of the (old) module name

4

.

De�nitions done in a module are lo
al to the module and do not intera
t with the de�nitions

of other modules. Consider the following de�nitions,

(define-module M1

(define a 1))

(define-module M2

(define a 2)

(define b (* 2 x)))

Here, two modules are de�ned and they both bind the symbol a to a value. However, sin
e a

has been de�ned in two distin
ts modules they denote two di�erent lo
ations.

The \STk" module, whi
h is prede�ned, is a spe
ial module whi
h 
ontains all the global

variables of a R

4

RS program. A symbol de�ned in the STk module, if not hidden by a lo
al

4

In fa
t define-module on a given name de�nes a new module only the �rst time it is invoked on this name.

By this way, intea
tively reloading a module does not de�ne a new entity, and the other modules whi
h use it

are not altered.
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de�nition, is always visible from inside a module. So, in the previous exemple, the x symbol

refers the x symbol de�ned in the STk module.

The result of de�ne-module is unde�ned.

(find-module name) pro
edure

(find-module name default) pro
edure

STk modules are �rst 
lass obje
ts and find-module returns the module asso
iated to name

if it exists. If there is no module asso
iated to name , an error is signaled if no default is

provided, otherwise find-module returns default.

(module? obje
t) pro
edure

Returns #t if obje
t is a module and #f otherwise.

(module? (find-module 'STk))

=) #t

(module? 'STk)

=) #f

(module? 1)

=) #f

(export hsymbol

1

i hsymbol

2

i. . .) syntax

Spe
i�es the symbols whi
h are exported (i.e. visible) outside the 
urrent module. By default,

symbols de�ned in a module are not visible outside this module, ex
epted the symbols whi
h

appear in an export 
lause.

If several export 
lauses appear in a module, the set of exported symbols is determined by

unioning symbols exported in all the export 
lauses.

The result of export is unde�ned.

(export-all-symbols ) pro
edure

Exports all the symbols de�ned in the 
urrent module.

The result of export-all-symbols is unde�ned.

(import hmodule

1

i hmodule

2

i. . .) syntax

Spe
i�es the modules whi
h are imported by the 
urrent module. Importing a module makes

the symbols it exports visible to the importer, if not hidden by lo
al de�nitions. When a

symbol is exported by several of the imported modules, the lo
ation denoted by this symbol

in the importer module 
orrespond to the one of the �rst module in the list (hmodule

1

i

hmodule

2

i. . . ) whi
h export it.

If several import 
lauses appear in a module, the set of imported modules is determined by

appending the various list of modules in their apparition order.

(define-module M1

(export a b)

(define a 'M1-a)

(define b 'M1-b))
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(define-module M2

(export b 
)

(define b 'M2-b)

(define 
 'M2-
))

(define-module M3

(import M1 M2)

(display (list a b 
)))

=) displays (m1-a m1-b m2-
)

Note: There is no kind of transitivity in module importations: when the module C imports the

module B whi
h an importer of A, the symbols of A are not visible from C, ex
ept by expli
itly

importing the A module from C. Note: The module STk, whi
h 
ontains the global variables is

always impli
itly imported from a module.Furthermore, this module is always pla
ed at the end of the

list of imported modules.

(export-symbol symbol module) pro
edure

Exports symbol from module . This pro
edure 
an be useful, when debugging a program, to

make visible a given symbol without reloading or rede�ning the module where this symbol

was de�ned.

(export-all-symbols) pro
edure

Exports all the symbols of 
urrent module . If symbols are added to the 
urrent module after

the 
all to export-all-symbols, they are automati
ally exported.

Note: The STk module export all the symbols whi
h are de�ned in it (i.e. global variables are visible,

if not hidden, from all the modules of a program.

(with-module name hexpr

1

i hexpr

2

i . . .) syntax

Evaluates the expressions of hexpr

1

i hexpr

2

i . . . in the environment of module name . Module

name must have been 
reated previously by a define-module. The result of with-module is

the result of the evaluation of the last hexpri.

(define-module M

(define a 1)

(define b 2))

(with-module M

(+ a b))

=) 3

(
urrent-module) pro
edure

Returns the 
urrent-module.
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(define-module M

...)

(with-module M

(
ons (eq? (
urrent-module) (find-module 'M))

(eq? (
urrent-module) (find-module 'STk))))

=) (#t . #f)

(sele
t-module name) syntax

Evaluates the expressions whi
h follows in module name environment. Module name must

have been 
reated previously by a define-module. The result of sele
t-module is unde�ned.

Sele
t-module is parti
ularly useful when debugging sin
e it allows to pla
e toplevel evalu-

ation in a parti
ular module. The following trans
ript shows an usage of sele
t-module

5

:

STk> (define foo 1)

STk> (define-module bar

(define foo 2))

STk> foo

1

STk> (sele
t-module bar)

bar> foo

2

bar> (sele
t-module STk)

STk>

(module-name module) pro
edure

Returns the name (a symbol) asso
iated to a module .

(module-imports module) pro
edure

Returns the list modules that module imports.

(module-exports module) pro
edure

Returns the list of symbols exported by module .

(module-symbols module) pro
edure

Returns the list symbols that ere de�ned in module .

(all-modules ) pro
edure

Returns a list of all the living modules.

5

This trans
ript uses the default value for the fun
tion repl-display-prompt (see page 78) whi
h displays

the name of the 
urrent module in the prompt.
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6.14 Environments

Environments are �rst 
lass obje
ts in STk. The following primitives are de�ned on environ-

ments.

(environment? obj) pro
edure

Returns #t if obj is an environment, otherwise returns #f.

(the-environment) pro
edure

Returns the 
urrent environment.

(global-environment) pro
edure

Returns the \global" environment (i.e. the toplevel environment).

(parent-environment env) pro
edure

Returns the parent environment of env . If env is the \global" environment (i.e. the toplevel

environment), parent-environment returns #f.

(environment->list environment) pro
edure

Returns a list of a-lists, representing the bindings in environment . Ea
h a-list des
ribes one

level of bindings, with the innermost level 
oming �rst.

(define E (let ((a 1) (b 2))

(let ((
 3))

(the-environment))))

(
ar (environment->list E)) =) ((
 . 3))

(
adr (environment->list E))=) ((b . 2) (a . 1))

(pro
edure-environment pro
edure) pro
edure

Returns the environment asso
iated with pro
edure . Pro
edure-environment returns #f if

pro
edure is not a 
losure.

(define foo (let ((a 1)) (lambda () a)))

(
ar (environment->list

(pro
edure-environment foo)))

=) ((a . 1))

(module-environment module) pro
edure

Returns the environment asso
iated to the module module .
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(define-module M

(define a 1))

(
ar (environment->list

(module-environment (find-module 'M))))

=) ((a . 1))

(symbol-bound? symbol) pro
edure

(symbol-bound? symbol environment) pro
edure

Returns #t if symbol has a value in the given environment , otherwise returns #f. Environment

may be omitted, in whi
h 
ase it defaults to the global environment.

6.15 Ma
ros

STk provides low level ma
ros.

Note: STk ma
ros are not the sort of ma
ros de�ned in the appendix of R

4

RS, but rather the ma
ros

one 
an �nd in most of Lisp diale
ts.

(ma
ro hformalsi hbodyi) syntax

Ma
ro permits to 
reate a ma
ro. When a ma
ro is 
alled, the whole form (i.e. the ma
ro

itself and its parameters) is passed to the ma
ro body. Binding asso
iation is done in the

environment of the 
all. The result of the binding asso
iation is 
alled the ma
ro-expansion.

The result of the ma
ro 
all is the result of the evaluation of the ma
ro expansion in the 
all

environment.

(define foo (ma
ro f �(quote ,f)))

(foo 1 2 3) =) (foo 1 2 3)

(define 1+ (ma
ro form (list + (
adr form) 1)))

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

(ma
ro? obj) pro
edure

Returns #t if obj is a ma
ro, otherwise returns #f.

(ma
ro-expand-1 form) pro
edure

(ma
ro-expand form) pro
edure

Ma
ro-expand-1 returns the ma
ro expansion of form if it is a ma
ro 
all, otherwise form

is returned un
hanged. Ma
ro-expand is similar to ma
ro-expand-1, but repeately expand

form until it is no longer a ma
ro 
all.

(define 1- (ma
ro form �(- ,(
adr form) 1)))

(define -- (ma
ro form �(1- ,(
adr form))))

(ma
ro-expand-1 '(1- 10)) =) (- 10 1)

(ma
ro-expand '(1- 10)) =) (- 10 1)

(ma
ro-expand-1 '(-- 10)) =) (1- 10)

(ma
ro-expand '(-- 10)) =) (- 10 1)
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(ma
ro-expand form) pro
edure

Returns the ma
ro expansion of form if it is a ma
ro 
all, otherwise form is returned un-


hanged. Ma
ro expansion 
ontinue until, the form obtained is

(define 1- (ma
ro form (list '- (
adr form) 1)))

(ma
ro-expand '(1- 10)) =) (- 10 1)

(ma
ro-body ma
ro) pro
edure

Returns the body of ma
ro

(ma
ro-body 1+)

=) (ma
ro form (list + (
adr form) 1))

(define-ma
ro (hnamei hformalsi) hbodyi) ma
ro

Define-ma
ro is a ma
ro whi
h permits to de�ne a ma
ro more easily than with the ma
ro

form. It is similar to the defma
ro of Common Lisp [6℄.

(define-ma
ro (in
r x) �(set! ,x (+ ,x 1)))

(let ((a 1)) (in
r a) a) =) 2

(define-ma
ro (when test . body)

�(if ,test ,�(if (null? (
dr body)) body �((begin ,�body)))))

(ma
ro-expand '(when a b)) =) (if a b)

(ma
ro-expand '(when a b 
 d))

=) (if a (begin b 
 d))

Note: Calls to ma
ros de�ned by define-ma
ro are physi
ally repla
ed by their ma
ro-expansion if

the variable *debug* is #f (i.e. their body is \in-lined" in the ma
ro 
all). To avoid this feature, and

to ease debugging, you have to set this variable to #t. (See also 6.25).

6.16 System pro
edures

This se
tion lists a set of pro
edures whi
h permits to a

ess some system internals.

(expand-file-name string) pro
edure

Expand-file-name expands the �lename given in string to an absolute path. This fun
tion

understands the tilde 
onvention for �lenames.

;; Current dire
tory is /users/eg/STk

(expand-file-name "..")

=) "/users/eg"

(expand-file-name "~root/bin)

=) "/bin"

(expand-file-name "~/STk)"

=) "/users/eg/STk"
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(
anoni
al-path path) pro
edure

Expands all symboli
 links in path and returns its 
anoni
alized absolute pathname. The

resulting path do not have symboli
 links. If path doesn't designate a valid pathname,


anoni
al-path returns #f.

(dirname string) pro
edure

Returns a string 
ontaining all but the last 
omponent of the path name given in string .

(dirname "/a/b/
.stk")

=) "/a/b"

(basename string) pro
edure

Returns a string 
ontaining the last 
omponent of the path name given in string .

(basname "/a/b/
.stk")

=) "
.stk"

(de
ompose-file-name string) pro
edure

Returns an \exploded" list of the path name 
omponents given in string . The �rst element

in the list denotes if the given string is an absolute path or a relative one, being "/" or "."

respe
tively. Ea
h 
omponent of this list is a string.

(de
ompose-file-name "/a/b/
.stk")

=) ("/" "a" "b" "
.stk")

(de
ompose-file-name "a/b/
.stk")

=) ("." "a" "b" "
.stk")

(file-is-dire
tory? string) pro
edure

(file-is-regular? string) pro
edure

(file-is-readable? string) pro
edure

(file-is-writable? string) pro
edure

(file-is-exe
utable? string) pro
edure

(file-exists? string) pro
edure

Returns #t if the predi
ate is true for the path name given in string ; returns #f otherwise (or

if string denotes a �le whi
h does not exist).

(glob pattern

1

pattern

2

: : : ) pro
edure

The 
ode for glob is taken from the T
l library. It performs �le name \globbing" in a fashion

similar to the 
sh shell. Glob returns a list of the �lenames that mat
h at least one of the

pattern arguments. The pattern arguments may 
ontain the following spe
ial 
hara
ters:

� ? Mat
hes any single 
hara
ter.
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� * Mat
hes any sequen
e of zero or more 
hara
ters.

� [
hars℄ Mat
hes any single 
hara
ter in 
hars. If 
hars 
ontains a sequen
e of the form

a-b then any 
hara
ter between a and b (in
lusive) will mat
h.

� \x Mat
hes the 
hara
ter x.

� fa,b,...g Mat
hes any of the strings a, b, et
.

As with 
sh, a \." at the beginning of a �le's name or just after a \/" must be mat
hed

expli
itly or with a fg 
onstru
t. In addition, all \/" 
hara
ters must be mat
hed expli
itly.

If the �rst 
hara
ter in a pattern is \~" then it refers to the home dire
tory of the user

whose name follows the \~". If the \~" is followed immediately by \/" then the value of the

environment variable HOME is used.

Glob di�ers from 
sh globbing in two ways. First, it does not sort its result list (use the

sort pro
edure if you want the list sorted). Se
ond, glob only returns the names of �les

that a
tually exist; in 
sh no 
he
k for existen
e is made unless a pattern 
ontains a ?, *, or

[℄
onstru
t.

(remove-file string) pro
edure

Removes the �le whose path name is given in string . The result of remove-file is unde�ned.

(rename-file string

1

string

2

) pro
edure

Renames the �le whose path-name is 
ontained in string

1

in the path name given by string

2

.

The result of rename-file is unde�ned.

(temporary-file-name string) pro
edure

Generates a unique temporary �le name. The value returned by temporary-file-name is

the newly generated name of #f if a unique name 
annot be generated.

(get
wd) pro
edure

Get
wd returns a string 
ontaining the 
urrent working dire
tory.

(
hdir string) pro
edure

Chdir 
hanges the 
urrent dire
tory to the dire
tory given in string .

(getpid string) pro
edure

Returns the system pro
ess number of the 
urrent STk interpreter (i.e. the Unix pid). Result

is an integer.

(system string) pro
edure

(! string) pro
edure

Sends the given string to the system shell /bin/sh . The result of system is the integer status


ode the shell returns.
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(exe
 string) pro
edure

Exe
utes the 
ommand 
ontained in string and redire
ts its output in a string. This string


onstitutes the result of exe
.

(getenv string) pro
edure

Looks for the environment variable named string and returns its value as a string, if it exists.

Otherwise, getenv returns #f.

(getenv "SHELL")

=) "/bin/zsh"

(setenv! var value) pro
edure

Sets the environment variable var to value. Var and value must be strings. The result of

setenv! is unde�ned.

(getenv "SHELL")

=) "/bin/zsh"

6.17 Addresses

An address is a S
heme obje
t whi
h 
ontains a referen
e to another S
heme obje
t. This type


an be viewed as a kind of pointer to a S
heme obje
t. Addresses, even though they are very

dangerous, have been introdu
ed in STk so that obje
ts that have no \readable" external

representation 
an still be transformed into strings and ba
k without loss of information.

Adresses were useful with pre-3.0 version of STk; their usage is now stongly dis
ouraged,

unless you know what you do. In parti
ular, an address 
an designate an obje
t at a time

and another one later (i.e. after the garbage 
olle
tor has marked the zone as free).

Addresses are printed with a spe
ial syntax: #pNNN, where NNN is an hexade
imal value.

Reading this value ba
k yields the original obje
t whose lo
ation is NNN.

(address-of obj) pro
edure

Returns the address of obj.

(address? obj) pro
edure

Returns #t if obj is an address; returns #f otherwise.

6.18 Signals

STk allows the use to asso
iate handlers to signals. Signal handlers for a given signal 
an

even be 
hained in a list. When a signal o

urs, the �rst signal of the list is exe
uted. Unless

this signal yields the symbol break the next signal of the list is evaluated. When a signal

handler is 
alled, the integer value of this signal is passed to it as (the only) parameter.

The following POXIX.1 
onstants for signal numbers are de�ned: SIGABRT, SIGALRM, SIGFPE,

SIGHUP, SIGILL, SIGINT, SIGKILL, SIGPIPE, SIGQUIT, SIGSEGV, SIGTERM, SIGUSR1, SIGUSR2,

SIGCHLD, SIGCONT, SIGSTOP, SIGTSTP, SIGTTIN, SIGTTOU. Moreover, the following 
onstants,

whi
h are often available on most systems are also de�ned

6

: SIGTRAP, SIGIOT, SIGEMT,

6

Some of these 
onstants may be unde�ned if they are not supported by your system
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SIGBUS, SIGSYS, SIGURG, SIGCLD, SIGIO, SIGPOLL, SIGXCPU, SIGXFSZ, SIGVTALRM, SIGPROF,

SIGWINCH, SIGLOST.

See your Unix do
umentation for the exa
t meaning of ea
h 
onstant or [7℄. Use symboli



onstants rather than their numeri
 value if you plan to port your program on another system.

A spe
ial signal, managed by the interpreter, is also de�ned: SIGHADGC. This signal is raised

when the garbage 
olle
tor phase terminates.

When the interpreter starts running, all signals are sets to their default value, ex
epted SIGINT

(generally bound to Control-C) whi
h is handled spe
ially.

(set-signal-handler! sig handler) pro
edure

Repla
e the handler for signal sig with handler . Handler 
an be

- #t to reset the signal handler for sig to the default system handler.

- #f to 
ompletly ignore sig (Note that Posix.1 states that SIGKILL and SIGSTOP 
annot

be 
aught or ignored).

- a one parameter pro
edure.

This pro
edure returns the new handler, or (length 1) handler list, asso
iated to sig.

(let* ((x #f)

(handler (lambda (i) (set! x #t))))

(set-signal-handler! |SIGHADGC| handler)

(g
)

x)

=) #t

(add-signal-handler! sig handler) pro
edure

Adds handler to the list of handlers for signal sig . If the old signal handler is a boolean, this

pro
edure is equivalent to set-signal-handler!. Otherwise, the new handler is added in

front of the previous list of handler. This pro
edure returns the new handler, or handler list,

asso
iated to sig .

(let* ((x '())

(handler1 (lambda (i) (set! x (
ons 1 x))))

(handler2 (lambda (i) (set! x (
ons 2 x)))))

(add-signal-handler! |SIGHADGC| handler1)

(add-signal-handler! |SIGHADGC| handler2)

(g
)

x)

=) (1 2)

(let* ((x '())

(handler1 (lambda (i) (set! x (
ons 1 x))))

(handler2 (lambda (i) (set! x (
ons 2 x)) 'break)))
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(add-signal-handler! |SIGHADGC| handler1)

(add-signal-handler! |SIGHADGC| handler2)

(g
)

x)

=) (2)

(get-signal-handlers) pro
edure

(get-signal-handlers sig) pro
edure

Returns the handlers, or the list of handlers, asso
iated to the signal sig . If sig is omitted,

get-signal-handlers returns a ve
tor of all the signal handlers 
urrently in e�e
t.

(send-signal sig) pro
edure

Sends the signal sig to the running program.

6.19 Hash tables

A hash table 
onsists of zero or more entries, ea
h 
onsisting of a key and a value. Given

the key for an entry, the hashing fun
tion 
an very qui
kly lo
ate the entry, and hen
e the


orresponding value. There may be at most one entry in a hash table with a parti
ular key,

but many entries may have the same value.

STk hash tables grow gra
efully as the number of entries in
reases, so that there are always

less than three entries per hash bu
ket, on average. This allows for fast lookups regardless of

the number of entries in a table.

Note: Hash table manipulation pro
edures are built upon the eÆ
ient T
l hash table pa
kage.

(make-hash-table) pro
edure

(make-hash-table 
omparison) pro
edure

(make-hash-table 
omparison hash) pro
edure

Make-hash-table admits three di�erent forms. The most general form admit two arguments.

The �rst argument is a 
omparison fun
tion whi
h determine how keys are 
ompared; the

se
ond argument is a fun
tion whi
h 
omputes a hash 
ode for an obje
t and returns the

hash 
ode as a non negative integer. Objets with the same hash 
ode are stored in an A-list

registered in the bu
ket 
orresponding to the key.

If omitted,

� hash defaults to the hash-table-hash pro
edure.

� 
omparison defaults to the eq? pro
edure

Consequently,

(define h (make-hash-table))

is equivalent to
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(define h (make-hash-table eq? hash-table-hash))

Another interesting example is

(define h (make-hash-table string-
i=? string-length))

whi
h de�nes a new hash table whi
h uses string-
i=? for 
omparing keys. Here, we use

the string-length as a (very simple) hashing fun
tion. Of 
ourse, a fun
tion whi
h gives a

key depending of the 
hara
ters 
omposing the string gives a better repartition and should

probably enhan
e performan
es. For instan
e, the following 
all to make-hash-table should

return a more eÆ
ient, even if not perfe
t, hash table:

(make-hash-table

string-
i=?

(lambda (s)

(let ((len (string-length s)))

(do ((h 0) (i 0 (+ i 1)))

((= i len) h)

(set! h (+ h (
har->integer

(
har-down
ase (string-ref s i)))))))))

Note: Hash tables with a 
omparison fun
tion equal to eq? or string=? are handled in an more

eÆ
ient way (in fa
t, they don't use the hash-table-hash fu
ntion to speed up hash table retrievals).

(hash-table? obj) pro
edure

Returns #t if obj is a hash table, returns #f otherwise.

(hash-table-hash obj) pro
edure

hash-table-hash 
omputes a hash 
ode for an obje
t and returns the hash 
ode as a non

negative integer. A property of hash-table-hash is that

(equal? x y) implies (equal? (hash-table-hash x) (hash-table-hash y)

as the the Common Lisp sxhash fun
tion from whi
h this pro
edure is modeled.

(hash-table-put! hash key value) pro
edure

Hash-table-put! enters an asso
iation between key and value in the hash table. The value

returned by hash-table-put! is unde�ned.

(hash-table-get hash key) pro
edure

(hash-table-get hash key default) pro
edure

Hash-table-get returns the value asso
iated with key in the given hash table. If no value

has been asso
iated with key in hash , the spe
i�ed default is returned if given; otherwise an

error is raised.
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(define h1 (make-hash-table))

(hash-table-put! h1 'foo (list 1 2 3))

(hash-table-get h1 'foo)

=) (1 2 3)

(hash-table-get h1 'bar 'absent)

=) absent

(hash-table-get h1 'bar)

=) error

(hash-table-put! h1 '(a b 
) 'present)

(hash-table-get h1 '(a b 
) 'absent)

=) 'absent

(define h2 (make-hash-table equal?))

(hash-table-put! h2 '(a b 
) 'present)

(hash-table-get h2 '(a b 
))

=) 'present

(hash-table-remove! hash key) pro
edure

hash must be a hash table 
ontaining an entry for key . Hash-table-remove! deletes the

entry for key in hash , if it exists. Result of Hash-table-remove! is unspe
i�ed.

(define h (make-hash-table))

(hash-table-put! h 'foo (list 1 2 3))

(hash-table-get h 'foo)

=) (1 2 3)

(hash-table-remove! h 'foo)

(hash-table-get h 'foo 'absent)

=) absent

(hash-table-for-ea
h hash pro
) pro
edure

Pro
 must be a pro
edure taking two arguments. Hash-table-for-ea
h 
alls pro
 on ea
h

key/value asso
iation in hash , with the key as the �rst argument and the value as the se
ond.

The value returned by hash-table-for-ea
h is unde�ned.

Note: The order of appli
ation of pro
 is unspe
i�ed.

(let ((h (make-hash-table))

(sum 0))

(hash-table-put! h 'foo 2)

(hash-table-put! h 'bar 3)

(hash-table-for-ea
h h (lambda (key value)

(set! sum (+ sum value))))

sum)

=) 5
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(hash-table-map hash pro
) pro
edure

Pro
 must be a pro
edure taking two arguments. Hash-table-map 
alls pro
 on ea
h entry

in hash , with the entry's key as the �rst argument and the entry's value as the se
ond. The

result of hash-table-map is a list of the values returned by pro
, in unspe
i�ed order.

Note: The order of appli
ation of pro
 is unspe
i�ed.

(let ((h (make-hash-table)))

(dotimes (i 5)

(hash-table-put! h i (number->string i)))

(hash-table-map h (lambda (key value)

(
ons key value))))

=) ((0 . "0") (3 . "3") (2 . "2") (1 . "1") (4 . "4"))

(hash-table->list hash) pro
edure

hash-table->list returns an \asso
iation list" built from the entries in hash . Ea
h entry

in hash will be represented as a pair whose 
ar is the entry's key and whose 
dr is its value.

Note: The order of pairs in the resulting list is unspe
i�ed.

(let ((h (make-hash-table)))

(dotimes (i 5)

(hash-table-put! h i (number->string i)))

(hash-table->list h))

=) ((0 . "0") (3 . "3") (2 . "2") (1 . "1") (4 . "4"))

(hash-table-stats hash) pro
edure

Hash-table-stats returns a string with overall information about hash , su
h as the number

of entries it 
ontains, the number of bu
kets in its hash array, and the utilization of the

bu
kets.

6.20 Regular expressions

Regular expressions are �rst 
lass obje
ts in STk. A regular expression is 
reated by the

string->regexp pro
edure. Mat
hing a regular expression against a string is simply done

by applying a previously 
reated regular expression to this string. Regular expressions are

implemented using 
ode in the Henry Spen
er's pa
kage, and mu
h of the des
ription of

regular expressions below is 
opied from his manual.

(string->regexp string) pro
edure

String->regexp 
ompiles the string and returns the 
orresponding regular expression.

Mat
hing a regular expression against a string is done by applying the result of string->regexp

to this string. This appli
ation yields a list of integer 
ouples if a mat
hing o

urs; it returns

#f otherwise. Those integers 
orrespond to indexes in the string whi
h mat
h the regular

expression.
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A regular expression is zero or more bran
hes, separated by \|". It mat
hes anything that

mat
hes one of the bran
hes.

A bran
h is zero or more pie
es, 
on
atenated. It mat
hes a mat
h for the �rst, followed by

a mat
h for the se
ond, et
.

A pie
e is an atom possibly followed by \*", \+", or \?". An atom followed by \*" mat
hes

a sequen
e of 0 or more mat
hes of the atom. An atom followed by \+" mat
hes a sequen
e

of 1 or more mat
hes of the atom. An atom followed by \?" mat
hes a mat
h of the atom,

or the null string.

An atom is a regular expression in parentheses (mat
hing a mat
h for the regular expression),

a range (see below), \." (mat
hing any single 
hara
ter), \^" (mat
hing the null string at the

beginning of the input string), \$" (mat
hing the null string at the end of the input string),

a \\" followed by a single 
hara
ter (mat
hing that 
hara
ter), or a single 
hara
ter with no

other signi�
an
e (mat
hing that 
hara
ter).

A range is a sequen
e of 
hara
ters en
losed in \[℄". It normally mat
hes any single 
hara
ter

from the sequen
e. If the sequen
e begins with \^", it mat
hes any single 
hara
ter not from

the rest of the sequen
e. If two 
hara
ters in the sequen
e are separated by \-", this is

shorthand for the full list of ASCII 
hara
ters between them (e.g. \[0-9℄" mat
hes any

de
imal digit). To in
lude a literal \℄" in the sequen
e, make it the �rst 
hara
ter (following

a possible \^"). To in
lude a literal \-", make it the �rst or last 
hara
ter.

In general there may be more than one way to mat
h a regular expression to an input string.

Considering only the rules given so far 
ould lead to ambiguities. To resolve those ambiguities,

the generated regular expression 
hooses among alternatives using the rule \�rst then longest".

In other words, it 
onsiders the possible mat
hes in order working from left to right a
ross the

input string and the pattern, and it attempts to mat
h longer pie
es of the input string before

shorter ones. More spe
i�
ally, the following rules apply in de
reasing order of priority:

1. If a regular expression 
ould mat
h two di�erent parts of an input string then it will

mat
h the one that begins earliest.

2. If a regular expression 
ontains \|" operators then the leftmost mat
hing sub-expression

is 
hosen.

3. In \*", \+", and \?" 
onstru
ts, longer mat
hes are 
hosen in preferen
e to shorter

ones.

4. In sequen
es of expression 
omponents the 
omponents are 
onsidered from left to right.

(define r1 (string->regexp "ab
"))

(r1 "xyz") =) #f

(r1 "12ab
345") =) ((2 5))

(define r2 (string->regexp "[a-z℄+"))

(r2 "12ab
345") =) ((2 5))

If the regular expression 
ontains parenthesis, and if there is a mat
h, the result returned by

the appli
ation will 
ontain several 
ouples of integers. First 
ouple will be the indexes of the

�rst longest substring whi
h mat
h the regular expression. Subsequent 
ouples, will be the

indexes of all the sub-parts of this regular expression, in sequen
e.
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(define r3 (string->regexp "(a*)(b*)
"))

(r3 "ab
") =) ((0 3) (0 1) (1 2))

(r3 "
") =) ((0 1) (0 0) (0 0))

((string->regexp "([a-z℄+),([a-z℄+)") "XXab
d,eXX")

=) ((2 8) (2 6) (7 8))

(regexp? obj) pro
edure

Returns #t if obj is a regular expression 
reated by string->regexp; otherwise returns #f.

(regexp? (string->regexp "[a-zA-Z℄[a-zA-Z0-9℄*"))

=) #t

(regexp-repla
e pattern string substitution) pro
edure

(regexp-repla
e-all pattern string substitution) pro
edure

Regexp-repla
e mat
hes the regular expression pattern against string . If there is a mat
h,

the portion of string whi
h mat
h pattern is repla
ed by the substitution string. If there is

no mat
h, regexp-repla
e returns string unmodi�ed. Note that the given pattern 
ould be

here either a string or a regular expression. If pattern 
ontains strings of the form \\n", where

n is a digit between 1 and 9, then it is repla
ed in the substitution with the portion of string

that mat
hed the n-th parenthesized subexpression of pattern. If n is equal to 0, then it is

repla
ed in substitution with the portion of string that mat
hed pattern .

(regexp-repla
e "a*b" "aaabb



" "X")

=) "Xb



"

(regexp-repla
e (string->regexp "a*b") "aaabb



" "X")

=) "Xb



"

(regexp-repla
e "(a*)b" "aaabb



" "X\\1Y")

=) "XaaaYb



"

(regexp-repla
e "(a*)b" "aaabb



" "X\\0Y")

=) "XaaabYb



"

(regexp-repla
e "([a-z℄*) ([a-z℄*)" "john brown" "\\2 \\1")

=) "brown john"

Regexp-repla
e repla
es the �rst o

uren
e of pattern in string . To repla
e all the o

uren
es

of the pattern, use regexp-repla
e-all

(regexp-repla
e "a*b" "aaabb



" "X")

=) "Xb



"

(regexp-repla
e-all "a*b" "aaabb



" "X")

=) "XX



"
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6.21 Pattern mat
hing

Pattern mat
hing is a key feature of most modern fun
tional programming languages sin
e

it allows 
lean and se
ure 
ode to be written. Internally, \pattern-mat
hing forms" should

be translated (
ompiled) into 
as
ades of \elementary tests" where 
ode is made as eÆ
ient

as possible, avoiding redundant tests; the STk \pattern mat
hing 
ompiler" provides this

7

.

The te
hnique used is des
ribed in details in [9℄, and the 
ode generated 
an be 
onsidered

optimal due to the way this \pattern 
ompiler" was obtained.

The \pattern language" allows the expression of a wide variety of patterns, in
luding:

� Non-linear patterns: pattern variables 
an appear more than on
e, allowing 
omparison

of subparts of the datum (through eq?)

� Re
ursive patterns on lists: for example, 
he
king that the datum is a list of zero or

more as followed by zero or more bs.

� Pattern mat
hing on lists as well as on ve
tors.

Pattern Mat
hing Fa
ilities

Only two spe
ial forms are provided for this: mat
h-
ase and mat
h-lambda and these also

exist, for example, in Andrew Wright and Bru
e Duba's [10℄ pattern mat
hing pa
kage.

(mat
h-
ase hkeyi h
lause

1

i h
lause

2

i: : : ) syntax

In this form, hkeyi may be any expression and ea
h h
lausei has the form

(<pat> <expression

1

> <expression

2

> ...)

A mat
h-
ase expression is evaluated as follows. <key> is evaluated and the result is 
om-

pared with ea
h su

essive patterns. If the pattern in some <
lause> yields a mat
h, then

the expressions in that <
lause> are evaluated from left to right in an environment where the

pattern variables are bound to the 
orresponding subparts of the datum, and the result of the

last expression in that <
lause> is returned as the result of the mat
h-
ase expression. If no

<pat> in any <
lause> mat
hes the datum, then, if there is an else 
lause, its expressions

are evaluated and the result of the last is the result of the whole mat
h-
ase expression;

otherwise the result of the mat
h-
ase expression is unspe
i�ed.

The equality predi
ate used is eq?.

(mat
h-
ase '(a b a)

((?x ?x) 'foo)

((?x ?- ?x) 'bar))

=) bar

7

The \pattern mat
hing 
ompiler" has been written by Jean-Marie Ge�roy and is part of the Manuel

Serrano's Bigloo 
ompiler[8℄ sin
e several years. The 
ode (and do
umentation) in
luded in STk has been

stolen from the Bigloo pa
kage v1.9 (the only di�eren
e between both pa
kage is the pattern mat
hing of

stru
tures whis
h is absent in STk).
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<pattern> �! Mat
hes:

<atom> k (kwote <atom>) any expression eq? to <atom>

k (and <pat

1

> . . .<pat

n

>) if all of <pat

i

> mat
h

k (or <pat> . . .<pat

n

>) if any of <pat

1

> through <pat

n

>mat
h

k (not <pat>) if <pat> doesn't mat
h

k (? <predi
ate>) if <predi
ate> is true

k (<pat

1

> ...

8

<pat

n

>) a list of n elements

k <pat> ...

9

a (possibly empty) repetition of <pat> in a list.

k #(<pat> ...<pat

n

>) a ve
tor of n elements

k ?<identi�er> anything, and binds identifier as a variable

k ?- anything

k ??- any (possibly empty) repetition of anything in a list

k ???- any end of list

Table 3: Pattern Syntax

(mat
h-lambda h
lause

1

i h
lause

2

i: : : ) syntax

The form mat
h-lambdaexpands into a lambda-expression expe
ting an argument whi
h, on
e

applied to an expression, behaves exa
tly like a mat
h-
ase expression.

((mat
h-lambda

((?x ?x) 'foo)

((?x ?- ?x) 'bar)) 'bar)

=) bar

The pattern language

The syntax is presented in Table 3. It is des
ribed below in the same way (and nearly in the

same words) as in [10℄.

Note: and, or, not, 
he
k and kwote must be quoted in order to be treated as literals. This is the

only justi�
ation for having the kwote pattern sin
e, by 
onvention, any atom whi
h is not a keyword

is quoted.

Explanations through examples

� ?- mat
hes any s-expr

� a mat
hes the atom 'a.

� ?a mat
hes any expression, and binds the variable a to this expression.

� (? integer?) mat
hes any integer

� (a (a b)) mat
hes the only list '(a (a b)).

� ???- 
an only appear at the end of a list, and always su

eeds. For instan
e, (a ???-)

is equivalent to (a . ?-).
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� when o

urring in a list, ??- mat
hes any sequen
e of anything: (a ??- b) mat
hes

any list whose 
ar is a and last 
ar is b.

� (a ...) mat
hes any list of a's, possibly empty.

� (?x ?x) mat
hes any list of length 2 whose 
ar is eq to its 
adr

� ((and (not a) ?x) ?x) mat
hes any list of length 2 whose 
ar is not eq to 'a but is

eq to its 
adr

� #(?- ?- ???-) mat
hes any ve
tor whose length is at least 2.

Note: ??- and ... patterns 
an not appear inside a ve
tor, where you should use ???-: For example,

#(a ??- b) or #(a...) are invalid patterns, whereas #(a ???-) is valid and mat
hes any ve
tor

whose �rst element is the atom a.

6.22 Pro
esses

STk provides a

ess to Unix pro
esses as �rst 
lass obje
ts. Basi
ally, a pro
ess 
ontains four

informations: the standard Unix pro
ess identi�
ation (aka PID) and the three standard �les

of the pro
ess.

(run-pro
ess 
ommand p

1

p

2

p

3

: : : ) pro
edure

run-pro
ess 
reates a new pro
ess and run the exe
utable spe
i�ed in 
ommand . The p


orrespond to the 
ommand line arguments. The following values of p have a spe
ial meaning:

� :input permits to redire
t the standard input �le of the pro
ess. Redire
tion 
an 
ome

from a �le or from a pipe. To redire
t the standard input from a �le, the name of

this �le must be spe
i�ed after :input. Use the spe
ial keyword :pipe to redire
t the

standard input from a pipe.

� :output permits to redire
t the standard output �le of the pro
ess. Redire
tion 
an

go to a �le or to a pipe. To redire
t the standard output to a �le, the name of this

�le must be spe
i�ed after :output. Use the spe
ial keyword :pipe to redire
t the

standard output to a pipe.

� :error permits to redire
t the standard error �le of the pro
ess. Redire
tion 
an go to

a �le or to a pipe. To redire
t the standard error to a �le, the name of this �le must be

spe
i�ed after :error. Use the spe
ial keyword :pipe to redire
t the standard error to

a pipe.

� :wait must be followed by a boolean value. This value spe
i�es if the pro
ess must be

run asyn
hronously or not. By default, the pro
ess is run asyn
hronously (i.e. :wait is

#f).

� :host must be followed by a string. This string represents the name of the ma
hine

on whi
h the 
ommand must be exe
uted. This option uses the external 
ommand

rsh. The shell variable PATH must be 
orre
tly set for a

essing it without spe
ifying

its abolute path.
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� :fork must be followed by a boolean value. This value spe
i�es if a fork system 
all

must be done before running the pro
ess. If the pro
ess is run without fork the S
heme

program is lost. This feature mimi
s the \exe
" primitive of the Unix shells. By default,

the pro
ess a fork is exe
uted before running the pro
ess (i.e. :fork is #t). This options

works on Unix implementations only.

The following example laun
hes a pro
ess whi
h exe
ute the Unix 
ommand ls with the

arguments -l and /bin. The lines printed by this 
ommand are stored in the �le /tmp/X

(run-pro
ess "ls" "-l" "/bin" :output "/tmp/X" :wait #f)

(pro
ess? pro
ess) pro
edure

Returns #t if pro
ess is a pro
ess, otherwise returns #f.

(pro
ess-alive? pro
ess) pro
edure

Returns #t if pro
ess if the pro
ess is 
urrently running, otherwise returns #f.

(pro
ess-pid pro
ess) pro
edure

Returns an integer value whi
h represents the Unix identi�
ation (PID) of pro
ess .

(pro
ess-input pro
ess) pro
edure

(pro
ess-output pro
ess) pro
edure

(pro
ess-error pro
ess) pro
edure

Returns the �le port asso
iated to the standard input, output or error of pro
ess , if it is

redire
ted in (or to) a pipe; otherwise returns #f. Note that the returned port is opened

for reading when 
alling pro
ess-output or pro
ess-error; it is opened for writing when


alling pro
ess-input.

(pro
ess-wait pro
ess) pro
edure

Pro
ess-wait stops the 
urrent pro
ess until pro
ess 
ompletion. Pro
ess-wait returns #f

when pro
ess is already terminated; it returns #t otherwise.

(pro
ess-exit-status pro
ess) pro
edure

Pro
ess-exit-status returns the exit status of pro
ess if it has �nished its exe
ution; returns

#f otherwise.

(pro
ess-send-signal pro
ess n) pro
edure

Send the signal whose integer value is n to pro
ess . Value of n is system dependant. Use the

de�ned signal 
onstants to make your program indpendant of the running system (see 6.18).

The result of pro
ess-send-signal is unde�ned.

(pro
ess-kill pro
ess) pro
edure

Pro
ess-kill brutally kills pro
ess . The result of pro
ess-kill is unde�ned. This pro
e-

dure is equivalent to
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(pro
ess-send-signal pro
ess |SIGTERM|)

(pro
ess-stop pro
ess) pro
edure

(pro
ess-
ontinue pro
ess) pro
edure

Those pro
edures are only available on systems whi
h support job 
ontrol. Pro
ess-stop stops

the exe
ution of pro
ess and pro
ess-
ontinue resumes its exe
ution. They are equivalent to

(pro
ess-send-signal pro
ess |SIGSTOP|)

(pro
ess-send-signal pro
ess |SIGCONT|)

(pro
ess-list) pro
edure

pro
ess-list returns the list of pro
esses whi
h are 
urrently running (i.e. alive).

6.23 So
kets

STk de�nes so
kets, on systems whi
h support them, as �rst 
lass obje
ts. So
kets permits

pro
esses to 
ommuni
ate even if they are on di�erent ma
hines. So
kets are useful for


reating 
lient-server appli
ations.

(make-
lient-so
ket hostname port-number) pro
edure

make-
lient-so
ket returns a new so
ket obje
t. This so
ket establishes a link between the

running appli
ation listening on port port-number of hostname .

(so
ket? so
ket) pro
edure

Returns #t if so
ket is a so
ket, otherwise returns #f.

(so
ket-host-name so
ket) pro
edure

Returns a string whi
h 
ontains the name of the distant host atta
hed to so
ket . If so
ket

has been 
reated with make-
lient-so
ket this pro
edure returns the oÆ
ial name of the

distant ma
hine used for 
onne
tion. If so
ket has been 
reated with make-server-so
ket,

this fun
tion returns the oÆ
ial name of the 
lient 
onne
ted to the so
ket. If no 
lient has

used yet the so
ket, this fun
tion returns #f.

(so
ket-host-address so
ket) pro
edure

Returns a string whi
h 
ontains the IP number of the distant host atta
hed to so
ket . If so
ket

has been 
reated with make-
lient-so
ket this pro
edure returns the IP number of the

distant ma
hine used for 
onne
tion. If so
ket has been 
reated with make-server-so
ket,

this fun
tion returns the address of the 
lient 
onne
ted to the so
ket. If no 
lient has used

yet the so
ket, this fun
tion returns #f.

(so
ket-lo
al-address so
ket) pro
edure

Returns a string whi
h 
ontains the IP number of the lo
al host atta
hed to so
ket .
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(so
ket-port-number so
ket) pro
edure

Returns the integer number of the port used for so
ket .

(so
ket-input so
ket) pro
edure

(so
ket-output so
ket) pro
edure

Returns the �le port asso
iated for reading or writing with the program 
onne
ted with so
ket .

If no 
onne
tion has already been established, these fun
tions return #f.

The following example shows how to make a 
lient so
ket. Here we 
reate a so
ket on port

13 of the ma
hine \kaolin.uni
e.fr"

10

:

(let ((s (make-
lient-so
ket "kaolin.uni
e.fr" 13)))

(format #t "Time is: ~A\n" (read-line (so
ket-input s)))

(so
ket-shutdown s))

(make-server-so
ket) pro
edure

(make-server-so
ket port-number) pro
edure

make-server-so
ket returns a new so
ket obje
t. If port-number is spe
i�ed, the so
ket is

listening on the spe
i�ed port; otherwise, the 
ommuni
ation port is 
hosen by the system.

(so
ket-a

ept-
onne
tion so
ket) pro
edure

so
ket-a

ept-
onne
tion waits for a 
lient 
onne
tion on the given so
ket . If no 
lient

is already waiting for a 
onne
tion, this pro
edure blo
ks its 
aller; otherwise, the �rst 
on-

ne
tion request on the queue of pending 
onne
tions is 
onne
ted to so
ket . This pro
e-

dure must be 
alled on a server so
ket 
reated with make-server-so
ket. The result of

so
ket-a

ept-
onne
tion is unde�ned.

The following example is a simple server whi
h waits for a 
onne
tion on the port 1234

11

.

On
e the 
onne
tion with the distant program is established, we read a line on the input port

asso
iated to the so
ket and we write the length of this line on its output port.

(let ((s (make-server-so
ket 1234)))

(so
ket-a

ept-
onne
tion s)

(let ((l (read-line (so
ket-input s))))

(format (so
ket-output s) "Length is: ~A\n" (string-length l))

(flush (so
ket-output s)))

(so
ket-shutdown s))

(so
ket-shutdown so
ket) pro
edure

(so
ket-shutdown so
ket 
lose) pro
edure

10

Port 13 is generally used for testing: making a 
onne
tion to it permits to know the distant system's idea

of the time of day.

11

Under Unix, you 
an simply 
onne
t to listening so
ket with the telnet 
ommand. With the given

example, this 
an be a
hieved by typing the following 
ommand in a window shell:

$ telnet lo
alhost 1234
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So
ket-shutdown shutdowns the 
onne
tion asso
iated to so
ket . Close is a boolean; it indi-


ates if the so
ket must be 
losed or not, when the 
onne
tion is destroyed. Closing the so
ket

forbids further 
onne
tions on the same port with the so
ket-a

ept-
onne
tionpro
edure.

Omitting a value for 
lose implies the 
losing of so
ket. The result of so
ket-shutdown is

unde�ned.

The following example shows a simple server: when there is a new 
onne
tion on the port

number 1234, the server displays the �rst line sent to it by the 
lient, dis
ards the others and

go ba
k waiting for further 
lient 
onne
tions.

(let ((s (make-server-so
ket 1234)))

(let loop ()

(so
ket-a

ept-
onne
tion s)

(format #t "I've read: ~A\n" (read-line (so
ket-input s)))

(so
ket-shutdown s #f)

(loop)))

(so
ket-down? so
ket) pro
edure

Returns #t if so
ket has been previously 
losed with so
ket-shutdown. It returns #f other-

wise.

(so
ket-dup so
ket) pro
edure

Returns a 
opy of so
ket . The original and the 
opy so
ket 
an be used inter
hangeably.

However, if a new 
onne
tion is a

epted on one so
ket, the 
hara
ters ex
hanged on this

so
ket are not visible on the other so
ket. Dupli
ating a so
ket is useful when a server must

a

ept multiple simultaneous 
onne
tions. The following example 
reates a server listening

on port 1234. This server is dupli
ated and, on
e two 
lients are present, a message is sent

on both 
onne
tions.

(define s1 (make-server-so
ket 1234))

(define s2 (so
ket-dup s1))

(so
ket-a

ept-
onne
tion s1)

(so
ket-a

ept-
onne
tion s2)

;; blo
ks until two 
lients are present

(display "Hello,\n" (so
ket-output s1))

(display "world\n" (so
ket-output s2))

(flush (so
ket-output s1))

(flush (so
ket-output s2))

(when-so
ket-ready so
ket handler) pro
edure

(when-so
ket-ready so
ket) pro
edure

De�nes a handler for so
ket . The handler is a thunk whi
h is exe
uted when a 
onne
tion

is available on so
ket . If the spe
ial value #f is provided as handler , the 
urrent handler

for so
ket is deleted. If a handler is provided, the value returned by when-so
ket-ready is

unde�ned. Otherwise, it returns the handler 
urrently asso
iated to so
ket .

This pro
edure, in 
onjun
tion with so
ket-dup permits to build multiple-
lients servers

whi
h work asyn
hronously. Su
h a server is shown below.
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(define p (make-server-so
ket 1234))

(when-so
ket-ready p

(let ((
ount 0))

(lambda ()

(set! 
ount (+ 
ount 1))

(register-
onne
tion (so
ket-dup p) 
ount))))

(define register-
onne
tion

(let ((so
kets '()))

(lambda (s 
nt)

;; A

ept 
onne
tion

(so
ket-a

ept-
onne
tion s)

;; Save so
ket somewhere to avoid GC problems

(set! so
kets (
ons s so
kets))

;; Create a handler for reading inputs from this new 
onne
tion

(let ((in (so
ket-input s))

(out (so
ket-output s)))

(when-port-readable in

(lambda ()

(let ((l (read-line in)))

(if (eof-obje
t? l)

;; delete 
urrent handler

(when-port-readable in #f)

;; Just write the line read on the so
ket

(begin

(format out "On #~A --> ~A\n" 
nt l)

(flush out))))))))))

6.24 Foreign Fun
tion Interfa
e

The STk Foreign Fun
tion Interfa
e (FFI for short) has been de�ned to allow an easy a

ess

to fun
tions written in C without needing to build C-wrappers and, 
onsequently, without

any need to write C 
ode. Note that the FFI is very ma
hine dependent and that it works

only on a limited set of ar
hite
tures

12

. Moreover, sin
e FFI allows very low level a

ess, it

is easy to 
rash the interpreter when using an external C fun
tion.

The de�nition of an external fun
tion is done with the syntax define-external. This form

takes as arguments a typed list of parameters and a

epts several options to de�ne the name

of the fun
tion in the C world, the library whi
h de�nes this fun
tion, . . . The type of the

fun
tion result and the types of its arguments are de�ned in Table 4. This table lists the

various keywords reserved for denoting types and their equivalen
e between the C and the

S
heme worlds.

(define-external hnamei hparametersi hoptionsi) syntax

The form define-external binds a new pro
edure to hnamei. The arity of this new pro
edure

is de�ned by the typed list of parameters given by hparametersi. This parameters list is a

list of 
ouples whose �rst element is the name of the parameter, and the se
ond one is is a

12

In release 4.0, FFI is known to work on the following ar
hite
tures : ix86 (but not yet MS Windows), Sun

Spar
, HP 9000, SGI.



STk Referen
e Manual 59

Name Corresponding C type Corresponding S
heme

Type

:void void None

:
har 
har S
heme 
hara
ter or S
heme

integer

:short short int S
heme integer

:ushort unsigned short int S
heme integer

:int int S
heme integer

:uint unsigned integer S
heme integer

:long long integer S
heme integer

:ulong unsigned long integer S
heme integer

:float float S
heme Real

:double double S
heme Real

:stati
-ptr pointer on a stati
 area S
heme C-pointer obje
t or

S
heme String

:dynami
-ptr or

(:void *)

pointer on a dynami
 area

(mallo
ated)

S
heme C-pointer obje
t or

S
heme String

:string or

(:
har *)


har * (pointer on a dynami


string)

S
heme C-pointer obje
t or

S
heme String

:boolean int S
heme boolean

Table 4: FFI prede�ned types

keyword representing its type (see table for equivalen
e). All the types de�ned in Table 4,

ex
ept :void, are allowed for the parameters of a foreign fun
tion. Define-external a

epts

several options:

� :return-type is used to de�ne the type of the value returned by the foreign fun
tion.

The type returned must be 
hosen in the types spe
i�ed in the table. For instan
e:

(define-external maximum((a :int) (b :int))

:return-type :int)

de�nes the foreign fun
tion maximum whi
h takes two C integers and returns an integer

result. Omitting this option default to a result type equal to :void (i.e. the returned

value is unde�ned).

� :entry-name is used to spe
ify the name of the foreign fun
tion in the C world. If this

option is omitted, the entry-name is supposed to be hnamei. For instan
e:

(define-external minimum((a :int) (b :int))

:return-type :int

:entry-name "min")

de�nes the S
heme fun
tion minimum whose appli
ation exe
utes the C fun
tion 
alled

min.
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� :library-name is used to spe
ify the library whi
h 
ontains the foreign-fun
tion. If

ne
essary, the library is loaded before 
alling the C fun
tion. So,

(define-external minimum((a :int) (b :int))

:return-type :int

:entry-name "min"

:library-name "libminmax")

de�nes a fun
tion whi
h will exe
ute the fun
tion min lo
ated in the library libminmax.xx

(where xx is the suÆx used for shared libraries on the running system (generally so or

sl).

Hereafter, there are some 
ommented de�nitions of external fun
tions:

(define-external isatty ((fd :int))

:return-type :boolean)

(define-external system ((
md (:
har *))) ;; or ((
md :string))

:return-type :int)

(define-external mallo
 ((size :ulong))

:return-type (void *))

(define-external free ( (p (:void *) )) )

All these fun
tions are de�ned in the C standard library, hen
e it is not ne
essary to spe
ify

the :library-name option.

� istty is de
lared here as a fun
tion whi
h takes an integer and returns a boolean (in

fa
t, the value returned by the C fun
tion isatty is an int, but we ask here to the FFI

system to translate this result as a boolean value in the S
heme world).

� system is a fun
tion whi
h takes a string as parameter and returns an int. Note that

the type of the parameter, 
an be spe
i�ed as a (:
har *) or :string, as indi
ated in

Table 4.

� mallo
 is a fun
tion whi
h takes one parameter (an unsigned long int and whi
h

returns a (:void *) (or :dynami
-ptr). Spe
ifying that the result is a dynami
 pointer

(instead of a stati
 one) means that we want that the Garbage Colle
tor takes into

a

ount the area allo
ated by the C fun
tion mallo
 (i.e. if this area be
omes no more

a

essible, the GC disposes it with the free fun
tion

13

.

� free is a fun
tion whi
h takes a dynami
 pointer and deallo
ates the area it points.

Sin
e the de�nition of this fun
tion spe
i�es no result type, it is supposed to be :void

14

.

13

Pointers de�ned with :dynami
-ptr are always unallo
ated with free. Consequently, areas allo
ated with

another allo
ator than the standard one must be de
lared as :stati
-ptr and freed by hand

14

Usage of mallo
 and free are for illustration purpose here. Their usage in a program must be avoided, if

possible, be
ause it 
an have intera
t badly with the way the interpreter manages memory or it 
an 
ondu
t

to 
rashing programs if you don't take 
are.



STk Referen
e Manual 61

External fun
tions 
an also have a variable number of parameters by using the standard

S
heme dot notation. For instan
e,

(define-external printf ((format :string) . l)

:return-type :int)

de�nes a S
heme fun
tion with one or more parameters (the �rst one being a string). Of


ourse, the parameters whi
h 
onstitute the variable parameters list must have a type whi
h

appears in the third 
olumn of Table 4. Some examples using the printf fun
tion:

(printf "This is a %s test" "good")

=) displays This is a good test

(printf "
har: '%
' De
: '%04d' Hex '%04x'" #\spa
e 100 100)

=) displays 
har: ' ' De
: '0100' Hex '0064'

Note: The types :dynami
-ptr, :stati
-ptr and :string are 
ompatible when used for foreign

fun
tion parameter. This gives a semanti
 whi
h is similar to the one of C, where void * is a 
om-

patible with all other pointer types. However, di�eren
iating those types is useful for 
onverting the

fun
tion return value to a proper S
heme type.

Note: When a fun
tion has a :return-type whi
h is :string, :dynami
-ptr or :stati
-ptr, and

the return value is the C NULL pointer, the S
heme value returned by the fun
tion is, by 
onvention,

equal to #f. For instan
e, the GNU readline fun
tion allows line editing �a la Ema
s returns NULL

when the user has typed an end of �le. The following lines show how to make a simple shell-like

toplevel using FFIs.

(define-external system ((var (:
har *)))

:return-type :int)

(define-external readline ((prompt :string))

:library-name "libreadline"

:return-type :string)

;; A Shell-like toplevel

(do ((l (readline "?> ") (readline "?> ")))

((not l))

(system l))

Note: The same 
onvention also applies for parameters of type :string, :dynami
-ptr or :stati
-ptr:

they a

ept the spe
ial value #f as a synonym of the C NULL pointer.

(external-exists? entry) pro
edure

(external-exists? entry library) pro
edure

Returns #t if entry is de�ned as an external symbol in library . If library is not provided the

symbol is sear
hed in the STk interpreter or in libraries that it uses. This fun
tion 
an be

useful to de�ne external fun
tions 
onditionally:

(when (external-exists? "dup2")

(define-external dup2 ((oldfd :int) (newfd :int))

:return-type :int))
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(
-string->string str) pro
edure

STk strings are more general than C strings sin
e they a

ept null 
hara
ter. 
-string->string

takes an area of 
hara
ters built by a 
all to a foreign fun
tion (typi
ally the result of a fun
-

tion returning a :stati
-ptr, :dynami
-ptr or :string) and 
onvert it to a proper S
heme

string.

(define-external sprintf ((str :string) (format :string) . l)

:return-type :int)

(let ((str (make-string 5 #\?)))

(sprintf str "%x" 100)

(
ons str (C-string->string str)))

=) ("64\0??" . "64")

6.25 Mis
ellaneous

This se
tion lists the primitives de�ned in STk that did not �t anywhere else.

(eval hexpri) syntax

(eval hexpri henvironmenti) syntax

Evaluates hexpri in the given environment. hEnvironmenti may be omitted, in whi
h 
ase it

defaults to the global environment.

(define foo (let ((a 1)) (lambda () a)))

(foo) =) 1

(eval '(set! a 2) (pro
edure-environment foo))

(foo) =) 2

(version) pro
edure

returns a string identifying the 
urrent version of STk.

(ma
hine-type) pro
edure

returns a string identifying the kind of ma
hine whi
h is running the interpreter. The form

of the result is [os-name℄-[os-version℄-[pro
essor-type℄.

(random n) pro
edure

returns an integer in the range 0, n � 1 in
lusive.

(set-random-seed! seed) pro
edure

Set the random seed to the spe
i�ed seed . Seed must be an integer whi
h �ts in a C long

int.

(eval-string string environment) pro
edure

Evaluates the 
ontents of the given string in the given environment and returns its result. If

environment is omitted it defaults to the global environment. If evaluation leads to an error,

the result of eval-string is unde�ned.



STk Referen
e Manual 63

(define x 1)

(eval-string "(+ x 1)")

=) 2

(eval-string "x" (let ((x 2)) (the-environment)))

=) 2

(read-from-string hstringi) pro
edure

Performs a read from the given string . If string is the empty string, an end of �le obje
t

is returned. If an error o

urs during string reading, the result of read-from-string is

unde�ned.

(read-from-string "123 456")

=) 123

(read-from-string "")

=) an eof obje
t

(dump string) pro
edure

Dump grabs the 
urrent 
ontinuation and 
reates an image of the 
urrent STk interpreter in

the �le whose name is string

15

. This image 
an be used later to restart the interpreter from

the saved state. See the STk man page about the -image option for more details.

Note: Image 
reation 
annot be done if Tk is initialized.

(tra
e-var symbol thunk) pro
edure

Tra
e-var 
all the given thunk when the value of the variable denoted by symbol is 
hanged.

(define x 1)

(define y 0)

(tra
e-var 'x (lambda () (set! y 1)))

(set! x 2)

(
ons x y)

=) (2 . 1)

Note: Several tra
es 
an be asso
iated with a single symbol. They are exe
uted in reverse order to

their de�nition. For instan
e, the exe
ution of

(begin

(tra
e-var 'z (lambda () (display "One")))

(tra
e-var 'z (lambda () (display "Two")))

(set! z 10))

15

Image 
reation is not yet implemented on all systems. The 
urrent version (4.0) allows image dumping

only on some platforms: SunOs 4.1.x, Linux 1, FreeBsd
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will display the string "Two" before the string "One" on the 
urrent output port.

(untra
e-var symbol) pro
edure

Deletes all the tra
es asso
iated to the variable denoted by symbol .

(error string string

1

obj

2

: : : ) pro
edure

error prints the obj s a

ording to the spe
i�
ation given in string on the 
urrent error

port (or in an error window if Tk is initialized). The spe
i�
ation string follows the \tilde


onventions" of format(see 6.10). On
e the message is printed, exe
ution returns to toplevel.

(g
) pro
edure

Runs the garbage 
olle
tor. See 6.18 for the signals asso
iated to garbage 
olle
tion.

(g
-stats) pro
edure

Provides some statisti
s about 
urrent memory usage. This pro
edure is primarily for debug-

ging the STk interpreter, hen
e its weird printing format.

(expand-heap n) pro
edure

Expand the heap so that it will 
ontains at least n 
ells. Normally, the heap automati
ally

grows when more memory is needed. However, using only automati
 heap growing is some-

times very penalizing. This is parti
ularly true for programs whi
h uses a lot of temporary

data (whi
h are not pointed by any a variable) and a small amount of global data. In this 
ase,

the garbage 
olle
tor will be often 
alled and the heap will not be automati
ally expanded

(sin
e most of the 
onsumed heap will be re
laimed by the GC). This 
ould be annoying

spe
ially for program where response time is 
riti
al. Using expand-heap permits to enlarge

the heap size (whi
h is set to 20000 
ells by default), to avoid those 
ontinual 
alls to the GC.

(get-internal-info) pro
edure

Returns a 7-length ve
tor whi
h 
ontains the following informations:

0 total 
pu used in milli-se
onds

1 number of 
ells 
urrently in use.

2 total number of allo
ated 
ells

3 number of 
ells used sin
e the last 
all to get-internal-info

4 number of g
 runs

5 total time used in the g


6 a boolean indi
ating if Tk is initialized
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(sort obj predi
ate) pro
edure

Obj must be a list or a ve
tor. Sort returns a 
opy of obj sorted a

ording to predi
ate .

Predi
ate must be a pro
edure whi
h takes two arguments and returns a true value if the �rst

argument is stri
tly \before" the se
ond.

(sort '(1 2 -4 12 9 -1 2 3) <)

=) (-4 -1 1 2 2 3 9 12)

(sort #("one" "two" "three" "four")

(lambda (x y) (> (string-length x) (string-length y))))

=) #("three" "four" "one" "two")

(un
ode form) pro
edure

When STk evaluates an expression it en
odes it so that further evaluations of this expression

will be more eÆ
ient. Sin
e en
oded forms are generally diÆ
ult to read, un
ode 
an be used

to (re-)obtain the original form.

(define (foo a b)

(let ((x a) (y (+ b 1))) (
ons x y)))

(pro
edure-body foo)

=) (lambda (a b)

(let ((x a) (y (+ b 1))) (
ons x y)))

(foo 1 2) =) (1 . 3)

(pro
edure-body foo)

=) (lambda (a b)

(#let (x y)

(#<lo
al a �0,0)>

(#<global +> #<lo
al b �0,1)> 1))

(#<global 
ons> #<lo
al x �0,0)>

#<lo
al y �0,1)>)))

(un
ode (pro
edure-body foo))

=) (lambda (a b)

(let ((x a) (y (+ b 1))) (
ons x y)))

Note: When a ma
ro has been dire
tly expanded into the ma
ro 
all 
ode, it is not possible to retrieve

the original ma
ro 
all. Set *debug* to #t to avoid ma
ro expansion in-lining.

(time hexpri) ma
ro

Evaluates the expression hexpri in the 
urrent environment. Prints the elapsed CPU time

and the number of 
onses used before returning the result of this evaluation.

(apropos symbol) pro
edure

Apropos returns a list of symbol whose print name 
ontains the 
hara
ters of symbol . Symbols

are sear
hed for in the 
urrent environment.

(apropos '
add)

=) (
addar 
addr 
adddr)
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Figure 1: A View of the Inspe
tor

(apropos symbol) pro
edure

Apropos returns a list of symbol whose print name 
ontains the 
hara
ters of symbol . Symbols

are sear
hed for in the 
urrent environment.

(apropos '
add)

=) (
addar 
addr 
adddr)

(help) pro
edure

help pops a graphi
al help window giving a

es to the online do
umentation. Note: Tk must

be initialized to use inspe
t.

(inspe
t obj) pro
edure

Inspe
t permits to graphi
ally inspe
t an obje
t. The �rst 
all of this pro
edure 
reates a top

level window 
ontaining the obje
t to inspe
t and its 
urrent value. If the inspe
tor window

is already on s
reen, obj will be appended to the list of inspe
ted obje
ts. The inspe
tor

window 
ontains menus whi
h permit to 
all the viewer or detailer on ea
h inspe
ted obje
t.

See the on-line do
umentation for further details. A view of the general inspe
tor is given in

�gure 1.

Note: Tk must be initialized to use inspe
t.

(view obj) pro
edure

View permits to obtain a graphi
al representation of an STk obje
t. The type of representa-

tion depends on the type of the viewed obje
t. Here again, menus are provided to swit
h to

the inspe
tor or to the detailer. See the on-line do
umentation for more details. A snapshot

of the viewer is given in �gure 2.

Note: Tk must be initialized to use view.

(detail obj) pro
edure

detail permits to display the �elds of a 
omposite S
heme obje
t. The type of detailer

depends on the type of the 
omposite obje
t detailed. Here again, menus are provided to go

to the inspe
tor or to the viewer. See the on-line do
umentation for more details. Figure 3

shows the detailer examining a tk-
ommand.

Note: Tk must be initialized to use detail.
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Figure 2: A view of the Viewer
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Figure 3: A view of the Detailer



STk Referen
e Manual 69

(quit ret
ode) pro
edure

(quit) pro
edure

(exit ret
ode) pro
edure

(exit) pro
edure

(bye ret
ode) pro
edure

(bye) pro
edure

Exits the STk interpreter with the spe
i�ed integer return 
ode. If omitted, the interpreter

terminates with a return 
ode of 0.
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Appendix A

Using the Tk toolkit

When STk dete
ts that a tk-
ommand must be 
alled, parameters are pro
essed to be re
og-

nized by the 
orresponding toolkit fun
tion. Sin
e the Tk toolkit is left (mostly) unmodi�ed,

all its primitives \think" there is a running T
l interpreter behind the s
ene. Consequently,

to work with the Tk toolkit, a little set of rewriting rules must be known. These rules are

des
ribed hereafter.

Note: This appendix is pla
ed here to permit an STk user to make programs with the original T
l/Tk

do
umentation by hand. In no 
ase will it substitute to the abundant T
l/Tk manual pages nor to

the ex
ellent book by J. Ousterhout[11℄

1 Calling a Tk-
ommand

Sin
e T
l uses strings to 
ommuni
ate with the Tk toolkit, parameters to a Tk-
ommand

must be translated to strings before 
alling the C fun
tion whi
h implement it. The following


onversions are done, depending on the type of the parameter that STk must give to the

toolkit:

symbol: the print name of the symbol;

number: the external representation of the number expressed in radix 10;

string: no 
onversion;

keyword: the print name of the keyword where the initial semi
olon has been

repla
ed by a dash (\-");

boolean: the string "0" if #f and "1" if #t

tk-
ommand: the name of the tk-
ommand


losure: the address of the 
losure using the representation shown in 6.17.

otherwise: the external \slashi�ed" version of the obje
t.

As an example, let us make a button with a label 
ontaining the string "Hello, word".

A

ording the original Tk/T
l do
umentation, this 
an be done in T
l with

button .hello -text "Hello, world"

Following the rewriting rules expressed above, this 
an be done in STk with
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(button '.hello '-text "Hello, world")

This 
all de�nes a new widget obje
t whi
h is stored in the STk variable .hello. This obje
t


an be used as a pro
edure to 
ustomize our button. For instan
e, setting the border of this

button to 5 pixels wide and its ba
kground to gray would be done in T
l with

.hello 
onfigure -border 5 -ba
kground gray

In STk this would be expressed as

(.hello '
onfigure '-border 5 '-ba
kground "gray")

Sin
e keyword 
olon is repla
ed by a dash when a Tk-
ommand is 
alled, this expression 
ould

also have been written as:

(.hello '
onfigure :border 5 :ba
kground "gray")

2 Asso
iating Callba
ks to Tk-
ommands

Starting with version 3.0, STk 
allba
ks are S
heme 
losures

1

. Apart s
roll 
ommands,


allba
ks are S
hemes pro
edures without parameter. Suppose for example, that we want

to asso
iate a 
ommand with the previous .hello button. In T
l, su
h a 
ommand 
an be

expressed as

.hello 
onfigure -
ommand fputs stdout "Hello, world"; destroy .g

In STk, we 
an write

(.hello '
onfigure :
ommand (lambda ()

(display "Hello, world\n")

(destroy *root*)))

When the user will press the mouse left button, the 
losure asso
iated to the :
ommand option

will be evaluated in the global environment. Evaluation of the given 
losure will display the

message and 
all the destroy Tk-
ommand.

Note: The root widget is denoted \." in T
l. This 
onvention is ambiguous with the dotted pair


onvention and the dot must be quoted to avoid problems. Sin
e this problem arises so often, the

variable *root* has been introdu
ed in STk to denote the Tk main window.

Managing Widget S
rollbars

When using s
rollbars, Tk library passes parameters to the widget asso
iated to the s
rollbar

(and vi
e versa). Let us look at a text widget with an asso
iated s
rollbar. When the

s
rollbar is moved, the 
ommand of the asso
iated widget is invoked to 
hange its view. On

the other side, when browsing the 
ontent of the text widget (with arrows for example), the

s
rollbar is updated by 
alling it's asso
iated 
losure. Tk library passes position informations

to s
rolling 
losures. This informations are the parameters of the 
losure. Hereafter is an

example implementing a text widget with a s
rollbar (see the help pages for details and

6.25):

1

Old syntax for 
allba
ks (i.e. strings) is always supported but its use is depre
ated.
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(text '.txt :ys
roll
ommand (lambda l (apply .s
roll 'set l)))

(s
rollbar '.s
roll :
ommand (lambda l (apply .txt 'yview l)))

(pa
k .txt :side "left")

(pa
k .s
roll :fill "y" :expand #t :side "left")

3 Tk bindings

Bindings are S
heme 
losures

The Tk bind 
ommand asso
iates S
heme s
ripts with X events. Starting with version 3.0

those s
ripts must be S
heme 
losures

2

. Binding 
losures 
an have parameters. Those pa-

rameters are one 
har symbols (with the same 
onventions than the T
l % 
har, see the bind

help page for details). For instan
e, the following T
l s
ript

bind .w <ButtonPress-3> fputs "Press on widget %W at position %x %y"g


an be translated into

(bind .w "<ButtonPress-3>"

(lambda (|W| x y)

(format #t "Press on widget ~A at position ~A ~A\n" |W| x y)))

Note: Usage of verti
als bars for the W symbol is ne
essary here be
ause the Tk toolkit is 
ase sensitive

(e.g. W in bindings is the path name of the window to whi
h the event was reported, whereas w is the

width �eld from the event.

Bindings are 
hained

In Tk4.0 and later, bindings are 
hained sin
e it is possible for several bindings to mat
h a

given X event. If the bindings are asso
iated with di�erent tags, then ea
h of the bindings will

be exe
uted, in order. By default, a 
lass binding will be exe
uted �rst, followed by a binding

for the widget, a binding for its toplevel, and an all binding. The bindtags 
ommand may

be used to 
hange this order for a parti
ular window or to asso
iate additional binding tags

with the window (see 
orresponding help page for details). If the result of 
losure in the

bindings 
hain is the symbol break, the next 
losures of the 
hain are not exe
uted. The

example below illustrates this:

(pa
k (entry '.e))

(bind .e "<KeyPress>" (lambda (|A|)

(unless (string->number |A|) 'break)))

Bindings for the entry .e are exe
uted before those for its 
lass (i.e. Entry). This allows us

to �lter the 
hara
ters whi
h are e�e
tively passed to the .e widget. The test in this binding


losure breaks the 
hain of bindings if the typed 
hara
ter is not a digit. Otherwise, the

following binding, the one for the Entry 
lass, is exe
uted and inserts the 
hara
ter typed

(a digit). Consequently, the simple previous binding makes .e a 
ontrolled entry whi
h only

a

epts integer numbers.

2

Old syntax for bindings (i.e. strings) is no more supported. Old bindings s
ripts must hen
e be rewritten.
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Appendix B

Di�eren
es with R4RS

This appendix summarizes the main di�eren
es between the STk S
heme implementation

and the language des
ribed in R

4

RS.

1 Symbols

STk symbol syntax has been augmented to allow 
ase signi�
ant symbols. This extension is

dis
ussed in 6.4.

STk also de�nes some symbols in the global environment whi
h are des
ribed below:

� *debug*. Setting *debug* to #t prevents ma
ro inlining and expression re
oding

(see 6.25).

� *g
-verbose*. If *g
-verbose* is #t, a message will be printed before and after ea
h

run of garbage 
olle
tor. The message is printed on the standard error stream.

� *load-verbose*. If *load-verbose* is #t, the absolute path name of ea
h loaded �le

is printed before its e�e
tive reading. File names are printed on the standard error

stream.

� *load-path* must 
ontain a list of strings. Ea
h string is taken as a dire
tory path

name in whi
h a �le will be sear
hed for loading. This variable 
an be set automati
ally

from the STK LOAD PATH shell variable. See stk(1) for more details.

� *load-suffixes* must 
ontain a list of strings. When the system try to load a �le in

a given dire
tory (a

ording to *load-path* value), it will �rst try to load it without

suÆx. If this �le does not exist, the system will sequentially try to �nd the �le by

appending ea
h suÆx of this list. A typi
al value for this variable may be ("stk"

"stklos" "s
m" "so").

� *arg
* 
ontains the number of arguments (0 if none), not in
luding interpreter options.

See stk(1) for more details.

� *argv* 
ontains a S
heme list whose elements are the arguments (not in
luding the

interpreter options), in order, or an empty list if there are no arguments. See stk(1)

for more details.
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� *program-name* 
ontains the �le name spe
i�ed with the -file option, if present.

Otherwise, it 
ontains the name through whi
h the interpreter was invoked. See stk(1)

for more details.

� *print-banner*. If *print-banner* is #f, the usual 
opyright message is not displayed

when the interpreter is started.

� *stk-library* 
ontains the path name of the installation dire
tory of the STk library.

This variable 
an be set automati
ally from the STK LIBRARY shell variable. See stk(1)

for more details.

The following symbols are de�ned only when Tk is loaded:

� *root* designates the Tk main window (see A-2). This variable is not set if the Tk

toolkit is not initialized.

� *help-path* must 
ontain a list of strings. Ea
h string is taken as a dire
tory path

name in whi
h do
umentation �les are sear
hed by the 
ommand help6.25. This variable


an be set automati
ally from the STK HELP PATH shell variable. See stk(1) for more

details.

� *image-path* must 
ontain a list of strings. Ea
h string is taken as a dire
tory path

name in whi
h images are sear
hed by the fun
tion make-image. This variable 
an be set

automati
ally from the STK IMAGE PATH shell variable. See stk(1) and make-image(n)

for more details.

� *root* designates the Tk main window (see A-2). This variable is not set if the Tk

toolkit is not initialized.

� *start-withdrawn*. If *start-withdrawn* is not false, the *root* window is not mapped

on s
reen until its �rst sub-window is pa
ked or some a
tion is asked to the window

manager for it.

� *tk-version* is a string whi
h 
ontains the version number of the Tk toolkit used by

STk.

� *tk-pat
h-level* is a string whi
h 
ontains the version and pat
h level of the Tk

toolkit used by STk.

Furthermore, STk also de�nes the following pro
edures in the global environment:

� report-error. This pro
edure is 
alled by the error system to display the message

error. This pro
edure is des
ribed in report-error(n)

� repl-display-prompt. This pro
edure is 
alled when the system is run intera
tively

before reading a sexpr to evaluate to display a prompt. This pro
edure is des
ribed in

repl-display-prompt(n).

� repl-display-result. This pro
edure is 
alled when the system is run intera
tively

after the evaluation of a sexpr to write the result. This pro
edure is des
ribed in

repl-display-result(n).
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2 Types

STk implements all the types de�ned as mandatory in R

4

RS. However, 
omplex numbers

and rational numbers (whi
h are de�ned but not required in R

4

RS) are not implemented.

The la
k of these types implies that some fun
tions of R

4

RS are not de�ned.

Some types whi
h are not de�ned in R

4

RS are implemented in STk. Those types are listed

below:

� input string port type (6.10)

� output string port type (6.10)

� keyword type (6.11)

� Tk 
ommand type (6.12)

� environment type (6.14)

� ma
ro type (6.15)

� address type (6.17)

� hash table type (6.19)

� Regular expression type (6.20)

� pro
ess type (6.22)

� so
ket type (6.23)

3 Pro
edures

The following pro
edures are required by R

4

RS and are not implemented in the STk inter-

preter.

� trans
ript-o�

� trans
ript-on

Trans
ript-off and trans
ript-on 
an be simulated with various Unix tools su
h as s
ript

or fep.

The following pro
edures are not implemented in the STk interpreter whereas they are de�ned

in R

4

RS (but not required). They are all related to 
omplex or rational numbers.

� numerator

� denominator

� rationalize

� make-re
tangular

� make-polar
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� real-part

� imag-part

� magnitude

� angle



Appendix C

An introdu
tion to STklos

1 Introdu
tion

STklos is the obje
t oriented layer of STk. Its implementation is derived from version 1.3

of the Gregor Ki
kzales Tiny Clos pa
kage [12℄. However, it has been extended to be as 
lose

as possible to CLOS, the Common Lisp Obje
t System[6℄. Some features of STklos are also

issued from Dylan[13℄ or SOS[14℄.

Brie
y stated, the STklos extension gives the user a full obje
t oriented system with meta-


lasses, multiple inheritan
e, generi
 fun
tions and multi-methods. Furthermore, the whole

implementation relies on a true meta obje
t proto
ol, in the spirit of the one de�ned for

CLOS[15℄. This model has also been used to embody the prede�ned Tk widgets in a hierar
hy

of STklos 
lasses. This set of 
lasses permits to simplify the 
ore Tk usage by providing

homogeneous a

esses to widget options and by hiding the low level details of Tk widgets,

su
h as naming 
onventions. Furthermore, as expe
ted, using of obje
ts fa
ilitates 
ode reuse

and de�nition of new widgets 
lasses.

The purpose of this appendix is to introdu
e brie
y the STklos pa
kage and in no 
ase will

it repla
e the STklos referen
e manual (whi
h needs to be urgently written now . . . ). In

parti
ular, methods relative to the meta obje
t proto
ol and a

ess to the Tk toolkit will not

be des
ribed here.

2 Class de�nition and instantiation

2.1 Class de�nition

A new 
lass is de�ned with the define-
lass ma
ro. The syntax of define-
lass is 
lose

to CLOS def
lass:

(define-
lass 
lass (hsuper
lass

1

i hsuper
lass

2

i...)

(hslot des
ription

1

i hslot des
ription

2

i...)

hmeta
lass optioni)

The hmeta
lass optioni will not be dis
ussed in this appendix. The hsuper
lassies list spe
i�es

the super 
lasses of 
lass (see 3 for more details). A hslot des
riptioni gives the name of a slot

and, eventually, some \properties" of this slot (su
h as its initial value, the fun
tion whi
h

permit to a

ess its value, . . . ). Slot des
riptions will be dis
ussed in 3.3.
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As an exemple, 
onsider now that we have to de�ne a 
omplex number. This 
an be done

with the following 
lass de�nition:

(define-
lass <
omplex> (<number>)

(r i))

This binds the symbol <
omplex> to a new 
lass whose instan
es 
ontain two slots. These

slots are 
alled r an i and we suppose here that they 
ontain respe
tively the real part and

the imaginary part of a 
omplex number. Note that this 
lass inherits from <number> whi
h

is a pre-de�ned 
lass (<number> is the super 
lass of the <real> and <integer> pre-de�ned


lasses).

1

.

3 Inheritan
e

3.1 Class hierar
hy and inheritan
e of slots

Inheritan
e is spe
i�ed upon 
lass de�nition. As said in the introdu
tion, STklos supports

multiple inheritan
e. Hereafter are some 
lasses de�nition:

(define-
lass A () (a))

(define-
lass B () (b))

(define-
lass C () (
))

(define-
lass D (A B) (d a))

(define-
lass E (A C) (e 
))

(define-
lass F (D E) (f))

A, B, C have a null list of super 
lasses. In this 
ase, the system will repla
e it by the list

whi
h only 
ontains <obje
t>, the root of all the 
lasses de�ned by define-
lass. D, E, F

use multiple inheritan
e: ea
h 
lass inherits from two previously de�ned 
lasses. Those 
lass

de�nitions de�ne a hierar
hy whi
h is shown in Figure 1. In this �gure, the 
lass <top> is also

shown; this 
lass is the super 
lass of all S
heme obje
ts. In parti
ular, <top> is the super


lass of all standard S
heme types.

The set of slots of a given 
lass is 
al
ulated by \unioning" the slots of all its super 
lass. For

instan
e, ea
h instan
e of the 
lass D, de�ned before will have three slots (a, b and d). The

slots of a 
lass 
an be obtained by the 
lass-slots primitive. For instan
e,

(
lass-slots A)

=) (a)

(
lass-slots E)

=) (a e 
)

(
lass-slots F)

=) (b e 
 d a f)

Note: The order of slots is not signi�
ant.

1

With this de�nition, a <real> is not a <
omplex> sin
e <real> inherits from <number> rather than

<
omplex>. In pra
ti
e, inheritan
e 
ould be modi�ed a posteriori, if needed. However, this ne
essitates

some knowledge of the meta obje
t proto
ol and it will not be shown in this do
ument
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A

D E

B C

F

<object>

<top>

<pair> <procedure> <number> ...

<real>

<integer>

Figure C.1: A 
lass hierar
hy

3.2 Instan
e 
reation and slot a

ess

Creation of an instan
e of a previously de�ned 
lass 
an be done with the make pro
edure.

This pro
edure takes one mandatory parameter whi
h is the 
lass of the instan
e whi
h must

be 
reated and a list of optional arguments. Optional arguments are generally used to initialize

some slots of the newly 
reated instan
e. For instan
e, the following form

(define 
 (make <
omplex>))

will 
reate a new <
omplex> obje
t and will bind it to the 
 S
heme variable.

A

essing the slots of the new 
omplex number 
an be done with the slot-ref and the

slot-set! primitives. Slot-set! primitive permits to set the value of an obje
t slot and

slot-ref permits to get its value.

(slot-set! 
 'r 10)

(slot-set! 
 'i 3)

(slot-ref 
 'r)

=) 10

(slot-ref 
 'i)

=) 3

Using the des
ribe generi
 fun
tion is a simple way to see all the slots of an obje
t at one

time: this fun
tion prints all the slots of an obje
t on the standard output. For instan
e, the

expression

(des
ribe 
)

will print the following informations on the standard output:
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#[<
omplex> 122398℄ is an instan
e of 
lass <
omplex>

Slots are:

r = 10

i = 3

3.3 Slot des
ription

When spe
ifying a slot, a set of options 
an be given to the system. Ea
h option is spe
i�ed

with a keyword. The list of authorised keywords is given below:

� :initform permits to supply a default value for the slot. This default value is obtained

by evaluating the form given after the :initform in the global environment.

� :init-keyword permits to spe
ify the keyword for initializing a slot. The init-keyword

may be provided during instan
e 
reation (i.e. in the make optional parameter list).

Spe
ifying su
h a keyword during instan
e initialization will supersede the default slot

initialization possibly given with :initform.

� :getter permits to supply the name for the slot getter. The name binding is done in

the global environment.

� :setter permits to supply the name for the slot setter. The name binding is done in

the global environment.

� :a

essor permits to supply the name for the slot a

essor. The name binding is done

in the global environment. An a

essor permits to get and set the value of a slot. Setting

the value of a slot is done with the extended version of set!.

� :allo
ation permits to spe
ify how storage for the slot is allo
ated. Three kinds of

allo
ation are provided. They are des
ribed below:

{ :instan
e indi
ates that ea
h instan
e gets its own storage for the slot. This is

the default.

{ :
lass indi
ates that there is one storage lo
ation used by all the dire
t and

indire
t instan
es of the 
lass. This permits to de�ne a kind of global variable

whi
h 
an be a

essed only by (in)dire
t instan
es of the 
lass whi
h de�nes this

slot.

{ :virtual indi
ates that no storage will be allo
ated for this slot. It is up to the

user to de�ne a getter and a setter fun
tion for this slot. Those fun
tions must be

de�ned with the :slot-ref and :slot-set! options. See the example below.

To illustrate slot des
ription, we shall rede�ne the <
omplex> 
lass seen before. A de�nition


ould be:

(define-
lass <
omplex> (<number>)

((r :initform 0 :getter get-r :setter set-r! :init-keyword :r)

(i :initform 0 :getter get-i :setter set-i! :init-keyword :i)))
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With this de�nition, the r and i slot are set to 0 by default. Value of a slot 
an also be

spe
i�ed by 
alling make with the :r and :i keywords. Furthermore, the generi
 fun
tions

get-r and set-r! (resp. get-i and set-i!) are automati
ally de�ned by the system to

read and write the r (resp. i) slot.

(define 
1 (make <
omplex> :r 1 :i 2))

(get-r 
1)

=) 1

(set-r! 
1 12)

(get-r 
1)

=) 12

(define 
2 (make <
omplex> :r 2))

(get-r 
2)

=) 2

(get-i 
2)

=) 0

A

essors provide an uniform a

ess for reading and writing an obje
t slot. Writing a slot is

done with an extended form of set! whi
h is 
lose to the Common Lisp setf ma
ro. So,

another de�nition of the previous <
omplex> 
lass, using the :a

essor option, 
ould be:

(define-
lass <
omplex> (<number>)

((r :initform 0 :a

essor real-part :init-keyword :r)

(i :initform 0 :a

essor imag-part :init-keyword :i)))

Using this 
lass de�nition, reading the real part of the 
 
omplex 
an be done with:

(real-part 
)

and setting it to the value 
ontained in the new-value variable 
an be done using the extended

form of set!.

(set! (real-part 
) new-value)

Suppose now that we have to manipulate 
omplex numbers with re
tangular 
oordinates

as well as with polar 
oordinates. One solution 
ould be to have a de�nition of 
omplex

numbers whi
h uses one parti
ular representation and some 
onversion fun
tions to pass from

one representation to the other. A better solution uses virtual slots. A 
omplete de�nition of

the <
omplex> 
lass using virtual slots is given in Figure 2.

This 
lass de�nition implements two real slots (r and i). Values of the m and a virtual slots

are 
al
ulated from real slot values. Reading a virtual slot leads to the appli
ation of the

fun
tion de�ned in the :slot-ref option. Writing su
h a slot leads to the appli
ation of the

fun
tion de�ned in the :slot-set! option. For instan
e, the following expression

(slot-set! 
 'a 3)

permits to set the angle of the 
 
omplex number. This expression 
ondu
ts, in fa
t, to the

evaluation of the following expression
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(define-
lass <
omplex> (<number>)

(;; True slots use re
tangular 
oordinates

(r :initform 0 :a

essor real-part :init-keyword :r)

(i :initform 0 :a

essor imag-part :init-keyword :i)

;; Virtual slots a

ess do the 
onversion

(m :a

essor magnitude :init-keyword :magn

:allo
ation :virtual

:slot-ref (lambda (o)

(let ((r (slot-ref o 'r)) (i (slot-ref o 'i)))

(sqrt (+ (* r r) (* i i)))))

:slot-set! (lambda (o m)

(let ((a (slot-ref o 'a)))

(slot-set! o 'r (* m (
os a)))

(slot-set! o 'i (* m (sin a))))))

(a :a

essor angle :init-keyword :angle

:allo
ation :virtual

:slot-ref (lambda (o)

(atan (slot-ref o 'i) (slot-ref o 'r)))

:slot-set! (lambda(o a)

(let ((m (slot-ref o 'm)))

(slot-set! o 'r (* m (
os a)))

(slot-set! o 'i (* m (sin a))))))))

Figure C.2: A <
omplex> number 
lass de�nition using virtual slots

((lambda (o a)

(let ((m (slot-ref o 'm)))

(slot-set! o 'r (* m (
os a)))

(slot-set! o 'i (* m (sin a)))))


 3)

A more 
omplete example is given below:

(define 
 (make <
omplex> :r 12 :i 20))

(real-part 
)

=) 12

(angle 
)

=) 1.03037682652431

(slot-set! 
 'i 10)

(set! (real-part 
) 1)

(des
ribe 
)

=)

#[<
omplex> 128bf8℄ is an instan
e of 
lass <
omplex>

Slots are:

r = 1

i = 10

m = 10.0498756211209

a = 1.47112767430373

Sin
e initialization keywords have been de�ned for the four slots, we 
an now de�ne the

make-re
tangular and make-polar standard S
heme primitives.
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(define make-re
tangular

(lambda (x y) (make <
omplex> :r x :i y)))

(define make-polar

(lambda (x y) (make <
omplex> :magn x :angle y)))

3.4 Class pre
eden
e list

A 
lass may have more than one super
lass.

2

With single inheritan
e (one super
lass), it is

easy to order the super 
lasses from most to least spe
i�
. This is the rule:

Rule 1: Ea
h 
lass is more spe
i�
 than its super
lasses.

With multiple inheritan
e, ordering is harder. Suppose we have

(define-
lass X ()

((x :initform 1)))

(define-
lass Y ()

((x :initform 2)))

(define-
lass Z (X Y)

(...))

In this 
ase, the Z 
lass is more spe
i�
 than the X or Y 
lass for instan
es of Z. However, the

:initform spe
i�ed in X and Y leads to a problem: whi
h one overrides the other? The rule

in STklos, as in CLOS, is that the super
lasses listed earlier are more spe
i�
 than those

listed later. So:

Rule 2: For a given 
lass, super
lasses listed earlier are more

spe
i�
 than those listed later.

These rules are used to 
ompute a linear order for a 
lass and all its super
lasses, from most

spe
i�
 to least spe
i�
. This order is 
alled the \
lass pre
eden
e list" of the 
lass. Given

these two rules, we 
an 
laim that the initial form for the x slot of previous example is 1 sin
e

the 
lass X is pla
ed before Y in 
lass pre
eden
e list of Z.

This two rules are not always enough to determine a unique order, however, but they give

an idea of how things work. STklos algorithm for 
al
ulating the pre
eden
e list is a little

simpler than the CLOS one des
ribed in [15℄ for breaking ties. Consequently the 
al
ulated


lass pre
eden
e list 
ould be di�erent. Taking the F 
lass shown in Figure 1, the STklos


al
ulated 
lass pre
eden
e list is

(f d e a b 
 <obje
t> <top>)

whereas it would be the following list with a CLOS-like algorithm:

(f d e a 
 b <obje
t> <top>)

2

This se
tion is an adaptation of Je� Dalton's (J.Dalton�ed.a
.uk) Brief introdu
tion to CLOS)
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However, it is usually 
onsidered a bad idea for programmers to rely on exa
tly what the

order is. If the order for some super
lasses is important, it 
an be expressed dire
tly in the


lass de�nition.

The pre
eden
e list of a 
lass 
an be obtained by the fun
tion 
lass-pre
eden
e-list. This

fun
tion returns a ordered list whose �rst element is the most spe
i�
 
lass. For instan
e,

(
lass-pre
eden
e-list B)

=) (#[<
lass> 12a248℄ #[<
lass> 1074e8℄ #[<
lass> 107498℄)

However, this result is not too mu
h readable; using the fun
tion 
lass-name yields a 
learer

result:

(map 
lass-name (
lass-pre
eden
e-list B))

=) (b <obje
t> <top>)

4 Generi
 fun
tions

4.1 Generi
 fun
tions and methods

Neither STklos nor CLOS use the message me
hanism for methods as most Obje
t Oriented

language do. Instead, they use the notion of generi
 fun
tion. A generi
 fun
tion 
an be seen

as a methods \tanker". When the evaluator requestd the appli
ation of a generi
 fun
tion,

all the methods of this generi
 fun
tion will be grabbed and the most spe
i�
 among them

will be applied. We say that a method M is more spe
i�
 than a method M' if the 
lass of its

parameters are more spe
i�
 than the M' ones. To be more pre
ise, when a generi
 funtion

must be \
alled" the system will

1. sear
h among all the generi
 fun
tion those whi
h are appli
able

2. sort the list of appli
able methods in the \most spe
i�
" order

3. 
all the most spe
i�
 method of this list (i.e. the �rst method of the sorted methods

list).

The de�nition of a generi
 fun
tion is done with the define-generi
 ma
ro. De�nition of a

new method is done with the define-methodma
ro. Note that define-method automati
ally

de�nes the generi
 fun
tion if it has not been de�ned before. Consequently, most of the time,

the define-generi
 needs not be used.

Consider the following de�nitions:

(define-generi
 M)

(define-method M((a <integer>) b) 'integer)

(define-method M((a <real>) b) 'real)

(define-method M(a b) 'top)

The define-generi
 
all de�nes M as a generi
 fun
tion. Note that the signature of the

generi
 fun
tion is not given upon de�nition, 
ontrarily to CLOS. This will permit methods

with di�erent signatures for a given generi
 fun
tion, as we shall see later. The three next

lines de�ne methods for the M generi
 fun
tion. Ea
h method uses a sequen
e of parameter
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spe
ializers that spe
ify when the given method is appli
able. A spe
ializer permits to indi
ate

the 
lass a parameter must belong to (dire
tly or indire
tly) to be appli
able. If no spe
iliazer

is given, the system defaults it to <top>. Thus, the �rst method de�nition is equivalent to

(define-method M((a <integer>) (b <top>)) 'integer)

Now, let us look at some possible 
alls to generi
 fun
tion M:

(M 2 3)

=) integer

(M 2 #t)

=) integer

(M 1.2 'a)

=) real

(M #3 'a)

=) real

(M #t #f)

=) top

(M 1 2 3)

=) error (sin
e no method exists for 3 parameters)

The pre
eding methods use only one spe
ializer per parameter list. Of 
ourse, ea
h parameter


an use a spe
ializer. In this 
ase, the parameter list is s
anned from left to right to determine

the appli
ability of a method. Suppose we de
lare now

(define-method M ((a <integer>) (b <integer>)) 'integer-integer)

(define-method M ((a <integer>) (b <real>)) 'integer-real)

(define-method M (a (b <number>)) 'top-number)

In this 
ase,

(M 1 2)

=) integer-integer

(M 1 1.0)

=) integer-real

(M 1 #t)

=) integer

(M 'a 1)

=) 'top-number

4.2 Next-method

When a generi
 fun
tion is 
alled, the list of appli
able methods is built. As mentioned

before, the most spe
i�
 method of this list is applied (see 4.1). This method may 
all

the next method in the list of appli
able methods. This is done by using the spe
ial form

next-method. Consider the following de�nitions

(define-method Test((a <integer>)) (
ons 'integer (next-method)))

(define-method Test((a <number>)) (
ons 'number (next-method)))

(define-method Test(a) (list 'top))
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With those de�nitions,

(Test 1)

=) (integer number top)

(Test 1.0)

=) (number top)

(Test #t)

=) (top)

4.3 Example

In this se
tion we shall 
ontinue to de�ne operations on the <
omplex> 
lass de�ned in

Figure 2. Suppose that we want to use it to implement 
omplex numbers 
ompletely. For

instan
e a de�nition for the addition of two 
omplexes 
ould be

(define-method new-+ ((a <
omplex>) (b <
omplex>))

(make-re
tangular (+ (real-part a) (real-part b))

(+ (imag-part a) (imag-part b))))

To be sure that the + used in the method new-+ is the standard addition we 
an do:

(define-generi
 new-+)

(let ((+ +))

(define-method new-+ ((a <
omplex>) (b <
omplex>))

(make-re
tangular (+ (real-part a) (real-part b))

(+ (imag-part a) (imag-part b)))))

The define-generi
 ensures here that new-+ will be de�ned in the global environment. On
e

this is done, we 
an add methods to the generi
 fun
tion new-+ whi
h make a 
losure on the

+ symbol. A 
omplete writing of the new-+ methods is shown in Figure 3.

We use here the fa
t that generi
 fun
tion are not obliged to have the same number of

parameters, 
ontrarily to CLOS. The four �rst methods implement the dyadi
 addition. The

�fth method says that the addition of a single element is this element itself. The sixth method

says that using the addition with no parameter always return 0. The last method takes an

arbitrary number of parameters

3

. This method a
ts as a kind of redu
e: it 
alls the dyadi


addition on the 
ar of the list and on the result of applying it on its rest. To �nish, the set!

permits to rede�ne the + symbol to our extended addition.

To terminate our implementation (integration?) of 
omplex numbers, we 
an rede�ne stan-

dard S
heme predi
ates in the following manner:

(define-method 
omplex? ((
 <
omplex>)) #t)

(define-method 
omplex? (
) #f)

(define-method number? ((n <number>)) #t)

(define-method number? (n) #f)

3

The third parameter of a de�ne-method is a parameter list whi
h follow the 
onventions used for lambda

expressions. In parti
ular it 
an use the dot notation or a symbol to denote an arbitrary number of parameters
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(define-generi
 new-+)

(let ((+ +))

(define-method new-+ ((a <real>) (b <real>)) (+ a b))

(define-method new-+ ((a <real>) (b <
omplex>))

(make-re
tangular (+ a (real-part b)) (imag-part b)))

(define-method new-+ ((a <
omplex>) (b <real>))

(make-re
tangular (+ (real-part a) b) (imag-part a)))

(define-method new-+ ((a <
omplex>) (b <
omplex>))

(make-re
tangular (+ (real-part a) (real-part b))

(+ (imag-part a) (imag-part b))))

(define-method new-+ ((a <number>)) a)

(define-method new-+ () 0)

(define-method new-+ args (new-+ (
ar args) (apply new-+ (
dr args)))))

(set! + new-+)

Figure C.3: Extending + for dealing with 
omplex numbers

...

...

Standard primitives in whi
h 
omplex numbers are involved 
ould also be rede�ned in the

same manner.

This ends this brief presentation of the STklos extension.
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Appendix D

Modules: Examples

This appendix shows some usages of the STk modules. Most of the examples whi
h are

exhibited here are derived from the Tung and Dybvig paper [5℄.

Intera
tive Rede�nition

Consider �rst the de�nitions,

(define-module A

(export square)

(define square

(lambda (x) (+ x x))))

(define-module B

(import A)

(define distan
e

(lambda (x y)

(sqrt (+ (square x) (square y))))))

Obviously, the square fun
tion exported from A is in
orre
t, as we 
an see in its usage

below:

(with-module B (round (distan
e 3 4)))

=) 4.0

The fun
tion 
an be rede�ned (
orre
ted) by the following expression:

(with-module A

(set! square

(lambda (x) (* x x))))

And now,

(with-module B (round (distan
e 3 4)))

=) 5

whi
h is 
orre
t.

93
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Lexi
al prin
iple

This example reuses the modules A and B of previous se
tion and adds a Compare module

that exports the less-than-4? predi
ates, whi
h states if the distan
e from a point to the

origin is less than 4.

(define-module A

(export square)

(define square (lambda (x) (* x x))))

(define-module B

(import A)

(export distan
e)

(define distan
e

(lambda (x y) (sqrt (+ (square x) (square y))))))

(define-module Compare

(import B)

(define less-than-4? (lambda (x y) (< (distan
e x y) 4)))

(define square (lambda (x) (+ x x))))

Consider now the 
all,

(with-module 
ompare (less-than-4? 3 4))

=) #f

The 
all to distan
e done from less-than-4? indire
tly 
alls the square pro
edure of

module A rather than the one de�ned lo
ally in module Compare.

Mutually Referential Modules

This example uses two mutually referential modules taht import and export to ea
h other to

implement mutually re
ursive even? and odd? pro
edures

(define-module Odd) ;; Forward de
laration

(define-module Even

(import Odd)

(export even?)

(define even? (lambda (x) (if (zero? x) #t (odd? (- x 1))))))

(define-module Odd

(import Even)

(export odd?)

(define odd? (lambda (x) (if (zero? x) #f (even? (- x 1))))))

Hereafter are some usages of theses pro
edures:
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(with-module Odd (odd? 3))

=) #t

(with-module Odd (odd? 10))

=) #f

(with-module Even (even? 3))

=) #f

(with-module Even (even? 10))

=) #t
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Appendix E

Changes

Introdu
tion

This appendix lists the main di�eren
es

1

among the various re
ent versions of STk. Di�eren
es

with older versions as well as implementation 
hanges are des
ribed in the CHANGES �le

lo
ated in the main dire
tory of the STk distribution.

Release 4.0.1

Release date: 09/27/99 Mains 
hanges/modi�
ations sin
e 4.0.1:

� Integration of SFI-9

Release 4.0.0

Release date: 09/03/99 Mains 
hanges/modi�
ations sin
e 3.99.4:

� de�ne-syntax

� Integration of SRFI-0,2,6,8

Release 3.99.4

Release date: 02/02/99 Mains 
hanges/modi�
ations sin
e 3.99.3:

� Virtuals ports

Release 3.99.3

Release date: 09/30/98 Mains 
hanges/modi�
ations sin
e 3.99.2:

� Tk version is 8.0.3

� Base64 En
oding/De
oding extension

� Lo
ale extension to treat strings and 
hara
ter using lo
ale information

1

Only the di�eren
es whi
h a�e
t the language or new ports are reported here. In parti
ular, internal


hanges, pa
kages written in S
heme, STklos or performan
e enhan
ements are not dis
ussed here.
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Release 3.99.2

Release date: 04/27/98 Mainly a bugs 
orre
ting release.

New fun
tion: write* whi
h handle 
ir
ular stru
tures. Format a

epts now the spe
ial tag \~W" for


ir
ular stru
tures writing.

Release 3.99.1

Release date: 04/27/98 Mainly a bugs 
orre
ting release

Release 3.99.0

Release date: 04/10/98

Changes 
an be 
lassi�ed in three 
ategories:

� About S
heme

{ A module system has been added

{ Integration of the Bigloo mat
h-
ase and mat
h-lambda primitives. Furthermore, the �le

bigloo.stk provides some 
ompatibility between STk and bigloo modules.

{ A simple Foreign Fun
tion Interfa
e has been added.

{ integrates the R

5

RS values and 
all-with-values

{ multi-line 
omments have been added.

{ new �le primitives: remove-file, rename-file and temporary-file-name.

{ new list primitives: append!, last-pair, remq, remv and remove.

{ load, try-load and autoload? 
an nw be 
alled with a module as se
ond parameter.

If this se
ond parameter is present, the loading is done in the environment of the given

module.

� About Tk

{ Integration of the Tk8.0 toolkit

{ Buttons, Che
kbuttons and Radiobuttons 
an use a :variable and :textvariable in a

given environment. This environment is given with the new :environment option.

� About STklos

{ The MOP of STklos is now very similar to the CLOS's MOP. In parti
ular generi


fun
tion has been added for 
ontrolling slot a

esses, as well as numerous introspe
tion

fun
tions.

{ When a 
lass is rede�ned, the instan
es and methods whi
h uses it are rede�ned a

ord-

ingly, as in CLOS (i.e. if anew slot is added in a 
lass, all its { dire
t or indire
t { instan
es

will have the new slot added dynami
ally.

Release 3.1.1

Release date: 09/26/96

This release is a bug 
orre
tion release. It 
orre
ts a lot of bugs. A lot of these bugs prevent to install

it on some ar
hite
tures.
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Release 3.1

Release date: 07/24/96

� Version of Tk is now at Tk4.1 level.

� STk has been ported on Windows 95 and Windows NT.

� Ports 
an have a handler whi
h is exe
uted when port be
omes readable or writable (see prim-

itives when-port-readable and when-port-writable.

� So
kets in server mode allow multiple 
on
urrent 
onne
tion.

� STklos: Two new methods: obje
t-eqv? and obje
t-equal? whi
h are 
alled when applying

eqv? or equal? to instan
es.

� New primitive:setenv!

Release 3.0

Release date: 01/22/96

� Version of Tk is at Tk4.0p2 level.

� Closures are fully supported by Tk. That means that a 
allba
k 
an be now a S
heme 
lo-

sure with its environment. GC problems with 
losures and usage of the dirty address-of are

de�nitively gone.

� Strings 
an 
ontain null 
harters (printing of strings is more friendly in write mode).

� Signals 
an be redire
ted to S
heme 
losures. The end of a GC is seen as a signal.

� Tra
es on variables are 
hanged (and re-work now): the asso
iated tra
e must be a thunk.

� New options for some widgets to be more friendly with S
heme world

� STklos: if a method M is de�ned and if it is already bound to a pro
edure, the old pro
edure

is 
alled when no method is appli
able.

(define-method 
ar ((x <integer>)) (- x 1))

(
ar 10)

=) 9

(
ar (
ons 'a 'b))

=) a

� Small 
hange in the STklos hierar
hy. <widget> is now a sub
lass of <pro
edure> and its meta


lass is <pro
edure-meta
lass>.
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Appendix F

Mis
ellaneous Informations

1 Introdu
tion

This appendix lists a number of things whi
h 
annot go elsewhere in this do
ument. The only link

between the items listed her is that they should ease your life when using STk.

2 About STk

2.1 Latest release

STk distribution is available on various sites. The original distribution site is kaolin.uni
e.fr

(134.59.132.7). Files are available through anonymous ftp and are lo
ated in the /pub/STk dire
tory.

Distribution �le names have the form STk-x.y.z.tar.gz, where x and y represent the version the

release and sub-release numbers of the pa
kage.

2.2 Sharing Code

If you have written 
ode that you want to share with the (small) STk 
ommunity, you 
an deposit it

in the dire
tory /pub/STk/In
oming of kaolin.uni
e.fr. Mail me a small note when you deposit a

�le in this dire
tory so I 
an put in in its de�nitive pla
e (/pub/STk/Contrib dire
tory 
ontains the


ontributed 
ode).

2.3 STk Mailing list

There is a mailing list for STk lo
ated on kaolin.uni
e.fr. The intent of this mailing list is to

permit to STk users to share experien
es, expose problems, submit ideas and . . . everything whi
h you

�nd interesting (and whi
h is related to STk).

To subs
ribe to the mailing list, simply send a message with the word subs
ribe in the Subje
t:

�eld of you mail. Mail must be sent to the following address: stk-request�kaolin.uni
e.fr

To unsubs
ribe from the mailing list, send a mail at previous email address with the word unsubs
ribe

in the Subje
t: �eld.

For more information on the mailing list management send a message with the word help in the

Subje
t: �eld of your mail. In parti
ular, it is possible to �nd all the messages whi
h have already

been sent on the STk mailing list.

Subs
ription/un-subs
ription/information requests are pro
essed automati
ally without human inter-

vention. If you something goes wrong, send a mail to eg�uni
e.fr.

On
e you have properly subs
ribe to the mailing list,

� you 
an send your messages about STk to stk�kaolin.uni
e.fr,
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� you will re
eive all the messages of the mailing list to the email address you used when you

subs
ribed to the list.

2.4 STk FAQ

Mar
 Furrer has set up a FAQ for STk. This FAQ is regularly posted on the STk mailing list. It


an also be a

essed through http://ltiwww.epfl.
h/ furrer/STk/FAQ.html. ASCII version of the

FAQ is available from http://ltiwww.epfl.
h/ furrer/STk/FAQ.txt.

2.5 Reporting a bug

When you �nd a bug in STk, please send its des
ription to the following address stk-bugs�kaolin.uni
e.fr.

Don't forget to indi
ate the version you use and the ar
hite
ture the system is 
ompiled on. STk ver-

sion and ar
hite
ture 
an be found by using the version and ma
hine-type S
heme primitives. If

possible, try to �nd a small program whi
h exhibit the bug.

3 STk and Ema
s

The Ema
s family editors 
an be 
ustomized to ease viewing and editing programs of a parti
ular sort.

Hints given below enable a �ne \integration" of STk in Ema
s.

Automati
 s
heme-mode setting

Ema
s mode 
an be 
hosen automati
ally on the �le's name. To edit �le ended by .stk or .stklos

in S
heme mode, you have to set the Elisp variable auto-mode-alist to 
ontrol the 
orresponden
e

between those suÆxes and the s
heme mode. The simpler way to set this variable 
onsists to add the

following lines in your .ema
s startup �le.

;; Add the '.stk' and '.stklos' suffix in the auto-mode-alist Ema
s

;; variable. Setting this variable permits to automagi
ally pla
e the

;; buffer in s
heme-mode.

(setq auto-mode-alist

(append '(("\\.s
m$" . s
heme-mode)

("\\.stk$" . s
heme-mode)

("\\.stklos$" . s
heme-mode))

auto-mode-alist))

Using Ema
s and CMU S
heme

CMU S
heme pa
kage pa
kage permits to run the STk interpreter in an Ema
s window. On
e the

pa
kage is loaded, you 
an send text to the inferior STk interpreter from other bu�ers 
ontaining

S
heme sour
e. The CMU S
heme pa
kage is distributed with Ema
s (both FSF-Ema
s and Xema
s)

and you should have it if you are running this editor.

To use the CMU S
heme pa
kage with STk, pla
e the following lines in your .ema
s startup �le.

;; Use 
mu-s
heme rather than xs
heme whi
h is laun
hed by default

;; when
e running 'run-s
heme' (xs
heme is wired with CS
heme)

(autoload 'run-s
heme "
mus
heme" "Run an inferior S
heme" t)

(setq s
heme-program-name "stk")

(setq inferior-s
heme-mode-hook '(lambda() (split-window)))

After having entered those lines in your .ema
s �le, you 
an simply run the STk interpreter by typing

M-x run-s
heme
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Read the CMU S
heme do
umentation (or use the des
ribe-mode Elisp 
ommand) for a 
omplete

des
ription of this pa
kage.

Using Ema
s and the Ilisp pa
kage

Ilisp is another s
heme pa
kage whi
h allows to run the STk interpreter in an Ema
s window. This

is a ri
h pa
kage with a lot of ni
e features. Ilisp 
omes pre-installed with Xema
s; it has to be

installed with FSF Ema
s (the last version of Ilisp 
an be ftp'ed anonymously from ftp.
s.
mu.edu

(128.2.206.173) in the /user/ai/lang/lisp/util/ema
s/ilisp dire
tory).

To use the Ilisp pa
kage with STk, pla
e the following lines in your .ema
s startup �le.

(autoload 'run-ilisp "ilisp" "Sele
t a new inferior LISP." t)

(autoload 'stk "ilisp" "Run stk in ILISP." t)

(add-hook 'ilisp-load-hook

'(lambda ()

(require '
ompleter)

;; Define STk diale
t 
hara
teristi
s

(defdiale
t stk "STk S
heme"

s
heme

(setq 
omint-prompt-regexp "^STk> ")

(setq ilisp-program "stk -intera
tive")

(setq 
omint-ptyp t)

(setq 
omint-always-s
roll t)

(setq ilisp-last-
ommand "*"))))

After having entered those lines in your .ema
s �le, you 
an simply run the STk interpreter by typing

M-x stk

The Ilisp pa
kage 
omes with a ri
h do
umentation whi
h des
ribe how to 
ustomize the pa
kage.

Other pa
kages

Another way to use STk and Ema
s 
onsists to use a spe
ial purpose STk mode. You 
an �nd two

su
h modes in the /pub/Contrib dire
tory of kaolin.uni
e.fr.

3.1 Using the SLIB pa
kage with STk

Aubrey Ja�er maintains a pa
kage 
alled SLIB whi
h is a portable S
heme library whi
h provides


ompatibility and utility fun
tions for all standard S
heme implementations. To use this pa
kage, you

have just to type

(require "slib")

and follow the instru
tions given in the SLIB library to use a parti
ular pa
kage. Note: SLIB uses

also the require/provide me
hanism to load 
omponents of the library. On
e SLIB has been loaded,

the standard STk require and provide are overloaded su
h as if their parameter is a string this is

the old STk pro
edure whi
h is 
alled, and if their parameter is a symbol, this is the SLIB one whi
h

is 
alled.

4 Getting information about S
heme

4.1 The R

4

RS do
ument

R

4

RS is the do
ument whi
h fully des
ribe the S
heme Programming Language, it 
an be found in

the S
heme repository (see ??) in the dire
tory:
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ftp.
s.indiana.edu:/pub/s
heme-repository/do


Aubrey Ja�er has also translated this do
ument in HTML. A version of this do
ument is available at

file://swiss-ftp.ai.mit.edu/pub/s
m/HTML/r4rs to
.html

4.2 Web sites

The most up to date general site on S
heme is lo
ated at www.s
hemers.org. This site 
ontains

informations and links about

� textbooks on S
heme, tutorials and standards

� various implementations of the language as well as environments for S
heme

� SRFI (S
heme Request For Implementation)

� events related to S
heme programming

� and mu
h more ...

Another important site is the S
heme repository. Hopelessly, this site is no more maintained, but its


ontent is ri
h enough to spend some time on it. The repository 
onsists of the following areas:

� Lots of s
heme 
ode meant for ben
hmarking, library/support, resear
h, edu
ation, and fun.

� On-line do
uments: Ma
hine readable standards do
uments, standards proposals, various S
heme-

related te
h reports, 
onferen
e papers, mail ar
hives, et
.

� Most of the publi
ly distributable S
heme Implementations.

� Material designed primarily for instru
tion.

� Freely-distributable promotional or demonstration material for S
heme-related produ
ts.

� Utilities (e.g., S
hemeweb, SLaTeX).

� Extraneous stu�, extensions, et
.

You 
an a

ess the S
heme repository with

� ftp.
s.indiana.edu:/pub/s
heme-repository

� http://www.
s.indiana.edu/s
heme-repository/SRhome.html

The S
heme Repository is mirrored in Europe:

� ftp.inria.fr:/lang/S
heme

� faui80.informatik.uni-erlangen.de:/pub/s
heme/yorku

� ftp.informatik.uni-muen
hen.de:/pub/
omp/programming/languages/s
heme/s
heme-repository

4.3 Usenet newsgroup and other addresses

There is a usenet newsgroup about the S
heme Programming language: 
omp.lang.s
heme.

Following addresses 
ontains also material about the S
heme language

� http://www.
s.
mu.edu:8001/Web/Groups/AI/html/faqs/lang/s
heme/top.html 
ontains the

S
heme FAQ.

� http://www-swiss.ai.mit.edu/s
heme-home.html is the S
heme Home page at MIT

� http://www.ai.mit.edu/proje
ts/su/su.html is the S
heme Underground web page
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