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Abstract

This document is an introductory guide to applicative programming using the language Scheme, a
modern dialect of Lisp. It assumes familiarity with computers and with basic programming techniques,
but no knowledge of Lisp or applicative programming. Thismanua describesapurely functional subset
of Scheme, the use of the X Scheme interpreter, and some style guidelines and programming tips.
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1 Introduction

Schemeisasmall, versatilediaect of Lisp. LikeLisp, itisanapplicativeor functional language. Thismeans
that, unlike imperative languages, which are made up of sequences of instructions, applicative programs
are based solely on functions and their return values. The only means of control is recursion. Functional
languages are characterized by their lack of side effects, which are operations that change the state of some
variable or environment. That is, an operation never modifies its argument; instead, it returns a copy of
that argument that is identical to the original argument except for the changes specified by the function.
This provides a property called referential transparency, which means that a function called with the same
arguments will always exhibit the same behavior. Functions in imperative languages may depend on side
effects or global variables, and thus referential transparency need not hold.

Section 2 describes the XScheme interpreter, its invocation, and a few control primitives for using the
interpreter. Section 3 describes some fundamentals of the Scheme language, such as atoms, lists, and
evaluation. Section 4 describes the boolean predicates available in Scheme, and Section 5 goes on to
describe the control structures provided. Section 6 describes the mathematical operations provided in
Scheme. Section 7 describes function definition, and Section 8 describes variable bindings and the use of
local and global variables. Section 9 describes functions as first-class, i.e., using functions as arguments
to, or return values from, functions, and also discusses unnamed (lambda) functions. Section 10 provides
two programs as explanatory examples. Section 11 discusses some hints and techniques for simplifying
the development and debugging process. Finally, Section 12 provides a few style guidelines and tips for
programming in Scheme.



2 Thelnterpreter

Scheme is an interpreted, or interactive, language, meaning that expressions are entered into the interpreter
oneat atime, at which timetheinterpreter immediately eval uatesthem and outputstheresult. The X Scheme
interpreter isinvoked from the command prompt by typing xschene, like so (this assumes that you have
aready unpacked and installed the X Scheme interpreter; if not, Appendix A provides instructions on how
to do so):

% xschene
XSchenme - Version 0.22

>

The‘'>" symboal isthe prompt, which isthe interpreter’'s way of saying, ‘ give me an expression to evaluate.’

Thefollowing system-level constructsare provided for manipulation of the interpreter and the programming
environment (Section 11 describes the devel opment process and debugging tipsin detail):

(exit)
Exit the compiler and return to the operating system shell.

(1 oad "filename")

L oad thetext in thefile specified by filename, just asthough it was entered from the keyboard. The customary
way to write Scheme programs is to enter the function definitionsin a text file using a text editor such as
vi oremacs, and then to load that text file in this fashion. Scheme files generally are given the extension
‘.scmi.

(reset)
The XScheme interpreter, upon encountering an error condition, enters an error-level state. Ther eset
command returns the interpreter to the top level, where one may continue programming as usual .

(transcript-on "filename")

Turns on the transcripting feature, in which all text entered from the keyboard, and all text output from
the interpreter, is echoed to filename. This is useful for recording sample runs and the like. Typing
(transcri pt-off) turnsoff thetranscripting and closes filename.



3 Badcs

Everything in Scheme, both programs and data, is an S-expression. An S-expression may have one of two
types, an atomor alist. Atoms, as the name suggests, are the fundamental objects in Scheme. An atom
may be a number, a symbol, or ni | (which is synonymous with the empty list, which we'll talk about
in amoment). A fundamental distinction to the Scheme interpreter is whether or not an object should be
evaluated. Numbers always eva uate to themsalves, so this distinctionis not important for numeric atoms,
suchas27 or 3. 14159.

However, for symbols and lists, this distinctionis very important. A symboal, for instance, may be either a
litera (if it should remain unevaluated), or a variable name (if evaluated).

The quot e function controls whether or not an S-expression should be evaluated; for instance, the atom
‘f 00’ isavariablenamed foo, while( quot e f 00) evaluatestoalitera symbol foo. Inaddition, ( quot e
expression) may be abbreviated ' expression.

Throughout this manual, we use a double right arrow (‘=") to denote ‘evaluates to.” For instance, the
following relations denote the behavior of the Scheme interpreter for the atoms we have just discussed:

27 = 27

3.14159 = 3.14159

"foo = foo

(quot e foo0) = f oo

foo = error: undefined variable
3.1 Lists

A list is asequence of S-expressions, separated by whitespace (spaces, tabs, newlines, and formfeeds), and
surrounded by parentheses. Notethat each S-expression canitsdlf bealist, sothefollowingareal validlists:
(1 23),(1(23)),(1 (2 (3))), etc. Inaddition, a specid list is defined that has no el ements.
Thisis called the empty list, or the null list, and iswritten () orni |l .

Listsmay be left unevaluated in the same manner as atoms, by quoting them.
(1 2 3) = (1 2 3
If alististo be evaluated, itsfirst element is considered to be a function name, and the remaining e ements

are argumentsto that function. The number of argumentsafunction expectsiscalled itsarity. For instance,
the addition functioniscaled ‘+', and it has an arity of two. For example,

(+ 2 3) = 5



Aswithal lists, the arguments to a function may themselves be function calls. For example,

(+(+23) (+56))=> 16

3.2 List Manipulation

Scheme, like all Lisp dialects, considers lists to be accessible only from the front (internally, they are
represented as linked lists). Thus, Scheme providesa number of functions for accessing the first e ement of
alist (the head), the rest of thelist not including the head (the tail), inserting a new head, and so forth. We
describe these here.

Thecar function, given alist, returnsthe head of that list. Note that the head of alist need not be an atom.

(car " (1 2 3)) = 1
(car "((1 2) 3) = (1 2)

Similarly, thecdr function returnsthetail of alist. Thisreturn valueisadwaysalist.

(cdr " (1 2 3)) = (23
(cdr "((12) 3)) = (3
(cdr (1 (23))) = ((23))
(cdr " (1)) = 0

Applyingcar orcdr toan empty listisan errort.

Thecons functionisused for list construction; given an element and alist, it creates anew list identical to
itslist argument, but with the element added as the new head.

(cons "1 '(2 3)) = (1 2 3)
(cons "(1 2) '"(3 4) = ((1 2) 3 4)

Thel i st function creates alist from a set of s-expressions. It takes a variable number of arguments, and
merely formulates those argumentsinto alist.

(list "1 '2 " 3) = (123)
(list "(12) '3 = ((12) 3)

Severa other useful list manipulations are provided as well: append, r ever se, and| engt h. Notethat
these are not primitives, they may easily be defined using the primitives described above.

Thisis not really true; see Section 12



Theappend function merely concatenates two lists.

(append ' (1 2) '(3 4) (12 3 4)

Ther ever se function reverses the order of eementsin alist.

(reverse '(1 2 3)) = (3 21)

Thel engt h function returnsthe length of the list in eements. Note that this does not include €l ements of
any sublists; it merely counts the number of s-expressionsthat make up thelist.

(length "(1 2 3)) = 3
(length " ((1 2) 3)) = 2



4 Predicates
Predicates in Scheme are boolean operators. They return either true, denoted #t , or false, denoted by the
empty list, () . The predicates defined in Scheme are:

(at onf?  expression)
Returnstrueif expression is an atom, or the empty list, fal se otherwise.

(aton? 'a) = #t
(atonf? 12) = #t
(aton? (1 2 3)) = ()
(aton? ' ()) = #t

(l'ist? expression)
Returns true if expressionisalist, including the empty list. Note that the empty list isthe only expression
that returnstrue for bothat on? and| i st ?.

(list? (12 3)) = #
(list? a) = ()
(list?2 ")) = #t

(nul I ? expression)
Returnstrue only if expressionisthe empty list, () ornil .

(null? " ()) = #t
(null? '(123) = ()
(null? 'a) = ()

(not predicate)
Returnstrueif predicatereturns () , false otherwise.

(not " ()) = #t
(not #t) = ()

(equal ? expressionl expression?2)

Returnstrueif expressionl and expression2 are structurally equivalent; that is, if they havethesamelist struc-
tureandall their atomsare equal. Thisisnotto beconfusedwitheq?, whichreturnstrueonly if itsarguments
are the same object. That is, equal ? testsfor structural equivalence, whileeq? testsfor pointer equiva
lence. In the following examples, assume that we have already entered (define foo ' ((1 2) 3)).



(equal? "((12) 3) "((1 2 3)) = #t
(egq? "((1 2 3) "((1 2 3)) = #t
(equal? ' ((1 2) 3) foo) = #t
(eq? " ((1 2) 3) foo) = 0
(equal ? foo foo) = #t
(eq? foo foo) = #t

(and predicatel predicate?)
Returnstrueif predicatel and predicate2 both return true, fal se otherwise.

(or predicatel predicate?)
Returnstrueif either predicatel or predicate2 return true, or false if neither of them return true.

41 Numerical Predicates

In al the following examples, g, denotes an expression that returns a numerical value.

(= & &)
Returnstrueif the two numbers are equal.

(< e &)
Returnstrueif e; isnumerically lessthan e.

(> e &)
Returnstrueif e, is numerically greater than e.

(<= a &)
Returnstrueif e; isnumerically lessthan or equal to e.

(>= e &)
Returnstrueif e, isnumerically greater than or equal to e;.



5 Control

The fundamental selection functionin Schemeiscond. Theformat of cond is asfollows:

(cond ( predicatel consequentl)
( predicate2 consequent?2)

( predicateN consequentN) )

Thecond function evaluatesthe predicates of itsargumentsfrom left to right, and when predicatel evaluates
to true, it evaluates consequentl and offers its return value as the return value of the cond. An error occurs
if no predicate evaluates to true; often, predicateN isel se, apredicate variable that always has value true,
such that consequentN is evaluated if none of the others are true.

Thei f construct is a specia case of cond, where there are only two possibly paths of execution. The
format of thei f isasfollows:

(i f predicatethen-part else-part)

Inthei f construct, predicate is tested; if it returns true, then then-part is evaluated and its value returned
asthevalue of thei f ; otherwise, else-part is evaluated and itsvalue is returned as the value of thei f .
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6 Math Operations

As has been described earlier, math functions are called in the same manner as all other functions; alist
whose first element is a math operator, and the rest of whose el ements are arguments to that operator. The
following math operators are defined:

(+ ny ny)
Addition: returnsn; + no.

(+ 2 3) = 5
(+ 1.5 2. 35) = 3.85
(- nLny)
Subtraction: returnsn; — ny.
(- 52 = 3
(- 2.7 1.3) = 1.4
(* ng ny)
Multiplication: returns ny - ny.
(* 35) = 15
(* 1.5 2.5) = 3.75
(/' ng ny)
Division: returnsn; + ny.
(/ 8 2) = 4
(/ 1.5 3) = 0.5

(quotient ng ny)
Integer division: returnsthe integer portion of ny + no.

(quotient 9 4) = 2
(quotient 9 3) = 3

(remai nder n; ny)
Remainder: returns the remainder that results from the division of ny by n,, or n; mod n,.

(remai nder 9 4) = 1
(remai nder 9 3) = 0

11



(sqgrt n)
Square root: returns/n.

(sqrt 4) = 2

(sqrt 2) =  1.4142135623731
(expt ni mp)
Exponentiation: returns n,".

(expt 2 3) = 8

(expt 4 0.5) = 2

12



7 Defining Functions

Thedef i ne functionis used to define functions. For format of def i ne is;
(define (nameargs) body)

Where args is a list of arguments argl arg2 ... argN, and body is the body of the function. When the
functioniscalled, via( nameargl arg2 ... argN) , the actual argumentsin the call are bound to the formal
argumentsinthedef i ne, which act aslocal variableswithin body. For example, the ever-popul ar factorial
function would be defined as follows (n factorial isequal ton-(n— 1) - (n—2)-...- 1, and O factorid is
defined to equal 1):

(define (fact n)
(cond
((=n0) 1)
(else (* n (fact (- n 1))))))

A call to thisfunction with n equal to 3 proceeds as follows:

(fact 3)

= (* 3 (fact 2))

=  (* 3 (* 2 (fact 1)))

= (* 3(* 2 (* 1 (fact 0))))
= (*3(*2(*11)))

= 6

A function with a variable number of argumentsis defined as follows:
(define (nameargs. rest) body)

Within body, the arguments argl arg2 ... argN are bound to thefirst N arguments to the function, and any
remaining arguments are bound as alist to rest.

13



8 Binding

Within afunction, the argumentsin the def i ne statement are scoped as local variables, whose values are
determined by the actual argumentsin the call to that function. In addition, we may use def i ne to declare
global variables, and we may also use a construct called | et to declare local variablesin addition to those
given as arguments.

Global variables may be defined as follows:
(defi ne namevalue)

Thisassignsvalueto athevariablename. In actuality, this operation defines afunction called name, of arity
0, that always returns value. It should be noted that, as in imperative programming, global variables should
be avoided except intherole of constants. That is, it is acceptabl e to define global variables withina Scheme
program, but it is never acceptable to redefine them.

Local variables may be declared using thel et construct. The syntax of | et isasfollows:
(let ((varlinitl) (var2init2) ...(varNinitN)) body)

Within body, varl is assigned value initl, var2 is assigned init2, and so on. Body is evaluated within the
scope of these variables, and its valueis returned as the value of thel et .

14



9 FunctionsareFirst-Class

In Scheme, as in most diaects of Lisp, functions are first-class. This means that they are values, just like
any other datatype—they may be passed as argumentsto functionsand returned as values of functions. This
is one of the most powerful aspects of Scheme.

One construct that is useful when passing functionsas argumentsis| anbda. Thisgives one the capability
to define functions without names. The |l anbda statement has the same syntax asthe def i ne statement,
but without afunctionname. Forinstance, (1 anbda (x) (+ 5 x)),whenevaluated, returnsafunction
of one argument, that adds five to that argument. That is,

((lanbda (x) (+ 5 x)) 10) = 15

Thisalowsus, for example, to define afunction called map that applies some function to each element of a
list:

(define (map fn |1)
(cond

((null?2 11) "))
(else (cons (fn (car 11)) (map fn (cdr 11))))))

We may now apply map like so:

(map (lambda (x) (+ 1 x)) "(1 2 3)) = (2 3 4)
(map (lanmbda (x) (* 2 x)) (1 2 3)) = (2 4 6)
(mep (lanmbda (x) (list x)) "(123)) = ((1) (2) (3))
(map sqgrt '(1 4 9)) = (1 2 3)
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10 Examples

10.1 Example One: Flatten

Thefl at t en function, given alist, returns alist of the atomsin that list. In other words, it ‘flattens' the
recursive list structure of its argument. For instance,

(flatten (1 2 3)) = (1 2 3)
(flatten "((1 2) 3) = (12 3)
(flatten "((1) (2) £3)) (1 2 3)
(flatten ' ()) = ()
(flatten " ((()))) = ()

Thef | at t en function may be defined as follows:

(define (flatten I1)
(cond
((null?2 11) "))
((nul'l? (car 11)) (flatten (cdr 11)))
((aton? (car 11)) (cons (car |1) (flatten (cdr 11))))
(el se (append (flatten (car 11)) (flatten (cdr 11))))))

Thisfunction worksin the following way:

1. Wedefineafunctionf | at t en that takes one argument, | 1.
2. We branch using acond statement, dependent on qualitiesof | 1.

3. If I 1 isempty, we return the empty list; (flatten ' ()) = ’ (). Infunctionsthat operate on
lists, checking the argument for nul | ? istypically the base case of therecursion, and thefirst branch
of thecond.

4, If thefirst lementinl 1 istheempty list,i.e, | 1 lookslike( () ...),wethrow away that element
and returnthef | at t en of thetail of | 1.

5. If thefirst element isan atom, it cannot be the empty list, since that case was captured by the previous
branch. Thus, it isanorma atom, and wereturn that atom cons’ed onto thef | at t en of thetail of
1.

6. Lastly, if none of the previous cases were true, the first lement of | 1 isitsdf a non-empty list, and
wereturnthef | at t en of that list appendedto thef | at t en of thetail of | 1.

16



10.2 Example Two: Quicksort

The Quicksort algorithm may be easily defined in Scheme. For those not familiar with this algorithm,
Quicksort sortsalist (in this case, alist of numbers) in the following manner:

=

. If thelist isempty, it is obviously already sorted, so we merely return it. Otherwise.. .
2. Choosea ‘pivot’. The easiest way isto choose the first e ement of thelist as the pivot.

3. Partition thelist into three sublists: the elementsin the list that are less than the pivot, the elements
that are equal to the pivot, and the e ements that are greater than the pivot.

4. Recursively call Quicksort to sort the list of lesser elements and thelist of greater elements. Thelist
of equal elements all have the samevalue, so it is aready sorted.

5. Concatenate the sorted list of lesser elements, the list of equal elements, and the sorted list of greater
elements, and return it as the sorted list.

Thismay be writtenin Scheme as follows:

(define (partition conpare |1)
(cond
((null?2 11) "))
((conmpare (car 11)) (cons (car 11) (partition conmpare (cdr 11))))
(el se (partition conpare (cdr 11)))))

(define (quicksort 11)
(cond
((null?211) "))
(else (let ((pivot (car 11)))
(append (append (quicksort (partition (lambda (x) (< x pivot)) 11))
(partition (lanmbda (x) (= x pivot)) |1))
(quicksort (partition (lanmbda (x) (> x pivot)) 11)))))))

Thepartition function in this example illustrates the usefulness of passing functions as arguments; by
doing so, we may usethesameparti ti on functionfor both the lesser and greater sublists. The function
does this by taking a predicate function conpar e, which should return true or false, and alist, | 1. If | 1
isthe empty list, it returns the empty list. Otherwise, if thefirst elementinl 1 returnstrue when conpar e
is applied to it, we return that first element cons’ed onto theparti ti on of thetail of | 1. If conpar e
returns false, we fall through to the last condition, in which we merdly returntheparti ti on of thetail of
| 1, without thefirst element of | 1.

Then, in the actua qui cksort function, we perform the following actions. If | 1 isthe empty list, we
return the empty list. Otherwise, we bind alocal variablepi vot tothefirst lementinl 1. We thenfind the
list of elementslessthan pivot by passingthefunction (1 anmbda (x) (< x pivot)) topartition.

17



This lambda function returns true if its argument, X, is less than pi vot . Thus, passing this function to
partition resultsinthelist of dementsin| 1 that are lessthan pi vot . Wesimilarly usepartiti on
toformthelist of dements equal to pi vot andthelist of e ements greater than pi vot . Wetherecursively
apply the qui cksort function to the list of lesser elements and the list of greater e ements, and then
append the three results together.

18



11 Development and Debugging

This section describes some techniques the authors have found useful in the development and debugging
process.

Unix? redirection can be useful in testing programs and producing sample output. Aswith most applications,
XScheme may take itsinput from afile instead of the keyboard, and may send its output to afile instead of
to the screen. Fileinput is especially useful, since it allows one to assemble afile of test cases and redirect
them into the interpreter, rather than retyping them every time one wants to test the program. For instance,
suppose we have typed the Quicksort program from Section 10.2, and stored it in the file ‘gsort. scni.
We may test the program, and obtain output for these test cases, by creating afile like the following:

(load "qgsort.scni)
(transcript-on "qgsort.out")
(gsort (1 95 3 2))

(gsort "(5 4 3 2 1))

(gsort (112 2 3 3))
(gsort '(1 2 3 4))
(transcript-off)

(exit)

And then, supposing we named thisfile‘qsort . i n’, we may redirect it into the XScheme interpreter like
So:

% xschenme < gsort.in

Note that the last command in thefileis ( exi t) . Thisexitsthe X Scheme interpreter when the commands
inthefileis completed. Be careful to include (exi t) asthelast command in al such test files, as without
it, the interpreter will hang, waiting for further input. After this operation completes, the transcript of the
test cases and their output will bein‘gsort . out . Output may also be saved to afile by using redirection
rather than transcripting, but this method does not echo the test input to thefile, so transcripting is preferred.

Debugging isalittletricky. In a sequential language, one often debugs a program by strategically inserting
output statements throughout the program to examine the val ues of variables, to follow flow of control, and
so forth. Scheme lacks this sequentiality, so merely inserting an output statement is impossible. However,
Scheme offers a construct that allows such sequential execution, called begi n. Itsformat is merely:

(begi n expressionl expression?. .. expressionN)

In the begi n construct, the expressions are evaluated from left to right, and the value of expressionN is
returned as thevalue of thebegi n construct. One can easily seethat such aconstruct is meaningless unless

2Unix’ isaregistered trademark of AT&T Information Systems
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thefirst N— 1 expressionshave sideeffects, i.e., they destructively modify the stateof somevariable(an action
that, for our purposes, is considered forbidden) or perform somel/O. Thisisthe purposefor whichwewill use
it: for debugging purposes, we may replace some expression with ( begi n print-statement expression) .
Thiswill execute pri nt - st at enent , then evaluate expression and return its value as the value of the
begi n; thus, except for the output of print-statement, this modification is transparent in the evaluation of
the program.

The output statement in XScheme ismerdly (wri t e expression) . This prints the value of expression to
the standard output. For example,

Wit e statement Printed to standard output
(wite 13) 13

(wite 'a) a

(wite "foo") "foo"

(wite ' (1 23)) (12 3)

Thefunction (new i ne) writesanewline character to the standard output.

For example, supposewe replace the entire body of thef | at t en function described in Section 10.1 with
the following:

(begin (wite 1'1) (newine) body)
Then, whenwecall thef | at t en function, we get output something like this;

> (flatten "((1 (2)) 3 (4) () 5))
((1(2)) 3 (4 () 5
(3 (4 () 3

((4) () 5)

(() 5)

(5)

0)

(4)

0)

(1(2))

((2))

0)

(2)

0

(123 45)
>

Lastly, it should be noted that Control-C will interrupt the X Scheme interpreter and drop you back to the
operating system at any time.

20



12 Style Guidelines

This section discusses some style guidelinesfor Scheme, constructsto avoid, and pointers on good program-
ming style and efficiency.

1. Variable naming. In Scheme, variables must begin with a letter, and all subsequent characters may
be letters, numbers, or any of the following:

+- ./ <=>1?2:%$% &~"

The length of variable names is unrestricted. Thus, one should choose descriptive variable hames,
avoiding abbreviations whenever practical. Customarily, predicates end with a ‘?’, with a few
exceptions, such as the numerical predicates.

2. Assignment forms. Scheme does provide an assignment operator, set!. In addition, Scheme
providesdestructiveversionsof many functions; for instance, append! , giventwolists, destructively
appends the second list to the end of the first. These side-effecting functions are called assignment
forms, and their names usually end with ‘! . While they are often used in real applications, from the
point of view of functional programming, they should be considered forbidden.

3. cadadr and friends. Scheme providescompositionsof car andcdr formed by inserting appropriate
a’'s and d’s between the ¢ and ther. For instance, (cadr | 1) denotes(car (cdr 11)).
These compositions should be avoided, especialy the longer ones. It is doubtful that anyone, even
accomplished Scheme programmers, has an intuitive fedl for what cadadr means, and using such
forms generally means you are doing something in an ugly way.

4. Pretty-printing. Most Scheme programmerslay out their functionsas | have throughout this manual,
indenting the appropriate function calls and adding all the closing parentheses at the end, like so:

(define (append 11 12)
(cond
((null? 11) 12)
(else (cons (car 11) (append (cdr 11) 12)))))

To simplify matching parentheses, however, you may find it convenient to line up the closing paren-
theses with the expression they are closing, as with the bracketsin C, like so:

(define (append 11 12)
(cond

((null? 11) 12)
(el se (cons (car 11) (append (cdr 11) 12)))

)

Thisis purely a matter of personal preference.

21



5. Applyingcar and cdr totheempty list. In many implementationsof Scheme, including X Scheme,
applyingcar or cdr totheempty listisvalid, and returnsni | inboth cases. However, thisbehavior
is not specified in the Scheme standards, and in other implementations it may cause an error or a
warning. Thus, for reasons of portability and general good programming style, one should avoid
situationsinwhich (car ' ()) or(cdr ' ()) getevauated.

6. Sequential constructs. Scheme offers a construct for sequential programming called begi n. This
allows sequential execution of a number of Scheme statements, with the return value of the begi n
beingthelast statement executed withinitsbody. Inaddition, someconstructs, suchasl et , performan
implicit begi n. Thisshould be avoided (except for itsuse in debugging, as described in Section 11),
and isbasically usdlessin the absence of assignment forms anyway.
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A Installation

Installing X Scheme:

1. Get acopy of thefilesxschene.tar.Z andi nstal | . schene

2. Movethosefilesto thedirectory inwhich the schemefilesshouldbeinstalled (/ usr /| ocal isgood).
A new subdirectory of the current directory, called xschene, will be created to hold the X Scheme
files.

3. Typei nstal |l . schene

4. TorunXScheme, type( di r)/ xschene/ schene, where( di r) isthedirectoryinwhich XScheme
wasinstalled (suchas/ usr /| ocal ). Youmay find it helpful to add alinelike the following to your
.cshrcfile al i as xschenme /usr/Il ocal / xschene/ schene

5. You'redone!
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B Reference

' expression Section 3
Suppresses evaluation of expression. Equivalentto ( quot e expression) .

() Section 3
The empty list, synonymouswithni | .

(+ Nex; Nexp) Section 6
Returns Nex; + Nexz. Nex; and Nex, must be expressionswith numerical values.

(- Nex; Nexy) Section 6
Returns Nex; — Nexo. Nex; and Nexo must be expressions with numerical values.

(* Nexy Nexp) Section 6
Returns Nex; - Nexo. Nex; and Nex, must be expressions with numerical values.

(/' Nex; Nexy) Section 6
Returns Nex; + Nexo. Nex; and Nex, must be expressions with numerical values.

(= Nexy Nexp) Section 4.1
Returns#t if Nex; and Nex, are numerically equal, () otherwise. Nex; and Nex, must be expressionswith
numerical values.

(< Nex; Nexp) Section 4.1
Returns #t if Nex; is numerically lessthan Nexy, () otherwise. Nex; and Nex, must be expressions with
numerical values.

(> Nex; Nexp) Section 4.1
Returns#t if Nex; isnumerically greater than Nexy, () otherwise. Nex; and Nex, must be expressionswith
numerical values.

(<= Nexy Nexp) Section 4.1
Returns #t if Nex; is numerically less than or equal to Nexy, () otherwise. Nex; and Nex, must be
expressionswith numerical values.

(<= Nexy Nexp) Section 4.1
Returns #t if Nex; is numerically greater than or equal to Nex,, () otherwise. Nex; and Nexo must be
expressionswith numerical values.

(and predicatel... predicateN) Section 5
Evaluatesits argumentsfrom left to right, and returnsni | as soon as one of them evaluatesto ni | . If none
of the arguments evaluateto ni | , it returnstrue.

(append listllist2) Section 3.2
Returns the concatenation of listl and list2.
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(at onf?  expression) Section 4
Returns#t if expressionisan atom or the empty list, () otherwise.

(car list) Section 3.2
Returns the head, or first e ement, of list.

(cdr list) Section 3.2
Returnsthetail of list, i.e., acopy of list with the first element removed.

(cond ( predicatel consequentl) ... ( predicateN consequentN) ) Section 5
Evaluatesitsargumentsfrom left to right; when predicatel returnstrue, the function consequentl iseval uated
and its return value is returned as the value of the cond. An error occurs if none of the predicates returns
true.

(cons demlist) Section 3.2
Returns anew list the same as list, but with elem inserted as the head.

(eq? expressionl expression2) Section 4
Returnstrueif expressionl and expression2 are the same object, fal se otherwise.

(equal ? expressionl expression?2) Section 4
Returns true if expressionl and expression2 are equivalent objects; i.e., if they have the same list structure
and their atoms are equivalent.

(exit) Section 2
Exits X Scheme and returns to the operating system.

(i f predicatethen-part else-part) Section 5
A specia case of cond; if predicate eval uatesto true, the function then-part is evaluated and itsreturn value
isreturned as the value of thei f . Otherwise, the same is done with the function else-part.

(1 ambda args body) Section 9
Definesaname essfunction, withargumentsargsandfunctionbody body. argsshouldbealist( arglarg2... argN) .

(1 engt h expression) Section 3.2
Returns the length in number of elements of expression. The argument expression must evaluateto alist.

(let ((varlinitl) (var2init2) ...(varNinitN)) body) Section 8
Within the scope of body, bindsvarltoinitl, var2 toinit2, etc. Returnsthe return value of body.

(l'ist arglarg2...argN) Section 3
Returns alist of itsarguments, (argl arg2...argN) .

(l'ist? expression) Section 4
Returnstrueif expressionisalist, including the empty list, false otherwise.

(load ' filename' ') Section 2
L oads the text file specified by filename, just as though that text were entered from the keyboard.
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nil Section 3
The empty list, synonymous with () .

(not predicate) Section 4
Returnsni | if predicate eval uates to true, otherwise returnstrue.

(nul I ? expression) Section 4
Returnstrueif expressionisni | or (), false otherwise.

(or predicatel ... predicateN) Section 4
Evaluatesits arguments from | eft to right, and returns true as soon as one of them evaluatesto true. If none
of the arguments evaluate to true, it returnsni | .

(quot e expression) Section 3
Suppresses evaluation of expression. Equivalentto’ expression.

(reset) Section 2
Resets any error condition and returns X Scheme to the top level prompt.

(reverse expression) Section 3.2
Returnsalist made up of theelementsinexpression, inreverseorder. Theargument expression must eval uate
toalist.

(transcript-on **filename *) Section 2
Beginsatranscript, echoing all input to X Scheme and output from X Schemeto thefile specified by filename.

(transcript-off) Section 2
Endsthe transcript, closing the file specified by the earlier t r anscri pt - on command.
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I ndex

', 5,26
(),5,8,26
* 11,26
+,11, 26
-,11,26
/,11,26
<,9, 26
<=, 9, 26
=926
>, 9,26
>=9
#t,8

and, 9, 26
append, 7, 16, 17, 26
arguments
variable number of, 13
arity, 5
assignment, 22
aom, 5
at onf?, 8, 16, 27

begi n, 19, 23
binding, 14

car, 6,16,17, 22, 27
cdr, 6, 16, 17, 22, 27
cond, 10, 16, 17, 27
cons, 6,16, 17, 27
control, 10

defi ne, 13, 14, 16, 17

el se, 10
eq?, 8,27
equal ?, 8,27
exit,4,27
expt, 12

factorial, 13
fase 8
flatten, 16
function, 5, 6, 13
functions
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as arguments, 15, 17
first-class, 15

i f,10,27
installation, 25

| anbda, 15, 17, 27
| engt h, 7,27
| et, 14,17, 27
list,5, 6

empty, 5, 8, 23

head, 6

null, 5

tail, 6
l'ist,6,27
list?, 8,28
| oad, 4, 28

map, 15
math, 11

nil,5,8,28

not, 8, 28

nul | ?,8, 16,17, 28
numbers, 5

or,9,28

predicate, 8
numerical, 9

qui cksort, 17
quot e, 5,28
guotient, 11

redirection, 19

referential transparency, 3
reset, 4,28

reverse, 7,28

s-expression, 5

side effects, 3, 20, 22
sgrt, 12

style guiddines, 22



transcript-off, 4,28
transcript-on, 4,28
transcripts, 4, 19

true, 8

variables
globd, 14
local, 14
naming, 22

wite, 20
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