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seudocode

T he algorithms in this text are described both in English and in pseudocode. Pseudocode is
an intermediate step between an English language description of the steps of a procedure
and a specification of this procedure using an actual programming language. The advantages
of using pseudocode include the simplicity with which it can be written and understood and
the ease of producing actual computer code (in & variety of programming languages) from the
pseudocode. We will describe the particular types of statements, or high-level instructions, of
the pseudocode that we will use. Each of these statements in pseudocode can be translated into
one or more statements in a particular programming language, which in turn can be translated
into one or more (possibly many) low-level instructions for a computer.

This appendix describes the format and syntax of the pseudocode used in the text. This
pseudocode is designed so that its basic structure resembles that of commonly used programming
languages, such as C++ and Java, which are currently the most commonly taught programming
languages. However, the pseudocode we use will be a lot looser than a formal programming
langnage because a lot of English language descriptions of steps will be allowed.

This appendix is not meant for formal study. Rather, it should serve as a reference guide for
students when they study the descriptions of algorithms given in the text and when they write
pseudocode solutions to exercises.

Procedure Statements

The pseudocode for an algorithm begins with a procedure statement that gives the name of
an algorithm, lists the input variables, and describes what kind of variable each input is. For
instance, the statement

procedure maximum(L: list of integers)

is the first statement in the pseudocode description of the algorithm, which we have named
maximum, that finds the maximum of a list L of integers.

Assignments and Other Types of Statements

An assignment statement is used to assign values to variables. In an assignment statement the
left-hand side is the name of the variable and the right-hand side is an expression that involves
constants, variables that have been assigned values, or functions defined by procedures. The
right-hand side may contain any of the usual arithmetic operations. However, in the pseudocode
in this book it may include any well-defined operation, even if this operation can be carried out
only by using a large number of statements in an actual programming language.

The symbol : = is used for assignments. Thus, an assignment statement has the form

variable := expression
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For example, the statement

| max:=da

assigns the value of a to the variable max. A statement such as

x := largest integer in the list L

can also be used. This sets x equal to the largest integerin the list L. To translate this statement into

i an actual programming language would require more than one statement. Also, the instruction

interchange a and'b

i
i can be used to interchange a and b. We could also express this one staternent with several

: assignment statements (see Exercise 2), but for simplicity, we will often prefer this abbreviated

form of pseudocode.
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| Comments

; In the pseudocode in this book, statements enclosed in curly braces are not executed. Such

L statements serve as comments or reminders that help explain how the procedure works. For
 ; instance, the statement

i

=' {x is the largest element L}

-;,‘

can be used to remind the reader that at that point in the procedure the variable x equals the
" Jargest element in the list L.
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Conditional Constructions

The simplest form of the conditional construction that we will use is

if condition then statement

if qonditgo;l-tii;; Qe
block of statements
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Here, the condition is checked, and if it is true, then the staternent or block of statements given
is carried out. In particular, the pseudocode

if condition then
staternent 1
statement 2
staternent 3

statement n

tells us that the statements in the block are executed sequentially if the condition is true.

For example, in Algorithm 1 in Section 3.1, which finds the maximum of a set of integers,
we use a conditional statement to check whether max < a; for each variable; if it is, we assign
the value of a; to max.

Often, we require the use of a more general type of construction. This is used when we wish
to do one thing when the indicated condition is true, but another when it is false. We use the

construction

if condition then statement 1
else statement 2

Note that either one or both of statement 1 and statement 2 can be replaced with a block of
statements.

Sometimes, we require the use of an even more general form of a conditional. The general
form of the conditional construction that we will use is

if condition 1 then statement 1
else if condition 2 then statement 2
else if condition 3 then statement 3

else if condition n then statement n
else statement n 4+ 1

. When this construction is used, if condition ! is true, then statement 1 is carried out, and the
program exits this construction. In addition, if condition 1 is false, the program checks whether
cond¥t§0n 2 is true; if it is, statement 2 is carried out, and so on. Thus, if none of the first n — 1
condltlc_ngs hold, but condition » does, statement # is carried out. Finally, if none of condition
1, condition 2, condition 3, . . ., condition n is true, then statement n + 1 is executed. Note that
any of the n + 1 statements can be replaced by a block of statements.
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Loop Constructions

There are two types of loop construction in the pseudocode in this book. The first is the.
construction, which has the form

for variable : = initial value to final value
staternent

or

for variable := initial value to final value
block of statements

where initial value and final value are integers. Here, at the start of the loop, variable is assigne:
initial value if initial value is less than or equal to final value, and the statements at the end 0
this construction are carried out with this value of variable. Then variable is increased by one
and the statement, or the statements in the block, are carried out with this new value of variable
This is repeated until variable reaches final value. After the instructions are carried out wit
variable equal to final value, the algorithm proceeds to the next statement. When initial valu
exceeds final value, none of the statements in the loop is executed.
We can use the “for” loop construction to find the sum of the positive integers from 1 to

with the following pseudocode.

sum:=0
fori :=1ton .

sum 1= sum +1i

Also, the more general “for” statement, of the form

for all elements with a certain property

is used in this text, This means that the statement or block of statements that follow are carri:

out successively for the elements with the given property.
The second type of loop construction that we will use is the “while” construction. This b

the form

while condition

statement
or
while condition
- ~block of statements - i A R

When this construction is used, the condition given is checked, and if it is true, the statemis t

follow are carried out, which may change the values of the variables that are part of the
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If the condition is still true after these instructions have been carried out, the instructions are
carried out again. This is repeated until the condition becomes false. As an example, we can
find the sum of the integers from 1 to n using the following block of pseudocode including a

“while™ construction.

sum: =0
while » > 0
sum .= sum +n
n:=n-1

Note that any “for” construction can be turned into a “while” construction (see Exercise 3).
However, it is often easier to understand the “for” construction. So, when it makes sense, we
will use the “for” construction in preference to the corresponding “while” construction.

Loops within Loops

Loops or conditional statements are often used within other loops or conditional statements.
In the pseudocode used in this book, we use successive levels of indentation to indicate nested
loops, which are loops within loops, and which blocks of commands correspond to which loops.

Using Procedures in Other Procedures

We can use a procedure from within another procedure (or within itself in a recursive program)
simply by writing the name of this procedure followed by the inputs to this procedure. For
instance,

max(L)

will carry out the procedure max with the input list L. After all the steps of this procedure have
been carried out, execution carries on with the next statement in the procedure.

Return Statements

We use a return statement to show where a procedure produces output. A return statement of
the form

return x
produces the current value of x as output. The output x can involve the value of one or more

functions, including the same function under evaluation, but at a smaller value. For instance,
the statement

return f(n — 1)

is used to call the algorithm with input of n — 1. This means that the algorithm is run again with
input equal ton — L.
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3. Show how a loop of the form
can be written using the “while” construction.

2. Give a procedure using assignment statements to jnge/
change the values of the variables x and y. What i5 g,

assignment statements?
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1. What is the difference between the following blocks of two
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Exercises




