STUDENT OUTLINE

Lesson 8 — Structured Programming, Control Structures,
if-else Statements, Pseudocode

INTRODUCTION: Thislessonisthefirst of four covering the standard control structures of a high-
level language. Using such control structures requires the creation of simple to
complex Boolean statements that evaluate to true or false. After covering the
relational and logica operators available in Java, the remainder of this lesson will
present the if-el se control structure.

The key topics for this lesson are:

Structured Programming

Control Structures

Algorithm Development and Pseudocode
Relationa Operators

Logical Operators

Precedence and Associativity of Operators
The if-el se Statements

Compound Statements

Nested if-el se Statements

Conditional Operator

Boolean Identifiers

ACTIOTMMOUO®P

VOCABULARY: STRUCTURED PROGRAMMING CONTROL STRUCTURE
ALGORITHM ITERATION
LOGICAL OPERATOR PSEUDOCODE
IF-ELSE RELATIONAL OPERATOR
STEPWISE REFINEMENT COMPOUND STATEMENT
CONDITIONAL OPERATOR BOOLEAN IDENTIFIER

DISCUSSION: A. Structured Programming

1. Uptothispoint in your study of computer science and Java, you have created
programs that used only sequential execution. So far most programs have
consisted of a sequence of lines that are executed once, line-by-line. Aswe
add the power of loops and selection, we need to use these toolsin a
disciplined manner.

2. Inthe early days of programming (1960's), the approach to writing software
was relatively primitive and ineffective. Much of the code was written with
got o statements that transferred program control to another part of the code.
Tracing this type of code was an exercise in jumping from one spot to
another, leaving behind atrail of lines smilar to spaghetti. The term
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See Handout H.A.8.2,
Control Structuresin
Java.

"spaghetti code" comes from trying to trace code linked together with got o
statements.

The research of Bohm and Jacopinil has led to the rules of structured
programming. Here are five tenets of structured programming. There are
only three necessary control structures needed to write programs. sequence,
selection, and iteration.

a. Nogot o statements are to be used in writing code.

b. All programs can be written in terms of three control structures:
sequence, selection, and iteration.

c. Each control structure has one entrance point and one exit point. We will
sometimes allow for multiple exit points from a control structure using the
br eak statement.

d. Control structures may be stacked (sequenced) one after the other.

e. Control structures may be nested inside other control structures.

The control structures of Java encourage structured programming. Staying
within the guidelines of structured programming has led to great productivity
gainsin the fidd of software engineering.

. Control Structures

There are only three necessary control structures needed to write
programs. sequence, selection, and iteration.

Sequence refers to the line-by-line execution as used in your programs o far.
The program enters the sequence, does each step, and exits the sequence.

Selection is the control structure that alows choice among different
directions. Java provides different levels of selection:

*  One-way sdectionwithan i f structure
* Two-way sdectionwithan i f -el se structure
» Multiple selection with aswi t ch structure

Iteration refers to looping. JAVA provides three loop structures:

* whil e loops
e do-whil e loops
* for loops

Of the seven control structures, thei f -el se and whi | e loop are the most
flexible and powerful for problem-solving. The other control structures have

1 Bohm, C., and G. Jacopini, "Flow Diagrams, Turing Machines, and Languages with Only Two Formation Rules,
" Communications of the ACM, Vol. 9, No. 5, May 1966, pp. 336-371."
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their place, but if-el se and whi | e are the most common control structures
used in Java code.

6. Thediagramsin H.A.8.2, Control Structuresin Java, are flowcharts that
describe the flow of program control. A statement rectangle in any control
structure can be a simple line or even another control structure. A statement
can aso be a compound statement that consists of multiple statements.

C. Algorithm Development and Pseudocode

1. Anadgorithmisasolution to aproblem. Computer scientists are in the
problem-solving business. They use techniques of structured programming to
develop solutions to problems.  Algorithms will range from the easier "finding
the average of two numbers' to the more difficult "visiting al the
subdirectories on a hard disk, searching for afile."

2. A mgjor task of the implementation stage is the conversion of rough designs
into refined agorithms that can then be coded in the implementation language
of choice.

3. Pseudocode refers to a rough-draft outline of an answer, written in English
liketerms. We will probably use phrases and words that are close to
programming languages, but avoid using any specific language. Once the
pseudocode has been developed, trandation into code occurs more easily than
if we had skipped this pseudocode stage.

4. Stepwise refinement is the process of gradually developing a more detailed
description of an agorithm. Problem solving in computer science involves
overall development of the sections of a program, expanding each section
with more detail, later working out the individua steps of an dgorithm using
pseudocode, then finaly writing a code solution.

See Handout H -AI-S-?ph 5. Thehandout, H.A.8.3, Pseudocode and Algorithm Devel opment, will
Ef;‘;dc‘)’:;‘ii f”d Algorithm present a thorough example of this process. Y ou should read this now.
D. Reationa Operators
1. A relationa operator is abinary operator that compares two vaues. The
following symbols are used in Java as relational operators:
< less than
> greater than
<= less than or equal to
>= greater than or equal to
== equd to
I = not equal to
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2. A reationa operator is used to compare two vaues, resulting in ardationa
expresson. For example:

nunber > 16 grade == "'F passi ng >= 60

APCS- Java, Lesson 8 © ICT 2003, www.ict.org, All Rights Reserved 0.A.8.1 (Page 4)
Use permitted only by licensees in accordance
with license terms (http://www.ict.org/javalicense.pdf)



3. Theresult of arelational expressionisabool ean vaue, t rue or f al se.

4. When character datais compared, the ASCII code values are used to
determine the answer. The following expressions result in the answers given:

"B evauates ast r ue, (65 < 66)
"a' evauates asf al se, (100 < 97)
"X evauatesasf al se, (116 < 88)

Ta>r
A AN A

In the last example, you must remember that upper case letters come first in
the ASCII collating sequence; the lower case letters follow after and
consequently have larger ASCII values than do upper case (A'= 65, 'a =

97).

E. Logica Operators

1. Thethreelogical operators of programming are AND, OR, and NOT. These
operators are represented by the following symbolsin Java:

AND &&
OR | | (two vertica bars)
NOT !

2. The && (and) operator requires both operands (values) to be true for the
result to be true.

TadT =true
T and F = fal se
Fand T = fal se
Fad F =fal se

3. Thefollowing are Java examples of using the && (and) operator.

( (2 <3) & (3.5 > 3.0) ) evauatesastrue
( (L ==0) & (2!=13)) evauates as false

The && operator performs short-circuit evaluation in Java. If thefirst half of
an && statement is false, the operator immediately returns false without
evaluating the second half.

4. The|| (or) operator requires only one operand (value) to be true for the
result to be true.

To T =true
T o F=true
Fo T=true
Fo F=false
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The following is a Java example of using the | | (or) operator.
( (2+3 < 10) || (21 > 19) ) evaluates as true

The| | operator also performs short-circuit evaluation in Java. If the first
haf of an | | statement istrue, the operator immediately returns true without
evaluating the second half.

The! operator is aunary operator that changes abool ean vaueto its
opposite.

| fase = true
! true = fase

Precedence and Associativity of Operators

Introducing two new sets of operators (relational and logical) adds to the
complexity of operator precedence in Java. An abbreviated precedence
chart isincluded here.

Operator Associativity
' unary - ++ - rlght to left
x| o [eft to right
+ - left to right
< <= > >= left to right
== 1= |eft to right
&& (and) [eft to right
Il (or) left to right
= 4= -= *= [= right to left

Table 81 Precedence and Associativity of Operators

Because the logical operators have low precedence in Java, parentheses are
not needed to maintain the correct order of solving problems. However, they
can be used to make complex expressions more readable.

((2 + 3 <10) && (75 %12 !'= 12)) /] easier to read
(2 + 3 <10 && 75 %12 1= 12) /1 harder to read

. Thei f -el se Statements

The general syntax of thei f -el se statement is as follows:

i f (expression)
statenent 1;
el se
st at enent 2;
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2. i f statements may omit the el se option if it resultsin one-way selection.

i f (expression)
st at enent 1;

If the expression is non-zero, statement is executed, otherwise nothing is
executed. The following flowchart illustrates the flow of control.

if structure

true

false g

3. Thefullif -el se statement allows for two-way control. If the value of the
expression is true, statementl is executed. If the value of the expression
equasfase, theel se option results in statement2 being executed. The
following flowchart from handout, H.A.8.2, illustrates the flow of control.

if/else structure

false true
statement 2 statement 1

4. The expression being tested must aways be placed in parentheses. Thisisa
common source of syntax efrors.
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H. Compound Statements

1. The statement executed in a control structure can be ablock of statements,
grouped together into a single compound statement.

2. A compound statement is created by enclosing any number of single
statements by braces as shown in the following example:

i f (expression)
{
st at enent 1;
st at enent 2;
st at enent 3;

}

el se

{
st at enent 4;
st at enent 5;
st at enent 6;

}

I. Nestedif -el se Statements

1. Thestatementinsdeof ani f or el se option can be another i f -el se
statement. Placing ani f -el se inside another isknown asnested i f -el se
constructions. For example:

i f (expressionl)
i f (expression2)
st at enent 1;
el se
st at enent 2;
el se
st at enent 3;

2. Theel se option will be paired with the nearest unpaired i f . st at ement 2
is the dternative action of theinner i f , whilest at ement 3 is the dternative
action of the outer i f .

3. The above example has three possible different outcomes as shown in the

following chert:
expression 1 expression2 statement executed
true true statementl
true fal se statement2
fal se true statement3
fal se fal se statement3
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4. Caution must be shown when using el se statements inside of nested if-el se

structures. For example:

i f (expressionl)
if (expression2)
st at ement 1;
el se
st at enent 2;

Indentation is ignored by the compiler, hence it will pair theel se statement
with theinneri f . If you want the el se to get paired with the outer if as the
indentation indicates, you need to add braces:

i f (expressionl)

{
if (expression2)
st at erent 1;
}
el se

st at enent 2;

The braces allow the else statement to be paired with the outer i f .

5. Another dternative to the example in Section 4. makes use of the &&
operator. A pair of nested i f statements can be coded as a single compound

&& statement.

i f (expressionl & expression2)

statenent 1;
el se
st at enent 2;

6. Themost common and effective use of nested i f -el se statementsis called
anif -el se chain. Seethe following formatting styles:

Formatting style 1

i f (expressionl)
st at ement 1;
el se
i f (expression2)
st at enent 2;
el se
i f (expression3)
st at enent 3;
el se
st at enent 4;
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Notice that each successivei f -el se statement is buried deeper in the
overdl structure. st at ement 4 will only be executed if the first three
expressions aref al se.
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7. Formatting style 1 linesup thei f with its counterpart el se keyword. This

makes it easy to check syntax but the indentation can get rather deep.
Formatting style 2 is a more compact version but you need to be careful about
which el se statement belongsto which i f. Formatting style 1 is more
appropriate if the statements are compound statements. Formatting style 2 is
appropriate if the statements are single-line statements.

The advantage of such ani f -el se chain is efficiency in execution. If a
t rue valueis encountered at any level, that statement is executed and the
rest of the structure isignored.

Congder the following example of determining the type of triangle given the
three sides A, B, and C.

if ( (A=B) & (B==0 )

Systemout. println("Equilateral triangle");
else if ( (A==8) [| (B=0Q || (A==0Q )
Systemout. println("lsosceles triangle");

el se
Systemout. println("Scal ene triangle");

If an equilatera triangle is encountered, the rest of the code isignored. Such
achain is best constructed by placing the most demanding case at the top and
the least demanding case at the bottom.

Conditional Operator (optiona)

Java provides an alternate method of coding an i f -el se statement using the
conditional operator. This operator isthe only ternary operator in Java, asit
requires three operands. The genera syntax is:

(condition) ? statenentl : statenent?2;

If the condition istrue, st at ement 1 isexecuted. |If the condition isfalse,
st at ement 2 is executed.

Thisis appropriate in Stuations where the conditions and statements are fairly
compact.

int max(int a, int b) // returns the larger of two integers

{

(a>b) ? returna : return b;

}
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SUMMARY/
REVIEW:

ASSIGNMENT:

APCS- Java, Lesson 8

. Boolean Identifiers

The execution of i f -el se statements depends on the value of the Boolean
expression. We can use bool ean variables to write code that is easier to
read.

For example, the bool ean variable done could be used to write code that is
more Englishtlike.

Instead of

if (done == true)
Systemout.println("W are done!");

we can write

if (done)
Systemout.println("W are done!");

Using Boolean identifiers with conditional loops dlows a separation of solving
expressions from thinking about program control. Here is an example solution
using the whi | e control structure (to be covered in the next lesson),
presented in a blend of Java and pseudocode:

bool ean done = fal se;

whil e (!done)
/1 do sone code that could change the val ue of done

Where appropriate you are encouraged to use bool ean variablesto ad in
program flow and readability.

Control structures are a fundamental part of high level languages. Fluency in any
high level language only comes with practice. Y ou will need to practice control
structures in Java as well as al other aspects of the language.

Lab Exercise, L.A8.1, IRS
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LAB EXERCISE
IRS

Background:

Federal income tax rates can be calculated using tax rate schedules. The following are tax rates for two
out of the four categories used by the IRS in 2001:

Schedule X - Sngle

If your taxable incomeis:

over - but not over - your tax is of theamount over -
$0 $ 27,050 15% $0
27,050 65,550 $4,057.50 + 27.5 % 27,050
65,550 136,750 $14,645.00 + 30.5 % 65,550
136,750 297,350 $36,361.00 + 35.5 % 136,750
29730 e $93,374.00 + 39.1 % 297,350

Schedule Y-1 - Married filing jointly

If your taxable incomeis:

over - but not over - your tax is of theamount over -
$0 $ 45,200 15% $0
45,200 109,250 $6,780.00 + 27.5 % 45,200
109,250 166,500 $24,393.75 + 30.5 % 109,250
166,500 297,350 $41,855.00 + 6.5 % 166,500
297350 0 e $88,306.00 + 39.1 % 297,350

To test your understanding, follow this example of a single person with taxable income of $68,000:
Tax is 14645 + 0.305* (68000-65550) = 14645+745.25 = $15392.25

Assignment:

1. Write aprogram that:

a. Prompts the user for the following information:
Filing status : single or married
Taxable income
b. Caculates and prints
Filing status
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Taxable income
Federal tax
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2. Your program should be written using proper modular design and parameter passing. Use the handout
H.A.8.1 asamode. Your instructor will give you more guidelines if you have questions.

3. Example run output:
Sngle
Taxable income = $ 35,125
Federd tax = $ 6,630.50
Instructions:
1. Complete the working program to the screen and verify the calculations. Use the values given above.
2. Print your source code first, then the run output below it.
3. Usethese vaues for your run output:
Single, $15,500
Single, $100,000
Married, $50,000

Married, $125,000
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PROGRAMMING POINTERS, LESSON 8

Syntax/cor r ectness issues

8-1 Thedaement of acontrol structure can be a single statement, a compound statement marked
out with braces {}, or the empty statement that consists of asemicolon ().

8-2  The condition for acontrol structure must be placed within parentheses ().
8-3  Becaeful when stting up an equdity (==) comparison. A very common mistake is the use of
the assgnment operator (=) when equdity wasintended. Hereis asuggestion, when using

comparisonsthat involve avariableand avaue (x == 2), reversetheorder (2 == x)to
avoid the subtle error of writing x = 2.

For matting suggestions

8-4  Useconsgent indentation when formatting control structures. Indentation implies hierarchy or
subordination - which statements belong to which control structure. 1 suggest three blank
spaces per indent.

8-5  When writing expressons with logica and relationd operators, add white space around each
operator to make the expression more readable. For example:

((number <=10) && (total <=1000)) instead of ((number<=10)& & (total<=1000))

Softwar e engineering

8-6  Use pseudocode to develop your solution to aproblem. Then convert your pseudocode to
Java code.

8-7  Programs and subprograms can be broken down into three stages. initidization, processing,
and output. When writing amethod or an entire program consider this gpproach:
1. Initidize some variables
2.  Solve some processing problem, this usudly involves developing an dgorithm
3. Return some output to either the screen or to the calling statement of the function.
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8-8 The&& operator isaso ashort-circuit operator in Java. If the first operand of an & &
expression isfase, the second condition is not evaluated. Consequently you should write the
expresson most likely to be false asthefirgt haf of an && expresson.

(expressonl & & expression2)

If expressonl isfase, the && operator will ignore processing expresson2.

8-9  The|| operator isaso an efficient operator. Y ou should put the expresson most likely to be
true asthefirgt condition of an || expression.

(expressionl || expression2)

If expressionl istrue, the || operator will ignore processing expression2.
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CONTROL STRUCTURES IN JAVA

ey [ ° <>

statement entry/exit point decision point

Sequence Selection switch structure

©  jf structure

| | break |

true

false |«

FD DFO

if/felse structure

true

statement 2 statement 1

|

false
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Repetition

while structure do-while for structure
@)
I

true ] initializ
fals ¢ v ) |
rue rue
o = |
false false statement increment/decrement
APCS - Java, Lesson 8 © ICT 2003, www.ict.org, All Rights Reserved H.A.8.2 (Page 2)

Use permitted only by licensees in accordance
with license terms (http://www.ict.org/javalicense.pdf)



PSEUDOCODE AND ALGORITHM DEVELOPMENT

Description of problem:

The U.S. post office has rules about mailing packages. A package cannot be mailed first class if the sum
of itslength and girth is greater than 100 inches, or if the package weighs more than 70 pounds. The girth
is the perimeter around the height and width, where the length is defined as the longest of the three
dimensons.

Write a program that takes in the weight of the package and the three dimensions of the package in any
order. The program should determine the longest dimension of the package, calculate the girth, and
compute the size of the box. The program should then print out one of the following messages about this
package:

Package is too large and too heavy.
Package istoo large.

Package is too heavy.

Package is acceptable.

NS o

Development of pseudocode:

Stepwise refinement 1 - Overal sections of this problem:

Get data from user
Solve math
Print answer

Stepwise refinement 2 - More detailed pseudocode version:

Prompt user for three dimensions
Prompt user for weight

Determine longest of three dimensions
Cdculate the girth using the other two dimensions

If package istoo big and too heavy, print appropriate message
eseif package istoo big, print appropriate message

else if package istoo heavy, print appropriate message

else print package is acceptable

Stepwise refinement 3 - Determining longest of three dimensions:

My strategy is to end up with dim1l holding the largest value
Compare dim2 and dim1, if dim2 is greater, swap diml1 and dim2, dim1 will be holding largest vaue
Compare dim3 and dimL, if dim3is greater, swap diml and dim3, diml is ill holding largest vaue
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Dim1 has largest value, compute math for package

Sour ce code answer for mail problem:

inmport chn.util.*;

cl ass CheckMai |

{
private int nyWight, nyLength, nmyWdth, nyHeight;
/! Here are the constructor methods...
public CheckMail ()
{
nyWei ght = nmyLength = myWdth = nyHeight = 1;
}
public CheckMail (int weight, int length, int width, int height)
{
nyWei ght = wei ght;
nyLength = | engt h;
nyWdth = width;
nyHei ght = hei ght;
}
public void datal nput ()
{
Consol el O keyboard = new Consol el () ;
int tenp = 0;
Systemout.print("Enter the weight -->");
nyWi ght = keyboard. readlnt();
Systemout. print("Enter 3 di mensions separated by spaces -->");
nyLength = keyboard. readlnt();
nyWdth = keyboard.readlnt();
nyHei ght = keyboard. readl nt();
if (nyWdth > nmyLength)
{
/] swappi ng val ues of nyWdth and nyLength, using third variable tenmp
tenp = nyWdth; nyWdth = nyLength; nyLength = tenp;
}
if (nmyHeight > nyLength)
{
/1 swappi ng val ues of nyHei ght and nmylLength, using third variable tenp
tenp = nyHeight; nyHeight = nylLength; nyLength = tenp;
}
Systemout . println();
Systemout . println();
}
/1 prints out answers
public void printAnswer()
{
int total = nyLength + (nyWdth*2) + (nyHei ght*2);
bool ean toolLarge = (total > 100);
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bool ean tooHeavy = (nyWi ght > 70);

"+ nyWeight + " |bs");

System out. printl n(" Wi ght

Systemout . println("Length =" + nyLength);
Systemout.print("CQher two dimensions = ");
Systemout. println(myWdth + " " + nyHei ght);

Systemout. println();

Systemout.print(" Package is - ");

if (toolLarge && tooHeavy)
Systemout.println("too | arge and too heavy");
else if (tooLarge && !tooHeavy)
Systemout.printin("too large");
else if (!'tooLarge && tooHeavy)
Systemout. println("too heavy");
else if (!tooLarge && !tooHeavy)
Systemout. println("acceptable");

Systemout . println();

}

public static void main(String[] args)

{
CheckMai | aPackage = new CheckMail ();
aPackage. dat al nput () ;
aPackage. print Answer () ;

}

}
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