
Chapter 5

Making Decisions

Chapter Objectives

After studying Chapter 5, you should be able to:

· Evaluate Boolean expressions to make comparisons

· Use the logical comparison operators

· Understand AND logic

· Write AND decisions for efficiency

· Combine decisions in an AND situation

· Avoid common errors in an AND situation

· Understand OR logic

· Avoid common errors in an OR situation

· Write OR decisions for efficiency

· Combine decisions in an OR situation

· Use selections within ranges

· Understand Common errors using range checks

· Use decision tables

Lecture Notes
Evaluating Boolean Expressions to Make Comparisons
The selection structure, also called the decision structure, is one of the basic structures of structured programming.  

You can refer to the structure in Figure 5-1 as a dual-alternative or binary selection because there are two possible outcomes: depending on the answer to the question represented by the diamond.  This selection structure is also called an if-then-else structure.

The flowchart segment in Figure 5-2 represents a single-alternative or unary selection where action is required for only one outcome of the question.  You call this form of the if-then-else structure an if-then, because no “else” action is necessary.  A Boolean expression is one that represents only one of two states, usually expressed as true or false.

Using the Logical Comparison Operators
You can ask every programming question by using only three types of comparisons (Boolean expressions).  For any two values that are the same type, you can decide whether:

· The values are equal.

· The first value is greater than the second value.

· The first value is less than the second value.

In any Boolean expression, the two values used can be either variables or constants.  Each programming language supports its own set of logical comparison operators or comparison symbols that express these Boolean tests.  For example, many languages use the equal sign (=) to express testing for equivalency.  

In addition to the three basic comparisons you make, most programming languages provide three others for any two values that have the same type, you can decide whether:

· The first is greater than or equal to the second.

· The first is less than or equal to the second.

· The two are not equal.

Most programming languages allow you to express “greater than or equal to” by typing a greater-than sign immediately followed by an equal sign (>=).  Any logical situation can be expressed using just three types of comparisons: equal, greater than, and less than.  The operators greater than or equal to and less than or equal to are always treated as a single unit.  No spaces separate the two parts.  Figure 5-5 provides an excellent illustration of the use of negative comparison.  Figure 5-6 provides an illustration for the use of the positive equivalent of the negative comparison shown in Figure 5-5.

The not equal to comparison operator is one of the most likely to be different in the various programming languages you may use.  Although the NOT comparisons are awkward to use, there are times when your meaning is clearest if you use one.  For example, the mainline logic of many programs, including those that you have worked with in this book, includes a statement like while, not eof, perform mainLoop( ).

Understanding AND Logic
Sometimes you may need more than one selection structure to determine whether an action should take place.  This type of situation is known as an AND situation because an AND situation requires a nested decision or a nested if, that is, a decision “inside of” another decision.  Please refer to Figure 5-8 as an illustration of this concept. 

Writing AND Decisions for Efficiency
When nesting decisions because the resulting action requires that two conditions be true, you must decide which of the two decisions to make first.  Logically, either selection in an AND situation can come first.  However, when there are two selections, you often can improve your program’s performance by making an appropriate choice as to which to select first.  

Combining Decisions in an AND Situation
Most programming languages allow you to ask two or more questions in a single comparison by using a logical AND operator.  For example, if you want to select employees who carry both medical and dental insurance, you can use nested ifs, or you can include both decisions in a single statement by writing empDentalIns = “Y” AND empMedicalIns=”Y”?   Please refer to Figures 5-17 and 5-18 as illustrations of the AND decision and AND operators.

Avoiding Common Errors in an AND Situation
When you must satisfy two or more criteria to initiate an event in a program, you must make sure that the second decision is made entirely within the first one.  Please refer to Figure 5-19 as an illustration of incorrect logic to produce the report with medical and dental participants.   

Understanding OR Logic
Sometimes you want to take action when one or other conditions is true.  This is called an OR situation because either one condition must be met or some other condition must be met in order for an event to take place.  Figure 5-20 shows the possible logic for mainLoop() in an OR situation and its corresponding pseudocode.

Avoiding Common Errors in an OR Situation
One could argue that the flowchart in Figure 5-21 is correct because the correct employees print in the program.  However, this flowchart is not allowed because it is not structured.  

Writing OR Decisions for Efficiency
You can write a program that creates a report that containing all employees who take either the medical or dental insurance by using the mainLoop() in either Figure 5-22 or Figure 5-23.  

When you use the logic shown in Figure 5-22 to select employees who participate in either insurance plan, you first ask about medical insurance.  If you use Figure 5-23, you ask emplDentalIns = “Y”?.  The result is true for 50%, or 500 employees, whose names then print.  

Combining Decisions in an OR Situation
Most programming languages allow you to ask two or more questions in a single comparison by using a logical OR operator.  When you use the logical OR operator, only one of the listed conditions must be met for the resulting action to take place.  Please refer to Figures 5-24 and 5-25 for illustrations of this concept.

Using Selections within Ranges
Business programs often need to make selections based on a variable falling within a range of values.  To perform a range check, make comparisons using either the lowest or highest values in each range of values you are using to make selections.  Please refer to Figure 5-27 to illustrate the use of high-end values for a range check.  Refer to Figure 5-28, which illustrates using low-end values for a range check.

Common Errors Using Range Checks
Two common errors that occur when programmers perform range checks both entail doing more than is necessary.  Figure 5-29 shows a range check in which the programmer has asked one too many questions.  Similarly, Figure 5-30 shows the beginning of an inefficient range selection.

Using Decision Tables
A decision table is a problem-analysis tool that consists of four parts:

· Conditions

· Possible combinations of Boolean values for the conditions

· Possible actions based on the conditions

· The actions that correspond to each Boolean value of each condition

The flowcharts in 5-32 and 5-33, depict a students residence hall program, which illustrates the use of a decision table.

Key Terms
AND –Used when you need more than one selection structure to determine whether an action should take place.

Binary selection – Two possible outcomes may occur based upon the answer to a question, also referred to as dual-alternative.

Boolean expression – Represents only one of two states, usually expressed as true or false.

Decision table – It is a problem-analysis tool that is used to help organize possible decision outcome combinations.

Dual-alternative – Two possible outcomes may occur based upon the answer to a question, also commonly referred to as binary selection.

If-then/if-then-else – If one action then a response will follow, if the action does not occur, then there is no further action necessary.

Logical AND operator – Used when you want to ask two or more questions in a single comparison.

Logical comparison operators – Symbols that express Boolean test.

Logical OR operator – Used when a list of conditions must be met for the resulting action to take place.

Nested decision/nested if – Used with AND situation, it is a decision inside of another decision.

Range check – Make comparisons using either the lowest or highest value in a range of values that you use to make selections.

Single-alternative (or unary selection) – An action is required for only one outcome of a question.

Chapter 6

Looping

Chapter Objectives

After studying Chapter 6, you should be able to:

· Understand the advantages of looping

· Control a while loop using a loop control value

· Increment a counter to control a loop

· Loop with a variable sentinel value

· Control a loop by decrementing a loop control variable

· Avoid common loop mistakes

· Use a for loop

· Use a do until loop

· Recognize the characteristics shared by all loops

· Nest loops

· Use a loop to accumulate totals

Lecture Notes
Understanding the Advantages of Looping
Looping makes computer programming worthwhile.  When you use a loop within a computer program, you can write one set of instructions that operates on multiple, sets of data, for example a payroll program.  The advantage of having a computer perform payroll calculations is that the deduction instructions need to be written only once and can be repeated over and over again using a loop.  

Using a While Loop with a Loop Control Variable
As we have learned in previous chapters, every program has a main loop, or a basic set of instructions that are repeated for every record.  The main loop is a typical loop(within it, you write one set of instructions that executes repeatedly while records continue to be read from an input file.  Please refer to Figure 6-1 for an illustration of the while loop.

NOTE:
In addition to main loops, loops also appear within subroutines.

The flowchart segment in Figure 6-3 shows three steps that must occur in every loop:

1. You must initialize a variable that will control the loop. The variable in this case is named rep.

2. You must compare the variable to some value that stops the loop.  In this case you compare rep to the value 5.

3. Within the loop, you must alter the variable.  In this case, you alter rep by adding one to it.

Variables like rep are known as loop control variables.  Any variable that determines whether a loop will continue is a loop control variable.  To stop a loop, you compare the loop control value to a sentinel value (also known as a limit, or ending value).  The decision that controls every loop is always based on a Boolean comparison.  

Using a Counter to Control Looping 
From page 152 through 156 of the textbook, you are taken through the development of a label-producing program.

A counter is any numeric variable you use to count the number of times an event has occurred; in this example you need a counter to keep track of how many labels have been printed at any point.  The first task in the label program involves naming the fields on the input record so that you can refer to them within a program.  Each time you read an employee record in the program a counter variable is set to zero.  Then every time a label is printed, you add one to the counter.  Adding one to the variable is called incrementing the variable or increasing the variable.

The mainLoop() of the label program consists of three parts:

· Set the labelCounter to 0.

· Compare the labelCounter to 100.

· While the labelCounter is less than 100, print the labelLine and the inFirstName, and add one to the labelCounter.

Looping with a Variable Sentinel Value
There will be times when you don’t want to be forced every pass through a loop the same number of times.  For example, instead of printing 100 labels for each employee in the labeling program, you might want to vary the number of labels based on how many items a worker actually produces.  To write a program that produces an appropriate number of labels for each employee, you can make some minor modifications to the original label-making program.  

The major modification to the program is in the question that controls the label-producing loop.  Instead of asking if labelCounter < 100, you can now ask if labelCounter < labelsToPrint.  The sentinel or limit value can be a variable just as easily as it can be a constant.  Please examine Figure 6-10 for the flowchart and corresponding pseudocode of this concept.

Looping by Decrementing
Rather than increasing a loop control variable until it passes some sentinel value, sometimes it is more convenient to reduce a loop control variable on every cycle through a loop.  Decreasing a variable by one is called decrementing the variable.  

Avoiding Common Loop Mistakes
The two mistakes programmers make most often with loops are:

· Neglecting to initialize the loop control variable

· Neglecting to alter the loop control variable

When creating loops for a program, you always want to avoid the infinite or never-ending loop.  

Using the For Loop
The label-making programs that we have been discussing in this chapter, each contains two loops.  Figures 6-12 and 6-13 show the loop within the mainline program as well as the loop within the mainLoop() module for the program that produces 100 labels for each employee.  Because it is impossible to determine ahead of time how many records there will be in a program, the mainline loop in the label-making program is called an indeterminate or indefinite loop.  

When you know exactly how many times a program will execute, this is referred to as a definite loop.  Every high-level computer programming language contains a while statement that you can use to code any loop, including indefinite and definite loops.  In addition to the while statement, most computer languages also support a for statement.  You can use the for statement or for loop with definite loops when you know how many times a loop will repeat.  The for statement provides you with three actions in compact statement.  The for statement uses a loop control variable that it automatically:

· Initializes

· Evaluates

· Increments

Please take a look at the code illustrations on page 162 of the textbook, which represent the for statement.  In the labeling program, the for statement checks the labelCounter against the limit value ninety-nine and makes sure that the labelCounter <= the value.  If the evaluation is true, the for statement body that prints the label executes.  After the fourth statement body executes, the labelCounter increases by one and then a comparison to the limit value is made again.  

NOTE:
You are never required to use a for statement.  The label loop executes correctly using a while statement.

Using the Do Until Loop
When you want to ensure that a loop’s body executes at least one time, you can use a do until loop.  In a do until loop, the loop control variable is evaluated after the loop body executes.  The body always executes at least once.  Please refer to Figure 6-14 for an illustration of the do until loop and its corresponding pseudocode.  Figure 6-15 depicts a flowchart and pseudocode using a while loop.

Recognizing the Characteristics Shared by All Loops
All structured loops share these characteristics:

· The loop-controlling question provides either entry to or exit from the repeating structure

· The loop-controlling question provides the only entry to or exit from the repeating structure

NOTE:
You should notice the difference between unstructured loops and the structured do until and while loops.  Refer to Figure 6-16, which illustrates unstructured loops.

Nesting Loops
Program logic gets more complicated when you must use loops within loops, or nesting loops.  Please refer to Figure 6-17 as an illustration of a nested flowchart and corresponding pseudocode.  

NOTE:
When nesting loops, you must maintain two individual loop control variables and alter each at the appropriate time.

Using a Loop to Accumulate Totals
Some business reports list no individual detail records, just totals.  Such reports are called summary reports.  An accumulator is a variable that you use to gather or accumulate values. An accumulator is very similar to a counter.  The difference lies in the value that you add to the variable; usually you add just one to a counter, whereas you add some other value to an accumulator.  

Key Terms
Accumulator – A variable that is used to gather values.

Counter – Any numeric variables that is used to keep track of the amount of times an event has occurred.

Decrementing – Decreasing a variable by one.

Definite loop – Knowing the precise amount of times repetition will occur within a program.

For loop/for statement – It is a loop control variable that automatically initializes, evaluates, and increments.

Incrementing – Adding one to a variable.

Infinite loop – The never-ending repetition of a computer program.

Loop – The continuation or repetition of instructions in a program.

Loop body – The statements that execute within a loop.

Loop control variables – Help to decide whether a program will continue.

Main loop – A basic set of instructions that are represented for every record.

Nesting loops – Putting loops inside of other loops.

Sentinel value – It is a limit or ending value.

Summary reports – List no individual detailed records, just totals.

While statement – Used to code any loop, including indefinite and definite loops.

