Chapter 1

An Overview of Computers and Logic
Chapter Objectives

After studying Chapter 1, you should be able to:

· Understand computer components and operations

· Describe the steps involved in the programming process

· Describe the data hierarchy

· Understand how to use flowchart symbols and pseudocode statements

· Use and name variables

· Use a sentinel, or dummy value, to end a program

· Use a connector

· Assign values to variables

· Recognize the proper format of assignment statements

· Describe data types

Lecture Notes

Understanding Computer Components and Operations
The two major components of any computer system are its hardware and its software.  Hardware is the equipment, or devices, associated with a computer.  Software is a program written by programmers.  Together computer hardware and software accomplish four major operations: input, processing, output, and storage.  The hardware devices that perform input include keyboards and mice.  Through these devices, data, or facts enter the computer system.  The piece of hardware that manages and organizes and processes data is the Central Processing Unit, or CPU.

Computer instructions are written in a computer programming language such as Visual Basic, Pascal, COBOL, RPG, etc.  The rules for these languages are called syntax.  The simplest language that a computer understands is referred to as machine language.  Any language translation software is called a compiler or interpreter.  For a program to run properly, it must give instructions to a computer in a specific sequence.  You must not leave any instructions out, and you must not add extraneous instructions.  By doing this, you are developing the logic of the computer program.  Once instructions have been input into the computer and translated into machine language a program can be run or executed.  

Besides input, processing, and output, the fourth operation in any computer system is storage.  Storage comes in two broad categories.  All computers have internal storage also referred to as memory, main memory, or primary memory.  They may also have external storage, which is permanent storage outside the main memory of the machine on a device such as a floppy disk, hard disk, or magnetic tape.  All computer programs must be loaded first into main memory.  A computer system needs both internal memory and external storage.  Internal memory is needed to run the programs, but internal memory is volatile in that its contents are lost every time the computer loses power.  If you are going to use a program more than once, you must store it, or save it, on some nonvolatile medium.  

Understanding the Programming Process

A programmer’s job involves writing instructions and can be broken down into six programming steps:
1. Understand the problem

2. Plan the logic

3. Code the program

4. Translate the program into machine language

5. Test the program

6. Put the program into production

Understand the Problem

Professional computer programmers write programs to satisfy the needs of others.  Because programmers are providing a service to these users, programmers must first understand what the users want.  

Plan the Logic

The most important part of the programming process lies in the planning of the programming logic.  During this phase of the programming process, the programmer plans the steps to the program, deciding what steps to include and how to order them.  

Programmers do not worry about syntax of any particular language at this point, just about figuring out what sequence of events will lead from the available input to the desired output.  Often programmers refer to planning a program as “developing an algorithm.”  An algorithm is a sequence of steps necessary to solve any problem.

Code the Program

Often very experienced programmers can successfully combine logic and planning into the actual instruction writing, or coding of the program, in one step.  This may work for planning and writing a very simple program, but it is not a good practice to follow all of the time.  

Translate the Program into Machine Language

Languages like Java or Visual Basic are available for programmers to use because someone has written a translator program (a compiler or interpreter) that changes the English-like high-level language in which the programmer writes into the low-level machine language that the computer understands.  

Test the Program

A program that is free of syntax errors is not necessarily free of logical errors.  Once a program is free from syntax errors, the programmer can test it(that is; execute it with some sample data.  Programs should be tested with many sets of data.  Selecting data is somewhat of an art in itself, and it should be done carefully.

Put the Program into Production

Once the program is tested adequately, it is ready for an organization to use.  However, the process might take months if the program will be run on a regular basis, or if it is one of a large system of programs being developed.  Conversion or the switching over from one action to another, could take several months when putting a program into production.

Understanding the Data Hierarchy

Understand that when data is stored for use on a computer system, it is often stored in what is known as a data hierarchy, where the smallest usable unit of data is the character.  Characters are letters, numbers, and special symbols such as “A”, “7”, and “$”.  Characters are made up of smaller elements called bits.  Characters are grouped together to form a field.  A field is a single data item such as lastName, streetAddress, or annualSalary.  

Related fields are often grouped together to form a record.  Records are groups of fields that go together for some logical reason, such as your name, your address, and your salary, and then that’s your record.  Files are groups of records that go together for some logical reason.  Finally, many organizations use database software to organize many files.  A database holds a group of files, often called tables, that together serve the information needs of an organization.  A database contains many files.  A file contains many records.  Refer to Figure 1-2 as an illustration of files and records.

Using Flowchart Symbols and Pseudocode Statements

When programmers plan the logic for a solution to a programming problem, they often use one of two tools, flowcharts or pseudocode.  A flowchart is a pictorial representation of the logical steps it takes to solve a problem.  Pseudocode is an English-like representation of the same thing.  Pseudo is a prefix that means false, and to code a program means to put it in a programming language.  

Using pseudocode involves writing down all the steps you will use in a program. The use of pseudocode is similar to writing the final statements in the programming language.  When you are creating your flowchart, certain symbols represent certain things.  You use parallelograms to represent an input operation.  Arithmetic operation statements are examples of processing, which are represented with a rectangle.  To represent an output statement, you use the same symbol as you do for input statements(the parallelogram.  To show the correct sequence of these statements, you use arrows, or flowlines, to connect the steps.  In order for a flowchart to be complete, it should include two or more elements: a terminal or start/stop symbol at each end.  Figure 1-6 is an excellent illustration of a flowchart and pseudocode of program that doubles a number.  

NOTE:
Programmers seldom create both pseudocode and a flowchart for the same problem.  They usually use one or the other.  Figure 1-7 provides an example of inefficient pseudocode for program that doubles 10,000 numbers.

Using and Naming Variables

Programmers commonly refer to the locations in memory called inputNumber and calculateAnswer as variables.  Variables are memory locations, whose contents can vary or differ over time.  Every computer programming language has its own set of rules for naming variables.  Most languages allow both letters and digits within variable names.  Some languages even allow hyphens.  

NOTE:
Different languages put different limits on the length of variable names.  Although in general, newer languages allow longer names.

Most programmers who use the more modern languages employ the format in which multiple-word variable names are run together, and each new word within the variable name begins with an uppercase letter.  This format is called camel casing, because such variable names, like hourlyWage, have a “hump” in the middle.  

When designing the logic of a computer program, you should not concern yourself with the specific syntax of any particular computer language.  The logic works with any language.  The variable names used throughout this book follow only two rules:

1. Variable names must be one word.
2. Variable names should have some appropriate meaning.
Ending a Program by Using Sentinel Values

A superior way to end the program is to set a predetermined value for inputNumber that means stop the program.  The program could then test any incoming value for inputNumber and, if it is a zero, stop the program.  Testing a value is also called making a decision.  

You represent a decision in a flowchart by drawing a decision symbol or a diamond.  The diamond usually contains a question, the answer to which is either yes or no or true or false.  One drawback to using zero to stop a program, of course, is that it will not work if the user does need to find the double of zero.  A preselected value that stops the execution of a program is often called a dummy value because it does not represent real data, but just a signal to stop.  Sometimes such a value is called a sentinel value because it represents an entry or exit point like a sentinel that guards a fortress.  Many programming languages use the term eof (for “end of file”) to talk about this marker.  Examine Figure 1-10, which is an illustration of the use of the eof statement.

Using the Connector

By using just an input, processing, output, decision, and terminal symbols, you can represent the logic for many diverse applications.  This book uses only one other symbol, the connector.  A connector is commonly represented with a circle as illustrated in Figure 1-11.  

Assigning Values to Variables

When you create a flowchart or pseudocode for a program that doubles numbers, you can include the statement compute calculatedAnswer as inputNumber times 2.  Most programming languages allow a shorthand expression for these assignment statements such as compute calculatedAnswer as inputNumber times 2.  

Understanding Data Types

Computers deal with two basic types of data(character and numeric.  When you use a specific numeric value, like 43, within a program, you write it using the digits and no quotation marks.  A specific numeric value is often called a numeric constant, because it doesn’t change.  When you use a specific character value, or string of characters, like “Chris,” you enclose the string or character constant within quotation marks. 

Similarly, most computer languages allow at least two distinct types of variables.  One type of variable can hold a number and is often called a numeric variable.  Most programming languages have a separate type of variable that can hold letters of the alphabet and other special characters such as punctuation marks.  Depending on the language, these variables are called character, text, or string variables.  

Some languages require a declaration, which is a simple statement that tells the computer which type of data to expect.  Some languages allow for several types of numeric data.  Languages like Pascal, C++, C#, and Java distinguish between integer or whole number numeric variables, and floating-point or fractional numeric variables that contain a decimal point.  

Key Terms

Assignment statements – A shorthand expression used in most programming languages.

Camel casing – Most programmers who use the more modern languages employ the format in which multiple-word variable names are run together, and each new word within the variable name begins with an uppercase letter, such as hourlyWage, which has a “hump” in the middle.

Central Processing Unit (CPU) – The piece of hardware that processes data items, which may involve organizing them, checking them for accuracy, or performing mathematical operations.

Character constant – The string is enclosed in quotation marks.

Characters – Letters, numbers, and special symbols such as “A”, “7”, and “$”.

Coding – Statements that make up any computer program.

Compiler – The language translation software which tells you if you have used a programming language incorrectly.

Connector – Used when limited page size forces you to continue the flowchart on the following page.

Conversion – The entire set of actions an organization must take to switch over to using a new program or set of programs, can sometimes take months or years to accomplish

Data – Facts that get entered into the computer system via the keyboard and mouse.

Database – Holds a group of files, called tables.

Data hierarchy – When data is stored for use on computer systems, where the smallest usable unit of data is the character.

Decision – A decision is made when a value is tested.

Decision symbol – Represented by drawing a diamond in a flowchart.

Declaration – A simple statement telling the computer which type of data to expect.

Dummy value – A preselected value that stops the execution of a program, because it does not represent real data, but just a signal to stop.

eof – Used by many programming languages for “end of file” to talk about this marker.

Execute – To perform the steps that the programmer has written in sequence.

External storage – Permanent storage outside the main memory of the machine on a device such as a floppy disk, hard disk, or magnetic tape.

Field – A single data item composed of characters that are grouped together.

Files – Groups of records that go together for some logical reason.

Floating-point – A fractional numeric variable that contains a decimal point.

Flowcharts – A pictorial representation of the logical steps it takes to solve a problem.

Flowlines – Arrows used to connect the steps and show the correct sequence of these statements.

Hardware – The equipment, or the devices, associated with a computer.

High-level language – English-like language that programs are written in.

Input – Written in English, inside a parallelogram.

Integer – A whole number numeric variable.

Internal storage – This is located inside the machine, more commonly referred to as memory, main memory, or primary memory.

Interpreter – The language translation software, and it tells you if you have used a programming language incorrectly.

Logic – The giving of instructions to the computer in a specific sequence, you must not leave any instructions out, and you must not add extraneous instructions.

Low-level machine language – Programming language that computers understand.

Machine language – The computer’s on/off circuitry language.

Numeric constant – A specific numeric value because it does not change.

Numeric variable – A variable that can hold a number.

Output – Represented by the parallelogram

Processing – Arithmetic operation statements are an example of this and are represented using a rectangle.

Pseudocode – An English-like representation of a flowchart.

Records – Groups of fields that logically go together, such as your address, your name, and your salary.

Run – To perform the steps that the programmer has written in sequence.

Sentinel value – Represents an entry or exit point like a sentinel that guards a fortress.

Software – The instructions that tell the computer what to do, or programs, which are written by programmers.

String – When you use a specific character value.

String variable– Variables that can hold letters of the alphabet and other special characters such as punctuation depending on the language.
Syntax – The rules governing its word usage and punctuation.

Tables – A group of files held by a database, which serves the information needs of an organization.

Terminal – The standard symbol for this is shaped like a racetrack (a rounded rectangle), which either starts/stops a program.

Text – Variables that can hold letters of the alphabet and other special characters such as punctuation depending on the language.

Variables – Memory locations, whose contents can vary or differ over time.

Chapter 2

Understanding Structure

Chapter Objectives

After studying Chapter 2, you should be able to:

· Describe the features of unstructured spaghetti code

· Describe the three basic structures of sequence, selection, and loop

· Use a priming read

· Appreciate the need for structure

· Recognize structure

· Describe two special structures(case and do until

Lecture Notes

Understanding Unstructured Spaghetti Code
It is quite common for computer programs to become very complicated as you add several sections, which include several hundred decisions and sometimes these decisions can create program statements that are quite confusing.  These are often referred to as spaghetti code.  Please take an opportunity to examine Figure 2-3, which is a flowchart of a spaghetti code example.

Understanding the Three Basic Structures

A structure is a basic unit of programming logic.  Each structure is a sequence, selection, or loop.  With a sequence you perform an action or an event, and then you perform the next action in order. Remember that a sequence can contain any number of events.  Figure 2-4 provides an illustration of sequence structure.  A selection, or decision, as shown in Figure 2-5, you ask a question and depending on the answer, you take one of two courses of action.  

The code shown on page 33 of the textbook is an example of a single-alternative if.  As an example, if you have brown sugar, then you would use brown sugar.  If you do not have brown sugar, then you would have to use white sugar.  In a case where nothing is done, it is often referred to as null.  The third structure, shown in Figure 2-7, is a loop.  It is also commonly referred to as repetition or iteration.  In a loop, you ask a question; if the answer requires an action, you perform the action and ask the original question again.  

All logic problems can be solved using only three structures(sequence, selection, and looping.  The three structures, of course, can be combined in an infinite number of ways.  Attaching structures end-to-end is called stacking structures.  Placing a structure within another structure is called nesting the structures.  Figure 2-8 provides an excellent illustration of a structured flowchart and pseudocode.  Figure 2-9 illustrates a flowchart and pseudocode for sequence within a selection.  Figure 2-11 provides an illustration of flowchart and pseudocode for loop within selection within sequence within selection.  Figure 2-12 provides an example of all three structures.

To review, a structured program has the following characteristics:

· A structured program includes only combinations of the three structures(sequence, selection, and loop

· Structures connect to one another only at their entrance or exit points

Using the Priming Read
A priming read or priming input is the first read or data input statement in a program.  If a program will read one hundred data records, you read the first data record in a statement separate from the other ninety-nine.  This must be done to keep a program structured.  With a selection structure, the logic goes in one of two directions after the question; then the flow comes back together.  With a selection structure, the question is not asked a second time.

In a loop, if the answer to the question results in the procedure executing, then the logic returns to the question that started the loop; the question is always asked again.  Figure 2-16 shows the flow of logic returning to the eof immediately after a sequence and a structured flowchart that has one major flaw.  It doesn’t do the job of continually doubling the numbers as it illustrates.  Figure 2-17 provides an excellent illustration of a functional, but non-structured flowchart.  Figure 2-18 depicts a functional, structured flowchart and pseudocode.

Understanding the Reasons for Structure

It is important to stay within the three structures that were discussed earlier for the following reasons:

· Clarity




(     Professionalism

· Efficiency



(     Maintenance

· Modularity

Recognizing Structure

When you are learning about structured program design, it is often difficult to detect whether a program’s logic is structured or not.  As an example, take a look at Figure 2-20 of the textbook and ask students if it is structured; in this case, yes it is.  It has a sequence and selection structure.  On the other hand, if you examine Figure 2-22, you will discover that it is not constructed from the three basic structures we spoke about earlier.  

Two Special Structures(Case and Do Until

As stated earlier, you can solve any logic problems you might encounter using only the three structures: sequence, selection, and loop.  However, many programming languages allow two or more structures: the case structure and the do until loop.  These structures are never needed to solve a problem, but sometimes they are convenient.

The Case Structure

You use the case structure when there are several distinct possible values for a variable you are testing.  As an example, suppose you administer a school where tuition is $75, $50, $30, or $10 per credit hour, depending on whether a student is a freshman, sophomore, junior, or senior. The structured flowchart in Figure 2-30 shows a series of decisions that assign the correct tuition to a student.  The program segments in Figure 2-30 are correct and structured, however, many programming languages permit a case structure as illustrated in Figure 2-31.  When using a case structure, you test a variable against a series of values taking appropriate action based on the variable value.  Even though a programming language permits the use of case structure, you should understand that a case structure is just a convenience that might make a flowchart, pseudocode, or actual program code easier to understand.

The Do Until Loop

Remember that a structured loop looks like Figure 2-32.  A do until loop looks like Figure 2-33.  In a do while loop, you ask a question and depending on the answer, you might never enter the loop to execute the loop’s procedure.  On the other hand, in a do until loop you ensure that the procedure executes at least once; then, depending on the answer to the controlling question, the loop may or may not execute additional times.  

Key Terms

Case structure – Used for several distinct possible values for a variable as it is being tested. 

Decision – A question is asked and depending on the answer a certain course of action is taken.  

Do until loop – Ensures that a procedure executes at least once, then, depending on the answer to the controlling question, the loop may or may not execute additional times.

Do while loop – When a certain condition is true, then a process occurs.

Iteration – The continuation of a program in a continuous loop.

Looping – The continued non-stop running of a program.

Nesting – The placing of a structure within another structure.

Null case – When nothing occurs in a program as a result of an action.

Priming read/priming input – It is the first read or data input statement in a program.

Repetition – The continued running of a program.

Selection – The choosing of an action or decision of an action.

Sequence – Actions or events occur in a logical order one after another.

Spaghetti code – Confused or disorganized programming statements.

Stacking – Attaching program structures end-to-end.

Structure – The basic unit of programming logic.

