Part 1 Introduction Programming

Chapter 3 Fundamentals of Program Development
 

In this chapter, you will learn how to:

 

· Explain the processes used to create programs 

· Developing programs from program logic 

· Define and explain the use of identifiers in computer program 

· Describe and demonstrate identifier data typing and scope 

· Explain and differentiate between expressions, statements, code blocks 

· Describe and demonstrate how arithmetic operators are used in expressions 

• Explain and classify syntax, Run-Time and logic programming errors

 

The Process of Creating Programs

 

In our previous chapters, we have spent a great deal of our time introducing programming as a series of processes. The use of processes has been a technique used in quality control to ensure that tasks are performed the same way each time. Although this may sound a little boring and monotonous at first glance, if we develop programs in a consistent and standardized fashion, we will minimize known defects and also have a systematic way of preventing new defects from occurring again.

 

You might think of a process as a checklist. The checklist has identified in the correct sequence a list of tasks which must be performed for the process to be completed successfully. A checklist is not that much different than the recipe analogy we used in chapter one to describe how a computer program sends instructions to the operating system. The difference is that a checklist provides a more general and generic list of tasks whereas the recipe contains specific instructions. Again, we do not want to make programming a mechanical and inflexible activity but we are working with machines. These machines called computers have very strict rules that govern how they are controlled.

 

One of the less obvious benefits associated with using processes is that a process can also be a standard. Standards are important to information systems because just as a personal computer has many devices which must communicate via a standard (the operating system), most programs are maintained by several programmers. When a programmer works on someone else’s program, if that program has been developed with industry standards, then the chances that the another programmer will be able to modify the initial program without problem is very likely. Just as the electrician provides wiring to your house to industry standards, so that other electricians can later on modify the wiring in your house, programmers that follow process standards make it much easier for different programmers to perform program maintenance later on.

 

So far this eBook we’ve introduced two different processes. The first process was SDLC or System Development Life cycle. This process was an umbrella process used by systems personnel to create and maintain systems. This process serves as a template for a second process which was called the Program Development Process or PDP. The program development process reinforced our plan to use logic modeling and programming structures to create computer programming solutions.

 

We will start this chapter with a short review of the program development process first defined in chapter one. Once this process has been reviewed, we will cover a variety of topics related to programming and specifically to PYTHON. As part of the programming discussion, we will also include some limited discussion of Visual ~Basic.NET and Java, since both of these programming languages are popular in entry level programming classes.

 

Background Information: Current Trends in Programming

 

Programming languages and field of programming has not changed a great deal since the seventies. This is especially obvious when we look at the amount of change compared with computer hardware over the same period of time. While we have many more programming languages today, most are still designed primarily around structured programming techniques ( the topic we will cover in chapter four) with many programming languages now also supporting object orientated programming techniques ( a topic we will cover in later chapters). Historically, most of the innovation that appears in programming is represented by the tools that have been developed to make the programmer more productive. For the newer programming languages, these tools have been bundled within an increasingly more sophisticated IDE. Whereas debugging logic errors in the past included a line by line review of program source code, there are now built-in debuggers which assist the programmer by automatically walking through the code with the added ability to also graphically inspect the contents of the identifiers and objects as the program is executed.

 

Other enhancements have included more sophisticated interactive help search, built-in project task support to allow the programmer to track their status in the programming process, code formatting tools which allow the programmer to code more quickly and still reduce syntax errors. Program statement coloring and automatic and indenting of program blocks also help the programmer create source code that is easier to read.

 

Some IDE’s also support real-time compilation (Note: most of the time compilation is a separate step done after program coding is complete) so that the program is compiled as it is entered into the source editor. This notifies the programmer immediately of syntax errors. Two programming products which have been seen as leading the pack and programming productivity and functionality are Microsoft’s Visual ~Studio.NET (in which Visual ~Basic.NET is a part of) and Java. It is early for us to cover some of these features, but as we move through the eBook many of these programming improvements will be covered as topics.

 

A Review of PDP (Program Development Process)

 

The process we use as programmers to create and maintain computer programs is the program development process. If you follow the process and use its major steps, it acts as a checklist that will greatly improve your chances for success. The process was built by programmers who came before you and reflects steps that have historically made other programmers successful.

 

You cannot underestimate the common sense behind this process. Being based on common sense steps is an advantage, since it should make the process more intuitive and easier to implement. After all, can you think of a different problem solving process that could universally be so effective? You might find other textbooks and other programmers using programming development processes with different names or slightly different approaches but they all will include the same steps as PDP behind the scenes.

 

What you’ll also find is that each of these processes is fundamentally built from the problems solving techniques reflected in the system development lifecycle. I’ve had many students tell me that this process is no more than the scientific method taught in so many other science classes. I’ve had management students tell me this process is nothing more than problem management. In all cases, the approach is logical and something which everyone can relate to as a process for solving problems. In other words, it is a common sense approach to solving any type of problem whether it is a computer program written by a programmer or an investigation into a drop in profits by an accountant.

 

In Practice: Making Programming Mistakes - I’ve seen many programmers (both novice and experienced) be unduly harsh on themselves when their programs have errors. On more than one occasion a programmer has resolved an error only to classify it as a “stupid error.” Programmers may work on machines but they are not machines and will make errors. In addition, programming is not a spectator sport. Technology changes incredibly fast and to expect that knowledge today will be just as appropriate years from now is naive. Programmers need to experiment and try new techniques. When you experiment you’ll make mistakes. I’ve always told my programmers that making a mistake is no sin but as a professional programmer you should strive to not make the same mistake twice. Sticking to the processes that have evolved from other programmers is a good way to minimize your errors. Doing a root cause analysis or investigation as to why a program fails is a good way to prevent that error from happening again. The worst thing that can happen from an error is to not learn from it.

 

Program Development Process (PDP) Revisited

 

· Planning Stage: It is critical that you define a problem statement which completely documents what the programming project will involve. Although scope creep is more commonly associated with system design and not individual programs, make sure that you include exactly what the problem will involve. Beware of letting outside forces (users, stakeholders, management, other programmers) change the problem into different requirements that over time will change the original program into something different. Do not let the scope of the problem change so that it transforms your original design/requirements into a program that no one is happy with. 

 

· Fact finding or requirements analysis is the detective work necessary to extract from the end users of your program the programs requirements. You may need to see the paper documents currently used to develop your specifications and you will want to interview the end user to determine all the important features of the program. You need to probe the user since what you may have to have in your program design maybe a consideration lost by the end user as insignificant. Many end users will not have the same appreciation of what is required for the program and may have misconceptions of what computers are capable of accomplishing. You may need to coach them through the requirements. 

 

· At this stage of the eBook, we have completed the topics on conceptual design. Our projects should have pseudo code or a flowchart identifying the ideal logic structures to provide a solution. Conceptual design is your starting point. This design may change when implemented in the program. Programming languages have a different set of rules than logic models that have to be accommodated. For example, variable scoping rules (which are discussed later in this chapter) is an example of changes made in the logic model to accommodate the program. 

 

· In this chapter, we take our first steps at coding our logic solution using a programming language. For us, we will be programming with PYTHON but I have also included samples of Visual ~Basic.Net and Java in the examples to give you an idea of what some other programming options might look like. We take the conceptual design as a starting point and using the syntax options of the programming language, code the logic structures into programming language statements. At the end of this stage, we have completed our physical design or how the logic will be implemented with a programming language. 

 

· We discussed testing for the first time in the last chapter. When the program is first created, unit testing is performed on just sections of the program. We need to start small and work up. For example, if a program has several complicated calculations, we will want to test each calculation after they are coded instead of waiting until the entire program is complete. It is much harder to isolate program code problems when you start from the entire program. It is must easier to test in smaller increments and much more effective in developing a comprehensive test strategy. Any unit tests will be added to the test plan so that future program changes can be retested. 

 

· During implementation, we move our program into production. The program is complete, tested and ready to use. 

 

· Maintenance is an on-going process. No program is written once and not revisited with some changes at some later time. Maintenance usually starts immediately with some unforeseen item missing from the program or perhaps some customization to accommodate better performance. There a number of reasons why programs will need to be maintained. 

 

Key Concept: With SDLC and PDP we always start with a problem statement. Sometimes programs are created not for problems but for opportunities or mandates. The problem statement has been used as a generic term to describe reasons for creating programs. Sometimes programs are created because it offers a new or unrealized benefit to an organization. Sometimes programs are created by mandate. Either a regulatory concern or perhaps even a company merger may require new software to be developed even if the software has no problems and offers no real benefit over the existing program. It is important to remember that creating programs is not always related to solving some negative consequence.

 

Developing Programs from Program Logic

 

In chapter two, we spent the bulk of the chapter in a discussion of logic and the importance of logic in creating our programs. It is now time to take the theory and apply it in the creation of some programs which can put some of our logic in action. The main goal of our programming in this eBook is to validate logic and not necessary creating applications. However, any exposure to real programming can only help our understanding of the program process. For the most part, the topics we will cover in chapter three are generic to all programming languages. Occasionally, a programming language may use a term slightly different than one discussed in this eBook. When possible I will try to give you a cross section of terms that would cover the more popular and more prevalent programming languages. We will also identify key words and syntax which are specific to PYTHON. We will need to discuss PYTHON programming in some detail so that structured in object orientated programming techniques can be created and validated with PYTHON. PYHTON details will be identified as PYTHON Tips sections in the eBook.

 

Identifiers: Variables and Constants

 

All languages support the creation of identifiers. These identifiers typically take the form of variables and constants. Identifiers allow us to create locations in computer memory that can be referenced by a name in our computer program. For example, our program may need to hold three pieces of numeric information. The first piece of information is annual sales. The second piece of information is annual cost in the final piece of information is annual profit. The computer stores data values into computer memory. To the operating system and the processor, computer memory is accessed by some valid address. Computer memory addresses are typically referenced by there hexadecimal locations. Using a hexadecimal number format, although very efficient for the operating system to use, is very cumbersome for programmers (i.e. it is easier to reference a variable named total then an address with a hexadecimal address of 3A2C). This is very similar to our use of URL domain names to access Internet web sites verses their IP addresses which consist of four numbers separated by dots. Because using identifier names are so much easier than remembering memory addresses, all programming languages allow for the creation of identifiers.

 

The names for identifiers are controlled by the programming language but there are some common rules that are applied to most programming languages. Many languages are case sensitive which means the compiler or interpreter makes a distinction between two variables of the same name when letters in the name have a different letter case (i.e. upper case versus lower case).

 

Identifiers: You can take the definition of identifier literally. The identifiers variable and constant reference program locations in computer memory that store values that are related to those identifiers. Variables are identifiers that can change during program execution versus constants that are set and can not be changed. Rather than needing to remember an address in memory we can alternatively identify that address with a variable or constant name in use that identifier throughout our program.

 


 

Figure 1:Identifiers

 

 

	Defining Variables
	When we define an identifier we give it a name and a data type

	Initializing Variables
	Initializing an identifier involves setting its original value, For numbers this will usually be zero and for text/strings the value is set to null.

	Referencing Variables
	Referencing an identifier is how we retrieve the value stored in memory.

	Assigning Variables
	Assigning an identifier is how we set the value in memory. This is usually accomplished with the assignment operator which is an equal sign (=) for most languages.


 

 

Table 1: Identifier activities

 

Programming Tip: Case Sensitivity. Many programming languages are case sensitive (PYTHON is case sensitive as well as Java and the C family of programming languages). What this means is that an identifier spelled TOTAL is different from an identifier spelled total which is different than an identifier spelled ToTaL. Even though the letters are the same, the case the letters are different and that makes the identifiers unique. When we spell the word TOTAL in upper case letters it becomes different than total spelled in lower case letters. Case sensitivity errors typically show up when the program is compiled or interpreted. For the new programmer, these errors can be very confusing since you know you typed in the right variable name but forgot that a variable had letters of a different case thus making the variable different.

 

Introducing Terminology in this EBook
 

Many times in this eBookk terms may be introduced before they are fully explained. This is not unusual in computer manuals. Computer programming is not learned as a sequence of topics that all naturally follow each other. Sometimes it will seem like we are junping around or introducing topics before they have been explained. This may happen but every attempt will be made to introduce as much of the topic as possible while not making it confusing. Sometimes it may be useful to use the index to go ahead to another chapter if you would like more information on a new term or concept.

 

Variables

 

The most popular identifier is the variable. By definition, when something is variable it can change. A variable in a computer program has the same characteristics. A variable may start off empty or with a value of zero. In the course of running your program, the variable may be assigned values before the program completes. Variables are temporary and are created by your program and are automatically removed from memory when the program completes (or if the power is turned off since computer memory is volatile memory). In the case of annual profit, annual cost and annual sales, all three of these values could be stored these easily in a variable.

 

Most computer programming languages require that variables are declared before they are used. The declaration of a variable assigns a name and a data type to the variable. The naming of variables is typically standardized in each programming language and will be discussed later in this chapter. The data type of a variable identifies the type of information stored. In its simplest sense, a data type can be either characters (also know as text or strings) or numbers.

 

 

Variable: Taken literally, when something is variable, it is subject to change. A variable is an identifier that can hold different values during the execution of the program. Variables allow us to run the same program repeatedly with different data. One time our payroll program might run with hours = 40 and rate = 5.50 and the next time with hours = 50 and rate = 10.00. Hours and rate are the variables that allow us to use the same program many times but with each time having variable (different) data.

Declaration: Most computer languages require that identifiers are declared before they’re used in the program. When we declare an identifier we provide a name, a data type and for some languages the scope of the identifier.

 

 

 

Key Concept: Storing Numbers - there is actually two ways of storing numbers. The first method stores the number in a format that allows for the number to be used within a calculation or expression. The second format stores the number as text. Typically, numbers which are not used in calculations are stored as text. For example, a zip code or telephone number are typically represented as numbers but are not used in calculations. Therefore we would declare variables that held telephone numbers or zip codes with a data type of text.

Programming TIP: Text is also referred to as a string or as an array of characters. Later in the eBook, we will cover the concept of arrays. Simply put, an array is a collection of variables all sharing the same data type. Therefore the word “Arizona” is a collection or series of characters stored together in an array. This is the why many languages refer to text as a string which comes from the idea of characters strung together as a collection in an array.

 

 

	Defining Variables
	Total = 0 PYTHON initialize as 0

	 
	Dim Total as Integer = 0 Visual ~Basic.NET initialize as 0

	 
	int Total = 0; Java initialize as 0

	Initializing Variables
	Total = 1 PYTHON initialize as 1

	 
	Dim Total as Decimal = 3.4 Visual ~Basic.NET initialize as 4

	 
	long Total = 10010100; Java initialize as 10010100

	Referencing Variables
	Print Total PYTHON

	 
	Console.WriteLine(Total) Visual ~Basic.NET

	 
	System.out.printLine(Total); Java

	Assigning Variables
	Total = 6 PYTHON

	 
	Total = 6 [Visual ~Basic.NET

	 
	Total = 6; Java


 

Table 2: Variable Activities (PYTHON, Visual ~Basic.NET and Java)
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Figure 2: Variable value stored in memory.

 

Variables make programming easier by allowing us to reference computer memory by name instead of by address. Here a value of 66.32 is stored in memory location 200. We can access it by its assigned identifier name of Total. At location 101, sits the letter Z from another computer program.

 

Constants

 

Another identifier, but probably less used than variables, are called constants. Again, its name might give it away. Whereas variables allow you to place different values in a memory location, a constant requires that you define the identifier with a value that will not change during the course of the program.

 

You might want to use a constant to store a sales tax rate. This is not to say that a sales tax value would always stayed the same (we know that this is not the case) but the sales tax value would typically not change during the execution of the program. Making the sales tax value constant ensures that nothing could cause that value to change.

 

Will the calculation work as well if the sales tax rate is stored as a variable instead of a constant? Yes, the sales tax value will be the same whether it is stored as a variable or as a constant and calculations would yield the same result.

Constants: Constants work exactly as their names states. A constant holds a value that will not change during the course of the program. Wherever use a constant you could also probably still use a variable. Constants add a level of safety to the program and protect values that should not change. The level of safety comes from protecting values from mistakenly being updated.

 

Constants must be defined before they are used. They have accepted naming conventions and they also have data types. When a constant is defined a value for that constant must also be assigned. Constance can be numbers or they can be strings. Typically, most programming languages by convention will have all of the letters and the constant name capitalized. This makes the constant stand out in the source code and gives the program are looking at the code a hint that this is not a variable but a constant.

 

 

Programming Tip: Most programming languages encourage programmers to capitalize all the letters in the name of the constant to make it stand out as different than a variable (i.e. SALESTAXRATE). Constants must always have their value set a declaration time. Failure to set that initial value at declaration will lead to a syntax error.

 

 

	Defining Variables
	TAX = 0 PYTHON

	 
	Dim TAX as Integer = 0 VisualBasic.NET

	 
	int TAX = 0; Java

	 
	Note: constant names are by convention always upper case.

	Initializing Variables
	Initialization done when the constant is declared.

	Referencing Variables
	Print TAX PYTHO)

	 
	Console.WriteLine(TAX)Visual ~Basic.NET

	 
	System.out.printLine(TAX) ; Java

	Assigning Variables
	You can not assign new values to constants after declaration.


 

Table 3: Constant Activities

 

Literals (String and Numeric)

 

A special data type which is common to all languages is a literal. A literal is more like a constant that a variable. A literal whether it is numeric or a string is a collection of numbers or letters which are assigned to a variable or constant. They exist to represent a number or series of characters in a programming statement. They are not given an identifier name but exist as just a number or set of characters. In the code example below, the value .08 and “AZ” are numeric and string literals respectively. They are used only once to complete the programming statement. In the example they are used with and assignment operator (=) to initialize a constant and a variable.

 

 

TAXRATE = .08
CurrentState = “AZ”

Literals: Literals are like constants in that when they are set they can not change. They are unlike constants in that they are typically used once and once only. Literals are typically found on the right hand side of the equals (=) assignment statement and are enclosed in either single (‘) or double quote (“) characters (i.e. “Hello World”).

 

Programming Tip: String literals are typically surrounded with double or single quotes. This signals the compiler or interpreter that a value has been created in the program that is an array of characters (could be numbers or letters).

 

 

 

TIP: Variables, constants and literals can all be expressed in our modeling tools as nouns or adjectives that represent data values.

 

In Practice: Using Constants to Make Maintenance Easy - One use for constants is to simplify program maintenance (this is always a good thing). The way this would be implemented is that values like sales tax rate or product prices would be set as constants at the beginning of the program and whenever those values were needed in an expression or statement the constant would be referenced instead of the number. Later on when prices change, the programmer maintaining the change would only have to change the constitution definition and the rest of the program would reflect that change automatically. The alternative would be to set the price value as a numeric literal throughout the program as needed. Under this scenario, the programmer maintaining this program would have to search out all of the prices that needed updating. If they miss any of the updates within the program, the program would still run fine but with the logic error. This type of logic error is very difficult to find and quite often goes unnoticed for a period of time. The error might not show up until month end processing shows inconsistencies in pricing. This is an expensive place to find a logic error. 

 

 

 

Status Check
Name two common identifiers?
When would you use a variable in logic?
When would you use a constant in logic?
How is a constant different than a literal?
 

Identifier Rules

 

Identifiers, like just about everything else that is used by a computer, have rules. When you create a variable or constant name you typically have rules regarding the number of characters that make that name, the kinds of characters that can be included in that name (i.e. typically, spaces are not valid inside identifier names), and rules concerning valid identifier names (i.e. you cannot have an identifier with the same name as a keyword). Every language is different but each language usually has restrictions regarding identifier name. The program language reference will the guide to resolving which of the rules apply and how. Some languages may permit a variable name to be up to 255 characters, others may not have any limits. As a rule, you want your name to be descriptive but not a typing test since long identifier names take longer to type.

 

Keyword: Keywords are designated by the programming language as special words which correspond to program instructions sent to the operating system. They typically take the form of verbs like print or input and designate a program action. Keywords our special to the computer language and cannot be used for identifier names.

 

Identifier Data Typing Explained

 

A datatype designates what kind of data will be stored in an identifier. For this chapter, the two datatypes we will focus on are numbers and text. Programming languages typically have three different ways of implementing data typing with identifiers. The first method is a typeless implementation where the variable determines, based on what is being stored in it, what data type that variable will be. Typeless programming languages have variables that store as either numbers or text. If the variable is first used with an assignment of a numeric literal, then the data type is numeric. If the variable is first populated with a string literal, then the data type is a string. With typeless languages the data type is set automatically.

 

 

Data Typing: Data typing involves the identification of the type of values stored in an identifier. The simplest data types are numeric and text (also called strings). Most contemporary computer languages support several different data types so that the programmer can maximize the efficient use of computer memory. For example, some datatypes (i.e. large floating point numbers) take up more space then other numeric datatypes (i.e. integers).

 

Typeless Data Typing: When a computer language is said to be typeless, this means that it will probably only support two data types of numeric and text. Because the programmer cannot distinguish between these two types of numbers programmatically, the computer language automatically creates an area in memory to accommodate any possibility. The computer will assume that the number could be very large but in reality might be very small. This can leave much of the memory unused and therefore inefficient as compared to a strong data typed programming language that might have several data types to accommodate numbers. In the case of storing strings, the inefficiently is less prominent.

 

More robust compiled languages, which are interested in processing speed and memory utilization, will have several different data types. For the most part, the data types are still numeric or text but there is much more granularity in terms of the size of the value being stored along with its format. These programming languages are said to be strongly data typed or strongly typed. For example, a data type of short might store and integer (a number without a decimal) that is no larger then 32,000 whereas a different data type called long might store an integer beyond trillions. The reason that both alternatives exist is that the shorter data type would require fewer bytes of memory then the larger data type. An efficient programmer would anticipate the size of the numbers used in his program and select the appropriate data type based on the size of the number.

 

There are also data types which do not fall under numeric or text specifically. Some of these other data types are Boolean, which will store a value of true or false. There are still other specialized data types such as Date which hold date values. Visual ~Basic.NET and Java are programming languages which have a rich set of data type options.

 

A final data typing option exists with some programming languages that can support both typeless and strongly typed identifiers. The most prominent of these languages is Visual ~Basic.NET. Its support of typeless identifiers probably stems from the fact that the BASIC language has been constantly evolving in its 40 plus years of existence. Originally, BASIC supported three data types’, integer, numeric and string. Newer versions of Visual ~Basic.NET still support typeless programming but encourage strong data typing of all identifiers.

 

 

Strongly typed: Programming languages that are strongly data typed support several different identifier data types. This support of different data types makes the use of memory by identifiers more efficient. For example, when a program needs to store a numeric value, the programmer will determine if it needs to be an integer or decimal number and then the number of digits in the value (i.e. if the number stored less than on hundred or less than a million). Obviously, a variable that stores a number greater than a million needs to be larger than a variable that stores the value of less than one hundred. By using only the memory you need, you are creating a more efficient program.

 

 

 

Programming Tip - It is a good idea to strongly type identifiers (if the language supports it). This is especially true when showing perspective employers your work. As more and more devices include processors with programmable environments, efficient use of memory will become critical. We now have the ability to create computer programs which execute on devices as small as a smart card, cell phone and PDA. None of these devices can accommodate the sloppy use of what amounts to a very small amount of memory.

 

 

	Data Type
	PYTHON
	~Visual Basic.NET
	JAVA

	short
	As Number
	-32,768 to 32,767
	-32,768 to 32,767

	Integer / int
	As Number
	-2,147,483,648 to 2,147,483,647
	-2,147,483,648 to 2,147,483,647

	Long / long
	As Number
	-9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
	-9,223,372,036,854,775,808 to 9,223,372,036,854,775,807

	double
	As Number
	-1.79769313486231570E+308 to -4.94065645841246544E-324 for negative values; 4.94065645841246544E-324 to 1.79769313486231570E+308 for positive values
	+/-4.9E-324 to +/-1.7,976,931,348,623,157E+308

	String
	Yes
	Yes
	Yes

	Boolean
	Yes
	Yes
	Yes


 

Table 4: Different data types supported by PYTHON, Visual ~Basic.NET and Java along with the size in bytes of each data type.

 

Fundamentals of Identifier Scope

 

Programmers are always looking for the most efficient ways to use memory. Aside from determining the correct data type so that the values cannot take up more memory than actually is needed, another way for programmers to more efficiently allocate memory is through variable scope. The scope of the identifier determines its lifetime. Some identifiers need to be present during the entire program and some identifiers can be used an they deleted before the program is stopped.

 

When an identifier is designated to be available for the entire program it is said to have global scope. Another designation, Local scope indicates that an identifier is only available when the code is within the module. We will not make use of local scope at this time but will introduce it formnally when we cover logic and code modularization. Block scope is the final type of identifier scope which is the most exclusive. This scope is called block scope. Block scope variables and constants are only available within a code block. The code block could be an if statement or a while loop and the identifier only visible while contained within the structure. Block scope will also be discussed later when we introduce code blocks. Below is a sample of global and local scope within a PYTHON program. PYTHON does not implement Block Scope but languages like Visual ~Basic.NET and Java do support block identifiers.

 

 

Global, local and block scope: Global, local and block scope refer to the lifetime and visibility of the identifier. When identifiers are assigned with global scope, it is visible and callable from any statement at any time in the program. For global identifiers the lifetime extends to the end of the program. Local identifiers are more restrictive and are available for programming statements within a module. Block variables are the most restrictive and have the least visibility in your program. Block variables are used within programming structures like IF blocks or WHILE loops. Once you move outside of the module or block, local and block variables are said to lose focus and are not longer visible and accessible to the program.

 

 

 

 

Key Concept: In the perfect world of our models, we are not concerned with variable scope or data types. We can assume that all variables are global and the data types of our models (Flowcharts and pseudo code) are typeless (like PYTHON) and contain either text or numbers.

In Practice: Why not make everything Global - I always get the question, “why not make everything global and reduce the risk of not having a variable visible later when you need it.” Seems like an obvious thing to do. It would certainly eliminate syntax errors and might even make the program simpler to follow. The problem with global variables is that they can limit code reuse. If we design a block of code to be reused by several programs, we will want the module to contain everything it needs (identifiers, expressions, statements). For example, maybe this code calculates the monthly payment on a loan and if the variables are all contained in the code, we can simply move the module with a copy and paste to another program.

 

If the code includes global variables then we have a problem, we cannot just copy the code from program to program. If we call a global variable from within our program, we have now set a requirement to also implement a global variable in the new program. Again, this is not a complicated task but if we’re trying to promote code reuse it only complicates reuse and introduces the strong possibility of a coding error. If something is to be a reusable, then all the code must be included within the reusable object. If it is not, then it is partly reusable ( and I suspect this is a contradiction of terms).

 

Programming with Expressions

 

All computer languages support expressions. An expression is a series of tokens (identifiers, operators, keywords, etc.) that support the assignment or return of some new value. We have seen expressions already in this eBook. When we assign initial value to a variable, we used the equity or assignment operator to place an initial value in the variable (i.e. Total = 100). Expressions can include mathematical calculations that return a number or a logical expression (also known as a Boolean expression since it returns only true or false). We will work with expressions throughout the eBook but for this chapter we will only concentrate on arithmetic expressions for simple calculations.

 

Sample expressions:

 

total = 100 + newSale
red = ~BoxColor

 

Expressions: A computer program could be thought of as a series of statements that include expressions and keywords. Expressions are the building blocks of our logic in work and in hand with identifiers to manipulate values into solutions. In its simplest form, an expression might be a calculation. A more complex expression might return a value of true or false from Boolean expression within a decision structure (i.e. if statement). Much of the time spent learning your first computer language will be learning how to formulate expressions so that they are correct syntaxually and logically.

 

 

 

 

In Practice: Breaking up is an Easier thing to do! - You have at your disposal the ability to create very complex nested expressions. You can decide to create one expression to calculate the cost of a sale or you can break it into pieces. Breaking it into pieces is almost always easier to understand and therefore will have less chance for error. You could create the same program outcome with two different sets of programming statements:

 

# expressions test

 

Cost = 100
~TaxRate = .08
~SubTotal = 0
Total = 0
~DiscountRate = .05
Discount = 0
#Expression Version One

Total =(Cost - (Cost * ~DiscountRate)) + ((Cost - (Cost * ~DiscountRate)) *  
~TaxRate)
print Total

#Expression Version Two
Discount = Cost * ~DiscountRate
~SubTotal = Cost - Discount
~SalesTax = ~SubTotal * ~TaxRate
Total = ~SubTotal + ~SalesTax
print Total

 

Which expression(s) is easier to follow?

 

 

Status Check
Define data type and describe the benefits if a typeless programming language?
Define scope and the significance of global scope?
Compare and contrast modifiers and keywords?
Explain the difference between an expression and statement?
 

Program language Statements Defined

 

It is sometimes difficult to distinguish between statements and expressions. The primary difference is where an expression will return something to your program that can be used another programming instruction; a statement is a directive to the interpreter or compiler to perform some keyword function. For example, when we asked the program to print the variable total that instruction was a statement that contained the keyword print and the variable called total. There was no assignment or change to the variable. Statements will usually contain one or more keywords and some languages (like Java) require a special character (i.e. a semi colon) to terminate the statement.

 

 

Statements: Statements include keywords, expressions and identifiers. They are the instructions executed by the compiler or interpreter. They constitute actions or verbs in our program. Put another way, they are the actions in our recipe.

 

Code Blocks

 

As you will see in future chapters, programmers quite often groups statements and expressions together into code blocks. A code block may be created as a result of using a program structure, such as an if statement, to represent a logic decision or a while loop to repeat through a series of statements (both topics introduced later in the eBook). Code blocks area also created as a result of modularization where we break our programs into smaller sub-programs to make the program easier to understand and maintain. Modularization takes a divide and conquer approach to breaking complex problems into smaller problems each with there own code solution. Some languages, such as Visual ~Basic.NET, are built almost entirely on code blocks. As we saw earlier in the chapter, code blocks can have identifiers with there own level of variable scope.

 

Operators

 

Operators are used within expressions to perform calculations or comparisons. Arithmetic operators are used to perform calculations where numbers are returned. Another type of operator is a logical operator which is used in a Boolean expression. Boolean expressions are a fundamental part of coding decision structures typically implemented as if statements.

 

For example, in the statement:

if (total > 100) then color = “red” (total > 100)

 

 

is a Boolean expression which will return a true or false value depending on the comparison of the value of total and the numeric literal value of 100. A Boolean expression uses different operators than what you would typically find in a calculation with arithmetic operators. Both sets of operators are critical in developing computer logic.

 

 

Operators: Operators are the syntax that ties keywords and identifiers together. There several different kinds of operators. The operators we use in this eBook are arithmetic, logical and compound. These operators will allow us to do calculations, make decisions and loop through blocks of code.

 

Arithmetic Operators

 

Arithmetic operators look very similar to the operator buttons on your calculator. Plus and minus our data calls to the addition and subtraction operators we learn an elementary school. Multiplication, division and exponentiation are different than elementary school but are very similar to what is found on other computing devices. With pseudo code, we may have spelled out these words or used the symbols. For our programs, we must use the operators in the expression format to get the desired results.

 

Operator Operation

+ Addition

_ Subtraction

/ Division

* Multiplication

· or ^ Exponentiation 

 

Table 5: Arithmetic Operators

 

 

Arithmetic Operators: You’ve seen and used arithmetic operators in the past. Whenever you calculate numbers you’re using arithmetic operators. Common operators are addition (+), subtraction (-), multiplication (*) and division (/). One of the differences in these operators from the ones we learned in elementary math is that the multiplication and division symbols are different than the ones that we first learned arithmetic from. The asterisk (*) is used to signify multiplication and the forward slash (/) is used to signify the vision.

 

Pseudo Code Program Statement

 

Profit equals Sales less Cost

Profit = Sales - Cost

 

Taxes equals Value times TaxRate

Taxes = Value * TaxRate
 

Amount equals Total times Qty divided by 2

Amount = Total * Qty / 2

 

Cube equals number raised to three

Cube = number**3

 

Table 6: Arithmetic operators are determined from pseudo code (all of these statements would execute in PYTHON, Visual ~Basic.NET and Java but Java would have each statement ending in a semi-colon (;)).

 

Operator Precedence

 

Not all arithmetic operators are the same. Some operators have precedence over other operators. Precedence means that one operator will be peformed before another no matter where the operator is in the statement. The rules that govern which operator is resolved first are called operator precedence. For example, if you have an expression that includes an addition and multiplication operator, the multiplication operation is performed first. Multiplication has precedence over addition. Operating systems need clearly defined rules to resolve complex calculations. Operator precedence provides this. Operator precedence is standardized by operating system so it should be implemented the same whether you’re programming in Visual Basic, Java or PYTHON as long as the operating system is the same. Knowing the precedence of the operators in the expression can greatly change the outcome. For example, what is the outcome of the following expression?

 

A= 2

B = 5

C = 6

Total = A + B * C

 

If you answered 32, you are correct. This is because multiplication has a higher precedence than addition.

 

Parenthesizes are the great equalizers in calculations. Parenthesizes has the highest precedence and are always done first. If I change the expression to the following, what is my answer?

 

A= 2

B = 5

C = 6

Total = (A + B) * C

 

The answer is now 42 because the addition has taken precedence because of the parenthesis. Parenthesis can help you set the sequence of the calculation by forcing the highest precedence operation on compound operators. What happens with the following statements?

 

A= 2

B = 5

C = 6

Total = ((A + B) * C)

 

The answer would be the same. When the compiler or interpreter sees multiple parenthesis in an expression it will resolve the calculation in the inner parenthesis first and the next outer set of parenthesis next and so on. You could have virtually an unlimited number of parenthesis but at some point this will probably make the calculation difficult to understand and it would be better programming style to break the statement down into multiple statements.

 

 

TIP: Parenthesis need to always match. A match is a left parenthesis “(“followed at some point with a “)”. Unmatched parenthesizes will result in a syntax error.

 

() Parenthesizes

** exponentiation

*, /, % Multiplication, division, modulus

+, - Addition, subtraction

<, <=, >, +> Less than, less than or equal to, greater than, great than or equal it

 

Table 7: Operator Precedence (Highest first)

 

Most languages have more operators than what are displayed in the table. I’ve kept this list brief. You’ll notice that some levels of precedence have more than one operator. In this case, if an expression has several multiplications operators, it will act on the left most operators first and then work its way to the right. For example,

Z = A * B * C

 

In this case, since the only operators are multiplication, we will multiply A times B and that result will be multiplied times the value contained in C. Same level operators are evaluated left to right.

 

You’ll notice from our chart that not only arithmetic operators have precedence, but also logical operators have operator precedence.

 

Logical Operators

 

There is one more set of operators yet to cover. Logical operators are used to place comparisons in expressions. Control structures make extensive use of logical operators. Logical operators and control structures will be covered in chapter four.

 

The Scenario - Cactus Books and Tapes

 

So far so good. The program you wrote to calculate customer price was a success. But as with most programs, the original design has now been reconsidered. Given the relative inexperience of the Chavez sisters in developing systems, it has been very hard for them to create formal requirements. As a result, after they see what you have done, they then think of more effective ways of making the book reservation system successful. You have determined the best way to develop the book order web page is to proto-type the system.

 

Proto-typing means you will take the original requirements and develop the program with the idea that you will review the results with them and revisit the program with modifications after each new release. You know that this type of program development can be more expensive but given the experience of the Chavez sisters in developing new systems, the tradeoff seems to make sense and it is an approach that they are much more comfortable with.

 

They have decided that some modifications need to be made on the cost charged the customer. They have been thinking about developing a loyalty plan for frequent customers loyal to the store. The calculation needs to be modified to give a loyalty discount (1.5 percent) if they enter their customer number. In addition, if they have purchased more than three books in the current month, they are given another $10 dollars off there order. The $10 dollars is applied after all other discounts.

 

You have decided to modify your original pseudo code to reflect these new requirements. You understand that the final program with need decision structures to provide a different logic path for loyal plan customers verses regular customers but you are only concentrating on the expressions at this point.

 

Pseudo Code Logic Solution

 

 

Start
 Input ~WSCost
 Markup equals 1.25
 Handling equals 5
 LoyaltyBonus equals 1.5 per cent
 QuantityDiscount equals 10
 SubTotal equals WSCost times Markup plus Handling 
 CustDiscount equals SubTotal times LoyaltyBonus less 10 
 CustCost = SubTotal less CustDiscount
 Print CustCost
End

Types of Programming Errors Expanded

 

As first covered in Chapter two, regardless of the programming language used, programming errors fall under three categories. As a programmer, you will first encounter syntax errors as you build your programs and either compile them or run them through the interpreter for the first time. Runtime errors and logic errors are typically uncovered later in the program development process while you are testing your programs. Below is a summary of each and a discussion of techniques useful in helping resolve each type of error.

 

Discussion of Program Syntax Errors

 

We introduced syntax errors in the last chapter. Syntax errors are caused when statements or expressions are inconsistent and cannot be executed by the interpreter or converted into machine code by the compiler. Common reasons for syntax errors are misspelled identifiers and keywords, invalid program grammar in expressions and statements (i.e. if arithmetic operators are used in an inconsistent manner). Errors that qualify syntax errors fall under a fairly broad category and each programming language treats syntax errors with varying levels of error detail. In other words, some programming languages provide syntax errors which are extremely informative and help easily isolate the problem. Other languages may not do much more than identify the offending line in the program.

Understanding Program Run-Time Errors

 

Once a program has been compiled or has a statement has passed through the interpreter without syntax errors, the program is available for execution. If during execution a value is processed or a resource is accessed in an inconsistent manner, the program stops execution and aborts with a runtime error. The error used most frequently discussed as a runtime error is when an expression tries to divide by zero. Any number divided by zero is mathematically indeterminate and because of this the computer is unable to return a value from the expression. When computer programs cannot execute program statements they will abort with a runtime error. If the runtime error is not processed as an exception, the program will need to be restarted from the beginning.

 

Learning about Program Logic Errors

 

Program logic errors have always been the most difficult errors to isolate. Logic errors do not return any error messages (syntax is okay) and do not stop execution of the program (a runtime error). When a logic error occurs the program appears to be functioning normally. It is only through rigorous testing that logic errors are caught by the programmer before creating a problem for the end user.

 

Sometimes the problems appear immediately but most of the time problems are not found until after the fact. For example, a calculation error on a particular product item may not be dramatic enough for the user to see the problem when it first happens. At month end, the department might see in sales summaries a sharp decrease in importance in sales. At this point the error might be a significant error and present a hardship to the organization. Only after returning to the software and reevaluating all the expressions and logic will you know if a logic error is present. This is the reason that why a test plan is so important as it helps to head off logic errors before they create bigger problems.

 

 

In Practice: Everyone will have a story about the logic error that got away - Sooner or later all of you will have a logic error you will never forget. As I mentioned earlier, it’s perfectly acceptable and expected to make mistakes but the important thing is to learn from your mistakes and not let them happen again. My fondest memory of a logic error involved a programming language called RPG II (RPG stood for Report Generator language). RPG programs use the special variables called indicators to hold true or false values that indicated the outcome of the decision. You’ll soon learn that all decisions processed by computer have only two outcomes, true or false. In my case, I had inserted a couple lines of logic which essentially provided special processing for a record that existed for one person a database of 20 thousand. This person had special processing performed on their monthly bill and was very vocal and adamant about having this special processing performed. As bad luck would have it, there always seemed to be a problem with processing data on this person’s account.

 

In my haste to make a change to accommodate this person, I failed to do the testing necessary to validate that the change would work correctly. I’ll have to admit that the test required a fair amount of time. I took a bit of a gamble and short cut my normal testing. As luck would have it, the logic failed and approximately 10,000 customer invoices carried a line on their monthly bill indicating a reduction of $10.00. The $10.00 didn’t affect the invoiced amount but needless to say it created a lot of confusion when customers tried to reconcile their bill. I would say that I will always remember RPGII indicator 55 as my favorite logic error.

 

Understanding Program Exceptions

 

Let’s go back to our discussion of runtime errors for just a second. I talk about the classic runtime error or a calculation that tries to divide by zero. This may have been caused by a user keying in a value of zero when the variable should not accept zero. This situation (invalid input) isn’t all that unusual and we certainly do not want our program to abort just because a person keyed an invalid value. There is two ways to validate input information. One method is proactive using decision structures to test for the inputted value (inputValue > 0). One other method is proactive where the runtime error triggers an exception and that exception is processed gracefully by the program allowing the user to read key in

the incorrect information.

 

 

Exception: An exception is an event initiated by the operating system in response to a runtime error. You can test for particular exceptions and therefore create appropriate error messages and corrective actions based on the exception thrown by the system.

 

Tools to help resolve errors

 

The only thing older than programming is programming errors. One of the productivity enhancements offered by many programming languages has been the development of sophisticated IDE software that will assist in locating and resolving errors. Online help (also known as real time interactive help), line debuggers and visual debuggers assist the programmer in making programs error free.

 

On-line Help

 

During the testing process, you’ll uncover errors. Programmers are not infallible and we all create programming errors from time to time. Even if you are an experienced programmer, we all have to go back and review old topics or come up to speed on new programming language enhancements. On-help can be a great productivity aid for those situations. Online help is typically triggered by hitting a specific function key or by highlighting the error and hitting a function key. Some of the newer IDE's will even try to anticipate your questions by providing a running list of help topics. This is sometimes called dynamic help.

 

Program Debuggers Explained

 

There are two categories of debuggers generally available for programmer use. The most primitive debugger is command line based that allows you to issue debug commands to set breakpoints and watchpoints along with debugger commands to display identifier values.

 

Once the breakpoint is encountered the program is halted. You can display identifier information along with the line number of the statement just processed. It’s through the investigation of identifiers that you may get hints as to why the logic of the program is not working correctly. If a calculation is complicated, the debugger will help you break down the operations and help isolate the programming error. You can restart the program once you have inspected the logic and stop it with a breakpoint again if necessary.

 

The newest form of debugger is more graphical or visual. This type of debugger graphically shows us the source code and the values of identifiers and the sequence of statements in a full screen display. Just like a picture is worth a thousand words, visual debuggers typically make the programmer more productive than line debuggers. PYTHON supports the line debugger and IDLE has a debugger built in that will both show identifiers and allow for the step through of source statements. They are not visual debuggers. The IDLE debugger tool is accessed via the Interpreter window. Visual ~Basic.NET makes use of the Visual Studio visual debugger. This debugger are has existed for a number of releases and is proven to be very popular. Debuggers in Java have also evolved overtime and exist in both in line and visual formats.

 

Debugging Terms 101

 

· Breakpoint - Most debuggers will allow you to specify statements where you can stop execution of your program and start a debug session. Most of the time you will not want to walk through every line of source code but instead focus on a section of code that you think might be in error. If you set a breakpoint, the program will stop on that line and the debugging can now begin. You can then continue with the rest of the program or check for more errors. 

· Watchpoint - You can flag specific identifiers to be set as watchpoints. A watchpoint will usually display somewhere on the screen and if the identifier changes for any reason, the display is refreshed and all watchpointed identifiers will have * Call Stack - If the debugger displays the call stack, it will show the execution sequence of statements and module blocks of code. This is useful for following the sequence of statement execution. Since many logic errors are caused by the program branching to code incorrectly, following statement sequence can be very helpful.. 

· Step In - Step In tells the debugger to move to the next statement. The call stack and watchpoint display will be updated. You can stop and query the values of local and global variables. 

· Step Over - Step Over is used when you want to move over a module code block and not step through the statements one by one. This is usually done when you know a block of code could not be part of the logic error and therefore stepping through the code would not be useful. 

 

 

Debuggers: There are three different debugger designs. Visual debuggers offer us the most flexibility and provide the greatest productivity improvements by allowing us to see our program execute line by line and inspect identifiers along the way. Lined based debuggers do essentially the same thing except through a debugger command prompt and not a graphical interface. Lastly if the computer programming language environment does not have a debugger, the programmer can always result to using print statements to show the values of the identifiers and follow the sequence of executed statements.

 

Another important piece of information provided by the debugger is the flow of the program statements. We have not experienced this yet but as we get into decisions and looping, we may find that the code sequence we anticipated is not being executed as planned. We may have expected several statements to be executed as part of a complex calculation but in fact have found with the debugger that the logic we created has jumped over the correct statements thus giving us an invalid answer.

 

Putting It to Use

 

The intent of this section is to introduce the new programmer to standards and techniques frequently used by professional programmers. Topics in this section relate to concepts introduced in the chapter but with a more vocational or occupational focus for students considering a career in programming.

 

 

Best Practices: Structured Programming Conventions and Standards - There are many reasons why you want to support programming standards in your program code. We will concentrate on three of them. The first reason is one we talked about earlier. When we use standards developed by the programming profession, we use approaches which have historically been successful for other programmers and therefore successful for us. A second reason involves the maintenance of our programs by other programmers. If we adopt standards and techniques that others are familiar with, then it is likely changes to our program will be successful. Finally, we want to use standards to show others that we follow the standards of our profession. When we do this, we prove to those who are interested in hiring new programmers that we are professionals and follow approaches which will make us an asset to their organization.

 

Naming conventions

 

Naming conventions have always been fairly consistent across programming languages. Parts of these naming conventions are based on identifier naming rules and others come from good common sense approaches to naming items. I’ve summarized some common conventions found with most programming languages:

· Identifiers cannot have the same name as keywords 

· Identifiers should have short concise names that are specific but not so long as to slow down the programmer with a lot of unnecessary keystrokes 

· Care should be taken that identify are names specifically identify the data. For example, in identifier named TotalCost is not nearly as descriptive as TotalCost2004. 

· Identifiers should not contain spaces or symbols which might have specific meaning to a programming language. For example, the # (number sign), can be used as an operator in some programming languages. Including a number sign within an identifier name might like the lead to future problems. 

 

	Bad Name
	Reason
	Better Name

	Cost
	Cost is too general and might lead to confusion
	InventoryCost

	v
	v is too short and almost impossible to look at and understand the type of information it contains
	Variance

	TotalInventoryCostJanuary
	Too long of a name and hard to type
	TotInvCostJan

	Tot Annual Profit
	Spaces not allowed
	Tot_Annual_Profit

	Print
	Print is a reserved word for the programming language. It is a program keyword.
	PrintReport


 

Table 9: Examples good and bad identifier names.

 

Naming Standards

 

You may have noticed in the preceding table that many of my data names consisted of two words and that the first letter of each word was capitalized. This form of naming identifiers is called the Pascal naming standard. Simply stated, it is capitalizing the first letter of each word within an identifier name. It is a version of another naming standard called camel casing. The difference between Pascal and camel casing naming conventions is that with camel casing the first word does not have its first letter capitalized but all trailing words have their first letter capitalized. Some languages, Visual Basic specifically, used Reverse Hungarian notation where identifier had a three letter prefix in front of the identifier name that would distinguish the data type of the identifier along with a name that identifies the value. Look at the table below for examples of these three naming standards.

 

	Pascal
	Camel Casing
	Reverse Hungarian

	TotalCost2003
	totalCost2003
	intTotCost2003

	CustomerLastName
	customerLastName
	strCustLastName

	SalesTaxRate
	salesTaxRatge
	decSalesTaxRate


 

Table 10: Popular naming standards. (Note: Under the reverse Hungarian standard int stands for integer, str stands for string and dec stands for decimal)

 

Chapter Review

 

Chapter summary, highlights, key terms, short answer questions, quizzes and case studies to reinforce topics covered in this chapter.

 

Chapter Summary

 

After finishing this chapter you should understand and in some cases, demonstrate the following topics:

 

· Explain the processes used to create programs 

· Developing programs from program logic 

· Programmers use standardized processes to benefit from the successful approaches created by other programmers and to create programs which follow industry standards to facilitate future programming maintenance. 

· Define and explain the use of identifiers in computer program 

· Identifiers, such as variables and constants, allowing the programmer to store and read values from within the program logic. 

· Variables allow values to be identified by name instead of memory address and can change frequently within the program. 

· Constants allow values to be identified by name instead of memory address but are assigned a value a declaration which cannot change within the program. 

· Describe and demonstrate identifier data typing and scope 

· Data types for identifiers provide for more efficient use of memory by providing different data types for storing identifiers of different sizes (i.e. small numbers versus very large numbers. 

· Scope identifies the lifetime and visibility of identifiers. 

· Explain and differentiate between expressions, statements, code blocks 

· Expressions consist of a series of a dent of fires and operators to perform arithmetic calculations or logical comparisons. The result of the expression is to return a value to the program 

· Statements consist of keywords and expressions and provide instructions to the computer to perform a particular function operation. The key word print will cause applet to be sent to the computer display. 

· Statements and expressions can be organized into blocks of code that represent a particular submission of the entire program. The process of creating these independent code blocks is called modularization. 

· Describe and demonstrate how arithmetic operators are used in expressions 

· Arithmetic operators are used in expressions facilitate the return of the calculated value . 

· Explain and classify syntax, Run-Time and logic programming errors 

· Programming errors can be categorized into three scenarios (Syntax, Runtime, and Logic). 

· Syntax errors are the result of invalid programming statements and expressions. These errors are created during the compile process are while the program is interpreted. 

· Runtime errors are the results of programs that are put into an inconsistent state based on programming input. A runtime error caused the program to abort and if not processed with exception handling, the program will need to be restarted. 

· Logic errors are the result of invalid program logic and although will not create any system errors, the resulting solution is still incorrect. These errors are difficult to find due to the fact that error messages are not created and can only be identified with a comprehensive program test plan. 

 

Chapter Key Terms

 

Arithmetic Operators

Block Scope

Constants

Data Typing / Data Types

Debuggers / Debugging

Declaration

Exceptions

Expressions

Global Scope

Identifiers

Keywords

Literals

Local Scope

Modifiers

Operator Precedence

Operators

Statements

Strongly Typed

Typeless

Variables

Variable Scope

 

 
 

