Chapter 13 - Programming Languages and Programming Development
The objectives to this chapter are 1. Computer Programs & Programming Languages; 2. the PDLC; 3. Low-Level Languages; 4. Procedural Languages; 5. Object-oriented Programming Languages (OOP’s); 6. Levels/Generations of languages and hardware; 7. A description of some third generation languages; 8. Nonprocedural Languages & Program Development Tools; 9. Web Page Development; 10. Multimedia Program Development; and 11. the Control Structures
1. Computer Programs & Programming Languages

A program is the written instructions that tell a computer what to do.

A program is written by a programmer.

A program is written using a programming language. The computer only understands machine language, also called binary language. Binary is a language made up of 1s and 0s. Humans would find it very difficult to program using only 1s and 0s (although they have done so), so programming languages were developed that allow programmers to write the lines of code in human language. These lines of code are then translated by the programming languages into binary so that the computer can understand and execute the instructions.

UMUC - Asia offers a major called CMIS (Computer Information Systems). This major focuses on programming. Other programming related fields include computer software engineers, program analysts, and technical writers. More than two-thirds of computer programmers had a bachelor’s or higher degree in 2004. Prospects should be best for college graduates with knowledge of, and experience working with, a variety of programming languages and tools—including C++ and other object-oriented languages such as Java, as well as newer, domain-specific languages that apply to computer networking, database management, and Internet application development. Obtaining vendor-specific or language-specific certification also can provide a competitive edge. Individuals who want to become programmers can enhance their prospects by combining the appropriate formal training with practical work experience. Employers will continue to need programmers who have strong technical skills and who understand an employer’s business and its programming requirements. Computer programmers can perform their job function from anywhere in the world and can digitally transmit their programs to any location via e-mail. Jobs for both systems and applications programmers should be most plentiful in data processing service firms, software houses, and computer consulting businesses. Median annual earnings of computer programmers were $62,890 in May 2004. (http://www.bls.gov/oco/ocos110.htm).

2. The PDLC

The formal creation process of programming is known as the PDLC, the programming development life cycle.  There are five steps to this: define, plan, code, test, and document. Your book describes the PDLC as having six steps.  These are: 1. analyze requirements, 2. design solution, 3. validate design, 4. implement design 5. test the solution, and 6. document solution. Although you may feel free to read the information I will only expect you to know the five steps as I have listed them. The PDLC is described on pages 685-696 of the chapter.
Define - to decide what real world problem is to be solved and how a program can do this.  The decisions of what the program should do.

Plan - deciding what the steps of the program are.  Looking at the flow of the data, the form of the input and output, and the user interaction.  A number of tools are available to help the programmer during this step.  Flowcharts are visual diagrams of the flow of the program.  Page 691 of your book shows some of these.  An algorithm, written in pseudocode, is written to be language nonspecific; it could be used by any programmer to help him or her write the actual program using any programming language.  A good example of pseudocode is shown on page 692, figure 13-35

.

Code - actually using any specific programming language to write lines of a program.  To see the code that was created from the algorithm shown to you on page 692, go to page 670. This language is Java. The exact same program written in COBOL is shown on page 668. Remember that a good algorithm can be translated into any programming language the programmer needs to use.

The lines of code are also called the listing, and are also known as the source code.  The program that you run is called the object code. When you use Word, you are using the object code. The actual lines of instruction, written by the programmers, that make Word run are the source code. The text editor mentioned in your book is usually a part of your programming language.  Some programs execute the lines of code one by one; these types of programming languages are known as interpreters.  The advantage of an interpreter is that, for a programming student, they are much easier to learn, as you are able to write one line of code and immediately test it to make sure works.  The disadvantage is that these programs run slower.  Basic and HTML are interpreters.  Look at figure 13-5 on page 667 to see how an interpreter works. Other programming languages are compilers; they execute the entire program at one time.  These programs execute much faster, but require a programmer to write an entire program to test a section.  Most of the third and fourth generation languages are compilers. Look at figure 13-4 on page 667 to see how a compiler works. 

Test - to make sure that the program does what it should.  An error in a program is also known as a bug and the process of finding bugs is known as debugging (see page 695, the first bug was real).  Desk checking is looking at the lines of code one by one to see if they have been written correctly and the logic is correct.  Desk checking is also called tracing.  The walkthrough is just when a group of people do a desk check.

There are two main types of errors, syntax and logic errors.  Syntax errors are problems with grammar, spelling, or punctuation.  The translator part of your programming language helps you find these.  Here is an example syntax error and the compiler's error message:
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After the program’s translator runs, the linker runs.  The linker portion of the software connects your program with lines of code that are pre-written.  Large numbers of files of this code are available in libraries.  Libraries that can be linked to your code take a lot of work away from you as a programmer.
Logic errors are errors that make a program’s results incorrect.  These are much more difficult to find.  An example would be meaning to add numbers two together and to then multiply the results, but writing the formula without the required parentheses.  (2 + 3) * 5 = 25, but 2 + 3 * 5 = 17 – a very different result.

Document - to put together all of the materials that have been generated throughout the PDLC process.  All of the flowcharts, messages, algorithms, lines of code, and the user manuals are part of this documentation.

3. Low-Level Languages
We categorize programming languages in different levels. A low level language is called low because it is closest to what the computer understands. The highest level of languages is closer to what humans understand.  You will remember that a computer only understands binary code. The first programs were written using this binary code; we call this a low level language machine language. There's a picture of a program written in machine language on page 665.

A second low level language is called assembly language. It is sometimes also known as assembler. Assembler is a tiny bit simpler than machine code for human programmer to write, but it still requires the programmer to learn the code that is a used to write the instruction.. Because this code is so close to binary, the machine understands it without it needing to be translated. There's a picture of assembly on page 666.

The program that the programmer writes is known as the code, the listing, and the source code or source program. The program that is executed by the computer is called the object code. When you use a program like Word or Excel, you are seeing its object code. The source code that creates the program is hidden from you.
4. Procedural Languages
Procedural languages require a programmer to specify, step by step, exactly how the computer must accomplish a task. With procedural language, the programmer needs to tell the computer exactly what to do and how to do it. The third generation of languages is procedural.

5. Object-oriented Programming Languages (OOP’s)

Object-oriented programming languages are known as non-procedural languages because they require the programmer to tell the computer what to do but not how to do it. An object is a self-contained entity that consists of both data and procedures to manipulate the data. It is a section of code that can be used by the programmer over and over again.  OOPs are characterized by being mouse driven, Windows-based languages.  A third generation language requires the programmer to tell the computer how to do something; but an OOP requires the programmer only to tell the computer what to do.  Your book does a very nice job of describing OOP languages to you.  The three most popular OOP languages today are Visual Basic, Java, and C++.  Any person who wishes to be a programmer would need to learn these languages.  Visual Basic is much easier to learn than C++. Java code is whon to you on page 669 and C++ is on page 670. Once you know C++, Java is easier to learn. Take a look at figure 13-10 on page 671 to see a Visual Basic overview.
6. Levels/Generations of languages and hardware
	Generations of hardware (technology used to run computers)
	Generations/Levels of software

	1st generation
	Vacuum tubes -- very unstable, huge numbers of them, the computer was stories high and weighed tons.
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Vacuum Tubes
	Machine language, (the computer is a machine) code in binary (0011001).  The picture in your book (page 665) is an example of hexadecimal, another way to write binary code.  Programs were computer specific and did one thing only.  Considered a Low Level Language because it is closest to the computer machine.

	2nd generation
	Transistors -- much smaller, more stable, faster processing
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Transistors
	Assembler (Assembly) -- a way of coding binary meant that the programmer had to memorize a lot of words that were codes.  It is still not easy to use or to read.  Also considered a Low Level Language.

	3rd generation
	Silicone chips -- very tiny, very fast, and very stable.  Led to the development of the personal computer.  Later, integrated circuit chips (I/C chips) -- the integration of multiple chips made for a smaller size but much faster processing
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The Intel C4004 - the world's first Microprocessor: November 15, 1971
	This group is just known as the 3rd generation languages.  It includes Pascal, C, Basic, ADA, FORTRAN, and COBOL, among others.  These languages are still in use today.  They are considered to be High Level Languages.

Examples:

Basic - page 667

C - page 668
COBOL - page 668

ADA - http://sandbox.mc.edu/~bennet/ada/examples/hello_adb.html
FORTRAN  - http://www.nmt.edu/~es421/fortran/fig1-1.for
Pascal -http://www.daniweb.com/code/showsnippet.php?codeid=62  scroll down a bit


	Generations of hardware (technology used to run computers)
	Generations/Levels of software

	4th generation
	The microprocessor – I/C chip has memory and logic combined on to it
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A microprocessor is a digital electronic component with miniaturized transistors on a single semiconductor integrated circuit (IC).
	There are actually two categories here – the OOPs (described earlier) and the 4GLs.  OOPs stands for object oriented languages and 4GLs (fourth generation languages) are the use of database software to write applications.  Some of the databases used are Access, dBase, and FoxPro.  The idea of 4GLs was to bring the writing of applications to the user level.  It never really worked and today, programmers still do the programming.  These languages are called Very High Level.

Examples
Java - page 669

C++ - page 670

Visual Basic - page 671

Delphi - page 672

PowerBuilder - page 673

Microsoft's Get started with Access programming: http://office.microsoft.com/en-us/access/HA012142131033.aspx

	5th generation
	AI-- artificial intelligence includes expert systems and VR (virtual reality).  We will learn more about these sub fields of AI later.  AI is the science of making computers think and act like humans.  Although we have some aspects of AI today, most of it is still the future of computing.  
	Natural languages - being able to have any person tell the computer what to do and having it done without the need for formal programming training.  This is still in the future. 


Note: Additional programming languages are shown on the table on page 675.

7. A description of some third generation languages
Fortran - used for the creation of scientific, engineering, and mathematical applications.  Remember the for in Fortran for formula.

COBOL - used for the creation of business applications.  Remember the b in COBOL for business.

Basic  - used for teaching students how to program.  As time went on, it also became used to create many types of applications.  The game Tetris was created using Basic.

Pascal  - also used for teaching students how to program.  The inventor thought that Basic did not teach students proper programming technique and therefore, saw a need for another language.

C - originally developed to create operating systems, this language also has been used to create a wide variety of applications.
ADA - This language is not often used in the "real" world.  It was developed by the military for military applications.

8. Nonprocedural Languages & Program Development Tools
This section of the chapter discusses the use of program development tools that can help a programmer or user to create a program or screen. The tools are not themselves programming languages but are used in conjunction with programming languages. The tools mentioned are RPG, SQL, application generators, and the use of macros. RPG stands for report program generator and was developed by IBM to help businesses generate reports from the database data. It takes over from what COBOL was used for. There is an example of RPG in figure 13-13 on page 674.  SQL is structured query language and is used with DBMSs to query databases. There's an example of an SQL query on figure 13-14 on page 674.  An application generator is a program that creates the application via menus and graphical user interfaces. Application generators are included in a number of applications. You use a type of application generator when you're using the Word program. A wizard can help you to design and create a report. When you did your Access homework you again used an application generator to create your reports and forms. An example of Access being used to create forms is shown on page 676.  A macro is a tool built into applications that allows the user to record his keystrokes. This allows certain routines that are done often to be done in a much quicker time. An example of this is in Word if you wish to set the formatting for paragraph to be a hanging intent you would have to 1. click on format, 2. click on paragraph, 3. click on special. 4. choose hanging intent, and 5. say OK. If you turn on the macro recorder before doing the steps you can then record the steps and the next time you wish to set the hanging indent just press a single key stroke. An example of a macro and what that macro does using the Visual Basic program is shown on page 677. Macros can save you a lot of time and are much more efficient. You might want to learn how to create your own macros in Word, Excel, or Access.
9. Web Page Development

HTML stands for hypertext markup language. It is not a programming language; it is a markup, or coding, language. It uses tags to tell the browser what to do. HTML is not static; it is an evolving or changing language that is governed by the W3C. The words that you type are called the code or object code. When you view your page using your browser, you are viewing the finished product, called the object code.

HTML uses tags and attributes. Tags are commands that state to the browser to do something a certain way. An attribute changes or modifies a tag. HTML tags can be written in all caps, small letters, or a combination. BODY, body, and Body are all fine.
HTML is an interpreter. You can see a sample of code on page 678. The latest version of HTML being used by professional web developers is called XHTML. XHTML has more specific rules than does HTML.

Scripts are like overlays to an HTML or XHTML page. When HTML was first developed there was no multimedia --all pages consisted solely of text. Because we now expect multimedia, most scripts were developed to improve how web pages handle multimedia and also allow inter activity by the user.
An applet is actually a program, not a script. However, unlike an executable program, applets are meant to be run via a web browser. Applets are created using the Java programming language. Java was created by a company called Sun Microsystems. Applets are called applets as a sort of cute name for mini application. Applets can be used to give interaction to the user.  ActiveX is Microsoft's version of a Java applet. You can see samples of applets all over the Internet. Take a look at:

http://www.riversongs.com/christmas/silver_bells.html
http://jeans.studentenweb.org/java/cards/ThievesGame.html
http://java.sun.com/openstudio/index.html
JavaScript was the first of the scripting languages that was developed to enhance the HTML. JavaScript was created by Netscape. To see an example of JavaScript, look on page 681.

A CGI script can be created using any number of tools. The purpose of the CGI script is to collect the data from a form that has been filled out via a user's browser and send that data to a company's database. Figure 13-19 on page 680 demonstrates how a CGI script works. Perl is one of the scripting languages used to create CGI scripts. Its name means practical extraction report language and that is its purpose.  A company that has a web site can use a Perl script to extract data from a web site and create reports.
VBScript is written by Microsoft as their version of Sun's Java. DHTML or dynamic HTML is actually the use of many types of programming tools to allow interaction and high levels of multimedia. The reason it is called dynamic HTML is because, unlike HTML, a web page that uses DHTML is not static once it is uploaded to a server. It is based on user interaction. An example of a DHTML object could be when a user moves his mouse over a link and that link changes in shape or color. DHTML is not a separate programming or scripting language - it is just the use of any of these scripts or programming languages to create a dynamic web site. The Disney page is using DHTML - look on page 682.
I've said that the latest standard in HTML is now XHTML. The use of style sheets which separate web page content from its format are one of the major foci of XHTML. XHTML is the sort of in between or forerunner to the XML. XML's purpose is to describe the content of a document; however, unlike HTML, XML does not describe how that content should be displayed. Instead, it describes what that content is. It is the goal of the W3C is for all web developers to use XML. An XML document instance is potentially unlimited in what tags it can contain. WML (wireless markup language ) is based on XML and it is used to create pages specifically for wireless handheld items. VRML (Virtual Reality Modeling Language) is an Internet standard for the rendering of 3D graphics. It is used to create 3-D worlds on the Internet.
Authoring software allows you to create a web page without having to know any HTML code. There are two categories. One is a converter. This type of program takes a normal document and converts it to HTML for you. Word has a Save File as HTML type feature. Another category is a program that is developed to create HTML code for you in a WYSIWYG environment. FrontPage is an example of one of these programs. The advantage to using an authoring tool is that you can quickly come up with a web page without having to know anything about HTML. The disadvantages are that 1. HTML is a live language. That means that new tags are being created continuously. Your version of the authoring tool might not have the latest tags. 2. Authoring programs make mistakes. You might convert or write something and when you go to view it in the browser window, it looks strange. Unless you know how to fix the HTML code yourself, you will have to live with the effect. It is recommended to learn HTML first and then to use an authoring tool if you wish to. One of the most advanced authoring tools is Dreamweaver, but you had better know what you are doing in HTML to use it. HTML may be written using any text editor. Notepad, which you have on your computer, under Start, Programs, Accessories, is a text editor. Your book describes Flash as an authoring tool like Dreamweaver. It is not so much an authoring tool as an application that allows users to create animated movies and sound files. Both Dreamweaver and Flash are Adobe products.
Here is an example of a web page that uses Flash: http://www.cleverdesign.com/newsite/
10. Multimedia Program Development

Multimedia authoring software allows developers to create multimedia presentations. Multimedia presentations are used for all types of training. Your book describes ToolBook, Authorware, and Director MX. There are also a large number of other multimedia authoring programs available. Many of these can be found via any search engine and most of them allow you to do 30 day trials before you buy. Some of the multimedia authoring software is available as a freeware.

11. The Control Structures

There are only three things the programmer does when creating a program.  These are the control structures. (forgive my diagrams!). The control structures are discussed and shown on pages 688-689.
The first is sequence.  This means that the computer looks at each section of code line by line.  It will process line one before two, line two before three.



The second control structure is selection (also known more commonly as If/Then/Else).  This is used when choices have to be made.  If the choice is Yes or True, one set of lines are processed; if the choice is No or False, another set of lines are processed.








A form of selection that has multiple choices is known as the case statement.  It is used mainly for menus.  Choice 1, 2, 3, etc.












The third control structure is Iteration (also known as Looping). Your book is calling this the Repetition Control Structure. This means that some action or actions will be repeated some number of times.  Either the programmer can have the actions repeated a set number of times or the loop is to be controlled by some user interaction.  If you had ever played a game, you will have noticed that the programmer asks you if you wish to play again.  If you say yes, the loop is the entire game’s instructions being repeated.



Skips

Page 681. PHP, Rexx, and Tcl

Page 683. Ajax, Ruby on Rails 
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