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1 Introduction

 “As this decade progresses I expect to see an ever increasing use of dynamically typed languages, such as Python, Ruby, and even Smalltalk.”[1].  These types of programming languages are most commonly referred to as Scripting Languages.  Scripting languages are found in almost every level of a computer system.  The fact that scripting languages have been around for such a long time, hints at why they are frequently used.  In actuality scripts have been known to date as far back as the late 1960s.  Scripting actually really gains popularity in the late 1980s as figure one shows below.  
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Unlike Perl and Python, which make it easy to write completely standalone
programs, Tel relies heavily on C and C+++ extension modules.

Most of the rest of the languages belong to the second wave, that appeared
together with web services. The most known of them is the language named
PHP, which combines HTML and traditional programing procedures with loops
and functions and also provides extemely easy database access. We will look at
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Figure 1

Year of creation, developers and organizations of important scripting languages

Obviously, scripting hasn’t been around as long as system languages.  The purpose of scripting is not to replace system languages, instead they are meant to assist these lower level languages.


In fact, system languages (e.g. Java or C++) and scripting languages are unclearly different.  Supporting this Kanavin says, the boundary between scripting and traditional languages is somewhat blurry[14].  To assist in clarifying the difference between scripting and system languages, unique characteristics of scripting have been recognized and defined in section 2.  Based on these characteristics, it is often that a programmer will decide to take a scripting approach to solving an application problem.

There are many types of scripting languages that allow solutions to be developed for almost any problem in computing.  Each of these different types has their own specific use, making scripting languages a versatile tool in the area of programming.   However, recent advances in certain languages have developed an overlap of functionality, overall, increasing the usefulness.  For example, scripting for the web can be done in PHP, VBScript, JavaScript/Jscript, Perl or TCL.  This will be further explored in section 3.

There are many advantages to programming with scripting languages.  Most of the time, these advantages are the very thing(s) that make the language a “Scripting Langauge”.  Advantages can be anywhere from decreased keystrokes to an increased amount of tools presented to the developer.  Many will agree, that an “increase in productivity gained by using a scripting language pays off handsomely.”[4].  Along with unexpected advantages, increase in productivity and common usage throughout the computer industry, it is important for any programmer to understand all of the characteristics, types and uses of scripting languages.
2 Characteristics
As mentioned before, the difference between scripting languages and system languages is vague.  When studied closely there are certain characteristics that are common in scripting languages.  When these characteristics are considered as a hole they can serve as a definition, where scripting languages have at least one and are not limited to having all characteristics.  These six characteristics are listed from most important to least:
· Interpreted
· Server and client side processing
· Low overheads and ease of use
· Enhanced functionality
· High-level data types
· Access modules of lower-level languages

It is important however, to realize that scripting languages are not limited to having all of these characteristics.  For example, Perl does not have low overheads but is still considered a scripting language because of being interpreted, and having the ability to access modules of lower-level languages.  Thus, it is very important for the programmer to know the language being used. 
2.1 Interpreting

Interpreting is the most important feature to a scripting language.  Initially, interpreted languages were compiled line-by-line.  Each line was compiled as it was about to be executed, and if a loop or subroutine was present it would cause certain lines to be executed multiple times and be recompiled every time.  Currently an interpreter is a program that simulates a computer that understands a high-level language[3].  Figure 3 shows the stages that a interpreted program goes through during execution.  Figure 2 is a compiled programs compile and execution stages.  When comparing the two it is easy to see that interpreted programs have less stages in execution.
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Figure 2

Stages of Compiled Programs
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Figure 3
Stages of Interpreted Programs

As shown by figure 2, instead of translating the source program into a machine language equivalent, the interpreter analyzes and executes the source code, instruction by instruction, as necessary.  This is how strictly interpreted languages work, such as most UNIX Shells, and TCL.  Interpreting is very useful because it allows for rapid prototyping.  Without the need to recompile, time is saved. This doesn’t mean that programmers should feel scripting languages are characterized as interpreted languages [4].  

More importantly, is that scripting languages should act as if they were interpreted.  To support this idea most of the languages recently developed use a hybrid approach, compiling to an intermediate form which is then interpreted [4].  A compiler will output an intermediate form of bytecode, which is then executed by a bytecode interpreter.  Examples include Python, Java, and Perl.  Similarly, Ruby uses an abstract syntax tree as its intermediate form.  This “syntax tree” of the source code is usually displayed as a parse-tree.  This enables the code to still be available at run-time, making it feasible to provide informative feedback in case of an error.  For a programming language to be considered a scripting language it is important that rather the language be strictly interpreted, it act as if it were, meaning it should have an immediate execution and run cycle.
2.2 Server and client side processing

There are two ways for scripts to control the internet, server and client side. Client side scripts, as it suggests, perform operations on the client’s computer.  Server side scripts perform operations on the server.  Clients are more numerous and request things, while servers are less numerous and deliver on client requests. 

Client side scripting involves running scripted code on the client computer. A common example of a client on the web is the browser used to access web pages. JavaScript is a programming language which is part of almost all web browsers.  When a web developer prepares a webpage it may include JavaScript code imbedded with the html. This is the source code that gets delivered to the visitor's browser and then runs as a scripted program on the client. Therefore much of the speed and resource power of the user’s computer is available to the program when it runs, since it's running on the user’s computer.

Server side scripting involves running a scripted program on the computer that is responsible for preparing and delivering a webpage to a visitor; more technically the content delivered to the client i.e. the browser which the visitor is using to view the webpage.  The most popular server side scripting language on the web is Perl, which is also a very efficient programming language. One of the reasons for the popularity of scripting languages like Perl and PHP on the web is that they are free and easy to get started using.

Most modern scripting languages will allow for server side processing, while client side processing is still only available to a few scripting languages.  These types of scripting languages are used for creating dynamic web applications.  This will be further explored in section 3.7.
2.3 Low overheads and ease of use

Most scripting languages do their best not to come between the user and the problem[4].  This means they offer little confusion in syntax by declaring variables by use and initializing them to something reasonable when first used.  This is often times referred to as a “type-less” language.  For example, “in Tcl or Python a variable can hold a string one moment and an integer the next.”[1].  This saves the programmer time and keystrokes by allowing the variable to interchangeably switch from one data type to another.  Although this may save the programmer time, it doesn’t save on the efficiency of the program.  For example, scripting languages often use variable-length strings in situations where a system programming language would use a binary value that fits in a single machine word, and scripting languages often use hash tables where system programming languages use indexed arrays[5].  Most of the time, a scripting language’s basic components are chosen for power and ease of use rather than an efficient mapping onto the underlying hardware.  Also data structures are sometimes limited to arrays.  They will sometimes have no determined limit to the size of arrays.  This can obviously save time for the programmer.  The previous example shows once again that most scripting languages are “type-less”, saving the programmer time and keystrokes.
2.4 Enhanced Functionality
There is also evidence of enhanced functionality in scripting languages.  Added functionality can be seen as memory handling being done by the computer and powerful string manipulation.  

In most scripting languages memory handling is done automatically by a memory management service or “garbage collector”.  These are usually either part or an extension to the language it self.  Garbage collectors attempt to reclaim memory used by objects that will never be accessed again by the application.  Garbage collection frees the programmer from having to worry about releasing objects that are no longer needed, which can otherwise consume a significant amount of design effort.  As well as having its advantages, garbage collectors also have their disadvantages.  The advantages of automatic memory management are:
· The programmer is freed to work on the actual problem; 
· Module interfaces are cleaner;
· There are fewer memory management bugs;

· Memory management is often more efficient. 
The disadvantages of automatic memory management are:

· Memory may be retained because it is reachable, but won't be used again; 

· Automatic memory managers (currently) have limited availability.
The advantages of automatic memory management greatly outweigh the disadvantages, making this a very useful tool.

Powerful string operations are another functionality displayed in some scripting languages.  Some languages, such as Perl and PHP, can use a technique called interpolation that makes string concatenation easier[11]. For example, in Perl, instead of typing:

my $stringVar;

$stringVar = "World";

print "Hello " . $stringVar;

one could type:

my $stringVar;

$stringVar = "World";

print "Hello $stringVar";

$stringVar gets interpolated in the rest of the string. The Perl interpreter prints Hello World instead of Hello $stringVar because a) the double quotes around the string indicate to the interpreter that it should be parsed for variables and character escapes, and b) it recognizes that $stringVar is a variable[12].  This is only one example of many string opperations that scripting languages provide as a tool for programmers.  


There are many more added functionalities to using scripting languages.  These two that were mentioned are the most obvious and helpful.  The only way to learn about them all is through experimentation.  By taking advantage of these functionalities programmers can increase the benefits returned from using scripting languages.
2.5 Access lower-level language modules

A major use of scripting languages is connecting modules of lower-level languages.  They are used like “glue” to connect sections of code written in other languages.  Thus they are widely used for creating graphical user interfaces or executing a series of commands that might otherwise have to be entered interactively through keyboard at the command prompt[9]. The operating system usually offers some type of scripting language by default, widely known as a shell script language.  This is very powerful in application development.  It allows for programmers to take advantage of singular strengths in different code.

An example of this can be seen in the code below.
int

C_func_name (ClientData cd, Tcl_Interp *interp,

             int argc, char **argv);

This code above is the desired routine that must be in the C file.
Tcl_CreateCommand (interp, "Tcl_func_name", 

        C_func_name, (ClientData *) NULL, 

        (Tcl_CmdDeleteProc *) NULL);
This code above is Tcl code used to set up the call to the C routine in Tcl.  Then, whenever Tcl encounters the command Tcl_func_name, it will call the C routine, which will receive the Tcl parameters just as main receives the argc and argv arguments.  

This type of scripting can be very powerful, allowing the programmer to take advantage of multiple routines in multiple languages.  
3 Types and Uses

There are different types of scripting languages, each with its own specific use and/or strengths.  By categorizing these areas of use, programmers will be able to recognize what language is best for solving the problem at hand.  There are eight identifiable categories of scripting languages.  These categories are listed below, from least used to most frequently used:

· Job Control languages;
· Text Processing languages;

· Macro languages;

· Application-Specific languages;

· Extension/Embeddable languages;

· Web programming languages;

· General-purpose dynamic languages.
Each category of scripting, mentioned above, will be explained and demonstrated.  By the end of this section, the reader will be able to know when and where certain languages are to be used.  With this knowledge a programmer can save much time and effort deciding which language would be best to develop the solution in.
3.1 Job control languages
Scripting languages have been used since the early 1970’s.    These early scripting languages were mostly known as Job Control Languages or Batch Languages.  One of the first uses of “scripting” was found in the UNIX world.  Administrators use “shell scripts” or sequences of shell commands to automate everyday tasks.  Figure 4 displays how these scripting languages work.
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Figure 4

How shell scripts work

Tasks commonly performed by these types of scripts are typically file manipulation, program execution, and printing text. Shell scripts allow several commands that would be entered "by hand" at a command-line to be executed automatically and rapidly. For example, the following Bourne shell script copies all .txt and .mp3 files in the current directory to the root directory:

 cp *.txt /

 cp *.mp3 /
This example also shows the use of the “wildcard” characters, an easy way to match multiple related files ("*" represents any sequence of characters). Implementing basic pattern matching capabilities like this, allows them to carry out commands on groups of items with similar names and sometimes parse simple strings of text.


“Although each shell scripting language is different, there are a number of additional features which are often provided.”[9]. One is a method for manipulating variables. For example, this script copies all .txt and .mp3 files from the current directory to the directory named by the variable "fuzzy":

 cp *.txt $fuzzy

 cp *.mp3 $fuzzy
By changing the contents of the variable "fuzzy", the user can denote where the files are copied to. However, rewriting a script to change a variable's definition each time the script is run would be an annoyance, so scripting languages typically also support special variables which provide access to any argument passed to the script on the command line. For example, $1 through $9 refer to the first nine arguments given to a Bourne shell script, as do %1 through %9 in DOS batch files. Also, a shell's internal variables are often integrated with the operating system's notion of per-process or per-session environment variables.


Another common feature of shell scripting languages is a technique dealing with return codes, which are numbers returned from executed programs to indicate whether they succeeded or failed. “In the Bourne shell, for example, the notation a && b means to first execute a, then execute b only if a succeeded.”[9].

Many current shells also supply numerous features, mostly found only in more sophisticated general-purpose programming languages, such as control-flow constructs (if, while, goto), mutable variables, comments, subroutines, and so on. With these types of features available to the programmer, it is at times possible to write reasonably difficult applications as shell scripts, although of course the more demanding, complex or large-scale systems will usually require more powerful programming languages. Though the shells are powerful in their own way, they still have disadvantages.

One significant disadvantage of using shell scripts is that they can run slowly.  This is mostly due to the need to create potentially many new sub-processes for each of the many commands executed. Using a pipeline, in which efficient filter commands perform most of the work, the slowdown can be minimized. Also, if a shell script has to perform multiple individual actions on many individual data items, resulting in numerous forks for each command invoked, the script might be orders of magnitude slower than a conventional compiled program (in which those same actions might require but single processor instructions).

For tasks believed to be too complex to be handled with ordinary shell scripts, but still wish to retain the advantages of using a scripting language, programmers can find many powerful general purpose dynamic scripting languages to accommodate this.  In all, Job Control Languages are useful for one line instruction for individual tasks.
3.2 Text processing languages

Another early use of scripting languages could be found in processing text-based records.  Before the invention of databases much of data was kept as text in a text file.  Like the title suggests the input for text processing languages is usually a text file.   Also text processing languages will provide a command file to specify the instructions in handling the input file.

AWK is a good example of this type of scripting language.  AWK stands for the surnames of its authors — Alfred Aho, Peter Weinberger, and Brian Kernighan; however, it is commonly pronounced "awk" and not as a string of separate letters[9].  Unix incorporates AWK in the operating system to help write “one liners” or one line commands.  Most of the time these commands were to add computational features to a Unix pipeline.  It is also good for making changes in various text files wherever certain patterns appear, or extract data from parts of certain lines while discarding the rest.  Below is an example of some AWK code that calculates word frequencies in the text:

BEGIN { FS="[^a-zA-Z]+"}

{ for (i=1; i<=NF; i++)

     words[tolower($i)]++

}

END { for (i in words)

    print i, words[i]

}
One of the powerful tools of AWK is the built in variables that can be used in expressions and can be reset.  Two of these built in variables are FS and NF.  FS is the input field separator or in other words a delimiter.  So in this example it is delimiting every word by using every character in the alphabet as the delimiters.  NF is the number of fields in the current record.  AWK is an example of a programming language that extensively uses the string data type, associative arrays (that is, arrays indexed by key strings), and regular expressions. The power, briefness, and limitations of AWK programs inspired Larry Wall to write Perl.


Languages such as Perl were developed to aid system administrators in automating tasks that involved text-based configuration and log files. A few of the text-processing languages that were originally intended as a report-generation language, including Perl, have grown into a full-fledged applications language in its own right.
3.3 Macro languages

With the arrival of graphical user interfaces came a specialized kind of scripting language for controlling a computer[9]. These languages assist with the same graphic windows, menus, and buttons that a person does. They are usually used to automate repetitive actions. In theory, they could be used to control any application running on a GUI-based computer, but in practice the support for such languages depends on the application.  A use for this type of language would mostly be important in testing and accomplishing repetitive tasks.

An example of this type of scripting language is AutoHotkey.  AutoHotkey is open source software that will allow users to automate repetitive tasks and modify the Windows user interface. It is aimed specifically at providing keyboard shortcuts or hot keys, and is intended to be backwards compatible with the AutoIt2 language.


Many simple and repetitive tasks can be automated with this language. Scripts can launch a program or document, send keystrokes and mouse clicks, set and retrieve variables, run loops, and manipulate windows, files, and folders. A side effect of setting hotkeys is that keys can be remapped or disabled. AutoHotkey also allows hotstrings such as "btw" to be replaced as they are typed (with "by the way" for example)[9].  Below is some example code that allows the user to search for a particular word or phrase using Google.
#g::

  Send, ^c

  Run, http://www.google.com/search?q=%Clipboard%

Return
After selecting the text from any application and by pressing Win + G keys on the keyboard at the same time, the OS will open the default browser and perform the search.  More complex tasks can be achieved with custom data entry forms ( GUIs ), working with the registry, or using the Windows own API by calling the DLLs.[9] These scripts can be compiled to an executable file that can be run on any computer running Windows.  

Also a macro scripting language was developed to automate tasks for the Microsoft Office software.  This language is known as VBA or Visual Basic for Applications.  VBA is very useful and is something that all Microsoft product users should be familiar with.


Macros are a very useful tool, by greatly saving time in completing repetitive tasks.  These languages should and can be used by anyone to save time.
3.4 Application-specific languages

Often applications will develop their own scripting language for the user to manipulate objects in the application.  Application-specific languages may resemble a specific general-purpose language (e.g. ActionScript, modeled after C) but they will have custom features that differentiate them.  These are widely used in gaming and graphic design applications.

One such language is ActionScript, used to make and control Flash movies.  This ECMAScript based language has the same syntax as JavaScript, since both are based off of the same language.  The only thing that distinguishes the two is the DOM or Document Object Model.  JavaScript's DOM is browser window, document and form specific, the ActionScript DOM is movie, button and frame specific, which may include animations, audio, text and event handling[9].  Below is a couple lines of example ActionScript code.  This code outputs the current mouse position when the mouse moves, by using the onMouseMove event. With this being a application specific language this will only work in the Flash IDE.

onMouseMove = function () {

   trace("X: "+_root._xmouse);

   trace("Y: "+_root._ymouse);

}

These types of languages are very important for the related application.  Without these much of what is accomplished in gaming and graphics would not be possible.

3.5 Extension/embeddable languages

A small number of languages have been designed for the purpose of replacing application-specific scripting languages, by being embeddable in application programs. Extension/embeddable languages allow the application programmer the ability to include "hooks" where the scripting language can control the application. These languages serve the same purpose as application-specific languages, but with the advantage of allowing transfer of skills from application to application.  An example of this type can be seen as the ECMA language.

ECMAScript is a scripting programming language, standardized by Ecma International in the ECMA-262 specification. The language is widely used on the web, and is often referred to as JavaScript or JScript, although those two languages are extensions of the ECMA-262 standard[8].

JavaScript is most commonly used for web programming but it also has many other uses too.  Outside of the web, JavaScript interpreters are embedded in a number of tools. Adobe Acrobat and Adobe Reader support JavaScript in PDF files. The Mozilla platform, which underlies several common web browsers, uses JavaScript to implement the user interface and transaction logic of its various products. JavaScript interpreters are also embedded in proprietary applications that lack scriptable interfaces. Dashboard Widgets in Apple's Mac OS X v10.4 are implemented using JavaScript. Microsoft's Active Scripting technology supports JavaScript-compatible JScript as an operating system scripting language. JScript .NET is a CLI-compliant language that is similar to JScript, but has further object oriented programming features.


For each application JavaScript provides its own object model which provides access to the host environment, with the core JavaScript language remaining mostly the same in each application.

Every programmer should know the ECMAScript language, or at least know that it exists, mostly due to the fact that ECMAScript is used widely throughout the computer industry.  Also because it is the base language for many commonly used scripting languages.  By being familiar with this language one can know when and where to use it, adding to the tools available to the developer.
3.6 Web programming languages

Just as the name describes, these languages are used strictly for web programming.  Web programming languages, however, can be confused with embeddable languages because they both are used to develop web applications.  The difference between the two is embeddable languages can be used for more then just web programming, as mentioned before.  Web programming languages, on the other hand, are specialized for internet communication.  In most cases they will use web browsers for their user interface[9].  One noticeable similarity of these types of languages is their syntax.  Just about all of the languages that fit in this category are markup languages, like HTML.  That is not to say that HTML is a web programming language.  What is meant by this is they all use “tags” to represent procedure calls.  

ColdFusion is one of these special scripting languages.  In fact, ColdFusion is very special in that it is an application server software and a scripting language.  What is meant by application server software is that there exists a ColdFusion program running on the web server that is used to process .CFM file types.  This application server software acts as if it were an interpreter, executing lines of ColdFusion found throughout the HTML.  Below is a screen shot of example ColdFusion code.
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ColdFusion sample code.

In this example the ColdFusion file is read by the application server software.  The tags starting with cf are then executed and then a database is queried.  This can be accomplished because the ColdFusion application server software can connect to any database.   


With this type of scripting language web programming has been made much easier.  Programmers can easily build dynamic web pages and provide users with rich well organized data.  This is why ColdFusion is so widely used in the web industry. 
3.7 General-purpose dynamic languages

General-purpose dynamic languages, such as Perl, began as a text-reporting language but developed into a programming language suitable for broader purposes[9].  Integrated compile and run, low overheads, and ease of use keep such languages in the scripting category.  These languages are widely seen throughout server side and client side database and web programming.

There are many different languages that fall into this category.  All of which have different specialties and syntax.  A couple such languages are Perl, PHP, Ruby, Smalltalk and Python.  These languages are general-purpose dynamic languages because they all can perform the same tasks just in other ways.  Most all can be embedded in various applications such as HTML making them a “client side” script or saved as a script file on the server, making them client side executable.  

After studying the different general-purpose dynamic languages, Python was the language that stood out the most.  Python is a multi-paradigm language. This means that, rather than forcing coders to adopt one particular style of coding syntax, it allows for the programmer to apply several. An example of this can be seen below.

Factorial function in C:

int factorial(int x)

{

    if (x == 0) {

        return 1;

    }

    else {

        return x * factorial(x-1);

    }

}
Factorial function in Python:

def factorial(x):

    if x == 0:

        return 1

    else:

        return x * factorial(x-1)

Both of these lines of code would work in Python.  Also it supports object orientation, structured programming, functional programming, aspect-oriented programming, and more recently, design by contract are all supported[9]. Python is dynamically type-checked and uses garbage collection for memory management too. An important feature of Python is dynamic name resolution, which binds method and variable names during program execution.  All of which adds to Python’s benefits.

These types of languages are becoming more popular then regular system languages because of all the supported and added functionality.  Soon scripting languages will be the preferred way of accomplishing any goal in computing.
4 Conclusion

Throughout the history of computers, languages have evolved to relieve the software developer of intensive code writing.  With the continued development of higher level languages such as scripting languages, comes a new ease of developing solutions in code.  Thus spawns new ways to approaching a problem.  Also with no compile time, applications can be built and tested quickly, making scripting very useful in prototyping.  Though it is still necessary to use system languages, scripting can still be useful.  For example, when building a scientific application, C++ programmers can implement efficient numerical algorithms, while scientists on the same project can write scripts that test and use those algorithms. The scientist doesn’t have to learn a low-level programming language, and the C/C++ programmer doesn’t need to understand the science involved.  From this example it is easy to see how scripting languages are easier to use and are invaluable to application development.  Further showing that scripting applications are on the rise, while system languages become obsolete.  To conclude, with basic knowledge of scripting languages a programmer can determine how and when to use a scripting language[14], therefore improving application development in many areas. 
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Appendix:

1.) What is the most distinguishing characteristic of a scripting language?

Immediate execution and run cycle.
2.) What does it mean to be a type-less language?

The language uses minimal syntax.
3.) What scripts does the UNIX operating system use?

Shell scripts
4.) What is the base language of JavaScript?
ECMAScript
5.) What are Macro scripting languages used for?

Automate repetitive tasks.
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compiling process. The high-level program is called source code, and the re-
sulting machine code is a program that the computer can directly execute. The
dashed line in the diagram represents the execution of the machine code.

An interpreter is a program that simulates a computer that understands a
high-level language. Rather than translating the source program into a machine
language equivalent, the interpreter analyzes and executes the source code in-
struction by instruction as necessary. Figure 1.3 illustrates the process.

The difference between interpreting and compiling is compiling is a one-
shot translation; once a program is compiled, it may be run over and over again
without further need for the compiler or the source code. In the interpreted
case, the interpreter and the source are needed every time the program runs.
Compiled programs tend to be faster, since the translation is done once and for
N et inearnrated lanoiiacec lend themeelves to 2 more flexible programming
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