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LINUX: A PRODUCT OF THE INTERNET 

The Linux operating system was developed by a Finnish undergraduate student, Linus Torvalds, who used the Internet to make his code immediately available to others at no charge. Programmers throughout the world  were quick to extend this code, adding functionality matching that found in both Berkeley UNIX(BSD) and System V UNIX, and adding new functionality as well. The Linux operating system was and is being developed through the cooperation of many, many people around the world: It is a product of the Internet. It is also a FREE operating system. You are always free to distribute it as you like, but whether you give it away or sell it, you must provide the source code with the operating system.

Linux is a UNIX work-alike: Someone who is used to using UNIX will be right at home with Linux. In many ways Linux has gone beyond UNIX: It is more efficient, in many cases faster, and has more advanced development tools.

The Linux culture is steeped in humor that can be seen throughout the system. For example, less is more- the UNIX paging utility named ghostscript, one of several replacements for vi is named elvis. While machines with Intel processors have “Intel Inside” logos on their outside, some Linux machines sport “Linux Inside” logos

THE HERITAGE OF LINUX: UNIX

The UNIX system was developed by researchers who needed a set of modern computing tools to help them with their projects. The system allowed a group of people working together on a project to share selected data and programs while keeping other information private.

Universities and colleges played a major role in furthering the popularity of the UNIX operating system through the “four-year effect”. When the UNIX operating system became widely available in 1975, Bell Lab offered it to educational institutions at nominal cost. The schools, in turn, used it in their computer science programs, ensuring that computer science students became acclimated to a sophisticated programming environment. As these students graduated and went into industry, they expected to work in a similarly advanced environment. As more of these student worked their way up in the commercial world, the UNIX operating system found its way into industry.

In addition to introducing students to the UNIX operating system, the Computer Systems Research Group (CSRG) at the University of California at Berkeley made significant additions and changes to it.  They made so many popular changes that one of the two most prominent versions of the system in use today is called the Berkeley Software Distribution (BSD) of the UNIX system. The other major version is UNIX System V, which descended from versions developed and maintained by AT&T and UNIX System Laboratories.

WHAT’S SO GOOD ABOUT LINUX?

In recent years a powerful and innovative UNIX work-alike has emerged. Its popularity is beginning to rival that of its UNIX predecessors. The Linux operating system includes features from both BSD and UNIX  System V but departs from UNIX in several significant ways: The core of the operating system, the kernel, is implemented completely independently of both BSD and System V; the continuing development of Linux is taking place through the combined efforts of many capable individuals throughout the world; and Linux puts the power of UNIX within easy reach of business and personal computer users. Even today skilled programmers can submit additions or improvements to the operating system to Linus Torvalds or one of the other authors of Linux over the Internet.

It cannot be stressed enough that Linux is a group effort. It has incorporated much code from the Free Software Foundation’s GNU project, some BSD (Berkeley UNIX) and MIT (X11) code, and a lot of code from the worldwide army of dedicated followers who constantly add support for new device drivers, networking code, and so on.

There is a rich selection of applications available for Linux – both free and commercial. There is also a wide variety of tools: graphical, word processing, networking, Web server, Web page creation, and many others. Linux conforms more and more closely to the POSIX standard – some distributions now meet this standard.  These facts mean Linux is becoming more and more mainstream and respected as an attractive alternative to other popular operating systems.

Another aspect of Linux that is appealing to users is the amazing breadth of peripherals that are supported and the speed with which new peripherals are supported. Frequently Linux supports a peripheral or interface board before any company does. Also important to users is the amount of software that is available-not just source code (which needs to be compiled) but also prebuilt binaries that are ready to run, and not just public domain software: Netscape has been available for Linux from the start and included Java support before it was available from many commercial vendors.

Linux is not just for Intel-based platforms. It has been ported to and runs on the Power PC-including Apples (MkLinux), the DECA Alpha-based machines, MIPS-based machines, and Motorola 68K-based machines. Nor is it just for single-processor machines: As of version 2.0 it runs on multiple processor machines (SMPs) 

Finally, Linux supports programs, called emulators, that allow you to run code intended for other operating systems. By using emulators you can run DOS, Microsoft Windows, and MacIntosh programs under Linux.

The Code is Free

All the source code for Linux is free. Free Means you are free to study it, redistribute it, and modify it. As a result, the code is available free of cost-no charge for the software, source, documentation, or support (via newsgroups and the Internet). Part of the tradition of no-cost software dates back to the days when UNIX was released to universities at nominal cost, which contributed to its success and portability. This tradition died as UNIX was commercialized and as manufacturers regarded the source code as proprietary and made it effectively unavailable. Another problem with the commercial versions of UNIX was complexity. As each manufacturer tuned UNIX for a specific architecture, it became less portable and too unwieldy for teaching and experimentation. Two professors created their own stripped-down UNIX look-alikes for educational purposes: Doug Comer created XINU and Andrew Tanenbaum created MINIX. It was Linus Torvalds’ experience with MINIX that led him on the path to creating his own UNIX-like operating system, Linux.

The goal of another organization, the Free Software Foundation, is to create a UNIX-like system, named HURD, that is also free. Their project is known as GNU (which stands for GNUs Not UNIX). In the process of writing HURD, they have written many useful, highly portable versions of popular utilities (compilers, debuggers, editors, and so on). Linux incorporates many of the GNU tools( for example, the GNU C compiler, gcc).

 You can obtain Linux and GNU code at no cost over the Internet. You can obtain the same code via U.S.mail at a modest cost for materials and shipping. You can support the Free Software Foundation by buying the same (GNU) code in higher-priced packages, and you can buy commercial packaged releases of Linux (called distributions) that include installation instructions, software, and support.

Linux and GNU software are distributed under the terms of GNU Public License Agreement (GPL). The GPL says that you have the right to copy, modify, and redistribute the code covered by the agreement, but that when you redistribute the code, you must also distribute the same license with the code, making the code and the license inseparable. If you get the source code for an accounting program that is under the GPL off the net and you modify it and redistribute and executable version of the program, you must also distribute the modified source code and the GPL agreement with it. Because this reverses the way a normal copyright works (it gives rights instead of limiting them), it has been termed a copyleft.

Why is UNIX/Linux Popular with Manufacturers?

Two trends in the computer industry set the stage for the popularity of UNIX and Linux. First, advances in hardware technology created the need for an operating system that could take advantage of available hardware power. In the mid-1970s minicomputers began challenging the large mainframe computers, because in many applications minicomputers could perform the same functions less expensively. Today workstations, PCs, and Macs have challenged the minis in much the same way, far surpassing even newer minicomputers in cost and performance. Powerful 64-bit processor chips; plentiful, inexpensive memory; and lower-priced hard-disk storage have allowed manufacturers to install multi-user operating systems on microcomputers.

Second, with the cost of hardware continually dropping, hardware manufactures can no longer afford to develop and support proprietary operating systems. A proprietary operating system is usually written and always owned by the manufacturer of the hardware (for example, DEC owns VMS). They need a generic operating system that they can easily adapt to their machines. A generic operating system is written outside of the company manufacturing the hardware and is sold (UNIX) or given (Linux) to the manufacturer. Linux is a generic operating system because it will run on many different types of hardware produced by different manufacturers. In turn, software manufacturers need to keep the prices of their products down; they cannot afford to convert their products to run under many different proprietary operating systems. Like hardware manufacturers, software manufacturers need a generic operating system.

While the UNIX system once met the needs of manufacturers and researchers for a generic operating system, over time it has become more proprietary as each manufacturer adds support for specialized features and introduces new software libraries and utilities.

Linux has emerged to serve both needs: It is a generic operating system and it takes advantage of available hardware power. Because Linux was written almost entirely in a machine-independent language (C) ,It can be adapted to different machines and can meet special requirements. The file structure takes full advantage of large, fast hard disks. Equally important, it was originally designed as a multi-user operating system-it was not modified to serve several users as an afterthought. Sharing the computer’s power among many users and giving users the ability to share data and programs are central features of the system.

Because Linux is adaptable and takes advantage of available hardware, it now runs on many different microprocessors. It is the popularity of the microprocessor-based hardware that drives Linux; these microcomputers are getting faster all the time, at about the same price point. Linux on a fast microcomputer has become good enough to begin displacing workstations on many desktops. And the microcomputer marketplace is totally different from the minicomputer and mainframe market places; manufacturers do not generally develop or support the operating systems on microcomputers.

Linux also benefits both users who do not like having to learn a new operating system for each vendor’s hardware and the system administrators who like having a consistent software environment.

The advent of a standard operating system aided the development of the software industry. Now software manufacturers can afford to make one version of one product available on many different machines.

The Acceptance of Linux

Individuals from companies throughout the industry have joined together to develop a standard named POSIX (Portable Operating System Interface for Computer Environments), which is largely based on the UNIX System V Interface Definition(SVID) and other earlier standardization efforts. These efforts have been spurred by the US government, which needs a standard computing environment to minimize training and procurement costs. Now that these standards are gaining acceptance, software developers are able to develop applications that run on all conforming versions of UNIX and Linux. Enhancing the appeal of Linux, particularly to the business community, is the face that the Linux-FT Rev. 1.2 distribution has been POSIX.1 certified.

The Future of Linux

In 1993 the Berkeley Computer Systems Research Group exhausted their last source of funding for their continuing UNIX work, and the group was dissolved. The final version of BSD UNIX is 4.4; many of its features now appear in newer versions of UNIX, but the BSD 4.4 release itself will run on very few systems. In 1991 some of the Berkeley researchers formed a new company named BSDI, where they created an inexpensive operating system that runs on PCs, based on the Berkeley Software Distribution. BSDI is an unusual company in that its employees are distributed over a wide geographic area; they interact electronically over the network. Two variations of BSD UNIX, NetBSD and FreeBSD, have been rewritten to eliminate all proprietary source code. The appearance of NetBSD and FreeBSD signifies a new trend in the computing community-the availability of free or nearly free source code over the Internet that can be modified at the discretion of the UNIX user.

The largest computer market today is for personal computers, most of which run Microsoft DOS, Windows, Windows 95, or Windows NT. PCs were originally meant to be used by a single user at a time (that is why they are called Personal Computers). The multi-user, multitasking benefits offered by UNIX/Linux were of little interest in the PC community. Recently, however, performance improvements in PCs have increased  the interest in features typically provided by UNIX/Linux-class operating systems. Furthermore, NetBSD, FreeBSD, and Linux all run on PC machines, as do several commercial versions of UNIX.

In response Microsoft is offering two operating systems, Windows NT and Windows 95, in the hope of displacing UNIX/Linux in the workstation market and reducing the penetration of UNIX into the PC market. Together, Windows NT servers and Windows 95 desktop systems offer to personal computer users some of the functionality that has long been available on UNIX systems. It is still too early to tell whether this combination is powerful enough to succeed; many UNIX workstation manufacturers have responded by porting Windows NT to their hardware platforms and by pooling their efforts in a consortium (COSE, which stands for Common Open Software Environment) to define a new standard. Linux and other UNIX-like systems on personal computers offer the advantage of supporting much of the functionality of Windows NT and Windows 95 in a single operating system.

How Can Linux Run on So Many Machines?

A portable operating system is one that can run on many machines. More than 95 percent of the Linux operating system is written in the C Programming language, and C is portable because it is written in a higher-level, machine-independent language (Even the C compiler is written in C.)

The C Programming Language

Ken Thompson originally wrote the UNIX operating system in 1969 in PDP-7 assembly language. The assembly language is machine-dependent: Programs written in the assembly language work on only one machine or, at best one family of machines. Therefore, the original UNIX operating system could not easily be transported to run on other machines.

To make UNIX portable, Thompson developed the B programming language, a machine-independent language, from the BCPL language. Dennis Ritchie developed the C programming language by modifying B and, with Thompson, rewrote UNIX in C in 1973. After this rewrite the operating system could be transported more easily to run on other machines.

That was the start of C. You can see in its root some of the reasons why it is such a powerful tool. C can be used to write machine-independent programs. A programmer who designs a program to be portable can easily move it to any computer that has a C compiler. C is also designed to compile into very efficient code. With the advent of C, a programmer no longer had to resort to the assembly language to get code that would run well (that is, quickly-although an assembler will always generate more efficient code than a high-level language).


C is modern system language. You can write a compiler or an operating system in C. It is highly structured, but it is not necessarily a high-level language. C allows a programmer to manipulate bits and bytes, as is necessary when writing an operational system. But it also has high-level constructs that allow efficient, modular programming. 


Like Linux, C is popular because it is portable, standard, and powerful. It has high-level features for flexibility and can still be used for systems programming. These features make it both useful and usable. A standards organization, the American National Standards Institute (ANSI), defined a standard of the C language in the late 1980s that is commonly referred to as ANSI C. The original version of the language is often referred to as Kernighan & Ritchie (or just K & R) C, named for the authors of the book that first described the C language. Another researcher at Bell Labs, Bjarne Stroustrup, created an object-oriented programming language called C++, which is built on the foundation of C. Because object-oriented programming is desired by many employers today, C++ is preferred over C in many environments. The GNU project’s C compiler (named gcc), and its C++ compiler (named g++) are integral parts of the Linux operating system.   

Overview of Linux

The Linux operating system has many unique and powerful features. 

* Multitasking

* Multi-user

* Multi-platform

* Multi-processor

Like other operating systems. Linux is a control program for computers. But, like UNIX, it is also a well-thought-out family of utility programs (Figure 1-1) and  a set of tools that allows users to connect and use these utilities to build systems and applications.

Linux Has a Kernel Programming Interface

The kernel is the heart of the Linux operating system, responsible for controlling the computer’s resources and scheduling user jobs so that each one gets its fair share of system resources, including access to the CPU as well as peripherals devices such as disk and CD-ROM storage, printers, and type drives. Programs interact with the kernel through system calls, special functions with well-known names. A programmer can use a single system call to interact with many different kinds of devices. For example, there is one write system call, not many device-specific ones. When a program issues a write request, the kernel interprets the context and passes the request along to the appropriate device. This flexibility allows old utilities to work with devices that did not exist when the utilities were originally written, and it makes it possible to move programs to new versions of the operating system without rewriting them (provided that the new version recognizes the same system calls).








Figure 1.

Linux Can Support Many Users at One Time

Depending on the machine being used, a Linux system can support from 1 to over 1000 users, each concurrently running a different set of programs. The cost of a computer that can be used by many people at the same time is less per user than that of a computer that can be used by only a single person at a time. The cost is less because one person cannot generally use all the resources a computer has to offer. No one can keep the printers going constantly, keep all the system memory in use, keep the disks busy reading and writing, keep the modems in use, and keep the terminals busy. A multi-user operating system allows many people to use all of the system resources almost simultaneously. Thus utilization of costly resources can be maximized, and the cost per user can be minimized. These are the primary objectives of a multi-user operating system.

Linux Can Support Many Tasks at One Time

Linux is a fully protected, multitasking operating system (unlike Windows 95). It allows each user to run more than on job at a time. While processes can communicate with each other, they are also fully protected from one another just as the kernel is protected from all processes. You can run several jobs in the background while giving all your attention to the job being displayed on your terminal, and you can even switch back and forth between jobs. If you are running the X Window System, you can run different programs in different windows on the same screen and watch all of them. With this capability users can be more productive.
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Linux Provides a Hierarchical File system with Built-in Security

The Linux file system provides a structure where files are arranged under directories, which is like folders or boxes. Each directory has a name and can hold other files and directories. Directories in turn are arranged under other directories, and so forth, in a treelike organization. This structure assists users in keeping track of large numbers of files by enabling them to group related files into directories. Each user has one primary directory and as many subdirectories as required.

With the idea of making it easier for system administrators and software development, a group got together (over the Internet) and developed the Linux File system Standard (FSSTND), which is evolving into the Linux File system Hierarchy Standard (FHS). Before this standard was adopted, key programs were located in different places in different Linux distributions. Now you can sit down at a Linux machine and know where to expect to find any given standard program.

Another mechanism, linking, allows a given file to be accessed by means of two or more different names. The alternative names can be located in the same directory as the original file or in another directory. Links can be used to make the same file appear in several users’ directories, enabling them to share the file easily.

Like most multi-user operating systems, Linux allows users to protect their data from access by other users. Linux also allows users to share selected data and programs with certain other users by means of a simple but effective protection scheme.

The Shell Is a Command Interpreter and Programming Language

The shell is a command interpreter that acts as an interface between users and the operating system. When you enter a command at a terminal, the shell interprets the command and calls the program you want. While there are a number of shells available for Linux, some of the more popular ones are

· The Bounre Again Shell (bash), which is an enhanced version of the Bourne Shell, one of the original UNIX shells.

· The TC Shell (tcsh), which is an enhanced version of the C Shell, developed as part of Berkeley UNIX

· The Z Shell (zsh), which incorporates features from a number of shells, including the Korn Shell

· The public domain Korn Shell (pdksh), which provides a subset of the Korn Shell

Because users often prefer different shells, multi-user systems can have a number of different shells in use at any given time. The choice of shells demonstrates one of the powers of the Linux operating system: the ability to provide a customized user interface.

Besides its function of interpreting commands from a terminal or workstation keyboard and sending them to the operating system, the shell can be used as a high-level programming language. Shell commands can be arranged in a file for later execution as a high-level program. This flexibility allows users to perform complex operations with relative ease, often with rather short commands, or to build elaborate programs that perform highly complex operations with surprisingly little effort.

Filename Generation

When you are typing commands to be processed by the shell, you can construct patterns using special characters that have special meanings to the shell. These patterns are a kind of shorthand: Rather than typing in complete filenames, users can type in patterns, and the shell will expand them into matching filenames. A pattern can save you the effort of typing in a long filename or a long series of similar filenames. Patterns can also be useful when you know only part of a filename and when you cannot remember the exact spelling.

Device-Independent Input and Output

Devices (such as a printer or terminal) and disk files all appear as files to Linux programs. When you give the Linux operating system a command, you can instruct it to send the output to any one of several devices or files. This diversion is called output redirection.

In a similar manner a program’s input that normally comes from a terminal can be redirected so that it comes from a disk file instead. Under the Linux operating system, input and output are device-independent; they can be redirected to or from any appropriate device.

As an example, the cat utility normally displays the contents of a file on the terminal screen. When you run a cat command, you can easily cause its output to go to a disk file instead of to the terminal.

Shell Functions

One of the most important features of the shell is that users can use it as a programming language. Because the shell is an interpreter, it does not compile programs written for it but interprets them each time they are loaded in from the disk. Loading and interpreting programs can be time-consuming.

Many shells, including bash and zsh, allow you to write shell functions that the shell will hold in memory, so it does not have to read them from the disk each time you want to execute them. The shell also keeps functions in an internal format, so it does not have to spend as much time interpreting them.

Although the TC Shell does not have a general-purpose function capability, it has a similar feature: aliases. Aliases allow you to define new commands and to make standard utilities perform in nonstandard ways. The TC Shell provides aliases but not shell functions; bash and zsh provide both.

Job Control

Job control is a feature of the shell that allows users to work on several jobs at once, switching back and forth between them as desired. Frequently, when you start a job, it is in the foreground, so it is connected to your terminal. Using job control, you can move the job you are working with into the background and continue running it there while working on or observing another job in the foreground. If a background job needs your attention, you can move it into the foreground so it is once again attached to your terminal. The concept of job control originated with Berkeley UNIX, where it appeared in the C Shell.

A Large Collection of Useful Utilities

Linux includes a family of several hundred utility programs, often referred to as commands. These utilities perform functions that are universally required by users. An example is sort. The sort utility puts lists (or groups of lists) in order. It can put lists in alphabetical or numerical order and thus can be used to sort by part number, author, last name, city, zip code, telephone number, age size, cost, and so forth. The sort utility is an important programming tool and is part of the standard Linux system. Other utilities allow users to create, display, print, copy, search, and delete files. There are also text editing, formatting, and typesetting utilities. The man (for manual) utility provides online documentation of Linux itself.

Interprocess Communication

Linux allows users to establish both pipes and filters on the command line. A pipe sends the output of one program to another program as input. A filter is a special form of a pipe. It is a program that processes a stream of input data to yield a stream of output data. Filters are often used between two pipes. A filter processes another program’s output, altering it in some manner. The filter’s output then becomes input to another program.

Pipes and filters frequently join utilities to perform a specific task. For example, you can use a pipe to send the output of the cat utility to sort, a filter, and then use another pipe to send the output of sort to a third utility, lpr, that will send the data to printer, Thus in one command line you can use three utilities together to sort and print a file.

ADDITIONAL FEATURES OF LINUX

Graphical User Interfaces

The X Window System, also called X, developed in part by researchers at the MIT, provides the foundation for the graphical user interface available with Linux. Given a terminal or workstation screen that supports X, a user can interact with the computer through multiple windows on the screen; display graphical information; or use special-purpose applications to draw pictures, monitor processes, or preview typesetter output. X is an across-the-network protocol that allows a user to open a window on a workstation or computer system that is remote from the CPU generating the window.

A window manager is a program that runs under the X Window System and allows you to open and close windows, start programs running, and set up a mouse so it does different thins depending on how and where you click. It is the window manager that gives your screen its personality. While Microsoft Windows allows you to change the color of key elements in a window, a window manager under X allows you to change the overall look and feel of your screen. It allows you to change the way a window look and works (you can give a window different borders, buttons, and scroll bars), set up a virtual desktop, create mouse button menus, and more.

(Inter)networking Utilities

With the release of Linux 2.0, the networking system has been sped up and made more reliable. Linux network support includes many valuable utilities that enable users to access remote systems over a variety of networks. Besides giving you the ability to send mail easily to users on other machines, you can access files on disks mounted on other computers as if they were located on your machine, make your files available to other computers in a similar manner, copy files back and forth, run programs on other machines while displaying the results back on your machine, and perform many other operations across local area networks (LANs) and wide area networks (WANs), including the Internet.

Layered on top of this network access is a wide range of application programs that extend the computer’s resources around the globe. You can carry on conversations with people throughout the world, gather information on a wide variety of subjects, and download new software over the Internet quickly and reliably. 

Software Development

One of the strengths of Linux is its rich software development environment. You can find compilers and interpreters for many computer languages. Besides C and C++, other languages that are available for Linux include such standard languages as Ada, Fortran, Lisp, Pascal, and many others. The bison utility generates parsing code that makes it easier to write programs to read input, while flex generates scanners, code that recognize lexical patterns in text. Tools such as the make utility and GNU’s automatic configuration utility (configure) make it easy to manage complex development projects, while source code management systems such as RCS and CVS simplify version control. There are several debuggers, such as ups and gdb, to help in tracking down and repairing software defects. The GNU C compiler (gcc) works with the gprof utility to let programmers determine where potential bottlenecks are in a program’s performance. The C compiler includes options to perform extensive checking of C code that can make the code more portable and cut down on debugging time. 

Screen-Oriented Editors

Screen-oriented editors (for example vi, emacs, joe) are an advance over their predecessors, line-oriented editors (ed, teco). A screen-oriented editor displays a context for editing; where ed displayed a line at a time, vi displays a screenful of text.

Advanced Electronic Mail

Choosing a mail program is largely a matter of personal preference. Popular mail programs commonly used with Linux include mail, pine, mh, xhh, exmh, Netscape mail, tkmail, elm, and mail through emacs. 

Running Software From Other Operating Systems

Several applications are available that make it possible to run programs built to run under other operating system.  For example, the dosemu program provides access to MS-DOS-based programs, wine accesses Microsoft Windows-based programs, and executor emulates a Macintosh system.

Summary

The Linux operating system grew out of the UNIX heritage to become a popular

alternative to the traditional systems available for microcomputer (PC) hardware. UNIX system users will find a familiar environment in Linux; Distributions of Linux contain the expected complement of UNIX utilities, contributed by programmers around the world. The Linux community is committed to the continued development of the system. Support for new microcomputer devices and features are added soon after the hardware becomes available, and the tools available on Linux continue to be refined. With many commercial software packages available to run on Linux platforms, it is clear that the system has evolved well beyond its origin as an undergraduate project to become an operating system of choice for academic, professional, and personal use. 
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