
The Purpose Of Computers

Since the invention of the personal computer (PC), less than fifty years ago, society has
transformed dramatically. Initially these systems were exclusively stand alone, but
eventually evolved into networks. Almost two decades after the mainstream adoption of
PCs the world wide web became a household item. So, why do we have computers?

Entertainment

Many of the stand alone applications of PCs before the world wide web were for
entertainment. Video game systems gained popularity through the 1980’s and, although
many would not consider them to be PCs, they were usually the most popular systems on
the market.

Office Productivity

Getting work done was another popular use for PCs. Through the many variations in
software that creates documents, spreadsheets, databases, presentations, etc., this
collection of software seems to be required in any industry to gather and organize
necessary business metrics.

Communication

Telecommunications once required a phone tethered to the wall and an entire
infrastructure of wires exclusively for that purpose. Now, we have VOIP as an option for
voice and video communication over data connections.

Email communication has become the preferred form of communication for most people
who manage many business contacts.

Storage

Conveniently, modern hard drives are able to store many thousands of files. Space is only
one of the advantages of consolidating files into removable media. Portability also makes
mobile computing possible. Further perks are realized when remote storage is used and
resources are accessible from anywhere on the internet.
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Creativity

Touching up photos, designing web pages, mixing audio tracks, and any activity that
produces a multimedia file is a very fortunate byproduct of computing. There is very
impressive software to support any hobby or skill. Hundreds of thousands of people have
been able to make successful careers by making good use of such software.

Education

Many educational opportunities are available online. Everything from YouTube tutorials to
regionally accredited universities provide the advantage of 24X7 access to learning.

Security

Home automation allows for alarm systems and cameras to be accessed from mobile
devices. These systems contact law enforcement and medical and fire services, along with
the homeowner.

Automation of work processes

Back in the 1940’s, American soldiers relied on the efforts of many women to produce
uniforms during World War II. Producing a uniform by hand was a time consuming process
and factories were not as productive as they are today. What changed? Today we use
computers to instruct machinery to complete many tasks which demanded human control
in the past.

Automotive

Ever wondered much about that fuel light in your car? When your fuel levels are low, a light
illuminates indicating as such, cautioning you to refuel. This process is handled by
computers which monitor your fuel tank amongst other things and give you feedback.
Modern vehicles today have tire pressure monitors, are fitted with systems which tell you
the name of the song playing on the radio and can even connect to the internet and read
out your emails to you while driving so that you’re able to keep your eyes on the road.
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Choice

What kind of computer should you buy?

Many companies manufacture computer hardware - have you ever heard of Apple?

Apple produces hardware which is used by their own operating system. While this is great
for their customers (in terms of support and performance) and for their business
(innovation and they support only their own platform), you’re limited to only using the
Apple Operating System and their hardware platform. This is called vendor lock-in as once
you have acquired either the hardware or the software, your choices are limited.

Microsoft produce their own Operating System but not their own hardware. They are
dependent on computer manufacturers to do that. Many do not realise that the computer
you buy does not have to use Windows.

Core components of an Operating System

Your Operating System is responsible for regulating communications between hardware
and software. Think about it this way, the really cool stuff is actually the hardware - take a
look at your mobile telephone for example. Now all that hardware is totally useless
without any software.

No software component is allowed to directly access hardware so this is where your
Operating System comes into play.

Applications
|
|
Operating System
|
|
Hardware

The core component of any Operating System is the kernel which manages software calls
to hardware.

The kernel consists of code, but it is not started as an application. Terminating the kernel
ends the entire Operating System environment. To top this all, the kernel also cannot
dynamically initialize so it needs something to load it and this component is called your
boot loader.
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Part of the boot loader is stored in a portion of your hard disk drive called the Master Boot
Record (MBR) which is located at track 0, sector 1. Your system initializes the boot loader
from the MBR because the BIOS is pre-programmed to look for it.

The BIOS (Basic Input Output Software) is standard programming code which initializes
your system. It is firmware located in a chip on your motherboard called the CMOS.

BIOS
|
|
MBR
|
|
Bootloader
|
|
Kernel

What Linux is and isn’t

Linux exclusively refers to a kernel released by Linus Torvalds in October 1991. Linux does
not refer to the entire operating system - these things are called Linux distributions (or
distros).

What a Linux Distribution is

Wait, before that let’s make a burger because I’m hungry. So to make a burger what do we
need?

A bread roll (or bun)
A burger patty

Is that all? Well, yeah, pretty much if what you’re making is to be classified as a burger.
Everything else is optional and to each his own.

Perhaps you’d like cheese, lettuce, tomato, onions, pickles, coleslaw, eggs, etc.

But at the very least you need the basic ingredients.

Linux distros work on pretty much the same principle. At the very least you need the Linux
kernel and then each vendor can decide on what you build around that kernel.
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How much Linux costs

Linux is not cost free but there are no costs associated with the possession of Linux nor
with installation. Support (from commercial entities like Red Hat or SUSE) will incur costs
but you are free to deploy as many installations of your favorite Linux distro without being
charged for each deployment.

Linux is protected by the GPL (GNU General Public License) and key to this is that the
software as well as the source code cannot be restricted from distribution in any way.

License types

A software license from the Free Software Foundation (FSF) that ensures every user
receives the essential freedoms that define ‘free’ software, which is free of restrictions
not free as in ‘have a beer for free’. Also called GPL and GNU GPL, it was created to
distribute the software of the GNU operating system. Approximately 70% of free software
packages are released under this license, including most GNU programs and thousands of
others. The GNU General Public License is also considered an open source license.

Copyleft, Not Copyright:

The license embodies the Free Software Foundation's copyleft rule, which means that
anyone is allowed to make changes or extend the source code and redistribute it as long as
the changes are clearly marked, and the modified work is also licensed under the GNU
General Public License.
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Version 3 (GPLv3):

In 2007, Version 3 of the license was released to address several issues. It forbids
Tivoization, which is the practice of designing hardware to prevent modified software
from running on it, and it is designed to yield results that are more uniform between
countries despite variations in their copyright laws. GPLv3 also provides explicit protection
to users and redistributors of a program against being sued for patent infringements by
organizations connected with the program's development.

The GNU Lesser GPL (LGPL):

The GNU Lesser General Public License is meant for free software that allows linking with
non-free software. It was originally called the GNU Library GPL, but the name was changed
to remove the implication that all libraries should be licensed this way. Lesser means the
license does less to protect the user's freedom than the regular GNU GPL

Linux is an operating system, similar in purpose to Windows 7 and Mac OSX. There are many
different distributions of linux, but they are all derived from the same kernel source code
published at www.kernel.org.

Why is Linux important?

- Linux is fast.
- Linux is stable.
- Linux is secure.
- Linux allows administrators to automate tasks easily.
- Linux can be easily configured with “in house” expertise.

When software runs on linux it is:

- predictable
- scalable
- usually free of charge
- customizable
- well documented
- backed by a huge community
- compatible with most hardware
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Who uses Linux?

Here is a list from wikipedia: http://en.wikipedia.org/wiki/List_of_Linux_adopters
In fact, Wikipedia is highlighted in another article as a company that uses linux ( along with
many others with explanations why they made the decision to use Linux):
http://www.comparebusinessproducts.com/fyi/50-places-linux-running-you-might-not-ex
pect

History

Linux cannot be fully understood outside of it’s context as a successor to Unix. Unix came
from the research and development efforts of Bell Laboratories. If ever there was a
company like Stark Industries or Wayne Enterprises in real life, it would be Bell
Laboratories.

Alexander Graham Bell

Bell Labs was founded by Alexander Graham Bell, who used his considerable profits from
his invention of the telephone to pursue his passions of researching sound and teaching
the deaf. (This was, no doubt influence by having a mother and wife who were deaf.) Aside
from telecommunications, Bell was also credited with inventing optic communication,
aeronautics, the hydrofoil, the metal detector and the photophone (which achieved
wireless communication 19 years before the first voice radio transmissions). The
photophone was what he considered to be his greatest work and was the predecessor to
fiber-optics. He was also one of the founders of the National Geographic Society.

Like Einstein, Bell was a bad student and ended up dropping out of high school at age 15. He
did, however, receive honorary degrees from several reputable colleges and universities,
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including:

● Gallaudet College in Washington, D.C. 1880- PhD
● Harvard University in Cambridge, Massachusetts 1896- LL.D (Legum Doctor)
● University of Würzburg in Würzburg, Bavaria 1902- PhD
● University of Edinburgh in Edinburgh, Scotland 1906 LL.D
● Queen's University in Kingston, Ontario in 1909
● Dartmouth College in Hanover, New Hampshire 1913- LL.D

and several others. He also joined Nikola Tesla and other great minds as a recipient of the
Elliott Cresson Medal.

Bell Laboratories

Bell Labs is a continued legacy of a great man and has continued to contribute great things
to society. Bell Labs has been the seven-time recipient of the Nobel Prize. Eventually, like
most research, Bell Labs became involved in several defense projects, including Project
Nike and the Apollo space program. Here are some of the more notable productions of
Bell Labs:
- First public demonstration of the fax machine (although technically invented elsewhere)
- Synchronous Sound-Motion picture system
- Processes that became the basis for process management systems, like Six Sigma.
- The only unbreakable cipher every produced ( the Vernam or one-time pad cipher)
- Solid-state Electronics (as opposed to vacuum or gas-discharge electronics). This was the
predecessor to the integrated circuit, LED and LCD.
- radio astronomy
- photovoltaic cell (solar panel)
- digital scrambler
- THE TRANSISTOR (arguably one of the most important inventions of the century)
- complex calculators
- The first trans-Atlantic phone cable (with AT&T)
- The first computer program to play electronic music
- The Laser was first theorized and documented
- Metal Oxide Semiconductor (what your computers’ circuit boards are made of)
- The first computer-animated movies and art (Michael Noll). This laid the foundation for
the first graphic designer, Aaron Marcus.
- molecular beam epitaxy (which makes it possible for an ALD, atomic layer disseminator,
to lay down materials in one atom thick layers). This has led to many other advances in
technology.
- Charge-coupled device (CCD). This is used in modern digital cameras.
and finally, in 1969 the UNIX operating system was created by Dennis Ritchie and Ken
Thompson. Ken Thompson wrote the B programming language. A few years later, Ritchie
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released the C programming language. The AWK programming language was also created
at Bell Labs.

Ken Thompson (left) and Dennis Ritchie (right)

The B programming language, which was primarily used for the original Unix operating
system, was specific to the hardware available at the time. Dennis Ritchie improved
portability when he wrote the C programming language to be more flexible. This prepared
the way for movement that produced Linux. (Ritchie passed away in October of 2011, a
week after Steve Jobs, and, last I checked, Ken works at Google.) January 1st, 1970 is the day
we use to mark the beginning of time in computing, even though computing had been
going on prior to 1970. Here is a snippet from the manual page describing the configuration
file that manages passwords (Chapter 5 manual page for shadow):

“date of last password change
The date of the last password change, expressed as the number of
days since Jan 1, 1970.”

In this case it is measured in days, but other implementations measure the seconds since
that time. Midnight (UTC) on January 1st, 1970 is also known as epoch, Unix time, or POSIX
time. It is just a standard that all programmers can use and point to a single point in time. It
is a frame of reference from the, then in 1971, recent past for all who follow to have a
specific time in common.

How Did They Create Unix?

There are certain components required to create an operating system. Besides the
hardware to house the software, the software needed to be compiled; so a compiler was
necessary. Compilers call on libraries of code to create the operating system and
programs; so libraries were necessary. In order to adjust software and troubleshoot they
needed to debug software; so a debugger was necessary. In order to configure a system
they needed to edit files; so an editor was necessary. The hardware only sees “1’s” and
“0’s” (binary code), not words. There is a program to convert programmer’s code into
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binary code. These tools are usually referred to as “binary utilities.” They also needed a
program to interact with the system. This type of program is also known as a “shell.”
Fortunately, one of their colleagues at AT&T named Stephen Bourne wrote a shell for
them. That shell is called the Bourne Shell and can be found on older systems at /bin/sh.
(We are going to see his name again, soon.) This version of Unix did not have graphics, but if
it did a desktop manager would be necessary. There is a Unix desktop that you may be
familiar with today (Apple OSX)

:

Who Could Afford A Computer?

The computers of the day were huge, often taking up entire rooms. The next generation
mainframes were giants, too, and even if they were smaller they were so expensive that
only large companies could afford the hardware to run Unix.

Although there were prototypes of personal computers as early as 1965, they were little
more than calculators. As soon as the microprocessor was invented the natural succession
was for computers to get smaller and more affordable. Most of the earliest personal
computers shipped as kits that needed to be assembled. The Apple I was nothing more
than a motherboard.

The Rise of the PC

In 1977, about 48 thousand PCs shipped. Compare that to 2010 when over 350 million PCs
shipped. Here are some early personal computers (in the order of appearance):
1973- SCAMP by IBM
1973- Alto by Xerox (The GUI for Alto was the inspiration for Apple and Windows’
interfaces.)
1973- Micral N by Réalisation d'Études Électroniques (a French company)
1977- Commodore PET
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1977- Apple II
1977- TRS-80 by Radio Shack
1982- Commodore 64 (It seems like everybody knows somebody who had a Commodore
64.)

That brings us to the 1980’s

By this time, computers had the flexibility of using a television as a monitor and more
hardware vendors were offering more peripherals, such as printers, keyboards, mice, etc.
This provided more flexibility for the average person to find access to hardware and piece
a system together.

What had been a hobby for hackers (a good term for inventor/developer/do-it-yourselfers)
until the 1970’s had now become a commercial interest and company’s were less
compelled to share the code that could otherwise make them money. There was also a
division among hobbyists. Many were starting to agree with the sentiments expressed in a
letter written by Bill Gates  to hobbyists in 1976 where he articulates why software should
not be free. He said, “ 1) Most of these "users" never bought BASIC (less than 10% of all
Altair owners have bought BASIC), and 2) The amount of royalties we have received from
sales to hobbyists makes the time spent on Altair BASIC worth less than $2 an hour.
Why is this? As the majority of hobbyists must be aware, most of you steal your software.
Hardware must be paid for, but software is something to share. Who cares if the people
who worked on it get paid?” http://en.wikipedia.org/wiki/Open_Letter_to_Hobbyists
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Richard Stallman

Richard Stallman worked as a programmer at the Massachusetts Institute of Technology
(MIT) after he graduated from Harvard (with honors) in 1974. He was an active participant in
the hacker community. However, when software manufacturers stopped publishing their
source code the community suffered because of it. This upset Stallman, who began a quest
to make software free. He spent his final two years at MIT preventing proprietary
software from over-running the entire university and then resigned at the beginning of
1984, so that MIT could not claim credit for the work he was doing.

What Was Stallman Doing?

Like Alexander Graham Bell, Stallman was providing something to those who could not
otherwise have it. Bell was teaching the deaf in new and innovative ways across the river
at Boston University and Richard Stallman was bringing a free operating system to the
world. This was polar opposite to the philosophy of many who were building huge
organizations, like Bill Gates and Steve Jobs. Stallman published his ideas in a document
named The GNU Manifesto. One such idea is the “copyleft.” As the name suggests, it is the
opposite of a copyright. This basically means that if you use the code you must make it
available to other to use for any purpose. He called his operating system GNU. (An acronym
that includes itself is a recursive acronym, which is what GNU is.) It stands for “Gnu is Not
Unix.” He calls GNU a “technical means to a social end.”

How Did He Create GNU?

Just like Ken Thompson and Dennis Ritchie needed certain elements to complete their
original Unix operating system, Richard Stallman also needed certain things to make GNU.
In fact, he needed many of the same things. Here is what he came up with:

- A compiler, GNU Compiler Collection (GCC)
- Libraries, GNU C library (glibc)

12



- Core Utilities, GNU Core Utilities (coreutils)
- A debugger, GNU Debugger (GDB)
- An editor, Emacs and vi (Stallman helped develop Emacs at MIT)
- Binary utilities, GNU Binary Utilities (binutils)
- A shell, The Bourne Again Shell (Also known as “bash,” an updated version of the Bourne
shell)

What is noteworthy is that Richard Stallman replaced all of the proprietary products that
comprised Unix with programs that did the same thing, but he did not use any code from
Unix. The organization that promotes the idea that knowledge belongs to all mankind and
that software should be freely available is the Free Software Foundation, Stallman being
the President.

Another similar organization is the Open Source Initiative. Here is what Stallman has to say
about the difference between the terms “Free Software” and “Open Source:”
“The two terms describe almost the same category of software, but they stand for views
based on fundamentally different values. Open source is a development methodology; free
software is a social movement.”

http://www.gnu.org/philosophy/open-source-misses-the-point.html

*Recommended viewing: Revolution OS (Available on YouTube. We have seen it on NetFlix
from time to time and we have also seen it in the public library.)

There was really only one weakness to the GNU operating system, which was the kernel. A
kernel is an intermediary between software programs and the hardware resources of
system. The kernel is responsible for scheduling programs’ access to the processor,
managing memory, disk maintenance and regulating all network traffic to and from the
system. It also loads the necessary drivers (modules) to interact with the hardware devices
the system recognizes. If only somebody would come up with a better kernel ...
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Linus Torvalds

Linus Torvalds was a 21-year-old student at the University of Helsinki in Finland when he
produced his very own kernel. Without any concern for any business interests with regard
to the code he had written he published it to the world and invited others to freely use it.

Linus knew several people who he thought would like to use the kernel he developed. In an
interview with Charlie Rose (which is on YouTube), Linus stated that his intention was not
to be like Ghandi. Rather, it logically made sense to share his code with as many
programmers as possible so that it would be developed better and faster. His logic
prevailed.

This is probably a good place to say that Linux is a registered Trademark of Linus Torvalds
and any commercial use of the term “Linux” must be approved by The Linux Foundation.

Putting It All Together

With all of the pieces in place to build a free operating system (OS) that out-performs all of
the proprietary OSs, Linus Torvalds’ kernel was integrated with Richard Stallman’s GNU
programs and the resulting OS was called Linux. On that note, it should be acknowledged
that the operating system which will be the topic of this course, and from which we all
benefit, is the collaborative summation of the work and genius of some of the most
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brilliant people of our time. There is not one man who is credited with this work.
Concerning the name, Linus Torvalds said, “It doesn't really matter what people call Linux,
as long as credit is given where credit is due (on both sides). Personally, I'll very much
continue to call it "Linux".”

Explosive Popularity

On the technological timeline of events, Linux was developed about the same time as the
Apache web server. As the concept of the internet began to grow, companies found the
combination of Linux and Apache very attractive for several reasons. The systems used
very little resources. Databases were easily employed and several programming languages
became dual purpose “web programming” languages, like Perl and PHP. At the time the
most popular free database was Sun’s MySQL (pronounced My S-Q-L, not to be confused
with Microsoft’s SQL which is pronounced like sequel.) The price was pretty hard to beat,
too (as all of the software was literally free). Security in linux is unparalleled. Linux also
brought a stability to computing that had never before been achieved.

The combination of these programs (Linux, Apache, MySQL and PHP or Perl- also known as
L.A.M.P) became the de facto web server on the internet.
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