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Chapter 1

Chapter 1
Getting Started

| ntroduction

V_\/el come to 85349, Operating Systems. This chapter has three main
ams

1. make you familiar with how 85349 will operate,

2. revise some pre-requisite knowledge, and

3. givean overview of the rest of the unit.

Thereis quite abit of reading thisweek. Actualy that is abit of an
understatement, there is over 80 pages of material set down for you to
read this week.

There are anumber of reasons why you should not |et the amount of
reading stress you out or get you down. First off it doesn’t help at all.
So, in the words of Douglas Adams, "Don’t Panic". Second, much of
the reading this week is arevision of material you will have seenin
other units, particularly units which introduce how the the hardware of
acomputer works. Third, the remainder of the reading is generally an
overview of the material we are going to be covering this semester.
Finally thisis the most reading you will haveto do in any of the
remaining weeks for 85349. While you might spend extratime on
85349 this week, you will find that in later weeks you will be
spending less time.

So, don’t try to memorise al of the materia you read this week.
Instead, aim to gain a basic understanding of what an operating
system is and what it does. Also you should make sure you have a
good understanding of how the hardware in a basic computer

operates. Lastly it isimportant that you are familiar with the study
resources available for you in 85349 (web site, CD—ROM, online
lectures, online assignment submission etc, explained somewhat in the
preface of this study guide) and also what you need to do to pass
85349.

Objectives

On completion of this chapter you will :

be aware of the requirements, resources, assessment and schedule
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for 85349, Operating Systems

have an idea about what an operating system is, what it does and
why it isimportant for a computing professional to know about
them

be introduced to the history and development of operating systems
know what the primary goals of an operating system are
have revised materia about the hardware of a computer

have gained an overview of the components and possible structure
of an operating system.

Resour ces

To complete the first week of work you will need:
Text book chapters 1, 2 and 3 (84 pages)
Study guide chapter 1
Course Profile for 85349
online lectures 1, 2 and 3 (on the 85321 Web site and CD—ROM)
an Internet connection and an email address

your student number and PIN (persona identification number)
from Saturn (http://saturn.cqu.edu.au)

Why Learn About Operating Systems

Let's start by describing what 85349 won't do.

85349 will not show you how to use Windows 95/NT, UNI X or any other operating
system.

85349 will show you :
how an OS (operating system) works
the algorithms and data structures that make up an OS
the problems, solutions and trade offs in designing an OS

how an operating system influences you as a computing
professional

The aim of 85349 isfor you to :
ACHIEVE AN UNDERSTANDING OF HOW AN OPERATING SYSTEM WORKS.

So why would you want to learn about that? What possible good will
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it do you as a computing professional to know the details of how
virtual memory works or process scheduling?

WEell to start with an operating system is an essential part of a
computer. Without an operating system the computer won't work. 1f
the operating system is unreliable or inefficient the computer will be
unreliable and inefficient and more importantly the people who use
the computer will not be able to perform the tasks they need to.

Thisisimportant because the main task of most computing
professionalsis to help people use computers to complete tasks as
easily as possible. Either by writing programs (software engineering)
which enable people to complete their tasks or by maintaining the
systems (systems administration) which run these programs.
Knowledge of how operating systems work will help you :

build software that is efficient and correct
Knowledge of how operating systems work can improve the
efficiency of your program.

decide which operating system you should purchase for a client
There is awide choice of operating systems each of whichis
suitable for different purposes. Advertisers and company sales
people lie. Asacomputing professiona you should be able
understand what they are saying and identify thelies.

figure out how to fix a computer that is behaving “badly”.

Picture it, your manager complains that his computer is not very
fast. What do you do? The obvious choice, buy afaster CPU may
not always make any difference. Buying more RAM might be a
better solution. Why? Knowledge of operating systems and
virtual memory would help with the answer.

The Course Profile

Before going any further please make sure you have read through the
85349 course profile. It contains additional information about this
course.

Reading 1.1
Course Profile for 85349

Assessment and the Web Site

While the course profile for 85349 describes the assessment for 85349
it does not include copies of actual assignments you must complete.
To obtain copies of the assignments and al the latest information
about 85349 you need to refer to the 85349 website.
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Using the Mailing Lists
85349 is going to be using at least two mailing lists

the main mailing list

the personal mailing list
The main 85349 mailing list will be used as aforum for students to
ask questions and for announcements from teaching staff about
85349. Itisimportant that you subscribe to this list and check email

regularly. More importantly if you have general problems with the
material in 85349 use the mailing list to ask questions.

Thisis probably as good atime as any for you to subscribe to the
85349 mailing list. Y ou do this by sending an email message to
cqu. edu. au

with

n

in the body of the message.

Archives of the mailing list for 85349, for this year and previous
years, ismirrored on the 85349 web site.

Y ou don’'t subscribe to the 85349 persona mailing list. Instead you
use the personal list when you have a personal question to ask the
85349 teaching staff. Only teaching staff associated with 85349 will
receive email from the 85349 personal mailing list. You don’t and
can’t subscribeto the 85349 personal mailing list.

To send amessage to the personal list send it to

85349-per sonal @t udent. cqu. edu. au

Do NOT send email about 85349 to the email addresses of 85349
teaching staff. Use the 85349 personal list instead.

Using the Web Site and CD—-ROM

All of the materia for 85349 will be available from the 85349 Web
site. A mirror of thisweb site is available from the 85349 CD-ROM.
The 85349 Web site can be found at

http://infocom cqu. edu. au/ 85349/

David Jones, Stephen Smith

To use the CD—ROM all you need isa CD—-ROM drive and a Web—
browser. Placethe CD—ROM in the drive and open thefile

i ndex. ht min thetop directory of the CD—ROM. Y ou should seea
mirror of the web site.

The Web site contains a schedule which outlines which tasks you
should be completing each week. Takethetime to become familiar
with the structure of the 85349 web site and its features.
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The"live" website aways has the most up to date information.

A Gentle Introduction to Operating
Systems

That’ s enough preparation, let’s get stuck into operating systems.
Thefirst step taken by the textbook is to provide you with some idea
of what an operating system is and what it is supposed to do.

Reading 1.2 Introduction

Textbook, Chapter 1, Introduction and Section 1.1, pp 3-6

It's aways difficult to teach operating systems. Operating systems
are complex interacting systems which include a number of different
systems. Each of these systems influence the other. This makesiit
difficult to decide how to introduce operating systems. For example,
when you introduce process scheduling it is useful to introduce
memory management. However, both topics are too complex to
introduce together.

To add to the complexity of what you will encounter in this subject
are two common drawbacks of the operating systems field

1. Same word different meaning or different word same meaning
It is common for different operating systems textbooks and
operating systems makers to use the same word but mean totally
different things. The opposite to this is when they use two different
words to mean the same thing. Learning to now the difference and
recognise it can be frustrating.

2. It depends
In 85349 you will be introduced to anumber of agorithms or
explanations on how certain things work. They don’t always work
thisway. One of the reasons for thisis that in explaining these
tasks they must be simpilified, otherwise they would be too
difficult to learn. Another reason isthat in operating systems there
is no oneright way to do something. There arelots of alternatives
which each have the benefits and drawbacks.

What an oper ating system does

While finding it hard to define what an operating system does the
reading offers anumber of suggestions including that the operating
systemis like government. This analogy includes the following two
major components:

resource manager

The operating system manages the resources of the computer
system and hel ps share these resources amongst the objects using
the computer.
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control program
The operating system controls access to and operation of some
parts of the computer system to ensure reliability and correctness.

What ar e the oper ating system’s aims
The reading a so suggests two primary aims for an operating system

convenience for the user

Increasingly the aim with computers is to provide ease—of—use and
simplicity for the people using computers to achieve sometask. In
today’ s environment this is perhaps the most important goal.

efficiency

A few years ago (not as long as you might think) the primary aim
of most operating systems was not user convenience. Instead,
because of the expensive nature of computer hardware, it was
efficiency. To get the most bang for the bucks spent on the
computer. While no longer a primary aim of an operating system,
efficiency is something which must still be considered.

How things change

The point about the change the focus of computing is an important
one. Not only just in the study of operating systems but also for
computing professionalsin general. Technology is no longer the most
costly and important consideration. Computer hardware is much
cheaper today than before. It is people and their time which is much
more expensive.

When hardware was expensive and the time of people was cheap
computing people and operating systems had to be smart about how to
get the most out of the hardware. Now that people are expensive and
hardware is cheap computing people and operating systems have to be
smart about how to get the most out of people.

Evolution

There are anumber of additiona goals that people can attribute to an
operating system. A common goal today is evolvability, the ability to
evolve or adapt to changes in computers.

Operating systems are a very complex collection of programs and
require a considerable amount of time and energy to create. By their
nature operating systems must know about and interact closely with
computer hardware. However, computer hardware changes very
quickly. These changes mean that an operating system may also have
to change and in some cases be completely rewritten. A good

operating system can grow to meet these changes with a minimum of
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History

Operating systems such as Windows 98/NT and Linux didn’t spring
straight from the fevered imaginations of modern operating system
designers. Instead they are the culmination of over 50 years
experience with computers and operating systems. Actually much of
the underlying concepts and theories behind most modern operating
systems were first developed in the 1960s. That is how little things
have really changed.

To gain an understanding of what operating systems are and what they
doitishelpful to it know how operating systems evolved into what
they aretoday. Y ou are not expected to memorise the following and
be able to quote it back verbatim.

Reading 1.3 Simple and Multi-programmed Batch Systems
Textbook, Chapter 1, Section 1.2 and 1.3, pp 6-9

Many of the observations which led to the development of batched
and multi—programmed batched system still exist today and are
driving existing work. Some of these observations include:

the CPU is much faster than input/output (1/0) devices

it ismore efficient if you can overlap the 1/0 of one job with the
CPU utilisation of another.

An important trend in computing is that as computers become cheaper
and more powerful you can cater more to the needs of human beings.
Thisis part of what lead to the development of time—-sharing and
personal computers.

Reading 1.4 Time sharing and personal computers
Textbook, Chapter 1, Sections 1.4, 1.5, pp 9-14

A few years ago many of the concepts introduced in 85349, Operating
Systems, such as virtual memory or multi—programming, could only
be seen on large computers. The personal computers used by students
were too small and the operating systems on these computers too
primitive to use many of theideas. Thisisno longer the case.
Windows 95/NT, the most common operating system used by
students, include ailmost all the features discussed in 85349. This
change means that it is now more important that future computing
professionals be familiar with the concepts introduced in 85349.

Asyou go through 85349 you will see anumber of concepts being
repeated. One you have seen in readings so far is efficiency versus
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features. Remember, one of the aims of an operating systemis
efficiency. It has to make efficient use of the resources availablein a
computer. The limits of the hardware and the desire for efficiency
limits the features which are available. Asthose limitsincrease
(computers get more powerful) new features can be added. Whichis
why most modern computers provide graphical user interfaces
(GUIs).

Alternative Types of Systems

Up until most of your computing experience is with PCs. Many of
you may think you have powerful machines. You don’t. On the scale
of things PCs are so small and weak it is funny. There is much more
to computers, and thus operating systems, than what you find on PCs.

At one end of the range were the computers used to deliver the Web
pages for the Winter Olympicsin 1998. Four mirror sites world wide
with Web pages being generated by an IBM SP2 with multiple
frames, each frame containing 10 RISC/6000 uniprocessors and a 8-
way symmetric multiprocessor. Each of the uniprocessor had 512Mb
of RAM and 18 Gb of disk. Each machine had either 3 or 4 frames. 4
frames gives a computer with 40 uniprocessors, 4 8—way symmetric
multiprocessors, with at least 20Gb of RAM and 720GDb of disk space.

Amongst the smallest computersis pin—sized Web server at
http://www-—ccs.cs.umass.edu/~shri/iPic.html which has the smallest
implementation of a TCP/IP stack implemented on a small 8—pin
low—power microcontroller using a mere 512 words of program
ROM. It costs about $1 per server.

It isimportant that you come to aredlisation that there is much more
to computing the personal computers. Many of you may end up
programming services intended for use by mobile phones and other
very non—PC like computers. The following reading introduces you to
some of the different types of operating systems which are available.

Reading 1.5 Parallel, Distributed and Real-Time Systems
Textbook, Chapter 1, Sections 1.6, 1.7, 1.8 and 1.9, pp 14-19

Time and technology is again starting to catch up with the material we
cover in 85349. A few years ago parald, distributed and real-time
systems were so advanced that most students could never see the
importance of them. These days you can see them every where

parald systems
Y ou can buy computers from Gateway and Dell which have
multiple CPUs (central processing units). Multiple CPU
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computers are now widely used as disk and print servers.

- distributed systems
Electronic commerce (e-commerce) and the growth of the Internet
isincreasing research and use of distributed systems. In the not
too distant future most of you will have Internet agents who
wonder around the Internet performing tasks for you, if you
haven't already. A fairly well-known computer scientist was
overheard saying, "The Web is just another type of distributed
system".

- red-time systems
Anyone driving a 1999 model Falcon (or Commodore) has had an
interaction with real—time operating systems.

Email Questions

The following are the firstof the responses to email questions asked by
students in previous offerings of 85349.

> Wuld it be a correct to say that MSDOS uses
> mul tiprogramm ng but not nultitasking and that
> Uni x uses both?

:) One of the "joys" of operating systens is that
there are so many levels. This of course neans
there aren’t always that many sinple questions.

The sinple answer to your question is: No it would
not be correct to say this.

The following attenpts to expl ain why
Also it tries to explaininalittle nmo
the distinction between

t isnt.
re detail

* "singl e"—programing
 nulti—-programi ng
« nmulti-tasking

| doubt that nany people have really grasped the
di fference as explained by the 85349 text.

Fam |iar operating systenms and where they fit

["1l start off by trying to explain these terns
usi ng operating systens nost of you will be
famliar with.

Singl e programming -> M5-DOS

Mul ti —programi ng -> W ndows 3.1 (sort of)

Mul ti -t aski ng - UNI X} W ndows NT, W ndows
95/ 98

Pr ogram Executi on

VWhen a programis running (we are going to refer to
such an entity as a process, well nost of the tinme
anyway) it "owns" the CPU. For a programto be
actually running (excuting) the CPU is performng

i nstructions which "belong" to that program
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The basic instruction/execution cycle is
denonstrated by one of the animations avail able
fromthe 85349 website/ CD-ROM
http://infocom cqu. edu. au/ 85349/ Resour ces/ Ani mat i on
s/Instruction_Execution/

VWen does the process do during 1/Q?

Your prograns generally want to do one of two
t hi ngs

« execute on the CPU

« performinput/output (1/0

VWhenever the current process (renmenber this is the
termwe’'re using for a programthat is being
executed) perfornms some |/O operation (e.g. wants
to wite/read to disk, use the printer, display
somet hing on the graphics card etc) it stops using
the CPU for quite sonetine.

The reason for this is that nost I/O devices are
incredibly slowin conparison to the CPU. To give
you sone |1 dea here is an anal ogy we have used in

t he Rocky tutes.

The CPU and RAM operates at nano-second speeds.
Most conmmon hard-drives operate at mllisecond
speeds. Most of you probably don’t get just how
much sl ower hard-drives are than RAM To hel p you
understand this lets change the tinmes into
somet hi ng nost people are nore famliar with

Let’s say that the CPU RAM are as fast as Carl
Lewi s (a famous American sprinter who won O ynpic
ol d Medal s) .

This means that they can run the 100 netres in
around 10 seconds.

So, if we keep the relative speeds, how fast can
the hard-drive run the 100 neters?

If you do the math you will find that it takes the
hard-dri ve around 115 days to run the 100 neters.
Thi s shoul d give you sone idea of how |l arge the gap
bet ween RAM and the HDD i s.

This is a problem You really don't want the CPU
sitting around doi ng nothing for 115 days while it
waits for sone information to be read/witten to
disk. This is very wasteful.

Si ngl e programm ng i s bad

This is exactly what happens in a single
progranmm ng operating system Single progranm ng
means that there is only ever one program running.
This ends up with a ot of wasted CPU tine and
means that 1t can take |onger to run prograns.

This is exactly what happens in DOS. DOS, as an
operating system does not provide any support for
runni ng nore than one program

There are a couple of fiddles you can do which
all ow a DOS conputer to run nore than one program
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but these features are not provided by the
operating system In fact, you can only do this
because DOS isn’t really an operating system (at
| east by our definition).

DOS does not prevent prograns fromdirectly
accessi ng hardware.

It is this ability to directly access hardware
whi ch all ows these "wor karounds" to run nore than
one program

In the end, we’'ll say that DOS is a single-
progranmm ng operating system It only
supports/all ows one programto be running at one
time.

Mul ti —programi ng

Solving this inefficency (having the CPU do not hi ng
for 115 days) was the reason for the devel opnent of
mul ti —pr ogr ammi ng.

Rat her than have the CPU sit around doi ng not hi ng
whil e sone 1/ O was being done. A nultiprogramm ng
operating systemw || keep a pool of processes.
When the current running process asks to do sone
I/Oit "gives up" the CPU. It is replaced on the
CPU wi t h anot her process.

Then when the new running process asks to do sone
I/O (or sone other task which neans it doesn’t need
the CPU) the multiprogranmm ng operating system
chooses anot her process to go onto the CPU

The inportant point to note here is that a new
process is only placed onto the process when the
current process "gives up" the CPU

This is a bit |ike what happens under W ndows 3. 1.
A problemwi th mul ti—-programm ng

There is a problemw th nulti-programming. |If |
i nclude the follow ng code in nmy process
while (1)

{}

what happens?

Vll this is an endless loop. In a

mul ti progranmm ng operating systemthe current
runni ng process is only replaced on the CPU when it
"gives up" the CPU by doing 1/0O (or other tasks).

Once the endl ess | oop gets going that is never
goi ng to happen.

My process will hog the CPU and prevent anyone el se
havi ng a ago.

Mul ti —tasking: the solution
Mul ti -t aski ng sol ves this problem

In a nulti—-progranmm ng operating systemthe current
process decides when it will give up the CPU
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In a nulti-tasking operating systemthe operating
system deci des when the current process wll give
up the CPU.

A mul ti -taski ng operating system makes use of the
systemtinmer. A clock which generates an interrupt
every X time units. Wen the tiner interrupt
occurs the operating system wakes up and asks a

si npl e question

"Has the current process had enough tine on the
CPU?" If the answer is yes, then the operating
system renoves the process fromthe CPU and
replaces it with another on.

Thi s repl acenment happens many tines per second.

Via this nodel it is a bit nmore difficult for the
CPU to be hogged.

Exerci se

As an exercise, and to see how nany people acutally
read this far, | leave the follow ng question

VWhat woul d you have to do to hog the CPU (i.e. Mke
it so no real user process could do useful work) in
a

Another Email Question

VWhat is the nmeaning in pg 15 of the text line 1
mul ti processors can al so save noney conpared to
multiple single systens. Wat is the nmeaning of
mul tiple single systens? | thought

mul ti processors

>is multiple single systenms with many mai n CPU

VVVYV

The definition of a single systemthey are
referring to here is of a single computer

i ncluding CPU, RAM 1I/O devices, keyboard, nonitor
hard drive etc.

Your standard PC is an exanple of a single system
But it is a single systemwth on CPU

A mul ti —processor machine is a single systemthat
has many CPUs.

VWhen it refers to nultiple single systens it neans
many single systens, |ike your PC, all joined

t oget her using sonme sort of network which are
wor ki ng together on the sane problem

An exanple of this is the Beowul f clusters which
are bei ng worked on. Check out
http://ww. beowul f. org/

The idea is sinmlar to the NOV(Network O
Wor kst ati on) i dea. http:// now. cs. ber kel ey. edu/

Both projects take standard, "off-the-shel f"
conputers and join themtogether with special
net wor ks.

They can be cheaper than a nultiprocessor system
because they are using comodity equi pnent. The
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sheer nunber of PCs which are sold make them very
cheap, especially when conpared to | arge

mul t1 processor systens which mght sell hundreds if
t hey are | ucky.

Summary of the Introduction

Reading 1.6 Summary
Textbook, Chapter 1, Sections 1.9, pp 19-20

Exercises
Textbook, Chapter 1, Exercises, pp 20-21, questions 1, 2, 4, 5, 8, 11

This brings an end to the section of this study guide chapter which
looks at chapter 1 of the textbook. Y ou might find this to be a good
place to take a break from study (if you haven't already).

How a computer works

The operating system provides alink between the software you write
and use and the hardware of the computer system. This means that
the operating system must work closely with, and is influenced by
computer hardware. To fully understand how an operating system
works it isimportant that you are familiar with the operation of
computer hardware.

But it isrevision

Many of you may already have been introduced to how a computer
operates. Even if you have please take the time to read through the
following readings. Before you can fully understand what an
operating system works it is important that you understand how the
hardware works.

Why isimportant? Well, the theory is (taken from years of research
into teaching and learning by experts) is that you need to construct a
mental model which helps explain how a concept works. If your
mental model is faulty then you will find it difficult to understand how
aconcept works. Since operating systems and hardware are tightly
related if you don’'t understand how computer hardware works you
won't be able to fully understand how an operating system works.

So what does that mean for me? Don'’t try to memorise the facts
included in the following material. Instead, try to picturein your
mind how hardware works. A good test of how well you have
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grasped this material is to attempt to explain to someone else (who
doesn’t know) how a computer works.

Reading 1.7 Operation of a computer system

Textbook, Chapter 2, Introduction and Section 2.1, pp 23-26

| nstruction/Execution Cycle

Thisis probably as good a place as any to revise the instruction
execution cycle. Thisisthe cycle which the CPU of a computer
repeats many times a second. In its simplest from the instruction
execution cycle includes the following steps

- fetch theinstruction
In this step the CPU copies the content of the RAM location at the
address contained within the program counter (the PC) into the
instruction register (IR). Both the PC and IR are registers on the
CPU.

- execute theinstruction
In this step the CPU evaluates the instruction now in the IR and
performs the appropriate task.

- increment the PC
Thisisn't really afull-fledged step of the instruction execution
cycle, however it is still important. The PC isincrement so that it
points to the location of the next instruction to execute.

» check interrupts
This is where the hardware checks to see if any interrupts have
occurred. Thisusually entails checking whether or not a particular
bit has been set on the CPU. If the bit is set the computer jumpsto
aparticular interrupt handling routine. Generally speaking the
hardware provides a small part of the interrupt handling routine
with the mgority of it provided by the operating system.

An animation of the instruction execution process is available on the
85349 Web site. Its available under online lecture 2 or viathe
animations page.

The instruction execution cycle discussed hereis avery simplified
version of the instruction execution cycle. The |E cycle for modern
computersis actually much more complex and is designed to increase
the performance of the system.

Interrupts generally fall into one of four categories:
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software

Software interrupts are caused by system calls and "trap—like"
instructions. System calls are how user programs ask the operating
system to do sometasks for it. Some examples of those tasks
include reading/writing to adisk or getting some memory.

hardware

Hardware interrupts are caused by 1/0 devices, generally when
they complete some form of 1/O. For example, the disk drive has
just finished getting some data from the disk.

error

A range of error conditions, such as divide by 0 or memory access
errors, which result in error interrupts. Error interrupts usually
result in the current process being killed.

timer

Time interrupts occur regularly at a set time period and are
generated by the system timer. Timer interrupts are heavily used in
CPU scheduling which is talked about in the following weeks.

Can you see what would happen if the operating system wasn't there
to handle interrupts? Think about the tasks you or other computer
programmers would have to handle if there wasn’t an operating
system to handle interrupts.

/O Structure

A lot of the effort expended by a computer isin input/output (1/0).
Especidly in this day of graphical user interfaces (GUIs). The
operating system has amajor role to play in managing the1/O a
computer performs. The main reasons for this are

speed

1/0 devices, when compared to the rest of computer hardware, are
very, very slow. Something has to balance and schedule the
allocation and use of these hardware devices. To manage their
working together.

variety

1/O devices are the most varied forms of computer hardware. They
range from disk drives through to keyboards and many other
stange devices. These I/O devices vary in terms of speed, amount
of information and many other characteristics. Something hasto
hide this variety, the operating system.

In order to understand thisrole it isimportant that you first have an
understanding of how 1/0 works.

Reading 1.8 1/O Structure
Textbook, Chapter 2, Section 2.2, pp 26-30
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Two of the important points to come out of the previous reading,

which you will find repeated throughout the semester, are

busy waiting is bad

Having the CPU loop around for long periods of time doing
meaningless work is not an efficient use of the computer’s
resources. Remember, one of the aims of an operating systemisto
provide efficient resource management.

overlapping 1/0 and CPU utilisation is good

Thisis again related to efficient resource management. Having 1/0
devices and the CPU doing work at the same time is making very
efficient use of the computer’ s resources.

Storage Structure

To do any work a computer must be able to store and retrieve
information. Thisis where the computers storage media enter the
picture. Thewide variety of characteristics of different storage media
means that the operating system has quite atask to perform.

Reading 1.9 Storage structure
Textbook, Chapter 2, Section 2.3, pp 30-34

Storage Hierarchy

A typical computer has anumber of different systems for storing data
and programs. The following reading talks about the hierarchy of
these systems and what’ s involved in balancing the characteristics of
the levels of this hierarchy to achieve reasonable performance.

Reading 1.10 Storage Hierarchy
Textbook, Chapter 2, Section 2.4, pp 35-37

Har dwar e Protection

Throughout the previous readings you have been introduced to the
benefits of overlapping 1/0 with CPU utilisation. Like most things
thereis adown side to the benefits this provides. One of those
problems is the very fact that there are multiple jobs sharing the
system. Each of these jobs must be restricted to its own resources to
prevent inadvertent (or in the case of attempts to break security, on
purpose) intrusions into others. Any form of protection provided by
software (i.e. the operating system) can be worked around. To be
"really safe" thisform of protection must be provided by the
hardware.
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Reading 1.11 Hardware Protection
Textbook, Chapter 2, Sections 2.5, 2.6 and 2.7, pp 37-45

Exercisesfor Chapter 2

Exercises

Textbook, Chapter 2, Exercises, pp 45-47, questions 1-10

Thisisthelast use of chapter 2 of the textbook. Y ou might want to
use this as a place to take a break.

Operating—System Structures

Operating systems are amongst the largest and most complex
collection of agorithms and data structures. Windows 2000, the latest
version of Windows NT, has millions of lines of code. It's obvious
that a system this large must be broken up into smaller components to
make it easier to understand, design, implement and test. The
remainder of the reading for this week gives you an overview of the
structure of atypical operating system. It does this by introducing
you to 3 ways of looking at an operating system

services
The operating system must provide a set of services to programs.

interface

To access the operating system services user programs make use of
an application programming interface (a set of functions) called
system calls.

structure
How an operating system is designed and structured influences its
speed and expandability.

Oper ating System and Components Services

Even though you may not be aware of it, as a programmer you have
made use of anumber of the services provided by the operating
system. Thisisone of the reasons why learning about operating
systems is important for programmers. If you are aware of these
services and how they are implemented you can make use of these
services to make programming simpler and your programs more
efficient.

The following reading gives you an overview of the standard services
which must be provided by most operating systems. The sectionsin

which they are introduced a so happens to provide a good overview of
what we will be studying over the rest of the semester. These sections

are process management (weeks 2, 3, 4 and 5), main—memory
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management (weeks 7 and 8), file management (weeks 9 and 10), I/O
system management (week 11), secondary storage management (week
12), networking and protection (week 12).

Reading 1.12 Services and Components of an Operating System

Textbook, Chapter 3, Introduction and Sections 3.1 and 3.2, pp 49-57

System Calls

As you might have concluded from the previous readings the services
offered by an operating system are at very low level. So low that
people don't interact directly with the operating system. People
interact with programs which offer much higher level services. Itis
the programs which make use of the services offered by the operating
system.

Operating services are made available by system calls. System calls
are essentially system calls (not exactly but close enough). The set of
system calls offered by an operating system define the interface used
by programs. This means that the only requirement to run a
Windows program is something which implements the collection of
system calls (plus afew extras libraries) that a Windows program
needs. This set of system calls can be provided by any operating
system or even another user program (with some specia
configuration). More on this after the reading.

Reading 1.13 System Calls
Textbook, Chapter 3, Section 3.3, pp 57-66

Aswas mentioned prior to the reading the only distinction between
different operating systems, that matters to programs (remember, all
programs see of the operating system are the set of system calls) are
the set of system callsit provides. It isthisfact that is making the
distinction between one operating system and another increasingly
meaningless. It isnow possible for a particular operating system to
run the programs originally compiled for a completely different
operating system.

An example of thistrend in action is Figure 1.1 which shows chapter
2 of the 1997 study guide of 85349 being written using Word for
Windows 6 running on the Linux (a version of UNIX) operating
system. Thisis achieved by using a program called WABI which
makes it possible to run Windows 3.1 and Windows 3.1 applications
on aUNIX operating system. There are similar programs for Linux
that allow Windows 95 programs to be run.
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Figure 1.1 Word for Windows on Linux

It is WABI that provides the Windows system and library calls.
WABI implements these system calls by making use of systems calls
and other functions which are provided by the Linux system.

What' s important isn’t how the system calls areimplemented. It's
that they are available.

An example system call interface

In most operating systems each system call is assigned a particular
number. These numbers are defined in one of the source code files
for the operating system. Figure 1.2 shows a section from asourcefile
from aversion of the Linux operating system. Linux currently has
about 163 different system calls. In this section you can see the first
13. Most of these system calls are related to manipulating files,
directories and processes. Y ou should be able to make some
connection between the Linux system callsin Figure 1.2 and the types
of system callslisted in Figure 3.2 of the textbook (page 60).

David Jones, Stephen Smith Page 19 of 24



85349, Operating Systems Chapter 1

Hdefine SYS exit
#define SYS fork
#define SYS read
#define SYS wite
#defi ne SYS_open
#defi ne SYS cl ose
#define SYS waitpid
H#define SYS_creat
#define SYS |ink
#define SYS unlink 10
#defi ne SYS execve 11
#define SYS chdir 12
H#defi ne SYS_ti nme 13

OCONOUIRWNEF

Figure 1.2. Linux system call numbers

A program and its system calls

Even the simplest of programs make heavy use of system calls. One
way to see the system calls used by a process running under the Linux
operating systemisto usethest r ace command. The following
shows a simple C++ program (all it doesis print "hello world" onto
the screen) and the output of the st r ace command when running
that program.

#i ncl ude <i ostream h>

voi d main()

cout << "hello world" << endl;

}

[david@ail e study_guide]$ strace -Tc ./sinple
execve("./sinmple", ["./sinmple"], [/* 26 vars */]) =0
hello world

% tine seconds usecs/call calls errors syscal
28.55 0. 000340 31 11 7 open
23.09 0. 000275 92 3 read
17.97 0. 000214 19 11 nmap

7.30 0. 000087 17 5 npr ot ect
5.71 0. 000068 17 4 3 stat

4.28 0. 000051 26 2 munmap

3.36 0. 000040 8 5 fstat

2.85 0. 000034 34 1 wite

2.69 0. 000032 8 4 br k

2.18 0. 000026 7 4 cl ose

1.01 0. 000012 12 1 i oct

0. 50 0. 000006 6 1 get pi d

0. 50 0. 000006 6 1 personality

100. 00 0. 001191

()]
w

10 tota
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Asyou can see from the output of the strace command even this
simple program used 53 system calls.

The following output from the strace command is from running the
Netscape Web browser, loading one page and then exiting. Y ou can
see how the number of system calls really mounts up. Over 29,000
systems calls just to start Netscape and load a single Web page.

[david@ail e david]$ strace —-c /usr/local/netscapel/ netscape
execve("/usr/local / netscape/ netscape", ["/usr/local/netscape/netscape"], [/* 26 vars */])
=0

% tine seconds usecs/call calls errors syscal
42.92 0. 542800 333 1632 wite
16. 90 0.213711 82 2614 ol dsel ect
10. 76 0. 136065 37 3701 53 read
6.94 0. 087808 570 154 witev
4.58 0.057954 7 8034 getti meof day
4. 06 0. 051396 7 7621 si gpr ocrmask
2.56 0. 032341 22 1468 br k
2.25 0. 028403 3550 8 fsync
1.47 0.018642 6214 3 wai t 4
1.33 0.016875 83 204 69 stat
1.05 0.013249 97 137 18 open
0. 97 0.012251 70 174 171 access
0.93 0.011713 9 1274 i oct
0. 68 0. 008547 7 1247 5 | seek
0.35 0.004478 47 95 getdents
0. 35 0. 004469 1490 3 fork
0. 30 0. 003819 41 93 nmap
0. 29 0. 003614 28 131 cl ose
0.24 0. 003080 280 11 readv
0. 20 0. 002555 134 19 9 connect
0.18 0. 002258 11 205 2 sigreturn
0.15 0. 001900 7 256 time
0.10 0.001323 26 51 munmap
0. 09 0.001188 119 10 socket
0. 07 0. 000850 213 4 1 unlink
0. 05 0. 000605 7 84 fent
0. 04 0. 000532 18 29 npr ot ect
0. 04 0. 000479 10 50 fstat
0. 04 0. 000470 26 18 | stat
0. 02 0. 000264 132 2 rename
0. 02 0. 000218 27 8 pi pe
0. 02 0. 000207 15 14 uname
0.01 0. 000168 168 1 synl i nk
0.01 0. 000149 9 17 si gaction
0.01 0.000113 113 1 ftruncate
0. 00 0. 000035 12 3 f chnod
0. 00 0. 000026 9 3 geteui d
0. 00 0. 000025 6 4 get pi d
0. 00 0. 000025 6 4 getuid
0. 00 0. 000016 8 2 dup2
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System Programs

Now we come to an areawhich is causing agreat deal of trouble for
certain parts of the computer industry, system programs. The
following reading attempts to explain system programs.

Reading 1.15
Textbook, Chapter 3, Section 3.4, pp 66-68

The question of whether or not user programs are part of the operating
system has been around for quite awhile. Over the last few years the
United States Department of Justice has been seriously examining
Microsoft’ s strategies when it comes to operating systems and user
programs. In particular, how Microsoft has apparently been trying to
use the spread of its Windows operating systems to gain market share
for its Web browser.

For the purposes of 85349 we will use the more restrictive definition
of an operating system. That is, a definition which does not include
system programs as part of the operating system. The operating
system is the data structures and agorithms which reside under the
system call interface.

System Structure

Appropriate design of the internals of an operating system is essentia
to make the task of creating, debugging and maintaining such alarge
collection of code. The following reading examines some of the
details of how operating systems have been structured.

The content of this reading is not assessable. However, you will find
it useful to read through, particularly the section on virtual machines
which leads into how Java works.

Reading 1.16 System Structure
Textbook, Chapter 3, Section 3.5 and 3.6, pp 68-78
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System Design, | mplementation and
Generation

The implementation of software which is as large, complex and fast-
changing as operating systems over along period of time by smart
people generates alot of lessons. The following reading introduces a
few of these lessons.

Reading 1.17 System Design and Implementation
Textbook, Chapter 3, Sections 3.7, 3.8 and 3.9, pp 78-83

So how does that help? One example is the separation of mechanisms
and policies. Thisisan example of the separation of concerns. A
principle that has applications in a number of computing fields. For
exampleit is very useful in the design of web pages. A web sitehasa
number components

content
The actual information that the site contains.

presentation
How the pages actualy look.

structure
How the pages which make up the site are structured.

Most web sites do not separate these concerns. Most web pages
generally have al these concerns mixed up together. Separating these
concerns increases the flexibility of aweb page. 1f content and
presentation are separate you can apply different presentations to the
same content. For example, you might want to provide different
versions of aweb page for people with different browsers without
having to manually rewrite the pages.

Exercises

Exercises

Textbook, Chapter 3, Exercises, pp 83—-84, questions 1-11
Summary

Well you've doneit. Finally reached the end of this marathon study
guide chapter. Relax; takeit easy, thisis the largest amount of
reading you will have to do for the entire semester for 85349,
Operating Systems. It's (amost) al downhill from here.

So what have you learnt? Hopefully you have learnt most of the
following:
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from chapter 1 of the textbook,

Have gained some idea of what an operating systemis, what it
does and how and why operating systems have developed over the
50 years computers have been around.

from chapter 2 of the textbook,

Revised some details about the operation of computer hardware
including the instruction—execution cycle, 1/0, interrupts, context
switches, the storage hierarchy and hardware protection.

from chapter 3 of the textbook.

A general overview of an operating system including the
components of an operating system and their responsibilities, the
services an operating system provides to user programs, the
concept of system calls, the difference between system programs
and the operating system and how operating systems are designed
and implement. Alsoin here was alook at how operating systems
are structured.

That was the overview. From next week we start looking at some of
the details of the components of an operating system. The first
component we look at is the process management system and its
related concepts.
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