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WHY WE WROTE YET ANOTHER OPERATING SYSTEMS BOOK

We have long felt that the traditional approach to teaching about Operating Systems
(0Ss) was not the best approach. The purpose of this book is to support a different
approach to this task. When studying any complex domain of knowledge, the order
in which one learns the hierarchy of principles, laws, ideas, and concepts can make
the process easier or more difficult. The most common technique is to partition the
subject into major topics and then study each one in great detail. For OSs, this has
traditionally meant that after a brief introduction to some terms and an overview, a
student studied isolated topics in depth—processes and process management, then
memory management, then file systems, and so on. We can call this a depth-oriented
approach or a vertical approach. After learning a great mass of unrelated details in
these isolated topic areas, the student then examined case studies, examples of real
0Ss, and finally saw how the different topics fit together to make a real OS.

We believe that a better model is that followed by children when learning a
language: learn a few words, a little grammar, a little sentence structure, and then
cycle (or spiral) through; more words, more grammar, more sentence structure. By
continuing to spiral through the same sequence, the complexity of the language is
mastered. We can call this a breadth-oriented or spiral approach.

We have taken this approach to the subject of OSs. The first few chapters give
some basic background and definitions. We then begin to describe a very simple
OS in a simple system—early PCs—and evolve toward more complex systems with
more features: first limited background tasks (such as simultaneous printing), then
multitasking, and so on. In each case we try to show how the increasing requirements
caused each system to be designed the way it was. This is not specifically a his-
torical order of OS development. Rather, we choose a representative system at each
complexity level in order to see how the different OS components interact with and
influence one another. It is our belief that this approach will give the student a greater
appreciation of how the various features of each level of OS were put together.

Part of the motivation for this approach has to do with why Computing Science
students are told they must study OSs at all. It is highly unlikely that many of these
students will work on the development of OSs. However, virtually every system that
they do work on will run on top of an OS, though perhaps a very few will work on
embedded systems with no OS. For the rest of them, the OS will stand between the
applications and the hardware, and failure to thoroughly understand the nature of the
OS will mean that these applications will be underperforming at best and hazardous
at worst. We believe that our approach will lead students to a better understanding of
the entire architecture of modern OSs than does the traditional approach.
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THE ORGANIZATION OF THE BOOK

In Part 1 of the book we give some general background information. This infor-
mation will cover basic principles of OSs and show several different views of an
OS. It will also include an overview of typical computer hardware that an OS
controls. Another chapter addresses such basic concepts as processes, multipro-
gramming, time sharing, resource management, and different approaches to OS
architecture.

Then in Part 2 of the book, we will cover five types of operating systems in
increasing order of complexity, our spiral approach, as follows:

—

1. A simple single-process OS (CPM)

2. A more complex OS (Palm OS), which allows simple system multitasking
3. An OS with full multitasking for a single user (Apple Mac OS, pre-OS X)
4. An OS that supports multiple users (Linux)

5. A distributed OS (mostly Globus)

In each case we have selected an OS that is typical of the class on which to base
the discussion so as to make it more concrete. This selection was made with an eye
to practicality. We first discuss simple systems in terms of process, memory, file,
and I/O management, and then (slowly) move to more complex systems, gradu-
ally introducing such concepts as multitasking, time sharing, networking, security,
and other issues. Occasionally we will also mention other well-known OSs that
are examples of a class, such as MS-DOS in Chapter 3 and the Symbian OS in
Chapter 4.

In Parts 3-5 of the book, we move to an in-depth approach of covering each OS
topic in more detail: from processes to memory management to file systems. We also
discuss many recent issues in operating systems: threading, object orientation, secu-
rity, and approaches to parallel and distributed systems. In these chapters we revisit
the sample systems discussed in Part 2 and explain the mechanisms in more detail,
especially for the modern OSs.

In Part 6 we look more closely at several OSs in what are typically called case
studies. Now that we know more about the details, we look at some systems in more
depth and see how some features were implemented. In two cases we are revisiting
more closely OSs that were covered in Part 2.

An appendix covers basic computer hardware architecture for those institutions
that do not require such a course as a prerequisite for an Operating Systems course. It
can also be used as a reference for those who need to review a specific topic.

THE STYLE OF THE BOOK

® We use a conversational style to avoid boring the students with excessive
pedantry.

® We avoid the use of excessive formalisms. A more formal presentation is pro-
vided where needed. This choice stems from our belief that most students will
not develop OSs, but rather will use them to support applications.

P
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o We use the normal, accepted terms but also discuss alternative terms when
no accepted standard terminology exists or where other terms were used
historically.

e We discuss algorithmic solutions as opposed to listing actual code since stu-
dents at different schools will have been exposed to different languages.

e For each OS that is treated separately, whether in the spiral section or in the case
studies, we include some history of the industry at the time, and sometimes the
key companies or individuals involved. This follows from our basic belief that a
student can understand OSs better if they are placed in a meaningful context.

o We cover modern OSs found in devices not conventionally regarded as com-
puters since the students use these devices every day and have an operational
familiarity with them.

e Frequent figures are incorporated as an aid to those who learn best visually
rather than by reading sequences of words.

e Each chapter ends with a set of questions that a student can use to assess the
level of understanding of the material in the chapter.

* Projects are outlined for many chapters, which can be used by the instructor to
ground the students’ understanding in reality.

HOW TO USE THIS BOOK—FOR INSTRUCTORS

—
®

This text is intended to be used for a one-semester undergraduate course in Operating
Systems, probably in the junior or senior year. The first part of the book is designed
to consolidate basic background information necessary for the following chapters.
Chapter 1 sets the discussion and gives some historical perspective. The instructor can
skim this chapter and decide what to include. The appendix is a brief look at fairly
modern hardware architectures. If a course in hardware is not a prerequisite for this
course, then this appendix could be included. Chapter 2 defines some simple terms
used in OSs and offers some more perspective on the larger topic of OS design. Again,
an instructor can review this chapter and select different parts to include or exclude.

Part 2 begins the spiral approach. We believe this is a significant portion of the
book. Here the student is gradually introduced to a series of OSs with more complex
goals. These increasingly more complex goals lead to increasingly more complex
0Ss. Only two of these chapters are not normal topics in OS texts—Chapter 4ona
single-user multitasking operating system and Chapter 7 on a distributed operating
system. They could be left out at the instructor’s discretion, but more and more stu-
dents will be working in such environments as users and as programmers.

Part 3 begins the in-depth chapters. Each chapter is fairly independent of the
others, though Chapters 12 and 13 are strongly related. Beginning with Chapter 14
the individual chapters can probably be left out if the topic is the major subject of
another course that the students will be required to take.

Notesabout the bibliographies: The chapters in Part 3 all include a bibliography
section. The reference papers that are cited are widely regarded as being seminal
papers or good summaries. They may cover material that is not covered in the text. If
an instructor or a student is looking for material to provide a better understanding of
a given topic, then they are suggested reading.
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HOW TO USE THIS BOOK—FOR STUDENTS

For students the most important thing about using this text is to understand how one
learns best. There are many pathways to get information into the brain. The book
itself directly addresses two of these pathways. There is obviously the text for those
who learn best through reading the words and the illustrations for those who are
more visually oriented. When you attend the lectures you will hear the instructor
talk about the material. This is for those who learn best through hearing words. At
the same time, the instructor will probably use visual aids such as the PowerPoint
slides that are available for the text. Again, this is to the benefit of those who learn
best by reading the words and seeing the illustrations. Some students learn best from
mechanical skills, so the process of outlining the material or making study notes
works well for those students.

Also presented in the book at the end of each chapter are questions about the
material. These questions are designed such that a student who has a reasonable
grasp of the material should be able to answer the question.

As new information is presented to the brain it takes a certain amount of time
to link with other information already there. But the brain gets much information
during the day that is not significant and therefore it does not retain it. Only when
presented with the same or similar material again a short time later will the brain
retain a significant amount of the information. The more different mechanisms that
are used and the more times the information is repeated, the stronger the retention
of the material. So the best method is to use all these methods combined, focusing
on what works best for you. What we have found works well for most students is the
following sequence:

e Print the slides to be covered in the next section, with several slides per page.

o Read the assigned material in the text. Note questions on the slide printouts.

e Come to class and listen to the instructor, amplifying any notes, especially things
the instructor says that are not in the text. (Those points are favorite issues for
the instructor and they tend to show up on exams.)

e Ask questions about things that are unclear.

e When it is time to review the material for an exam, go over the slides. If there
are points that are unclear, go back to the text to fill them in. If any questions
remain, then contact the instructor or teaching assistants.

e The review questions can be studied at any time the student finds convenient.
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AVAILABLE RESOURCES FOR INSTRUCTORS

The text is supported by a website with separate sections for instructors and students.

e Supplements to the text will be made from time to time as the need presents
itself.

* A set of suggested projects will be available for instructors. Most of these proj-
ects will have been used by the authors. They should be sufficiently rich and
OS independent that they can be readily adapted to fit any situation. They are
not based on any specific package that the instructor, students, or assistants will
have to master in order to work the labs.

e PowerPoint slides are provided for the students to use, as described earlier.
Instructors are encouraged to modify these presentations to fit their needs.
Acknowledgement of their source is requested.

e Review question answers are provided for the instructors in order that they not
be embarrassed by not knowing some arcane point the authors thought was
important.

e A current list of errata will be maintained on the website.

s Reference to web resources are provided for many chapters, but the web is
very volatile. The website for the book will contain an up-to-date set of web

references.
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REMAINING ERRORS

One difficulty with working on a project with multiple authors is that with the best
of intentions, one of the writers can alter a bit of text that he himself did not write,
thinking that he is clearing up some minor point, but actually altering the meaning in
some subtle but important way. Accordingly, you may find minor errors in the text.
Naturally these errors were not the fault of the original author, who doubtless wrote
the original text correctly, but were introduced by another well-meaning author who
was not as familiar with the material.

Still, such errors may be present, and we must deal with them. So, if you do
find errors, we would be very happy to know about them. We will publish any errata,
fix them in the next edition, determine who is to blame, and deal with the offending

authors appropriately.
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