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What is Nachos?

1 Not Another Completely Heuristic Operating System
1 An OS for teaching that has
Threads
Interrupts and interrupt-driven /O
Virtual memory
1 Nachos is pretty basic when you download it, and the goal is
to extend it
e.g., add to the Kernel
! A hardware simulator
Simulates a MIPS processor

1 Can handle all MIPS-code in standard COFF (Common Object File

Format), i.e., using the standard for what a binary file should look
like on a UNIX system

1 The user can write C code, cross-compile it into a MIPS COFF
executable, and run it on the simulated MIPS processor

and other hardware features (e.g., network interface)

Why Nachos?

! Much easier and reasonable to hack Java
code than C Kernel code in real OSes
The alternative could have been MINIX
I This will allow us to do more interesting
things
1 Nachos comes with skeleton code that® to
be filled by the student

! Easy to work on one piece at a time due to
the @eaching-orientedO structure of the code

Introduction

We@e about to do some Okernel hacking®
For this purpose weOre using an OS
developed for instructional purposes, called
Nachos

Courtesy of UC Berkeley

First version: C++, 1992

Used at many universities

Rewritten in Java (5.0j)

Wed be using the Java version
Some content here comes from UC Berkeley-
provided Nachos material
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Nachos Structure

100% Java, broken into packages:

nachos.ag (autograder classes)

1 which we won®really use
nachos.machine

1 hardware simulation
nachos.network
nachos.security

1 tracks privileges
nachos.threads

1 The focus of project #1, threads within the kernel
nachos.userprog

1 Support for running COFF executables
nachos.vm

1 Virtual Memory



Booting Nachos

! You start Nachos just like any other
executable

It® a machine+OS within a process!
I Machine.main initializes devices - interrupt
controller, timer, MIPS processor, console,
file system

! Passes control to the AutoGrader, which
creates the kernel and starts it

1 At that point, the OS is Orunning®

The Serial Console

1 Java interface nachos.machine.SerialConsole

1 Contains methods:

readByte() returns one byte (or -1) and waits to
interrupt when it has more

writeByte() takes one byte and waits to interrupt when
its ready for more

setinterruptHandlers() tells the console who to call
when it receives data or finishes sending data
1 Normally implemented by
nachos.machine.StandardConsole, hooked up to
stdin and stdout

The Nachos Kernel

1 Abstract class nachos.machine.Kernel

I Important methods
initialize() initializes the kernel, duh!
selfTest() performs test (not used by ag)
run() runs any user code (none for 1st phase)
terminate() Game over. Never returns.
1 For each project we will provide you with a
default Kernel to modify

The Machine Package

1 Something you don® modify, but can use
1 nachos.machine.Machine

1 Kicks off the system, and provides access to various
hardware devices:

1 Pretty important: Machine.interrupt()

nachos.machine.Interrupt class maintains an event queue,
clock

Clock ticks under two conditions:

1 One tick for executing a MIPS instruction
1 Ten ticks for re-enabling interrupts

After any tick, Interrupt checks for pending interrupts, and
runs them.

Calls device event handler, not software interrupt handler
1 enable(), disable() are two key methods
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Other Things?

I There is no ODiskO

We wonOtlo anything that has to do with disks
! There is a network interface

We may do something with it, but probably not

I Our main foci will be:
threads
multi-programming
virtual memory

Threading

1 Happens in package nachos.threads

1 All Nachos threads are instances of nachos.thread.KThread
(or subclass)

1 KThread has status

New, Ready, Running, Blocked, Finished

1 Every KThread also has a nachos.machine.TCB

1 IMPORTANT: Do not use any Java Thread stuff when writing
code in Nachos

Remember, you@e writing the OS, which is supposed to provide
threads!

But of course, since this is all a simulation, Java threads are
used internally by Nachos

Writing your own Java.Thread stuff in the code will simpy not
work (and likely break everything badly)

If you don®know Java threads, then nevermind :)
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Creating Threads

I Create a java.lang.Runnable(), make a
Kthread, and call fork().

I Example:
class Sprinter implements Runnable {
public void run() {
// run real fast

}

Sprinter s = new Sprinter();
new KThread(s) .fork();

" B
General Advice

1 1t normal to feel overwhelmed by Nachos when
you first look at it

In fact itOs normal with most complex software
systems

1 1tOk to spend a lot of time reading Nachos code
And in fact itOsa very good thing to be doing

1 One step at atime. Get a little bit working. Then a
litle more. Then a little more, etc.

1 Using an IDE can be a big help
e.g., Eclipse

1 Our Web site has useful information on Nachos
and on the Nachos projects of course

CPU Scheduler

I Some subclass of
nachos.machine.Scheduler

I Creates ThreadQueue objects which decide
what thread to run next.

1 Defaults to RoundRobinScheduler
1 Specified in Nachos configuration file
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Teams

Nachos and the projects are sufficiently complex that they we® do
teams of students
A team must have 3 students in it
With possibly a couple of 4-student or 2-student teams since weOre
doing integer division
You must be in a team unless there are extreme circumstances
You self-organize in teams
You pick team members
You can do everything on-line
You can do everything face-two-face
You must send me an e-mail with each team composition and a
possible team name (please avoid (3r! 31 H4ck3RQ by next....
After each project you® have to fill in an (anonymous) report on how
much of the work you think your teammates did
Not used for grading, unless there are disputes/problems
Generally, | expect all problems to be self-managed



