I- Installing and compiling the Nachos System:
1- Log into unixs machine (unixs.cis.pitt.edu).

2- cd to your course directory.

3- Download the tar file that contains the Nachos source code from the recitation website.

4- Untar the file inside the course directory: tar –xvf nachos-3.4.tar

5- Compile the code:

cd nachos-3.4/code/

make all

6- Test the code:

cd nachos-3.4/userprog/

./nachos

If everything went ok then this screen snapshot should appear as a result:

No threads ready or runnable, and no pending interrupts.

Assuming the program completed.

Machine halting!

Ticks: total 10, idle 0, system 10, user 0

Disk I/O: reads 0, writes 0

Console I/O: reads 0, writes 0

Paging: faults 0

Network I/O: packets received 0, sent 0

Cleaning up...

II- Creating Test programs for Nachos Kernels:

1- The test programs for a Nachos kernel are C programs that compile into executables for the MIPS R2000 architecture.

2- Because the user programs are compiled for the MIPS architecture, they will not run directly on the SPARC CPU that you run Nachos on.

3- The Makefile in the test directory takes care of all the details of producing the Nachos user program executables. The user programs are compiled using a gcc cross-compiler that runs on Solaris/SPARC but generates code for the MIPS processor.

4- Nachos release has skeletal support for running a single user program at a time.

5- To build a Nachos kernel that can run user programs, edit your Nachos makefile to uncomment the ``cd userprog'' lines (if commented), then run make to build a new Nachos executable within the userprog directory. You may then use this kernel to execute a user program using the nachos -x option.

6- Nachos user programs invoke kernel-supplied functionality (e.g., to read files, do I/O, display something on the console, or read input) using Nachos system calls.

7- The Nachos distribution includes several sample test programs. For example, look at test/halt.c , which simply asks the operating system to shut the ``machine'' down using the Nachos Halt system call. Run the halt program with the command nachos -x halt , or nachos –x ../test/halt .

III- Overview of the Nachos Operating System:
1- Nachos includes a simple operating system for the simulated workstation.

2- The operating system is capable of running small user programs on the workstation.

3- Paging is not implemented, running programs must fit entirely within the physical memory of the simulated machine. Your job in Project III is to implement paging.

4- Normally, an operating system runs on the machine that it manages. Nachos is unusual in that the operating system runs "side-by-side" with the simulated machine that it controls.

5- To cause a user program to be executed, the Nachos operating system must do several things:

· It must load the user program's machine language instructions and data into the simulated workstation's memory.

· It must load initial values into the important registers of the workstation's CPU. For example, it must load the memory address of the program's first instruction into the program counter.

· Once the simulated memory and registers have been set up, the operating system then simply orders the simulated machine to run, via a call to the method Machine::Run. At that point, the machine simulation begins running the loaded program. It does this by simulating the fetch/execution cycle of a real MIPS processor. Essentially, the processor fetches the next program instruction from the (simulated) memory, decodes and executes it (which may change values in the simulated registers or memory), increments the program counter, and then repeats.

· An important thing to understand is that once the operating system calls Machine::Run, operating system code is no longer running; the machine simulation is. The call to Machine::Run never returns. The operating system has lost control while the simulated machine executes the user program. 
6- On a real machine, there needs to be a mechanism for returning control from a running user program to the operating system. Similarly, in Nachos, there needs to be a mechanism to return control to the operating system from the machine simulation.

· Nachos accomplishes this by interrupts and exceptions.
· An exception occurs when the running user program performs a system call, or when it attempts to perform an illegal operation (such as dividing by zero, or accessing a prohibited part of the simulated machine's memory).

· When an exception occurs, the machine simulation calls an exception handling function, which is part of the operating system. The Nachos exception handling function is in the file code/userprog/exception.cc.

· When the exception handler is called, the operating system has control once again.

· If the exception was caused by a system call, the operating system performs the service requested by the user program, e.g., writing a character to the console, or opening a file.

· If the program performed an illegal operation, the operating system must decide what to do, e.g., it may simply terminate a user program that tries to divide by zero.

· The operating system indicates that it has finished handling the exception by returning from its exception handling function. This returns control to the machine simulation, which once again begins fetching and executing user program instructions. 

· Interrupts are very similar to exceptions. However, they are not caused by instructions executed by the running user program. Rather, interrupts are causes by the other hardware components of the simulated machine: the disk, the console, the network interface, and the timer.

7- In addition to the code for loading and executing an initial user program, the initial Nachos operating system includes several other facilities: a thread system, some support for the console, two file system implementations, and a "post office" facility to support network communication between independent Nachos machines. Below is the Nachos directory and file structure:
· code/filesys

File System

· code/lib

Library Routines

· code/machine
MIPS simulator and simulated hardware

· code/network
Networking

· code/test

Test suite

· code/threads

Heart of the kernel- scheduler …..

· code/userprog
Support for user level processes

8- Nachos Architecture:

[image: image1.emf]
9- Address Translation:
· Nachos supports two types of VM architectures: linear page tables and software managed TLB.

· Nachos supports one or the other, but not both.

· With linear tables, the MMU splits a virtual address into page number and page offset components. The page number is used to index into an array of page table entries. The actual physical address is the concatenation of the page frame number in the page table entry and the page offset of the virtual address. 

· To use linear page tables, one simply initializes variable machine->pageTable to point to the page table used to perform translations. In general, each user process will have its own private page table. Thus, a process switch requires updating the pageTable variable. In a real machine, pageTable would correspond to a special register that would be saved and restored as part of the SWITCH() operation. The machine variable pageTableSize indicates the actual size of the page table.
· Page table entries consist of the physical page frame number for the corresponding virtual page, a flag indicating whether the entry is currently valid (set by the OS, inspected by hardware), a flag indicating whether the page may be written (set by OS, inspected by hardware), a bit indicating whether the page has been referenced (set by the hardware, inspected and cleared by OS) and a dirty bit (set by hardware, inspected and cleared by OS). 

· The Nachos machine has NumPhysPages of physical memory starting at location mainMemory. Thus, page 0 starts at machine->mainMemory, while page N starts at main Memory + N * PageSize.
This overview is mainly collected form four different resources:

· http://www.cs.duke.edu/~narten/110/nachos/main/main.html
· http://www.dei.isep.ipp.pt/~alex/publico/soii/nachos_introduction.pdf
· http://www.cs.nyu.edu/courses/spring05/V22.0202-001/nachos-labs.pdf
· http://www.student.cs.uwaterloo.ca/~cs350/common/nachos.html
