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Review

 So far

— OS is btw hardware and other software
* Computer organization and architecture
* OS requirements

— How to use OS
* OS interfaces

* Next
—How OS is designed and implemented
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OS design and implementation

 An art of balance

— hardware vs software
* efficiency vs flexibility

—user vs system
* convenience vs effectiveness

* General design guidelines
— separation of mechanisms and policies

* Best current practices
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Simple structure

* E.g., MS-DOS
—single user

— almost single process
* direct access

— almost flat memory
* MZ linked list

— executables

* .COM: segment limit
* .EXE: MZ file magic
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MS-DOS

* Load program

—“shrink” interpreter
— make room for program

* Execute program

— access to everywhere
—even “kernel’/interpreter

* Reload interpreter back
— otherwise, “cannot find command.com...”
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Layered structure

layer N
user interface

* Layers

—L,: hardware
—L,: user interface
— L. anything in btw

* use L., service

* offer service to L, ,

layer 1
* Divide & conquer

hardware
* Cross-layer issues
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Unix

* Hybrid structure

Kernel
A

(the users)

shells and commands
compilers and interpreters
system libraries

system-call interface to the kernel

signals terminal file system CPU scheduling
handling swapping block /O page replacement

character I/O system system demand paging

terminal drivers disk and tape drivers virtual memory

kernel interface to the hardware
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Process communication

* Message passing vs shared memory

process A

process B

kernel
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Micro-kernel structure

e E g file client file server

— Mach N L
Smaller kernel

— only those “essentials”
— e.g., handle hardware

* More by system/application programs 8
— Message passmg

Overhead between kernel and user spaces

kernel
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Mac OS X

* Mach (CPU,memory) + BSD (file,network)

application environments
and common services

b

BSD

kernel
environment

Mach
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Modular structure

* Object-oriented methodology
— not necessary implemented in OO languages
— popular choices for modern OS, e.g., Linux
— e.g., insmod fat|vfat|msdos

* On-demand, loadable kernel modules
— each module is a separate function/support
— communicate through know kernel interface
— module dependency
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SunOS Solaris

* Modular design (high-level diagram)

scheduling
device and classes
bus drivers
core Solaris
miscellaneous kernel loadable
modules system calls
STREAMS executable
modules formats
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This lecture

* OS structures

— design and implementation tradeoffs
* user requirement
* hardware support

— layered, micro-kernel, modular
* pros and cons
* Explore further

— which OS structures are good for embedded
system, I/O or computation-intensive system?

— from power-on boot-up to login:
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Next lecture

* Process management

— Process: concepts
—read OSC7 Chapter 3 (or OSC6 Chapter 4)
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