CSCI 6907:
Special Topics in Operating
Systems

Your Prof: Gabe

Acknowledgements: Some slide material derived from Silberschatz, et al.



Today

Syllabus and class plan
Piazza

Homework — Due Jan 31st

« This assignment will take 2 weeks, at least
« Start now — tonight!

Structure — presentations/reading/project
« will place a sign up sheet online soon — see piazza

Project
Project



“High-level”

Cars Computers



...detalls...

Cars Computers
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Wiring diagram tar the power supply, starting, charging, engine, front and rear wiper, cigarette lighter,
sunroof [G11), sound system and rear demlster systems. G10, G11 and G11 Turbo madals.

Cars

low-level

__libc_csu_init>:
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Computers

# 600el4d

f 600el4

__libe_csu_init+0x66:>

init+0x50=>

__init_array_end>
_init_array_end>




What is an Operating System!?



What is an OS: Analogy
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What is an OS: Analogy
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What is an OS: Analogy

Hardware Operating Applications

You!

Cuﬁomen

Cuﬁomeg
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OS as Abstraction: System Layers

user user user user
1 2 3 e n
compiler assembler text editor S database
system

system and application programs

operating system

computer hardware




Operating System as Abstraction

"The effective exploitation of his powers of abstraction must be
regarded as one of the most vital activities of a competent
programmer.” - Edsger W. Dijkstra

Provides abstractions for resources (memory,
CPU, disk) and controls application execution

Provide environment for application execution
Protection and Isolation

OS as the provider of system abstractions



Computers as Distributed Systems

“Hardware: The parts of a computer system that can be kicked.”
- Jeff Pesis

mouse keyboard printer  monitor

/— on-line —\

—

.

disk
controller

graphics

G adapter

USB controller

memory




OS as Resource Manager

e Control a diverse set of hardware

Processors

Memory
Disks
Networking cards

Video cards

« Coordinates these hardware resources amongst user
programs

« Want to use resources efficiently!
« OS as a resource manager/multiplexer



AN x64 PROCESSOR 16 SLREAMING ALONG AT BLUONS OF
CYtLES PER SECOND To RUN THE XNU KERNEL, WHICH 1S

FRANTICALLY WORKING THROUGH ALL THE FOSIX-SPECIRED
ARSTRACTION T» CREATE THE DRRUIN SYSTEM UNDERIYING
05 X, WHICH IN TURN IS STRAINING ITSELF T0 RN FIREFX
AND IT5 GECKO RENDERER, WHICH CREATES A HASH OBTECT
WHICH RENDERS [DZENS OF VIDED FRAMES EVERY SELOND

BECAUSE I WANTED TO SEE A Gy
JUMP INTD A ROX AND FALL OVER.

O Snaco

Source: xkecd.com




What is
Operating Systems Research!?

l)



OS Research

e Systematic investigation of novel, interesting,
and useful techniques to

« Better utilize resources
- System performance, predictability
* Provide new programming abstractions

- Enable systems to do things they weren't previously able

 Recover from faults
» Tolerate malicious users

- More easily do the same thing
- RPC



Why
Operating Systems Research!?

l)



Worse Is Better

« Background

 Lisp: functional programming language
- Automatic memory management — garbage collection
- Simple semantics

« lambda, if, numbers, booleans, application (function call), cons
o ...yet amazingly powerful

e vs.C
- Manual memory management (malloc, free)
- No semantics — anything can happen...and does!

« Which won? Why?



Worse Is Better

« Read Richard Gabriel's piece, then Linus' email
« Write on back:

 What is Richard's main thesis?
« Do you agree? Why?

What are three examples of worse is better?

Any examples of better is better?

« What does this have to do with OS research?



This class...again

* Presenting papers

* An acquired skill...takes diligent practice

* |f you are worried about this, spend more time on it!
« Reading papers

* An acquired skill...takes diligent practice

» Every week...so you will practice this!
« Semester-long project!



The Nucleus

« An example of “better”
« Practice reading a research paper

« Read up to section 5
o Critically Reading a Research Paper:

« What is the central point/contributions?
- 1-3 sentences

« Three most significant issues/problems/limitations with the
approach?

- Key: critically read the paper
« Three questions you have about the approach?

— Often derived from the paper's motivation, design, or evaluation



What/Why
Operating Systems Research!?



How
Operating Systems Research!?

Welcome to Special Topics in OS



System Structure

« System Structure — How different parts of
software

1) Are separated from each other (Why?)
2) Communicate
« How does a system use

e dual mode
 virtual address spaces



Monolithic System Structure

e Includes Unix/Windows/OSX

Word Excel Browser
| “User-Level’
System|
Call
Kernel
- most trusted
- must work

Hardware (CPU, Memory, Peripherals
— hard drive, NIC, GPU)




Monolithic System Structure

e Includes Unix/Windows/OSX

60
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30 - ‘ wvel’
SYSte m u L\)/:‘"P:Oondsem Lines -
Call 20
0

Windows 98 Windows Vista

Windows 95 Windows XP fU Sted
vork

When's the last time you tried
to get 50 MLOC to work???

Harad\
— hard drive, NIC, GPU)




Microkernel System Structure

File
System Memory
4 Management
User level open...

Kernel level PO <10 KLOC

« Moves functionality from the kernel to “user” space

« Communication takes place between user servers using
inter-process communication (IPC)

» Benefits:
« Easier to add functionality

« More reliable (less code is running in kernel mode)
« More secure

e Detriments: performance! (why?)
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