A complete picture of how programs execute?

EECS 280, 281: ideas into high-level programming language
(e.g. C++)

EECS 370: high-level program into machine-language pro-
gram; how processor executes machine-language program

Any missing pieces?
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What’s an operating system?

A software layer between the hardware and application pro-
grams

application programs

-«— virtual machine interface
operating system

<«— physical machine interface
hardware

A program that manages the hardware and makes it easier to
use by application by presenting nicer abstractions (i.e. the
virtual machine)

For any area of OS (e.g. threads, virtual memory, file systems,
networking, security) ask:
 what interface does the hardware present to the software
(physical reality)?
 what interface does the OS present to its applications (the
nicer abstraction)?
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Relationship between user programs and
operating system

First perspective: user program is the main program and gets
services by calling the kernel

Second perspective: OS is the main program, calls user pro-
grams as subroutines
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Two main functions of an operating system

[llusionist
» makes computer appear to be more or better than it really
is
* examples?

Government
» parcels out the single shared hardware resource to multi-
ple competing applications efficiently and fairly
 what hardware resources does OS manage?
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Why study operating systems?

You may write part of one

The functions of an operating system (illusionist, government)
appear in lots of domains (not just OS), e.g. web server
farm, cloud computing, concurrent applications

* lots of techniques used in OS are used in other domains

* designing and implementing an abstraction

» caching, indirection, concurrency, authentication, nam-
ing, atomicity, resource allocation

Fun to “open the hood” and understand how the thing you’ve
been using really works
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History of operating systems

OS history 1s dominated by two trends
* hardware started out VERY expensive, but cost
decreased dramatically
* increasing complexity of OS

Single operator at console
» goal: basic functionality
* interactive

* OS is simple: one thing happening on the computer at a
time. OS is just a library of standard services

* poor utilization of computer (idle while person thinks and
while I/O device works)
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Batch processing
» goal: improve CPU and I/O utilization by removing user
interaction
* solution: submit job and wait for final answer; no human
interaction during execution

» still only one job at a time

* OS is batch monitor and library of standard services

* batch monitor loads program, runs it, prints results, starts
next program

* protection starts to become an issue. Must ensure that
batch monitor can run the next program in the queue.

Why wasn’t this an issue for “single operator at con-
sole™?
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Multi-programmed batch Personal computing
* goal: improve CPU and I/O utilization by overlapping  what are PC operating systems most similar to?
CPU and I/O
* solution: overlap disk I/O and CPU

* don’t need to time-share between multiple simultaneous
jobs?

« allows multiple I/Os to happen simultaneously

+ allows CPU and disk to work simultaneously

* OS getting more complex: OS switches between multiple
processes, manages multiple I/O devices * don’t need protection?

* OS needs to protect processes from each other

Time sharing

* goal: restore ability for humans to interact with programs
as they run

* insight: human can be modeled as a (very slow) I/O
device * PC operating systems have gradually added back most

* solution: switch between programs when waiting for features from time-sharing systems
users, switch back in time to get the next keystroke

* OS getting more complex: lots of simultaneous jobs,
multiple sources of new jobs
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