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= A computer system consists of
o hardware
o system programs
o application programs



What is an Operating System?

" |tis an extended machine

o Hides the messy details which must be performed
o Presents user with an abstraction, easier to use

= |tis aresource manager

o Each program gets time with the resource
= Each program gets space on the resource



History of Operating Systems
(1)

* First generation 1945 - 1955
= vacuum tubes, plug boards

= Second generation 1955 - 1965
o transistors, batch systems

* Third generation 1965 —1980
o |Cs and multiprogramming

= Fourth generation 1980 — present
o personal computers

= Fifth Generation (1990—Present)
= Mobile Computers



History of Operating Systems
(2)

= Early batch system
o bring cards to 1401
o read cards to tape

o put tape on 7094 which does computing
o put tape on 1401 which prints output
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History of Operating Systems
(3)

= Structure of a typical FMS job — 2nd
generation
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History of Operating Systems
(4)

* Multiprogramming system
o three jobs in memory —3rd generation

Job 3
Job 2
Memory
Job 1 partitions
Operating
system




Computer Hardware Review (1)

= Components of a simple personal computer
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Computer Hardware Review (2)

= Processors
o (a) A three-stage pipeline
o (b) A superscalar CPU
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Computer Hardware Review (3)

» Typical memory hierarchy

o numbers shown are rough approximations

Typical access time

1 nsec
2 nsec
10 nsec

10 msec

Registers

Cache

Main memory

Magnetic disk

Typical capacity

<1 KB
4 MB
1-8 GB
1-4TB
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Computer Hardware Review (4)

s Structure of a disk drive
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I Computer Hardware Review (5)

= (a) Steps in starting an I/O device and getting
Interrupt

* (b) How the CPU is interrupted

Disk drive

@ / Current instruction

Next instruction

CPU ‘3 Interrupt Disk
~ | controller controller 3. Return
1. Interrupt
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I Computer Hardware Review (6)

= Structure of a large x86 system

Core1 Core2

Cache Cache

Shared cache
GPU Cores tlle Graphics
DDR3 Memory Memory controllers DDR3 Memory
i DMI
PCle slot SATA

Controller
PCle slot Hub USB 3.0 ports

PCle slot 5CIe Glgablt Ethernet

More PCle devices

| PCle slot Platform USB 2.0 ports




The Operating System Zoo
I

* Mainframe operating systems

= Server operating systems

» Multiprocessor operating systems

» Personal computer operating systems

* Handheld Computer Operating Systems
* Embedded operating systems

i = Sensor-Node Operating Systems

» Real-time operating systems

* Smart card operating systems




I Operating System Concepts

(1) (A
3 ©
OXOR6

i = Aprocesstree
o A created two child processes, B and C

o B created three child processes, D, E, and F




Operating System Concepts
(2)

(a) A potential deadlock. (b) an actual deadlock.



Operating System Concepts
(3)

Root directory

Students Faculty

ya /
4 N
RobbertAtty { Leo Prof.Brown/.Green \rof.White
Y
[I 2 pa /I
/ 7/
/ 7N gy E
" Y i \ Y
Courses Papers Grants Committees
/ / \

i 7 A ]
(g "\o 6/ "\b
O (@]
CS101 CS105 . v
Files

e~
Ll
L~

M~

g SOSP COST-11

File system for a university department
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I Operating System Concepts
(4)

Root Floppy

/ / /

(@) (b)

= Before mounting,
| o files on floppy are inaccessible

= After mounting floppy on b,
= files on floppy are part of file hierarchy
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I Operating System Concepts
(5)

Process Process
Pipe
A B

Two processes connected by a pipe




Steps in Making a System
Call

-
Return to caller )
T - I Library
rap to the kerne procedure
5| Put code for read in register read
10
4
u
ke < Increment SP 11 4
- Call read
3| Pushfd User program
2| Push &buffer calling read
1| Push nbytes
6 9
-
== ‘ 7
Kernel space < Disoatch 7 8 | Syscall
(Operating system) SRC - handler

There are 11 steps in making the system call
read (fd, buffer, nbytes)
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Operating System Structure
(Simple, monolithic)

Main
procedure

Service
procedures

Utility
procedures

Simple structuring model for a monolithic system



Operating System Structure
(Layered)

Layer Function
S The operator
4 User programs
3 Input/output management
2 Operator-process communication
1 Memory and drum management
0 Processor allocation and multiprogramming

Structure of the THE operating system

* Multics : Used rings instead of Layers: Inner ones are being
more privileged, Trap used to communicate between rings
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Operating System Structure

(Microkernels)
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Simplified structure of the MINIX system



Operating System Structure
(Client-Server)

Machine 1 Machine 2 Machine 3 Machine 4
Client ? | File server Process server Terminal server
Kernel Kernel Kernel Kernel

l Ly l J }
\ Network

Message from
client to server

The client-server model over a network
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I Operating System Structure
(Virtual Machine)

Virtual 370s

i | ™ System calls here
I/O instructions here —*—% CMS | CMS | CMS **- Trap here
Trap here — VM/370

370 Bare hardware

Structure of VM/370 with CMS




I Operating System Structure
(Virtual Machine)

Guest OS process Guest OS process
Excel Word Mplayer Apollon & Host OS é)
Kernel
rocess
___O__O__P ___QQ__ module
Guest OS l Guest OS |
Windows Machine simulator O O Type 2 hypervisor O O
Type 1 hypervisor Host operating system Host operating system

(@) (b) (c)

(a) A type 1 hypervisor. (b) A pure type 2
hypervisor. (c) A practical type 2 hypervisor




I Operating System Structure
(ExoKernel)

» Each virtual machine gets its subset of
resources.

= Exokernel Runs in kernel Mode.

= |t allocates Resources toVMs and it checks
the resource security.

= [t tracks which resources Assigned Which VMs




