Chapter 1: Introduction
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Operating SystemO| &t?

o computer hardware 2t computer user AtO| 2/
SMAL Ses s=diote 2218
= The job of the OS is to adapt to hardware. Examples: MS-
DOS/Windows, MacOS, Unix, and many more

O Operating system goals:

m Execute user programs and make solving user problems
easier.

= Make the computer system convenient to use.
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Abstract View of System Components
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Computer System Components

o Computer system?| UIJIX| 2 2A

e Hardware —basic computing resourcesE M=
o CPU, memory, I/0O devices
e Operating system
o Cfet SS 0 AIEAS2He StERI0 AFE
coordinates &
e Application programs

o AFE AL HbE 2HIE 21 Fol AIAE U0l HEH MAEZXE
I‘|9_

0

Controlsol 2

o Word processors, compilers, web browsers, database systems,
video games

e Users
o People, machines, other computers

Operating System Concepts with Java — 7th Edition, Nov 15, 2006 1.4 Silberschatz, Galvin and Gagne ©2007



Operating System Definitions

o =3HH2 &2

O OS is aresource allocator

= Manages all resources
= Decides between conflicting requests for efficient and fair

resource use

O OS is a control program
= Controls execution of programs to prevent errors and
improper use of the computer
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OS History
O Phase 0 : No OS

0 Phase 1 : Batch System(2 2 xi2| AIAE)

O Phase 2: Multi-programmed System(Ct= T2 03 Al A &)

= AAE)

Rl

0 Phase 3 : Time Sharing System(Al

O Phase 4 : Personal Computing
O tc

= Real-time System
# @ Multi-Processing System
% Distributed System
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OS History — ENIAC2] T2 12421} 0S?

0 EEO| USH BHEENAC)H A 22124 E?
= 1946-1955 . - *
= 1032 L& T2y \
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OS History — ENIACS| =2 )Yt 0OS?

Detail of the back of a panel of
ENIAC, showing vacuum tubg:

es at the Moore School of
Engineering
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OS History — ENIAC2| T Z )22 1t 0OS?

o 2 =x=2 Uh=4 H=H0U A Operating 27

........

2

—
'|I'I_::.._ 1 ‘AN RN
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OS History-Batch System
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OS History-Batch System

O Reduce setup time by batching similar jobs

O Automatic job sequencing — automatically
transfers control from one job to another. First
rudimentary operating system.

= O)CPUZt I/O2t(Card Reader)2| X 2l=5% Xt0| =M
CPU: =Y =& |
Card Reader : =& 20& (=<4 1200%)
O Resident monitor
= initial control in monitor

= control transfers to job
= when job completes control transfers pack to monitor
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OS History - Batch System

Memory Layout for a Simple Batch System

_-\I

operating
system

user program
area
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OS History — Multiprogrammed Systems

Several jobs are kept in main memory at the same time, and
the CPU is multiplexed among them.

operating system

job 1

CPU
scheduling

job 2

job 3

job 4
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OS History — Multiprogrammed Systems

0 OS Features Needed for Multiprogramming
= |/O routine supplied by the system.

» Memory management
o the system must allocate the memory to several jobs.

= CPU scheduling

o the system must choose among several jobs ready to
run.

= Allocation of devices.
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OS History - Time-Sharing Systems

Minimize Response Time!

operating system

CPU
scheduling
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Time-Sharing Systems—Interactive Computing

O The CPU is multiplexed among several jobs
that are kept in memory and on disk (the CPU is
allocated to a job only if the job is in memory).

O A job swapped in and out of memory to the disk.
m Swap-in
= Swap-Out
O On-line communication between the user and
the system is provided;

= when the operating system finishes the
execution of one command, it seeks the next
“control statement” from the user’s keyboard.

O On-line system must be available for users to
=taccess data and code.
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Desktop Systems

O Personal computers — computer system
dedicated to a single user.

O /O devices — keyboards, mice, display screens,
small printers.

O User convenience and responsiveness.

O Can adopt technology developed for larger
operating system’ often individuals have sole
use of computer and do not need advanced
CPU utilization of protection features.

O May run several different types of operating
systems (Windows, MacOS, UNIX, Linux)




Parallel Systems

O Multiprocessor systems with more than on CPU in close
communication.

O Tightly coupled system — processors share memory and
a clock; communication usually takes place through the

shared memory.

O Advantages of parallel system:
= Increased throughput
= Economical
= Increased reliability
graceful degradation
fail-soft systems
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Parallel Systems (Cont.)

O Symmetric multiprocessing (SMP)

m Each processor runs and identical copy of the operating
system.

= Many processes can run at once without performance
deterioration.

= Most modern operating systems support SMP

O Asymmetric multiprocessing

m Each processor is assigned a specific task; master
processor schedules and allocated work to slave processors.

= More common in extremely large systems




Symmetric Multiprocessing Architecture
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CHE A CHS X 2l(SMP : Symmetric
Multiprocessing)
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H&EH UsKel (A=)

AFH AMAEC ZF (by Flynn) (H =)
= Multiple Instruction Single Data (MISD) stream
(22) 282 oIt Helll=2 et 85510, 2
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H&EA skl (HS)

o H2E Xe2lJ|I=2 &5 (Categories of Parallel Processors)
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&S Usxd (A=)

o SMP &
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&S Usxd (A=)

O SMPE flet OS £ A Al 1024 Ated
n S AL UOSEZ0HY SHE X2l D]
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= SMP o MPP = NUMA

(Massive (Non-Uniform
Parallel Memory
Access)

(e Node

- ne Node -
e
T

e

Ehere Nade
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Distributed Systems

O Distribute the computation among several
physical processors.

O Loosely coupled system — each processor has
its own local memory; processors communicate
with one another through various
communications lines, such as high-speed
buses or telephone lines.

O Advantages of distributed systems.
= Resources Sharing
= Computation speed up — load sharing
= Reliability
= Communications
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Distributed Systems (cont)

O Requires networking infrastructure.

O Local area networks (LAN) or Wide area
networks (WAN)

O May be either client-server or peer-to-peer
systems.

4N ,:v e
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General Structure of Client-Server

client

client

client

client

network
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Real-Time Systems

O Often used as a control device in a dedicated
application such as controlling scientific
experiments, medical imaging systems,
industrial control systems, and some display
systems.

O Well-defined fixed-time constraints.

O Real-Time systems may be either hard or soft
real-time.
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Real-Time Systems (Cont.)

O Hard real-time:

= Secondary storage limited or absent, data stored in short
term memory, or read-only memory (ROM)

= Conflicts with time-sharing systems, not supported by
general-purpose operating systems.

O Soft real-time
= Limited utility in industrial control of robotics

= Useful in applications (multimedia, virtual reality) requiring
advanced operating-system features.
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Handheld Systems

O Personal Digital Assistants (PDAS)
O Cellular telephones

O Issues:
= Limited memory
= Slow processors
= Small display screens.
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Clustered Systems

O Clustering allows two or more systems to share storage.
O Provides high reliability.

O Asymmetlric clustering. one server runs the application
while other servers standby.

O Symmetric clustering: all N hosts are running the
application.

http://www.top500.0rg/

Desing of Cluster Computer :
Examples of Cluster Computer :
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Rank Site ComputerYear Vendor Cores R R Power

max peak
RIKEN Advanced Institute for K computer, SPARCE4 Vilifx
1 Computational Science 2.0GHz, Tofu interconnect/ 705024 10510.00 1123038 126599
(AICS) 2011
Japan Fujitsu
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United States Cray Inc.
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Computer Performance el
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petaFLOPS 1015 10 TR Opteron DC 1.8 GHz Voltaire 122400 104200 137578 23450
Infiniband f 2009
teraFLOPS 10'2 =
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Mational Supercomputing ShenWei processor SW1600

14 Center in Jinan 975.00 MHz, Infiniband QDR 137200 79590 107016 10740
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Lawrence Livermare National j =iy
AeonE5 (SandyBridge "EPISC yeons 77270 gs143 0242

. 15 Lanoratory 9 60GHz. Infiniband QDR /2011
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Migration of Operating-System Concepts and Features

1950 1960 1970 1980

MULTICS
mainframes \
no  compilers time distributed

software shared multiuser systems

batch multiprocessor

resident networked

; fault tolerant
monitors

UNIX

minicomputers -
no compilers

software , , .
time multiuser multiprocessor

rrr?osri\(ijt%?; shared naworked fault tolerant

\
clustered
UNIX

desktop computers .
no compilers

software interactive multiprocessor

multiuser Belworked

UNIX

compilers no
software

handheld computers

interactive
networked
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Systems and Vendors in TOP 500

Vendors / Systems
November 2011

IBM-
~Bull
__5E1
Cray Inc.
ppro— “-Others
sy - Hitachi

-HP
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Vendors / Performance
November 2011

Cray Inc.
-I “NUDT

Dawning —.
NEC/HP
SGI—

_——Fujitsu

Bull—"
~—0thers
: . —Hp
IBM— —— Del|
J T —s5sun
NRCPCET Appro
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Systems and Vendors in TOP 500

Countries / Systems
November 2011

_—China

>
-

United States—— ——Japan

—Others

¥ ——Poland

. -Canada
“~United Kingdom
-Russia

\
“Germany

\

France
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Countries / Performance
November 2011

China-,

I\,.

-Japan

—Qthers

~—Canada

\ . -Korea, South
tk‘-. "“United Kingdom

~ “Russia

~Germany

France
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Architecture in TOP 500

Architecture / Systems
November 2011 Architecture / Performance

November 2011

Cluster—

~Dthers

“-MPP

~MPP
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Current OS in TOP 500

Operating system Family / Systems

Operating system Family / Performance
November 2011

November 2011

. Linux

Linux
Others

Unix

" Mixed
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Computer System

Architecture
L
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Computer-System Architecture

= Computer-system operation

ILF E£= 1 042 CPUs, device controllersO| 2%
bus( &=&

o

HZ2cl0l e EZ= Xl

D5 RE
O L= OO

CPUs and devices=0| system bus? memory

cycle2 ?loll Z2H

S S

CPU

Disk
Controller

Printer
Controller

Tape Drive
Controller

Memory
Controller
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Computer-System Operation

0 1/0O devices2t CPU= concurrently & 28sh =~
AL

o 2 device controller = S & device type=
2 =L

o Each device controller= local buffer& 2t =C}
m CPU/IOZ2t =&

—_ O M

o CPU= dataE from/to main memory to/from local buffers
0l = AlIZ2!ICH

o /0= device= = £ H controller?| local buffer2 0| = Al 2! Ct

Why not connect all I/O devices directly to
CPU? Why not... memory...?

Operating System Concepts with Java — 7th Edition, Nov 15, 2006
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Common Functions of Interrupts

SHe 2H M M= interrupt driven 242 AL SHCH

O Interrupt= & BHE @ £ interrupt vectorE ol M E

interrupt service routine2 = transferatLt. interrupt

vector= 2 £ service routine®| addressE L &tol 0 AUCH

O ‘lost interrupt £ 2 XIotJ| {0l M ot LEL] interrupt It
S A H

process =< [l= CIE interrupt= AIS & == S L
m errort = AfEAf request Ui S/ off 24 of = software-generated
interrupt £ trap 0/ 2f 7 3t/

O An operating system is interrupt driven.

Device interrupt code
ISR(Interrupt Service

vector
Routine)

w ISR os
\ % ISR

1.48
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Interrupt Handling

O 1. The operating system preserves the state of the CPU
by storing registers and the program counter.

24 X
=2 o

Ct

U
ol

O 2. HE typell intterupt)t 23K =X
= polling
= vectored interrupt system

o 3. &2l=l code segmentE Soll 2 int errupt9| typeZE &
H® actionO| =& HOF ot=AlE & & etlt
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1/O Structure

I/O Intterruptl =3 = A

Device interrupts

!

CPU stops current operation, switches to kernel mode,
and saves current PC and other state on kernel stack

!

CPU fetches proper vector from vector table and branches
to that address (to routine to handle interrupt)

!

Interrupt routine examines device database and performs
action required by interrupt

!

Handler completes operation, restores saved (interrupt
state) and returns to user mode (or calls scheduler to
switch to another program)
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Computer-System Operation

O Terminology
= Synchronous |/O
o CPU execution waits while I/O proceeds

= Asynchronous I/O
o 1/O proceeds concurrently with CPU execution

‘. ‘;, -
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1/O Structure

O After I/O starts, control returns to user program
only upon I/O completion.(Synchronous)
= Wait instruction idles the CPU until the next interrupt
= Wait loop (contention for memory access).

= At most one I/O request is outstanding at a time, no
simultaneous 1/O processing.

O After I/O starts, control returns to user program
without waiting for I/O
completion.(Asynchronous)

m System call — request to the operating system to allow user
to wait for I/O completion.

m Device-status table contains entry for each 1/O device
indicating its type, address, and state.

Operating system indexes into 1/O device table to determine
device status and to modify table entry to include interrupt.
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Two I/O Methods

Synchronous

requesting process
waiting A

device driver

Asynchronous

A requesting process A

kernel < interrupt handler

device driver

hardware

data transfer

1 interrupt handler
LS

¥ i

time =——p

Operating System Concepts with Java — 7th Edition, Nov 15, 2006

hardware

= = Jata tranSier

> kernel

time =——

(b)
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Device-Status Table

device: card reader 1
status: idle

device: line printer 3
status: busy

device: disk unit 1
status: idle

device: disk unit 2
status: idle

request for

line printer
address: 38546
length: 1372

device: disk unit 3
status: busy

request for
disk unit 3

file: xxx
operation: read
address: 43046

length: 20000

request for
disk unit 3

file: yyy
operation: write

address: 03458
length: 500
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Direct Memory Access Structure

DMA = Direct Memory Access

o LlA3, HOIE, f= S4l HER A € =2 high-
|

speed |/O device= 0] memory speed(f
NEHZ MAF=s B2 Al2d

o L= Uos

=, = 1/00 2| ol E'tﬂé interrupt)t S &&= X2 0|10
= E HIOIEE &Sa6HD| fol Al

0 DMA<= Device controllerJt GI0|EH=S2
block= = buffer A Zé* & A0l M main memory2
CPU intervention S10| 8&sF 2= Q)| &

O Only on interrupt is generated per block, rather
than the one interrupt per byte.

= cycle stealing0il 2o CPUZ F & memory cycleS &M A
o AB502 DMAXS SO CPUABOI SO S
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Direct Memory Access Structure

o DMAS| &gl 14

=& 4 HI0IE

i 1
oy ——7 | y=2) |I]1IEEII
i "‘f_r
BN

— : 15
=2 dF HI0IE -I

P oz oo j,‘ o121 ) [0IES
-\._f J
O~3 U=2
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Storage Structure

0 Main memory — only large storage media that

the CPU can access directly.
= DRAM(Dynamic RAM) : data refresh 2 &
= SRAM(Static RAM): =2 R
= SDRAM(Synchronous DRAM) : data bus 2t = J|2H(PC133)

O Secondary storage — extension of main memory
that provides large nonvolatile storage capacity.

e Magnetic disks — rigid metal or glass platters covered with
magnetic recording material
Disk surface is logically divided into tracks, which are
subdivided into sectors.
The disk controller determines the logical interaction
between the device and the computer.
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Storage-Device Hierarchy
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orage Structure
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Moving-Head Disk Mechanism
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Moving-Head Disk Mechanism
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Hybrid HDD

Hybrid Drive Benefits
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Storage Structure:SSD
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Storage Hierarchy

O Storage systems organized in hierarchy.
= Speed
= Cost
= Volatility

O Caching — copying information into faster storage system;
main memory can be viewed as a last cache for
secondary storage.
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