Chapter 1: Introduction
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Operating SystemO| &t?

o computer hardware 2t computer user AtO| 2]
SMAt S92 = +=dole 22 1E
= 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/O devices
e Operating system
n et S AISANES2H2] otER/AI O AFE 2 Controlsol 2
coordinates &
e Application programs
o MAEXE Het ZHE 20| flol AIAE AHEO| HE A AFHEE X2
X O
o Word processors, compilers, web browsers, database systems,
video games
e Users
o People, machines, other computers
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Operating System Definitions

o =3HHMe 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 — ENIACS| T2 1242 1} 0S?

0 FE9 U= ARHENAC)HA 222827
m 1946-1955
m 108 = LY T2 )Y
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OS History — ENIACS| =2 )Y Ut 0OS?

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

es at the Moore School of
Engineering
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OS History — ENIACS| T2 1242 1} 0S?
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OS History

O Batch System(2 2 X 2| AlAHE!)
0 Multi-programming System(Ct= X2 12 Al AED
o Time Sharing System(Al =& Al A &)
O etc
= Real-time System

= Multi-Processing System
= Distributed System
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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.

= 0I)CPUSZ I/O2H(Card Reader)2| M2l % Xt0| &=
CPU: =% £ 3|
Card Reader : =& 20& (=& 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
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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

Silberschatz, Galvin and Gagne ©2007



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 & CHS X 2l(SMP : Symmetric
Multiprocessing)

AT A|AEIO 22 (by Flynn)
= Single Instruction Single Data (SISD) stream
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H&EH UsHel (A=)

HIE A|AEIO 22 (by Flynn) (=)

= Multiple Instruction Single Data (MISD) stream
(22) €2 IOt Heldl=2 et 85510, 2
deldle M2 e dgs =
KN=IHAl el H0| 8ls

= Multiple Instruction Multiple Data (MIMD) stream
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Q&S skl (H5)

o HE H2lJI=2 &F (Categories of Parallel Processors)
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Q&S skl (H5)

o SMP 24
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Q&S skl (H5)

O SMPE S8t OS &£ A Al 1024 At
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Q&S skl (H5)
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= SMP o MPP = NUMA
(Massive (Non-Uniform
Parallel Memory

Access)
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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,
iIndustrial 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 Asymmetric 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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TOP 500

o Top 500
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Rank

Site

Qak Ridge Mational
Laboratory
United States

Mational Supercomputing
Centre in Shenzhen
(MECE)

China

DOEMMSATLANL
United States

Mational Institute for
Camputational
Sciences/University of
Tennessee

United States

Forschungszentrurm Jualich
(FZ0y
Germany

MASAAmes Research
CenterMAS
United States

Mational SuperCamputer
Center in TianjinHUDT
China

DOEMMSALLML
United States

Argonne Mational
Lahboratary
United States

Sandia Mational
Laborataries f Mational
Renewable Energy
Laboratory

United States

Texas Advanced
Camputing CenterfUniv. of
Texas

United States

DOEMMSALLML
United States

Moscow State University -
Research Computing
Center

Russia
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Computer/Year
Vendor

Jaguar - Cray ®T5-
HE Opteron Six Core
2.6 GHz 2009

Cray Inc.

Mehulae - Dawning
TC3600 Blade, Intel
8BS0, Nyidia Tesla
C20580 GPLIY 2010

Dawning

Roadrunner -
BladeCenter
Q52215821 Cluster,
Power-Cell 8 3.2
Ghz ! Opteron DC 1.8
GHz, Yoltaire
Infiniband £ 2009
[[=11]

Kraken ¥T5 - Cray
HT5-HE Opteron Six
Core 2.6 GHz /2009
Cray Inc.

JUGEME - Blue
Gene/P Solution §
2009

1BM

Fleiades - SG1 Altix
ICE B200EX/8400EX,
Heon HT Qo
3.0Meon Westmere
2.93 Ghz, Infiniband f
2010

Tianhe-1- HUDT
TH-1 Cluster, Xean
E&S5400ES450, ATI
Radeon HD 4870 2,
Infiniband i 2009

BlueGene/L -
eServer Blue Gene
Solution § 2007
IBM

Intrepid - Blue
Gene/P Solution §
2007

[[=11]

Red Sky - Sun Blade
¥B275, Keon Xa5m
2.83 Ghz, Infiniband f
2010

Sun Microsystems

Ranger- SunBlade

¥6420, Opteron QC

2.3 Ghz, Infiniband !
ong

Sun Microsystems

Dawn - Blue GeneiP
Solution f 2009
{[=1]

Lomonosoy - T-
Flatforms T-BladeZ,
Heon 5870 2,93 GHz,
Infiniband QDR [
2009
T-Platforms

Cores

224182

120640

122400

93823

204912

1820

71680

212992

163840

42440

62876

147456

35360

Rmax Rpeak Power

1759.00 2331.00 B950.60

1271.00 298430

1042.00 137478 234550

831.70 102885

82550 100270 2268.00

TI270 97329 3096.00

56310 120614

473.20 59638 232960

45861  557.06 126000

433.50 49740

43320 57938 200000

41570 &01.35 113400

35010 41442
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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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Current OS in TOP 500

o Systems J|&

LI -

- —Others

|\ -RedHat Enterprise 4

L SUNICOS/SUSE Linux

|| “SUSE Linux Enterprise Ser
“HP Uniisxc {HP-LX)

-SUSE Linux Enterprise Server ©

-CHR/SLES 9
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m Performance J|=

rLinusx

§ - Others

L Super-Ux

|\ SHP Unix (HP-UX)

| | “RedHat Enterprise 4

| “SUSE Linux Enterprise Serve
SUNICOS/SUSE Linux

-SUSE Linux Enterprise Server 9

CNK/SLES 9=

Al
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Computing Environments

O Traditional computing
o Web-Based Computing
O Embedded Computing
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