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Operating systems provide an environment for execution of
programs and services to programs and users
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Bourne Shell Command Interpreter

(] & Terminal =l8l%
File Edit Wiew Terminal Tabs Help

£do 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0O A
sd0 0.0 0.2 0.0 0.2 0.0 0.0 0.4 0 0

sdl 0.0 0.0 0.0 0.0 0.0 0.0 0.0

extended device statistics

device r/s /s kr/s kw/s wait actv svc_t %w %b

fd0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0

1sd0 0.6 0.0 38.4 0.0 0.0 0.0 8.2 0 0

isdl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0

( root@pbg-rmved-—vmn) - (11 /pts)-(00:53 15-Jun-2007)-(global)
-{/var/imp/systen-contents/scripts)# swap -sh
total: 1.1C allocated + 190M reserved = 1.30 used, 1.60 available
( root@pbg-mved-vmn)-(12/pts)-(00:53 15-Jun-2007)-(global)
—-{fvar/inp/systen-contents/scripts)# uptime

12:53am wp 9 min{s), 3 users, Jload average: 33.29, 67.68, 36.81
( root@pbg-nv64-vmn)-(13/pts)-(00:53 15-Jun-2007)-(global}
-(/var/tmp/systen-contents/scripts)# w

4:07pm  uwp 17 day(s), 15:24, 3 users, Tload average: 0.09, 0.11, 8.66

User Tty login@ ddle  JCPU PCPU  what

root console 15Jun0718days 1 Jfusr/bin/ssh-agent -- fusr/bi
n/d

root pts/3 15Jun07 18 4 w B
root pts/4 15Jun0718days w

( root@pbg-nv64-vm) - (14/pts)-(16:07 02-Jul-2007)-(global)} W,
—{/var/top/systen-contents/scripts)# v
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First GUI (1973)

Selec:.t file names with the mouse
Eed-Copy, Tel-Copy /Rename, Blue-Delete
Click 'Btart' to execute file name commands

Pages: §32 Log Pages: 0 Log
Files listed: 60 Files listed: 0

Files selected: 0 Delete: 0 Files selected: 0 Delete: 0
Copy /Rename: 0 Copw: 0 Copy /Rename: 0 Copz: 0
DF0: <8wsDir.» ** Mo Disk: <8wsDir.» *.*

~~ BEGINNING ~~
1012-AstroFoids. Boot,
Anonymons.
Battlefhip.er,
Battlefhip RN,
BlackJack RUN.
BuildKal.cm,
Calcionrces.dim.,
Calculator KN,
Chess.log,
Chess.run.,

Camm S,
CompilekKal.cm.
CRTTEST.RUN.
DT . hoat,
EdsBuild.run,
EMPTESS T,
Executive.Run,
Fly.rum,
galaxian.boot.
ZGarbage. §.
Fof.run,
GoFont. AL,
Inwvaders FKun,
junk,
junk.press,

Kal bopl,
Kal.cm,

Kala .asm.
Kallicamu,
Kinetic4RUN.
LoadKal.cm.

Masterhind RUI The first appeared

Missie i on the Xerox Alto
Pimeatl ety run, computer in 1973.

POLYGONERUN,

YFidrY
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Mac OS System 1.0 (1984)

® File Edit Diew Special

5ystem Disk
232K in disk 167K arailable
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Amiga Workbench 1.0 (1985)

Aniga Workbench, Version 1.8,

145792 free nemopy (|

Horkbench

The first GUI with color graphics.
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Windows 1.0x (1985)

Calculator




IRIX 3 (released in 1986, first release 1984)
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NeXTSTEP / OPENSTEP 1.0 (1989)
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Windows 95 (1995)

1 Contiol Panel H[=]E3

3 Fle Edt View Help
T
Fle Edt Yiew Connections % 3 E};;I @
il Accezzibiliby bdd Mew  Add/Remove  Date/Time Dizplay
[ TP L
@ Welcome to Dial-Up Networking

Make Mew Dial-Up Hetworking enables you bo connect one
Cornectior computer to another computer and to the netwark by

> i1 Microsoft Exchange
v i M5-DOS Prompt
=] The Microsoft Network

[FStart =) Contiol Panel | (221 DishUp Networking | @ Cakeulator | | 147pm

EEEEEE
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KDE 1.0 (1998)

menceich | B sencacnn B Komssle & Tha Gaar 3 e momsspar |

P 9 &

-
'rr-mmuq

Py Pl LaI™ rd Julird ] LSgra s
s Py B ] L 3 rutl ikt » s
L EL EIQ'F oM f

w1 ik variables

|:-|l-49|3lr:l'|ﬂ!-'u1|"':.:|.'"q'|.: I
5
© Ew B8 yew [0 [ectmwis Cecte  Oplom el

. P O ™ o 0

r- | ] é Lmlru:u.-n Sy

b S 3 8 & & Q3 °

b G Cwsiio = tiasher ogty Lk hatdeey

AECPRASEG <
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GNOME 1.0 (1999)

Mon Jul 21
1:31 PM
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Windows XP (released in 2001)

T My Computer

ﬂ_'} Help and Support Cenler

: : -1 €Y - ¥ DOsearch [ rokders [TT3]
O Ot @i | O O B | De Bl
deleﬂigmf_mm

-
search [N~ | ge—n
Sl m iy OpOnE

4] view system
Pick a Help topic Y Add or remove
programs

» What's new in { Chiange & satting s
- 'I'cl'lnt.il:lwi..; P & a@ Lodcal Dusk (C2)

® Music, video, games,
Wy and photos = Other Places

E Cale » Windows basics | Devices with Removable Storage

- W My Network Places

% Remote Desktop Connection

1» Start 2 My Computer 2 (E} Hedp and Support: .. % Remote Deckop C..

YEZALE

R SHANGHAL |140 TONG UNIVERSITY

Operating Systems




Windows Vista (released in 2007)

".‘"-‘ i ¢ Corérol Penel & Syttom sad Mairtenancs & 'Welcomse Cender

— : «f & SHt mone details ,.:‘
a Iterned E ! i

Intermet Eaplarer

Ty §-mal #t Corporation - WD J*‘A
el

T ndow Bls

‘.I Welcome Corlin

g Wandowd Mdu Lerlnt

t= Wendow Ulimate Edres

ﬂ Wndows Meda Playge

-
E' Windaw: Photo Gallery

|EL1‘ Widdrwi Lot Mt lirged Dirmilgad C.omputes

Go onling o help probat
3 Aendows ONTH WMaker Pty your PC with 'Windews Live

;]_j Wandowes Mectrg Space Conmeci To Go onhng to hind mons wiyd

b help protect your P

Controd Pane

Syatern and blsintensnce)
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Mac OS X Leopard (released in 2007)

Pider  diks A View O Wiedow  Halp § W O ol sesabibam O
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- B
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KDE (v4.0 Jan. 2009, v4.2 Mar. 2009)
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L J

Recycle Bin

Mehedi Hassan Life at a glance

Thursday

Get Started 2 9

Sway

Maps

people (=]

Calculator Microsft Edge

Partly Sunny
6 o &
40°

Washington,...

a

Alarms & Clock

File Explorer

53 Se

ttings

Power

All apps

Operating Systems

Windows 10 (July 2015)

Alex Rodriguez
Trucking 3D, a driving experience
from Game Troopers

Mail

Smartphones
reaching

H saturation
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Cortana

=1

Phone Compa...

Skype video

Play and explore
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A View of Operating System Services
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System Call

® Programming interface to the services provided by the OS
m Typically written in a high-level language (C or C++)

m Example: System call sequence to copy the contents of one file to another
file

source file »| destination file

4 Example System Call Sequence N

Acquire input file name
Write prompt to screen
Accept input
Acquire output file name
Write prompt to screen
Accept input
Open the input file
if file doesn't exist, abort
Create output file
if file exists, abort
Loop
Read from input file
Write to output file
Until read fails
Close output file
Write completion message to screen
Terminate normally )

A

Operating Systems 21



System Call — OS Relationship

user application

open ()
user
mode
system call interface
kernel
mode A
| open ( )
: Implementation
i » of open ()
: system call
return

Operating Systems 22




API

m Mostly accessed by programs via a high-level Application Program
Interface (API) rather than direct system call use

® Three most common APls
e Win32 API for Windows
e POSIX API for POSIX-based systems (UNIX, Linux, and Mac OS X)
e Java API for the Java virtual machine (JVM)

®m Why use APlIs rather than system calls?
e Program portability

e System calls are often more detailed and difficult to work with than the
API

Operating Systems 23



Example of Standard API

m Consider the ReadFile() function in the
®m  Win32 APl—a function for reading from a file

return value

'

BOOL ReadFile (HANDLE File,
LPVOID buffer,
T DWORD bytes To Read, | parameters
LPDWORD bytes Read,
LPOVERLAPPED ovl) ;

function name —

m A description of the parameters passed to ReadFile()

HANDLE file—the file to be read

LPVOID buffer—a buffer where the data will be read into and written from
DWORD bytesToRead—the number of bytes to be read into the buffer
LPDWORD bytesRead—the number of bytes read during the last read
LPOVERLAPPED ovl—indicates if overlapped I/O is being used

Operating Systems 24



Standard C Library Example

m C program invoking printf() library call, which calls write() system call

#include <stdio.h>
int main ()

{

printf ("Greetings"); |-

return O;

}

user
mode

standard C library —
kernel

mode
erite ()

Operating Systems 26

write ()
system call




Examples of Windows and Unix System Calls

Operating Systems

Process
Control

File
Manipulation

Device
Manipulation

Information
Maintenance

Communication

Protection

Windows

CreateProcess()
ExitProcess()
WaitForSingleObject()

CreateFile()
ReadFile()
WriteFile()
CloseHandle ()

SetConsoleMode ()
ReadConsole()
WriteConsole()

GetCurrentProcessID()
SetTimer ()
Sleep()

CreatePipe()
CreateFileMapping()
MapViewOfFile()

SetFileSecurity()

InitlializeSecurityDescriptor()
SetSecurityDescriptorGroup()

31

Unix

fork()
exit()
wait()

open()
read()
write()
close()

ioctl()
read()
write()

getpid()
alarm()
sleep()

pipe()
shmget ()
mmap ()

chmod ()
umask ()
chown ()
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Operating System Services

m Operating-system services:
e User interface - Almost all operating systems have a user interface (Ul).
» Graphics User Interface (GUl), Command-Line (CLI), Batch

e Program execution - The system must be able to load a program into memory
and to run that program, end execution, either normally or abnormally (indicating
error)

e |/O operations - A running program may require 1/O, which may involve a file or
an 1/O device

e File-system manipulation - Programs need to read and write files and
directories, create and delete them, search them, list file Information, permission
management.

Operating Systems 33



Operating System Services (Cont.)

e Communications — Processes may exchange information, on the same
computer or between computers over a network

» Communications may be via shared memory or through message
passing (packets moved by the OS)

e Error detection — OS needs to be constantly aware of possible errors

» May occur in the CPU and memory hardware, in |/O devices, in user
program

» For each type of error, OS should take the appropriate action to
ensure correct and consistent computing

» Debugging facilities can greatly enhance the user’s and
programmer’s abilities to efficiently use the system

Operating Systems 34




Operating System Services (Cont.)

e Resource allocation - When multiple users or multiple jobs
running concurrently, resources must be allocated to each of
them

e Accounting - To keep track of which users use how much and
what kinds of computer resources

e Protection and security - The owners of information stored in a
multiuser or networked computer system may want to control
use of that information, concurrent processes should not
interfere with each other

» Protection involves ensuring that all access to system
resources is controlled

» Security of the system from outsiders requires user
authentication, extends to defending external I/O devices
from invalid access attempts

Operating Systems 3




CS307 Operating Systems

Operating-System Structure

Structure of Components and
Interconnections




Simple Structure

m MS-DOS - written to provide the most functionality in the least space
e Not divided into modules

e Although MS-DOS has some structure, its interfaces and levels of
functionality are not well separated

application program

resident system program

MS-DOS device drivers

ROM BIOS device drivers ’

Operating Systems 42




Traditional UNIX System Structure

(the users)

shells and commands
compilers and interpreters
system libraries

system-call interface to the kernel

— signals terminal file system CPU scheduling

E ) handling swapping block I/O page replacement

< character I/O system system demand paging
terminal drivers disk and tape drivers virtual memory

kernel interface to the hardware

terminal controllers device controllers memory controllers
terminals disks and tapes physical memory
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Layered Approach

® The operating system is divided into a number of layers (levels), each
built on top of lower layers. The bottom layer (layer 0), is the
hardware; the highest (layer N) is the user interface.

m  With modularity, layers are selected such that each uses functions
(operations) and services of only lower-level layers

B The main advantage of the layered approach is simplicity of
construction and debugging ayer N

layer N
user interface

layer 1

layer O
hardware

Operating Systems 45




Microkernel System Structure

B Moves as much from the kernel into “user” space

B Communication takes place between user modules
using message passing

m Benefits:
application environments

e Easier to extend a microkernel and common services

e Easier to port the operating system to new

architectures
e More reliable (less code is running in kernel

mode)

BSD
e More secure kernel
environment
_ Mach
m Detriments:

e Performance overhead of user space to kernel Mac OS X Structure
space communication
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Modules

® Most modern operating systems implement kernel modules
e Uses object-oriented approach
e Each core component is separate
e Each talks to the others over known interfaces
e Each is loadable as needed within the kernel

m Overall, similar to layers but with more flexibility

scheduling
device and classes
bus drivers

core Solaris
miscellaneous kernel
modules
STREAMS executable
modules formats
h

m Like microkernel but more efficient

loadable
system calls

Solaris Modular Approac

Operating Systems




Virtual Machines

m A virtual machine takes the layered approach to its logical conclusion.
It treats hardware and the operating system kernel as though they
were all hardware.

®m A virtual machine provides an interface identical to the underlying bare
hardware.

® The operating system host creates the illusion that a process has its
own processor and (virtual) memory.

m Each guest is provided with a (virtual) copy of underlying computer.
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Virtual Machines (Cont.)

processes

+

kernel

hardware

(@)

rd

programming/
interface

(a) Nonvirtual machine

Operating Systems
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vimware Architecture

application

application

application

application

guest operating
system

(free BSD)

virtual CPU
virtual memory
virtual devices

guest operating
system

(Windows NT)

virtual CPU
virtual memory
virtual devices

guest operating
system

(Windows XP)

virtual CPU
virtual memory
virtual devices

virtualization layer

1

host operating system
(Linux)

CPU

hardware

memory

I/O devices

Operating Systems
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Benefits of Virtualization

Before Virtualization

Application

» Single OS image per machine

» Software and hardware tightly coupled
» Underutilized resources

* Inflexible and costly infrastructure

Operating Systems
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After Virtualization

Application Application

re Virtualization Layer

e Multiple OSs on a single machine

e Hardware-independence of operating
system and applications

e Better utilization of resources

e Encapsulating OS and application into
virtual machines




Virtual Infrastructure for Data Center

Win 2K Win 2K Linux Linux Win 2K Windows XP Novell

Virtual Infrastructure

. 2

Compute

Storage Network
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Amazon Elastic Compute Cloud (EC2)

Your Application

Amazon Amazon Elastic
RDS MapReduce JobFlows

Amazon
Cloud
Front
e == —
Objects and
Amazon EC2 Instances Buckets

(On-Demand, Reserved, Spot)

Amazon
Virtual Private Cloud

Amazon Global Physical Infrastructure
(Geographical Regions, Availability Zones, Edge Locations)

Operating Systems

Amazon SNS Topics
Amazon SQS Queues

Amazon SimpleDB Domains




The Java Virtual Machine

Java program\_ _ _|
.class files

Operating Systems

i

class loader

'

Java

Interpreter

< -+

\ 4

host system

(Windows, Linux, etc.)

56

__( Java API
class files




Homework

m Reading
e Chapter 2: Operating-System Structures
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