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What is a Network?

3o A network is a collection of computers and other
devices that can send data to and receive data

from one another.

%+ Connectivity:
L Wires -
«/— Wireless -
v — Fiber-optic cables

%+ Such connections carry data between one point
in the network and another. This data is

represented as bits of information (ON/OFF, 0/1).
Ooes 5 Aeoesée plesatill Atz ~
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electromagnetic waves.

radio waves.
- light waves.
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What is a Network? (Cont.)

./ Each machine on a network is called a'node)

— Nodes are computers, printers, routers, bridges
gateways, etc... '
— Nodes that are fully functional computers are also
called hosts) - BRop Mo gyls) Jein (I Ul (A
. every network node has anc gddress. =
sequence of bytes that uniquely identifies it

v — Physical address. = Mac tddcess
V/— Logical address.— o NAdcess = aclioss 3\

[ Eng. Asma Abdel Karim
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What is a Network? (Cont.)

_« Al modern computer networks are packet-
switched networks, '

— Data traveling on the network is broken into chunks
‘p{y. called packets and each packet is handled separately.

¥ — Each packet contains information about who sent it
*_ and where it’s going. - Saures (P and deshoakion \©
+ A protocol is a precise set of rules defining how
CGMPUTErs COMMUNICAte. -  obsosd s isihs ssposlager &5

—The format of addresses, how data is split into\%;;\\sa
packets, and $o on.

~ HTTP, IP, TCP, UDP, IEEE 802.3, etc...
L 2

(3 57 st L \ Vb Ges

. -] o

Wb 3 > S cagues  Qhysiods dlaka S\

afnﬁ.AamaAbdel farim Nt ’T(é»(\f&)a(\f\\ er )
Computer Engineering Department ' (f

CamScanner



o
54 " The Layers of a Network
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The Layers of a Network
0S| Model vs. TCP/IP Model

7| — Application = S5s ¢ ey
e A TR \95\3’\‘&(\%9@(*& ?f\.\&a N
ti B 5\» _ ,
o Presentaton R A = Apphcatlon ;
5 Session ——
_ =, 4 | - Transpbrt S
4 — Transport I , -
: 3 - _ Network
3 — Network :
3 2 — Datali l
2 —~ Data link J o
1 — Physical 1 #» Physical l
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TCP/IP Protocol Suite Layers

SMTP =
HTTP . VAR POP3 Application layer
——— A
TCP UDP
ICMP Transport layer
Intemet Protocol | Network layer
/”—'
| £ng. Asma Abdel Karim
| computer Engineering Department 8

\énggi@@i Protocol Suite Layers
. Sy (Example)

pOF3command: RETR1

Application layer

__——.—_—-—..--———q.n—'———w-pm—*——...——--.-—-— - -
-— ——— ————————

—— ————————

IP header TCP header RETR 1
Data link leyer

——— v —— -

——--..—._-__.__,..—__———_.—_....._..._._—..._.._.._....

Carfier vave: \/\/\/\/\/\/\/\/\/\/\/\/\/\
Physical layer
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The Layers of a Network (Cont.)
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The Host-To-Network Layer

10

« The link layer, data link layer, or network interface layer.

— Defines how a particular network interface—such as an
Ethernet card or a WiFi antenna—sends [P datagrams over its
physical connection to the local network and the world.

« The part of the host-to-network layer made up of the
hardware that connects different computers (wires, fiber-
optic cables, radio waves, or smoke signals) is called the
physical layer of the network.

« The primary reason you’ll need to think about the host-to-
network layer and the physical layer, if you need to think
about them at all, is performance.—vy

— However, whichever physical links you encounter, the APIs you
use to communicate across those networks are the same.

\®
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The Internet Layer

. A network layer protocol defines:

— how bits and bytes of data a
called packets, and

— the addressing scheme by which different machines find one
another.

. The Internet Protocol (IP) is the most widely used network

layer protocol in the world and the only network layer
protocol Java understands. )

. Infact, it’s two protocols: A,
— IPv4, which uses 32-bit addresses, and

— IPv6, \_Nhich uses 128-bit addresses and adds a few other
technical features to assist with routing.

e In bOtE va4 ?Ing ICI’DVG, data is sent across the internet layer
in packets called dat : :
In F.)_,-————— agrams desh\\af\‘cf\ ‘P ) Vouice \? @e

re organized into the larger groups

\?\l"\/ \PVé

) Eng. Asma Abdel Karim
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The Internet Layer
IPv4 Datagram Format
0 4 8 12 16 20 24 28 3
,.-;E-rsion " L ?::;ﬁlr % 'type-ofser;/icé i dartagrarmlengt-h‘ AR ]
- :{idéﬁ'ti‘ﬁ.cfation = _ flags fragment offset : {‘
tiine%to-livé'(m) gl . protocol S . header checksum |
: A \%@W(@\e_ \__ o source address . %
: - L fﬂ,,;‘1—__‘:<'1:Ve‘strinatior_|address i
e e
": da‘tz’a;‘
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"rhe internet Layer

1 Data Transmission Using Packets

% o Packets may take different routes to reach the

destinatio

n depending on the

routing

approach and congestion level of the network.

%+ Mechanism to ensure that no packets are lost
is available depending on the protocol used to

send the data.
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The Internet Layer (Cont.)
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connecting heterogenous networks to eacl
other using homogeneous protocols.
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The Transport Layer "2 5@\3
%35\35( CR Biuds e pistesd @il Qg,s,,\a S« e::_‘x\\;\
. There are two primary protocols at this level-

. The Transmission Control Protocol (TCP):
_ Areliable protocol. m\\\z\‘m&w

2OV protocol  that  allows  for S5
retransmission of lost or corrupted data and deliver

of bytes in the order they were sent. ~O6 fiRpdie

. The User Datagram Protocol (UDP):
— An unreliable protocol. O

_ A high-overhead

— Does not guarantee that packets are delivered in the
correct order (or at all).

— \ower ouec\negd /c,os‘c

s ma Abdel Karim
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The Application Layer —_. &5
A4 50\ Ve My intedace N obn

~+ The layer that delivers data to the user.

.+ The three lower layers all work together to define

how data is transferred from one computer to
another.

«» The application layer decides what to do with the
data after it’s transferred.

— For example, an application prot'ocol like HTTP (for the
World Wide Web) makes sure that your web browser

displays a graphic image as a picture, not a long
stream of numbers.

@ Eng. Asma Abdel Karim E =
Gf’mputer Engineering Department
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The Application Layer
Protocols

"' Protocol | i

HTTP e ]
SMTP, POP, IMAP St i Email | ‘
FTP FSP TFTP | _f; ‘ _ File Transfer |
NFS e File’Access
Gnuteila, BltTorrent -——» / File Sharmg :
SIP and Skype e V0|ce Communlcatlon
AV
?LND&SG_&! e s S\ 519‘-\
@ Eng. Asma Abdel Karim 18
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" IP, TCP, and UDP
ol \é\" IP was designed:

Yoo _
W — To allow multiple routes between any two points and to route
packets of data around damaged routers.
— To be open and platform-independent.
» Packets that make up a particular data stream may not all
take the same route. B
« Furthermore, they may not arrive in the order they were
sent, if they even arrive at all.
* To improve on the basic scheme TCP was layered on top of
IP to: ackneuiedae \ad

— Give each end of a connectlon the ability to acknowledge
receipt of IP packets and request retransmission of lost or
corrupted packets.

— Allow the packets to be put back together on the receiving end
in the same order they were sent J

ok of \ohiangy B4
@ Eng. Asma Abdel Karim O(‘Ae_)( 3 . 19
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IP, TCP, and UDP (Cont.)

. TCP, however, carries a fair amount of overhead

. UDP is an unreliable protocol that does not guarantee that

packets will arrive at their destination o :
arrive in the same order they were sent. r that they will

. Although this would be 3 problem for uses such i
i : as file
transfer, it is perfectly acceptable for applications whelre R
the loss of some data would go unnoticed by the end user. Whatod

— For example, losing a few bits from a vide i0 si 25538
. Ew Db 0 or audio signal won't Gdon
r/calése muc_:hf degradation: It would be a bigger probﬁem if you gbpi\\va'
K\oo\a had towaittora protocol like TCP to request a retransmission of )
s Missing data.
\ — Furthermore, error-correcting codes can be built into UDP data

WKame Streams at the application level to account for missing data
el '

@‘ Eng. AS.I.T‘a Abqel Ka.ri mD 2
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IP, TCP, and UDP (Cont.) ¥ 4

« Anumber of other protocols can run on top of IP, R

« The most commonly requested is ICMP,"the Internet
Control Message Protocol, which uses raw [P
datagrams to relay error messages between hosts.a%

— The best-known use of this protocol is in the_ping program.
.= Java does not support ICMP, nor does it allow the sending
of raw IP datagrams.

* The only protocols Java supports are TCP and UDP, and
application layer protocols built on top of these.

* All other transport layer, internet layer, and lower IalL e
protocols such as ICMP. IGMP, ARP, RARP, RSVP, and kms?\\);h
others can only be implemented in Java programs by T N\

linking to native code.

3 gn& Asma Abdel Karim i
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IP Addresses and Domain Names

r, you don’t need to worry about

e As a Java programme
f 1P, but you do need to know

the inner workings 0
about addressing.

« Every computer on an IPv4 network is identified by a
unique four-byte address. - 32 v e
— This is normally written in a dotted quad format like

199.1.32.90, where each of the four numbers is one
unsigned byte ranging in value from 0 to 255.

« When data is transmitted across the network, the
packet’s header includes the address of the machine
for which the packet is intended (the destination
address) and the address of the machine that sent the

packet (the source address).

E53 Eng. Asma Abdel Karim 22
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IP Addresses and Domain Names
(Cont.)

. Routers along the way choose the best route on
which to send the packet by inspecting the
destination address. The source address is
included so the recipient will know who to reply

to. Wk@g@%@\é
. A slow transition is under way to IPv6, which will

use 16-byte addresses.

— This provides enough [P addresses to identify every
person, every computer, and indeed every device on

the planet.

— IPv6 addresses are customarily written in eight blocks
of four hexadecimal digits separated by colons, such
as FEDC:BA98:7654:3210:FEDC:BA98:7654:3210

( Erg. Asma Abdel Karlm u
/ Computer Englneering Department
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IP Addresses and Domain Names
(Cont.) ooty 1 ockdess W Ca Brasiy

it : A RM

- Although computers are very comfortable with numbers
human beings aren’t very good at remembering them. J

. Therefore, the Domain Name System DNS) was developed e
to translate hostnames that humans can remember, suchas  \shsse |
«www.oreilly.com,” into numeric Internet addresses such as Mo |
708.201.239.101. Yt \Y ST Ao Qs © PSdtess

. Some computers, especially servers, have fixed addresses. ol i Q_TE:? |7
. others, especially clients on |gca] area networks and . :
wireless connections, receive a different address every time
they boot up, often provided by a DHCP server.

e+ Mostly you just need to remember that |p addresses may
= change over time, and not write any code that relies on a
system having the same IP address.

| £ng. Asma Abdel Karim @ g
| Computer Engineering Department #Bdoe\s S U (B
(A=a3 ety |f

IP Addresses and Domain Names (Cont.) "~ == \

~ Xinake /0t @aeble AAd(etses
« Some IPv4 addresses can be used on internal networks, but @&S?m 2
no host using addresses in these blocks is allowed onto the 20

global Internet. Aoass

Gedn Qe |
— Addresses that begin with 10., 172.16. through 172.31. and et |

T
192.168. tabers |

— These non-routable addresses are useful for building private |
networks that can’t be seen on the Internet. |

* IPv4 addresses beginning with 127 ({most commonly
127.0.0.1) always mean the local loopback address.— 5 P Sres

— The hostname for this address is often localhost. Nekweck A Trurgpoct
= InIPv6, 0:0:0:0:0:0:0:1 (a.k.q. ::1) is the loopback address. Netu acledl sistoes,

* The IPv4 address that uses the same number for each of - !:6;&;::(\
the four bytes (i.e.,255\.255.255.255), is a broadcast e
LAN M GBS e NodeaM AN sy b

add&z NIV GBI Asdym s sadas Racketi

= Packets sent to this address are received by all nodes on the ScoaM ()
local network, though they are not routed beyond the local

7 network,
fng, Asma Abdel Karim 3
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- Different types of traffic on a computer arg|
sorted out using ports. \¢ bt |

« Each port is identified by a number between 1| ~
and 65535.

s Port numbers between 1 and 1023 are|
reserved for well-known services like FTP,

HTTP, and IMAP.

. CEB35 ) \o24 o 55y %

BSG Eng. Asma Abdel Karim 26 |
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The Internet

|
r e The world’s largest IP-based network.

— An amorphous group of computers in many
different countries on all seven continents
(Antarctica included) that talk to one another

using IP protocols.
+ » Each computer on the Internet has at least
one IP address by which it can be identified.

— Many of them also have at least one name that
maps to that IP address.

Aol eg\&»u\ |

Nombeloyrl Names 3 tondade dog 2 DN (n\:)Q\L\\.sD |
Eng. Asma Abdei Karlm I

\ Computer Engineering Department ‘,
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Internet Address Blocks iﬁ;\a\i

. Blocks of IPv4 addresses are assigned to Internet servi
= . - - -\—_—-——’C€
providers (ISPs) by their regional Internet registry.

I
. When a company or an organization wants to set up an IP-
based network connected to the Internet, their ISP assigns |
them a block of addresses. ‘ 1d Noadlilgd) |
h block has a fixed Brefix@ ok Adess e
»_Each bl¢ S @ Tixed prefixfadhe Nia smsWal s S A gaal |
— For instance if the prefix is 216.254.85, then the local network ‘s s\ssl) |
can use addresses from 216.254.85.0 to 216.254.85.255. SEYAY
— Because this block fixes the first 24 bits, it's called a /24. an;s‘\ )

_+ Keep in mir)d thgt you have two fewer available addresses
than you might first expect:

¥ (©The lowest address in all block used to identify the network \
itself, and |

+©The largest address is a broadcast address for the network.

B £ng. Asme Abdel Karim 8
:;‘ Computer Engineering Department

Network Address Translation

* In NAT-based networks most nodes only have
local, non-routable addresses selected from

either : + Prvate
—10.X.X.X,
-172.16.x.x to 172.31.x.x, or
—192.168.x.X.

* The routers that connect the local networks to
the ISP translate these local addresses to a
much smaller set of routable addresses.

29
@ E:B. Asma Abdel Karim
MPuter Engineering Department
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' n the Intern
. The hardware and software that sit between th et
and the local network, checking all the data that comes iy

or out to make sure it’s safe.

+ The firewall can be:

_— part of the router that
broader Internet and may
address translation.

_— aseparate machine. .
« Modern operating systems like Mac OS X and Red Hat Linux
often have built-in personal firewalls that monitor just the
traffic sent to that one machine.
« Either way, the firewall is responsible for inspecting each
packet that passes into or out of its network interface and
accepting it or rejecting it according to a set of rules.

J Eng. Asma Abdel Karim 3(
Computer Engineering Department

connects the local network to the
perform other tasks, such-as network

Firewalls (Cont.)

e Filtering is usually based on network addresses and

ports.

— All traffic coming from the Class C network 193.28.25x
may be rejected because you had bad experiences with
hackers from that network in the past.

— Outgoing SSH connections may be allowed, but incoming
SSH connections may not.

%+ More intelligent firewalls look at the contents of the
packets to determine whether to accept or reject

Netwock\ » The exact configuration of a firewall—which packets of
Admenistétrdata are and to pass through and which are not-

| depends on the security needs of an individual site.
Y

O ol ponun LN dafa Mensdy
@ Eng Asma Abdel Karim A\LM% ch\ O il
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seapoiesd Firewalls (Cont,)

. The firewall is an excellent tool for network
administrators  but  not

pight i for network
ev :

x — Most corporate firewalls block direct UDP and TCP
access.

+ — Hence, developers must make 3 choice — either

® use standard Internet protocols and ignore users
who work behind firewalls, or adapt software to

C@requests using protocols such a HTTP.@. .
= oy |
ve ey do(\g Smeﬁ,\;@ beind. of Yo

_ . < . .« P
=38 Eng. Asma Abdel Karim \—\“‘S“Q‘u RUTAN AT {b&
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' Firewalls (Cont.)

 The firewall is an excellent tool for network
administrators but not for network
developers.

— Most corporate firewalls block direct UDP and TCP
access.

—Hence, developers must make a choice — either
use standard Internet protocols and ignore users
who work behind firewalls, or adapt software to
proxy requests using protocols such a HTTP.

@ (Ein& Asma Abdel Karim B

omputer Engineering Department
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~%sproxy Servers

* If a firewall prevents hosts on a network from making diregy
connections to the outside world, a proxy server can act y

a go-between. R

— Thus, a machine that is prevented from connecting to the
external network by a firewall would make a request for a wey,

page from the local proxy server instead of requesting the weh
page directly from the remote web server.

— The proxy server would then request the page from the web
server and forward the response back to the original requester.

One of the security advantages of using a proxy server is
that external hosts only find out about the proxy server.

\}Q%Xe— L]

Gl =

= \\s\L‘ — They do not learn the names and IP addresses of the internal
k’}l{ machines, making it more difficult to hack into internal systems.
3 \

@ Cac\'\;r\a Siey: i, - s
g QS A (e LA Qs
‘ ng. Asma Abdel Karim s \\QQQ ’ S\A Sous : 34
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Gl oatdasrase . PrOXY Servers (Cont.)

Tanspy .
“_\'_ Whereas firewalls generally operate at the level

of the transport or internet Iay(ir, proxy servers
normally operate at the application layer."s G

= A proxy server has a detailed understanding of
some application-level protocols, such as HTTP
and FTP. —s Reket, NiodW el cogs s

= Packets that pass through the Proxy server can be

examined to ensure that they contain data
appropriate for their type.

— For instance, FTP packets that seem to contain Telnet
data can be rejected. Wy ( Telnet j@m&;‘mé

( Eng. Asma Abdel Karim . )
\ Computer Engineering Departinent
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Proxy Servers (Cont.)
A TR E W

Logical Path

LAFCUR T

(—-I

(tient L e Server
Application Layer A ' Application Layer AApplication Layer
Transport Layer Transport Layer ‘| Transport Layer
' IntemetLayer () | Internet Layer (1P) | intemet Layer )
e

AT 5 "jPh}'sitlea;h~ L —

——
- Jomter e .
l U9 ;\,iAAS&w P 5 S o&\&(‘ﬁd\:(\g&ﬁk
Proxy Servers (Cont.) ‘fﬁfﬁ@@f if@i

_» Proxy servers can also be used to implement local

caching.
+ When a file is requested from a web server, the

proxy server first checks to see if the file is in its

cache. — Tweq LTSN

— If the file is in the cache, the proxy serves the file from

the cache rather than from the Internet.

—~ If the file is not in the cache, the proxy server retrieves
the file, forwards it to the requester, and stores it in
the cache for the next time it is requested

@ Eng, Asma Abdel Karim ' 37
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Local Area Network Addresses.
Internet Protocol Addresses.

The Domain Name System. (wuay
Internet Addressing with Java.

=
? Eng. Asma Abdel Karim
9/ Computer Engineering Department

LM %

Local Area Network Addresses .ia

P Aadess N 9B

A . P(’ (omek$

» Devices connected to a LAN have their own" o .
® unique physical or hardware address® We A
— This address is useful only in the context of a LAN. AddGss

e Java network programmers do not need to be
concerned with the details of how data is routed
within a LAN.

(= Java does not provide access to the lower-level data
link protocols used by LANS. e Addtess M (ot sidnaigta

— No matter what type of LAN is used, software can be
written for it in Java providing it supports TCP/IP.

b R&d@ms LAN M gsisasy\e &

Eng. Asma Abdel Karim 3
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Internet Protocol Addresses

~ Devices having a direct internet connection are a”Ocateda
~ unique IP address.

— This address is used_by, the, internet protocol to route

datagrams to the correct location.
* IP addresses may be allocated:
sl e x—l"‘StaticaIIy: IP address is bounded permanently to certy,
\Whas e 2yaelt Machine. ‘
W *= Dynamically: IP address is leased to a particular machine for,

Serue(s \ " certain period.
.W\i * Forexample in the case of ISP that offers a pool of modems for dial.
A connections.

* Used when many devices require Internet access for limited periods g
time.

* The Dynamic Host Control Protocol (DHCP) provides addresses o
demand from a pool of addresses.

f Eng. Asma Abdel Karim
Computer Engineering Department

Structure of the IP address
c\nwa_&c—-\ =
* Under 1Pv4, the IP address is a@;bitjxnumbe|
made up of four octets (bytes).

* IP addresses are written in dotted decima
notation (e.g. 127.0.0.;1)/./—» \oopback add(ess

— Each byte is an unsigned integer between 0 and 255.
= Each IP address consists of two components:

\elt— ¥— The network address: a unique identifier of a specific
network_ — qA\‘l\\L.\S Ud’wud%ﬂ
Right «+—The host address: a unique address of the host in the
* network it belongs to. S

Mobewmck f| Gty (Bl 2t g ot 8L ynf

Eng. Asma Abdel Karim 5
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Structure of the IP address (Cont.)
Yo Claadtol Adcesses

012345678 16. 24. .32
F Network ID Host ID Class A
10 | Network ID Host ID v Class B
110 [NetworkID HostID Class C
1110 Multicast Group ID ' Class C
11110 RESERVED FOR FUTURE USE Class E

Clacdecs 3\(345\15 ¢ (s\\v-{‘-"ihmx %
g Eng. Asma Abz?el Ka_rim 5
Computer Engineering Depurtment' \_\{)\39 -;.. ..n@lh \SQ\:;& E‘f\'b’“ ' ( \)-‘"&_5
Asiatsds 5 ol abtile Sl id dguanigd SR ‘\
Special IP Addresses 7

P Addess Nisbp W 523 dndduis

 127.0.0.1 is a special reserved address known

as the loopback or Iocalhostm 3‘5\*"\;3“\

* The loopback address is very useful when

programming and debugging network
software.

— Programmers often want to connect to the local
machine for testing purposes regardless of
whether a connection to the internet exists or not.

\p dd e "“\»« AN Wedioyadad s f\grdL %

Name ¢

' Eng. Asma Abdel Karim ?
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Special IP Addresses (Cont.)

Brvake Nddcesses , NAT add(ese=s

° The Internet Assigned Number Authority

(IANA) has reserved three sets of addresses for
use within a local intranet environment.

~ On the internet, routers will never forward

data using these addresses, 50 they can be
safely used locally.
Typé Address Range
~ T o e 000 0 10.255.255.255.
by, AT Cla;s oG YRR 1 172 16.0.0 0. 0 172 31. 255 255 Bl
« [ mﬁﬂ—ﬁ e e 00 B 1021168255, 255 il
,.l:,' Eng. Asma Abdel Karim 8
%%/ Computer Engineering Department
FRE Qs sl il ey

The Domain Name System

_» Memorizing IP addresses is an impossible task.

- The Domain Name System (DNS) makes the
internet user-friendly, by associating a textual
name with an IP address.

= An entity can apply for a domain name, which
can be used by people to locate that entity on
the internet.

(& L"' Compu'[er Engmeerlng Department
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The Domain Name System (Cont.)

Qadn 355 .
_~ Given the vast number of machines connected to

the internet, the number of domain-name-to-IP-
address mappings is too great for any one system
to handle.

= The DNS is a more sophisticated and robust
system. Lt
— It can be thought of as a distan,ute,d,ngg@

,,,,,,

— Consists of aﬂEierarchicastructu@which is broken up
by the type of address (.net, .com, .gov, .edy, ....) or by
the country (.au, .uk, .....). e

Eng. Asma Abdel Karim o O e &
C:)fnputer Enginearing Department - > = %eﬁUe{Sl\é\ \b—%S\) el k—"&“ ¥e: 20
(il ) oG ) - SUSNGTa ORL I
CENLY i 35\ g AL Seesis Sony\e huss %

The Domain Name System (Cont.)

@ " MQ(JP:SS‘,\ \\3*’3’“\5‘&‘_“5{ #—\5%@&;&( ‘*3*':‘“““’*

= =
" 5 =
> = Q) eqpes get .com sener ‘ ‘
- A v) / \

ROOT DNS sener

»
get aol senor

C.oc)(\.\c\j 63350\ ¢ ¢_\_ p &% X
M Sy eaB i) = LANDNS senor
'5-)1"::\ r j\ Qé,& o2, ‘)(OW .\’\oﬁ ot
(f’;tuu;\\x.,\.; \a\s becal DNS Sedvet .com DNS sewer
'\y_i.‘yf_\ ’ )\ \Sl\\l\ Sb’d\\(-?
oa e L ‘(srtles‘i'
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Internet Addressing with Java
. Towa W g4 Jogrsh et dons P Bbbenis Slaiv S o
* A host on the internet can be representeq |

|
either: | y
& — A dotted decimal format as an [P address, or J:

3 — A hostname such as www.aol.com.
° Under Java, such addresses aré representg

o5 by thejava.net.InetAddress class, 2, Neve s of
ﬁ'f'@éf’/ — There are no public constructors for this clagg
§5"§wﬁ‘é, Arbitrary addresses may not be created. £
'ﬁ\;@é@ — Instead, there are static methods that retyy|
> InetAddress instances. )
_93"5 e l L%@ﬁ\g\&

_ ehmaloapgdas 39 ooy oy,

;g, Eng. Asma ?bqel Ka.rimD o . Class W\ Aol Qe &i_\w'\méfk’&(e@\* ]
“: . Computer Engineerin epartmen - ] . -

A% 5 ackoml e Naos (Pugipl) chier Wiineiad Zpa EEV N

Methods to Create InetAddress

Qi @aiin ¢ Cpelideeddan! i eite, Meted
obse-icsgﬁgmb\ieﬁmésg* Objects (1) VS cam\s P X

Jas o public static InetAddress getByName (String - |
M{M%.m host) throws UnknownHostException, jsde
7 SecurityException s\b@c*&&ked Carl el

- \ . o ® W .
o\ YoM b isamsd Unchecled € 1 DNS Mgy A o
Wa cDeldined\ 285y yamasn cék\_f s Namels 1® N (st s ONS daly

Ro< 3 public static InetAddres’ss[ ] getAlIByName(String
host) throws UnknownHostException,i

SecurityEXCeption ctndom are g (o
‘ : : b\e
2 V5800 Bbflatnd el Baln ¢ e\ &&me uﬁgwas\?b;\&gd
| % May £ eBys .« Ony4¥ Mapped
public static InetAddress getlocalMHost() throws
UnknownHostException, SecurityExceptio

n
(ferwed DR Sz (50 o L3) chan e L9 Inek Rddcess. aject 3\ (3o ‘_) gi

| Fng. Asma Abdel Karim B

Er
C

. Computer Englneering Department \d
Er e \nethddess addess = \(\e\‘Mé&sz.Se&BaMQme(“www-a"' :
: \ f‘”'&\ \Q(__S : \\4
aol Conk:)vo»i., ) As\g%'ﬂ@w \ 4\ '
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Methods to Create InetAddress

Objects (2)

Java 1.4 adds two more factory methods that do not check
th?i@_@ﬁL’@%Q_S_,WLEMbEJ_O_EN DNS server. <.

* The first creates an InetAddress object with an IP address
and no hostname.

Apell aille \ il e d\e.paam&g—) > Um0y U 3

\6
public static InetAddress getByAddress (byte| ] address)“é"-\w" Ny
throws UnknownHostException TR

Ls
\ @b&q\&\ﬁs\ﬁxé Aevnn Ll e~ Onsignd ads addfess \J;E\%\b\w e\
¥ o\ A -

* The second creates an InetAddress object with an IP o
address and a hostname.

addess M\ o, e\ sfany ew
Bublic static InetAddress getByAddress (String hostName,
yte[] address) throws UnknownHostException

@ Eng. Asma Abdel Karim -
Computer Engineering Department

CHSN B?Mﬂ— e W\ datallels 1\ D

-9 Getter Methods

* The following method returns the hotsname of the
InetAddress objecti \?A&{a\;ﬁ“@;_\n\a\csaﬂe? > Exceghen
public String getHostName () throws SecurityMmeget

* The following method returns the IP address of the
InetAddress object in byte format. The bytes are
returned in network byte order, with the highest byte

as byteArray[0]: o edee e & AR
public byte [] getAddress () ‘unt S\ o Aeey of ifes v dlen

* The following method returns the IP address of the
InetAddress in dotted decimal format;

public String getHostAddress () —» add s S\ iy
Gy addes, M pral v W \anbou e nq S

-y »
. g;\(s‘ - ‘\\(\'}\ &S!\_\ \SK
Eng. Asma Abdel Karim 15

Computer f ngineering Department

CamScanner



Object Class Inherited Methog;
Q 3\—‘&)»5&»\;3\«&5\ 1(!;()5@'&5 UQ\QA “ r> ®© P‘%Siﬁ:\tl\&::b\&u
=« public boolean equals (Object o)

* pubiicint hashCode () > . dxheedncole Ny
S 2 \© A (ess
* public String toString ()
Q_s\té&ak_'?@%\(‘us@% S
NQ\‘;& } \nek ddiess Sojad-3\
L Cw\p(%))

e
g Eng. Asma Abdel Kzrim

5/ Computer Enzineering Department

A;Z\;@ee Examplel: Using InetAddress to
‘werdadh  Determine Localhost Address

import java.net.*;
public class LocalHostDemo {

public static void main(String[] args) {

System.out.prinﬂn("Looking up local host!");
try {

InetAddress localAddress = InetAddress

-getlocalHost();
System.out.printIn("IP address: "+IocaIAddress.getHostAddress());
}

catch (UnknownHostExceptlon uhe){
System.out.printin("Error - unable toresolve localhost");

}
}
}

CamScanner
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Example2: Using InetAddress to Find Out About Other
Addresses

import java.net.*;

public class NetworkResolverDemo {

public static vold maln(String(] args) {
if (argsdengthl=2){ — e\ L Seda\alson
System.err.println("Syntax - NetworkResolverDemo host");
System.exit(0);
}

System.out.printin("Resolving "+args[0]);

it Q\':rb \9\\ \\')QMe.)\
InetAddress addr = InetAddress.getByName(args[0]); oger M\
System.out.printin(addr); L_)

} et ARy Name sl &

catch (UnknownHostException uhe){

System.out.printin("Error - unable to resolve host name"); P's \\QS%E}
} } Name N\ gl i
for \oo®  \eh b @bl s

At M lava ’g\:o\\nkssg Con Ase % s &&gﬁi@f&“ oédr)
- Xa Yaheo. can 8o Pritrin (@13

12

}

Eng. Asma Abdel Karim
Computer Engineering Department

- AMdcess \3\@ \:q)m \_)aé.gx

Address Types Me'thoe:lsj

* public boolean isAnyLocalAddress|()

* public boolean isLoopbackAddress()- Gordes adles @
* public boolean lsLkaocaIAddress().L}%ﬁ ST \oophaek,
* public boolean isSiteLocalAddress|) i 0 e
* public boolean isMuIticastAddress() Ezstd T 0o womg

* public boolean isMCGlobal() P
* public boolean isMCNodelLocal()

* public boolean isMCLinkLocal() g

* public boolean isMCSiteLocal() Usgsiple

* public boolean isMCOrgLocal()

Eng. Asma Abdel Karim 19
Computer Engineering Department
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Prag 3\ At (g dasd \sims Cosml %

| q%u&rembm(—Testmg Reachability

a‘d \Aag»\n
« public boolean isReachable (int timeout)
throws |OException — suo dis Saztte Sl ale

* public boolean iskeachabie (Networkinterface
interface, int ttl, int timeout) throws

&
lOExceptlon L ¥
AN hoes W s
?qcxcei'i\ @XS-

J' Eng. Asma Abdel Karim
%>/ Computer Engineering Department

nstancest Gmmhﬂbmcs&\-,\pc\asss\ W N Vexaion B Jooss OAGan®
‘grsusnet4Address and Inet6Address

"\t Bdeas Noatua sl
_* Public final class Inet4Address extends

InetAddress

Ex2 ¥ (addr \nelatcest \ndHidatess) = o\ Woe w5
Tedsede)

= Public flnal class Inet6Addres;\extends
InetAddress

’@E’E“LQE,:P 6\ S.§q3$b\$§%d

B‘Q-DM F\_(‘L)e, / %Q

Eng. Asma Abdel Karim ]
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The Networkinterface Class

Nefworldtferlacaltindeal el ¢ilag et io\e géshal ~
* The Networkinterface class represents a local IP
address. This can be:

s — A physical interface such as an additional Ethernet
card, or Wi card.

* — A virtual interface bound to the same physical

hardware. \Sandacag 4
moSGSREUTRY

. . A\ Qs
The Networkinterface class provides methods to W

enumerate all the local addresses, regardless of suect

interface, and to create InetAddress objects from égﬁ*m
them. - Class S kGl

1 Eng. Asmz Abdel Karim ‘ ) ] 5
Computer Engineering Department )

Q\f\ﬂethods to Create Networkinterface
AL Veuwve Cheas .
ey Sigm 20 dmaner Objects "

. rosM = hela (vt Mok, e\ @ndadasiy eal 4
- By.name.-os %mﬁ&%@\‘;b@\?ﬁj b\T} Q\\'Fmidess Crofierfece)
public static Networkinterface getByName (String <

name) throws SOCKetEXCeption *Ssesusgis Dtk lagent A bager Nesnis
ALaN\s Mokl S25% ) ¢ i dyeet 30 @ 88 s\ Sae sspo et lin
= By IP address; =42 Pl Rt estis .amz?mm__ :%s\sa N oaigal e

public static NetworkInterface getBylnetAddress 2
(InetAddress address) throws SocketException

-* By enumeration:

public static Enumeration getNetworkinterfaces() -4
throws SocketException J Loy e Ve,
aray ik @ Vagk 3 Ak ) Vetuork o . QN
@ Eng. Asma Abdel‘ZrlmC'fbj"A r“?ffﬁ'\ﬂ"}(J x-b_-'s VB\" \'}Cb_) 3 \\)\EA&;O{W |.23
Computer Engineering Department (‘h‘_‘_\& pazial 9

k:;ﬂﬁ\éu\h’; Hetheds
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kc@ s\ *vomgtx‘% ubia e widiN\s.cnda) \ Slyeck i

ssmsa_‘_,sbnggsc\é@ Name (Slede '\’04\5&/ P
£

Getter Methods

_* The following method returns a java.util.Enumeratio,
containing an InetAddress object for each IP addreg
the interface is bound to:

public Enumeration getinetAddresses()°, . oddéss G
Niloal T Qa1 Ge falade 5 4me S\ \her Mol Gord S\ =5}
Pl "The }olioﬁ}n"g %\ethod returns the name of a particuly,

Networkinterface object, such as ethO or lo:
public String getName|) ~—»@§§“\=) Nshsoreldefface objetS\put\
* The following method returns a more human-friendly

name for the particular Networkinterface — somethin
like “Ethernet Card 0.:

public String getDisplayName()

S

' el by

Wommmen odOs

L iy mainas aysis Cony \g\s;s&\s\%\bu ks%:
. jekNama 0 Qo8 Nwxyiinls &
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Networks and internet
Programming

Data Streams

Part-1
Sgng_,\smaf-\bdel Karim | ’ '
Computer Engineering Department
Outline
S&QQ%%(S%'B“’A SS ss ,
= Overview. ¢ o\t Broe
= How Streams Work? ALil\siasts
= | ow-level Streams.
= Filter Streams.
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Overview
Nl plois Yy.oa dadq 1 sludyatos S uall e
= Communication over networks with flles ang

even between applications, is represented in
Java by Streams.

e

Stream-based communication is central tq
almost any type of Java application.

Almost all network communication (excep

UDP communication) is conducted ove
streams.

: S&)SSQ égﬂ. )):S‘S :ye\—é&\nk'\—c?b\%

i@ Eng. Asma Abdel Karim GQS (A a(eﬁms @g\c w tds—‘-\bx UDPA\ ¥

Computer Engineering Department ,, ;\DC\)‘ ! “\sﬂ’\»\\\\&”‘“ c.nmm\b
\,\%9 wu—é.m@

What Exactly are Streams?

Il

_* Byte-level communication is represented ir

Java by data streams. \"f*"f‘f LD \ECHRCIN W ¢

r‘»Lm\Jg,\_B S
Data streams are. conduits through whict

information is sent and received.

l\.

o001 —Cr ) R ) — o100n
¥
Qi Oafe S\WC Sheamd s
0 St 30 (adoll of Dedinhied) igp MG

Ly low- \euel SVeams >

- L Clier el «\ag \s&m.\\ns Qg):»_%\
@ Fng. As ma—l‘)bdei\l q,( - (&M" 1 ¢ bd{ﬁ leue\ \Q\h\\e.\?.\-d
Computer Engineering Department GA_‘&\E-‘A 3 ! g \ \a
uﬂiq AE_)\AQ»J ( Q)f-{"!{yp\\‘.‘.-du%ng b\l‘.\s_, < 3‘:" \ \‘N\ \j&\ '\\bﬁ
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What Exactly are Streams? (Cont.)

o When designing a system, the correct stream must be oD -
— selected. > dais $ecl |
%— The type of stream used is not important, as a consistent Dsfec) gl |

interface is provided. , sl ays it S n il S
_» Streams may be chained together, to provide an easier and \o\
— more manageable interface. 6:\@33
*% — |f for example, data needed to be processed in a particular way, Sl /
C&econd stream could connect to an existing stream, to provide ,
for processing of the data....- . i .1
i\ \e . Aciel X ¥
Flter clteam e \A»J\‘Am \eras \ée&&%@ Qe %
no—G ) R o R
AV ] :
\ouw-\eve)
Sheom
| Eng. Asma Abdel Karim .
./ Computer Engineering Department

What Exactly are Streams? (Cont.)

~ Streams are divided into two categories:
v~ Input streams that may be read from. _ < \,»\;\
Y~ Output streams that may be written to. » 4\
2 Although streams are usually one-way,

multiple streams can be used together for
two-way communication.

als
¢ Yuso- wesg tonensicodion lan ot Seara

: sity eio\i By 8

W asde 2 Heany O L
, L_»én s=>\a9 A :

@ Eng. Asma Abdel Karim QK‘ZB\\
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What Exactly are Streams? (Cont,)

€ O3 VA\e g iz (o5 edds erodl Gutiesdds Sileams o asmavnd
<aGs = In Java,_streams take a flexible, one-size-fits-|
“2nia¥  approach.

) ;

s— They are fairly interchangeable, and can be applied op

"’&i&“ top of another stream, or even several other streams,

=1 _

&y — You can attach any filter stream to any low leve|
T stream (i.e. file or network stream).

s— This can be safely done, as long as you don’t try to
write to an input stream or read from an output
stream.

% — A filter stream is a stream that filters data in some
fashion. cchoal

declate « dgpe )
o Srodert © = new %_\0,4‘3‘—\% i\
Ezi‘i A:::? ?nbgC:stfi:?Depanment . \QA\Q‘ dﬁﬁ\Q(Q_\\(mk?% @5\3\ \:é»
Coon DAy W i T s mbeliack S &3 Bodadr 35S ¥
Al pingsiededoke fipe il

How Streams Work?

_e Streams for reading inherit from a commor
superclass, the java.io.InputStream class.

Streams for writing inherit from a commor
superclass, the java.io.QutputStream class.

e

These are abstract classes; they cannot be
instantiated. L I dojeds aiadal i s \slios

. Qa e g
% — Instead, an appropriate subclass for the task I
hand is instantiated. L

Sbclass i Qs M\ DO )
Eng. Asma Abdel Karim Y RN R UN 6\\
Computer Engineering Department Q\\i QD&)\\‘QC}

o O()Jr.puJVS’Wewn & oo Qg)éwﬁe\h*
m - IJ\QU S\f Sa\

e

-
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- How Streams Work? (Cont.)

java.io
InputStream
/ i '\
FilelnputStream FilterinputStream
AT,
L SU‘DC\E\SS&S <—\ | %
ockoal Aok Cida 49 Class ..
R o Fifer e

Eng. Asma Abdel Karim

@Ccmputer Engineering Department (%-b Q\)Jeé\_&

How Streams Work? (Cont.)

java.io
OutputStream
M Spercss N
QO*(EO*T(::\\Et Seam A\
PipeOutputStream FilterOutputStream
\—> Sobclasses c—\
@ Eng. Asma Abdel Karlm 10
Computer Engineering Department



Reading from an Input Stream

New\eued 0 585 Gl igad o\ A«
-2 Choosing the right low-level input stream is j
fairly straightforward task.
Qesxssl % — The name of the stream matches the data source it wijjl
alndias S read from.

L _ There are six low-level input streams to choose
R from, each of which performs an entirely diffe_rent
SeueNuwr TASK. = a5l soilaus el S g saits oS

5%{1*3“ * There are other low-level streams that are not
"~ directly instantiated by developers
%— These are returned by invoking a method of a
networking object.
Lo \Sl g ¢ TP Sockdh W Wi (50
BL Eng. Asm;/\‘lmr;\ i\ “C’dw/ \“"U*' ,L%RD 1

oy \
‘T’ " Computer Engineering Department Stentns

M Ay dduany

HBowisw oot Reading from an Input Streams

) Clter hen .

A - Shleac)\ s pliny (Cont.) ) fead befles pd<
Y RILVS " e i M\ Seotee N\ s ¢ o -lase
(:Qh ?ﬁcsa \| Low-level Input Stream Purpose of Stream

Reads bytes of data from an in-memory array.

Reads bytes of data from a file on the local
file system.

Reads bytes of data from a thread pipe.

(local) 2| ByteArraylnputStream

=\e G Yssme— _FilelnputStream
\ccc-.\ + (3‘;9_;19§h 3__—\\(@\93 Qe :' "
| sss «- PipedInputStream )

N \—\r;i‘\% = StringBufferinputStream Reads bytes of data from a string.
Nod e éj— sequencelnputStream Reads bytes of data from two or more low-
94>, : L level streams, switching from one stream 10
: : SN e ! 5 -
e ta S\wb‘% S the next when the end of the stream 5
Clex?®  siines hss iy Sieam reached
Sh(eams |- oS = - —
PR System.in — Reads bytes of data from the us rﬁ@fﬂ'b
.o \y
Corede N\ Ge dafe $in
Tﬂf Eng. Asma Abdel Karim&\?& : “\a g
Feel) Computer Engineering Department !
nstence Gsdls

T !
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Reading from an Input Stream (Cont.)

Qevtce of (famatiad\lan Oata. N\ 'étr\o"s_s ’\;ﬁ;\'&(m\'\ 5\%(& ) oy

» When a low-level input stream is created, it will
read from a source of information that supplies it
with data.

le

Inputs streams act as consumers of information.

»— Bytes are read from the source sequéhtially. - sy
*— Once bytes have been read, you can’t go back and
read them again. . Os dddas sodin A \s s Dk N (sndalpbdls

% — Bytes haven’t been erased, the stream has simply \%'“g’\i“\&;
d on to th bytelof i | S

moved on to the next ytelo information. «,

3D ol ot Reges Mgnidle 5 BuedsGim &
*’7 Eng. Asma Abdel Karim (oabha Y 3\(95\ S\Ekokb@ &Qyﬂ %\(&;MA\Q‘D\I%‘B

Computer Engineering Department \ 5 i
, ( Svecal\ Cazy oL BHOESS
- 2255 Yileanm SN EAIN DY

Reading from an Input Stream (Cont.)

RRACEC VRS S\s.w“(_\

- =

%\(\c\gs K»m \033«;:% 33“ A

(\ow \eve) Steums)
bty M Agomalie Uss saniSans

ey D
01010101001 1111010101001Q 11 1
1111010101001010100002101010
Hard drive platters
@ Eng. Asma Abdel Karim 14
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Reading from an Input Stream (Cont,)

S ¢ Input streams use blocking 1/0.

E’\i"& oo‘l;

= Bloc!'mg I/0 is a term applied:to any form of
q“\iﬁ“:f input or output that does not immediately
return from an operation.

_* Blocking 1/O may cause performance
rob A% 4,05 3UANGR 34{ Lgie Lty as\ 3 &des.
P Iergé by A FSIV

\'}’\\"\\NSSN\AM\\»\
~ — This can be alleviated by using data buffering.

Qv Mu\*i‘“x(cozlms < L
‘Gxoc}(_‘\(\g 5\U*°&&)

gI:llj%f} Eng. Asma Abdel Karim 15
5 Computer Engineering Department \3\”§ \D\ &&E DC‘&Q \3 b\ﬁ§
L (@ale s Daka

e MU it Aot (s o Lesed S ey

ihasesedueThe java.io.InputStream Class

¢ The abstract InputStream class defines methods
common to all input streams and all of them are
public: & Bleedls s \o Ll Dilies (Bagsd nF ‘8‘0"
@® — int available ( ) throws java.io. IOExceptlon
g\;;,sa,g&ge Returns the number of bytes currently available for reading.

WMass\@1 More bytes may be available in the future, but reading more
ym\bwz\m than the number of available bytes will result in a read that

ek will block indefinitely. o i\ S
) @ — void close () throws java.io.lOException Wee <AFny

ﬁli) 15} «— Closes the input stream and frees any resources (such as file
&2\“ handles or file locks) associated with the input stream.

Bl
. A\\L,s\,;@m

;L& Eng. Asma Abdel Karim : 16
&% Computer Engineering Denartment
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The java.io.InputStream Class (Cont.)
by deafautt VAL Siteam M dstabgsoncgdss Mack M
» The abstract InputStream class defines methods common to

all input streams and all of t ic s \aNA ¢ Sompann (I bftes,
Y hem are public: S Mhs\\sﬁ_ﬁuw&d«s\xﬁi

@ - void mark (int readLirﬁit) — \wQ(‘em%\a,';gx\\ Siteam N hieas Qi
1. Records the current position in the input stream; to allow
an input stream to revisit the same sequence of bytes at a
later point in the - future, by invoking the
InputStream.reset() method. =  Moks (SWc34a Poittertigarss s o

2. Not every input stream will support this functionality. Sshya Maosk
_ . GHhaltynadd
@ - boolean Tgﬁ&g{)ﬁgﬁgﬂ( ) 3 fesek Wa Mark Mo »
1. Returns "true" if an input stream supports the mark() and
reset() methods, "false" if it does not.

2. Unless over ridden by a subclass of InputStream, the
default value returned is false. <,

| Enz. Asma Abdel Karim S;.ane_gé_) éegon\* A Y
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The java.io.InputStream Class (Cont.)

= The abstract InputStream class defines methods common to :
all input streams and all of them are public:
® — int read( ) throws java.io.|OException . o o \syzgiy
P - oy \oflea
Y bl Beturns the next byte of data from the stream.

‘ 4/2. Subclasses of InputStream usually overridethis method to
S provide custom functionality (such as reading from a file
"or a string). = AN\ \SiSyiy overtide \shaniy Methad 32
3. *As mentioned earlier, input streams use blocking 1/0, and

Will block indefinitely if no further bytes are yet available.
4. When the end of the'stream is reached, a value of =1 is

returned., L\ ek NaindA FRFFW = O
T oeek W A dead, Bie éﬁ“".)_:\\n()m‘b\\s\'e— Gae ik W %

i 5 Y ' ’ t N \ -3 é
U Eng. £oma Abdel Karlm ‘-—l}_\.“\‘/ a3 )'J\_)‘f”l‘f\"tq \f(‘xié'wn L“\)\'é Q‘\:\ QQ q“J.SQJ\\
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The java.io.lnputStream Class (Cont.)

* The abstract InputStream class defines methods common to
all input streams and all of them are public: _

M"?\“ ©— int read (byte[ ] byteArray) throws java.io.IOEX,CePUO'.'H'w
oy 1. Reads a sequence of bytes and places them -in tile
L % ] d()method
o> > specified byte array, by calling the rea o
\ ”5 L fepeatedly until the array is filled or no more data can be

o3 -\3\?& > obtained.

: & v 2. This method returns the number of bytes successfully

read, or 1 if the end of the stream has been reached.

(onisin Mrar W& Lo, U Hedeitnlaisle

Asisis Mfas W @o<3ad81 bgtehay cis ) sf
5 BUAa (Sl \ons loplus (W
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The java.io.InputStream Class (Cont.)

o Thlc_e abstract InputStream class defines methods common to

all input streams and all of them are public:  \eus(M \eagthh Napsd

A < int read (byte [ ] byteArray. i L R el
) el 1 byteArray, int offset, int |e ”
gt java.io.lOException, Java.lang.IndexOutOfBo o

\ _ undsException
277 "\ 1. WBeads a sequence of byt : SRR
@ i f bytes, placing them in the specified

e ' . -
. ’ ‘
@ Eng. Asimg Ahdel Karim
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The java.io.InputStream Class (Cont.)

» The abstract InputStream class defines methods common to
all input streams and all of them are public:

(®— void reset( ) throws java.io.|OException

1. Moves the position of the input stream back to a preset
mark, determined by the point in time when the mark()
method was invoked.

2. Few input streams support this functionality, and may
cause an [OException to be thrown if called.

| Eng. Asma Abdel Karim 21
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The java.io.lnputStream Class (Cont.)

* The abstract InputStream class defines methods common to )
all input streams and %I\ngf;cggm are public: /.,bbim\ SR \\S:\_S\!\
@ — long skip (long a‘r?\ouht) throws java.io.|OException PSS s s |
2352 1. Reads, but ignores, the specified amount of bytes.
<5 2. These bytes are discarded, and the position of the input
&=l\s  stream is updated.
x"? 3. Though unlikely, it is entirely possible that the specified
Ywecy,  number of bytes could not be skipped (for example, as
esd Ny Stated in the Java AP, if the end of the stream is
Snas\e\s, reached).

NN 4, The skip method returns the number of bytes skipped

-f'\%b‘\’ over, which may be less than the requested amount.
LRI »
A CLETPR NS

@ Eng. Asma Abdel Karim | 5
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Example Using a Low-level Input Stream

%urhe 5 cladchecs, aliy
* Protie — inteae(a | phsy

1
v

i H in *-
Import java.io.”;

public class FileInputStreamDemo {
public static void main(String[] args) {
if (args.length != 1){ F
4 b\:,s*-/System.err.println ("Syntax - FileInputStreamDemofile");

53¢ return;

W L &

: X ry

\-.’;Lk{ \>”§r InputStream fileInput = new FileinputStream( args(0] );
e int data = filelnput.read(); — atad\s ke o\ \ssd

while (data |=-1){ . ) 3 o
\)N\{,§ K/éy's‘t(ts:na1.¢a>ut.write (data );Qj B LB pantas

e 2 data = filelnput.read(); ST R\ M ayd
DT T BN e RPN
s :‘ od*‘_ﬂ } filelInput.close(); Gad M s N \\Zj\":
e .‘ ash catch (I0Exception ioe){ ‘ \—6"355-\
\sa;li\ Q\-a-_q A\ System.err.printin ("1/O error - " + ioe);
Lo
Netgionsh } 3\\35‘.:\5?\:&? encodws"é&»\ AFNAWGagel x

Ayas s Q_bb\'e,‘.’: aﬁ)ﬁ\\b

%) L g 2
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Writing to an Output Siream

= While an_input stream is a data consumer, an output
stream is a data producer.
¥%— It literally creates bytes of information and transmits then

to something else (such as a file or data structure 0
network connection).

b&'s',:i»:—__f,_ Like input streams, data is communicated sequentia”V
O AGWT that is, the first byte in will be the first byte out.

4"3‘ . g.- 3 .
S:;l- 3\%& — This approach is analogous to a FIFO queue.
k a

= Unlike some specialized filter input streams,_yvfi/ct
allow you to "go back n" bytes within a sequence, 0%
data is sent to an output stream it cannot be undoné:

TS ™ =\a g_k
& Eng. Asma Abdel Karim (\6553 \( Q
/' Computer Engineering Department e CJ(\"" \__\

L ok H'ed
. yado Q& 0’.‘.":‘>\°




t

Writing to an Output Stream (Cont.)

K e smngBufbrcufbm'sueamﬁ':"_' }( ) hallo wor...

\;‘/ - &aj\‘ef \05*8_ 20\ oo leveh Shams
l

d deckmahontia \soaris Uy
» B\ Bvogd

‘hella world’
g E;gm:jt::? ::gdi:»lezfi:?Depanment A
Writing to an Output Stream (Cont.)

A number of output streams are available in the
~ java.io package for a variety of tasks.
+ —Such as writing to data structures including strings
and arrays, or to files or communication pipes.
~ There are six important low-level output streams
that may be written to. |
+— |n addition to filter streams that may be connected to
these low-level streams
~ As mentioned earlier, there are other streams
which may be written to that developers cannot
create and instantiate directly. — \{ke Sacket

@ Eng. Asma Abdel Karim 26
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Writing to an Output Stream (Cont.)

* ODPILs Ansdizidns

£ T
Low-level Output Stream j Purpose gf Stream |
Wi an array of bytes,
ByteArrayQutputStrearn }Nntes bytes of data to | y l ﬂ\
[ i to a local file.
FileOutputStream __ Writes bytes of data e s o
PipedQutputStream Writes bytes of data to a communications pipe,
uU\\‘A’\\('caAI(\s o which will be connected to a

java.io.PipedinputStream.
StringBufferOutputStream Writes bytes to a string buffer (a substitute dat,

g@ <)\ structure for the fixed-length string).
Cosdy v System.err Wby | Writes bytes of data to the error stream of the
Yller CengdeMe -*aamyé\u user console, also known as standard error. In

‘ SWeamg ~ addition, this stream is Cast to a PrintStream.

\_"3.*\5&\ %E wisd, System.out Writes bytes of data to the user console)also

55»\%%& ’ e:&\c,. known as standard output. In addition, this

G R stream is_cast to 3 PrintStream.
—56\&35\\'% A3 5 ) AR . )
== ; Eng. Asma Abdel Karim R"‘\(\)f%*CGAM @\%Qs}o\n é
@E Computer Engineering Depariment
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Writing to an Output Stream (Cont.)

= Bytes may be sent one at 3 time or as part of an
array.

etz + — However, when

bytes are read one at 3 tj
8 i a time
BAockina 2354Ys individyal i 4
B E\anaim PYte writes may affect systern performance.

ts, - Reading informatio : ey
Ms ey i 4 N can bIOCk Indefln
M;(w}m_ WrIting informat; Itely, but
X

@ éng. Asma Abde| Karim
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The java.io.OutputStream Class

The abstract class java.io.OutputStream defines
the following public methods:
— void close() throws java.io.|OException

1. Closes the output stream, notifyingw‘ the other
side that the stream has ended. - s, 5 Fle N 350A0 S
Galingl Filestl -y Q)&

2. Pending data that has not yet been sent will be  Tie \\ia
sent, but no more data will be delivered.

dé\mbkéé AQZ‘)R\ \BL_;SQQ‘OuCQ@x @dgs
Fludh esiy Seam N5l s boffer s
ca0due the Rle Ne S s e ¢ YiWas,

3 Eng. Asma Ab-c_iel Ka.rim : 29
The java.io.OutputStream Class
(Cont.)

The abstract class java.io.OutputStream defines the
following public methods: S pfihdbas Pladh daltird Cyat

— void flush() throws java.io.lOException

1. Performs a "flush" of any unsent data and sends it to
the recipient of the output stream.

2. To improve performance, streams will often be
buffered, so data remains unsent. This is useful at
times, but obstructive at others. '

3. The method is particularly important for
OutputStream subclasses that represent network
operations, as flushing should always occur after a
request or response s sent so that the remote side

isn't left waiting for data. s Slida 5 1 laod

g Eng. Asma Abdel Karim 30
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The java.io.OutputStream Class
(Cont.)

The abstract class java.io.OutputStream defines the
following public methods:
— void write (int byte) throws java.io.|OException
1. Writes the specified byte.
Qasse- 2. This is an abstract method, overridden by
\AC\D\U"‘T«\@ OutputStream subclasses.
i NCE%&\-‘—- _void.write (byte(] byteArray) throws
: - Java.io.lOException
1. Writes the contents of the byte array to the output
stream.
2. The entire contents of the array (barring any error)
will be written.

w, Eng. Asma Abdel Karim 3
‘: Computer Engineering Department

The java.io.OutputStream Class
(Cont.)

The abstract class java.io.OutputStream defines
the following public methods:

- — void write (byte[] byteArray, int offset, int length)
g_'/'!”" throws java.io.|OException

\)p,o:— 1. Writes the contents of a subset of the byte array
\?&("’5 > to the output stream.

2. This method allows developers to specify just
how much of an array is sent, and which part, &
,opposed  to  the OutputStream.write(byteﬂ
o7 byteArray) method, which sends the entir

(@)
) contents of an array. /
.

Eng, Asma Abdel Karim %
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Example Using a Low-level Output Stream

import java.io.*; V\\&& Uéu:, EildGe -\\N
public class FileOutputStreamDemo({ -2 afas *‘3'\»5

public static void main(String args[]){

if (args.length 1= 2){
System.err.println("Syntax - FileOutputStreamDemo src dest");

return; > ReNdtoond evcesstian _ )
) (AT Ny = gﬁ\e\wd\‘ S’rfeam'éﬁ\¢s\"~\ \d %
bl aglnd o Sorsatin Gl & Fle adipr Sem—dy ol pss) Qoo \ad!
String destination = args[1]; Ea * . e %\Q Cie &
try { N 2

InputStream input = new FilelnputStream( source );
System.out.printin ("Opened " +source + " for reading.");
OutputStream output = new FileOutputStream( destination );
System.out.m ("Opened " +destination + " for writing.");

@ Eng. Asma Abdel Karim \_$(?\5‘;\3 A B\E\Q‘)
/ Computer Engineering Department ﬁbg\\:s &m& @mt&bﬂ\
Example Using a Low-level Output Stream
(Cont.)

=33

1]

int data = input.read();
while ( data !=-1){
output.write (data);
data=input.read();
}
input.close();
output.close();
System.out.printin ("I/O streams closed");
}
catch (IOException ioe){
System.err.printin ("1/0 error - " + ioe);
}
}
}

@ Eng. Asma Abdel Karim "
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o Laggiddedegx  Filter Streams
27 K5 byfes oo\
“-e®\ls While the basic low-level streams provide a simp

iﬁ&f‘fﬁ‘m mechanism to read and write bytes of informatig,

i \"ef,:\"s their flexibility is limited. e
s”;"ﬁ * After all, reading bytes is complex.

oS &iys  *— Thére's more to the world that just bytes of data.

asxe = Text, for example, is a sequence of characters, and other

forms of data like numbers take up more than a single

byte. . . -.:!£ .‘-. _Q*)\:\
== Byte-level communication can also be inefficient.

* Data buffering can improve performance.
* To overcome these limitations, filter streams are used.

»: ﬂ Eng. Asma Abdel Karim
Computer Engineering Department

Filter Streams (Cont.)

> Filter streams add additional functionality to an existir

~ stream.
® - By processing data in some form, such as buffering fi
performance.

@— By offering additional methods that allow data to be accessed

a different manner. For example, reading a line of text rath
than a sequence of bytes.

* Filters make life easier for programmers.
Cler Ay O= As they can work with familiar constructs such as strings, lin

Nl gehe of text, and numbers, rather than individual bytes.
b6¥:55¢>>“ - Instead of the programmer writing a string one character at
PRV time and converting each character to an int value for t
%)5\3\3-5‘ ?utputStream.write(int) method, the filter stream does this f
g e them,
\efies RSP0

F(“’EJA\ ~;§.’ Eng. Asma Abdel Karim \OLU -\80&\ éeﬂ@\\)&%ﬁ'- KBKJ'& ¥
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Connecting a Filter Stream to an
Ao deelcad als el q\ow-lesel \) ¥

EXisting Stream  tus \ostou scds ke 1%

u&&ﬁﬁu&km&%d( \3»53\. o3
e Filter streams can be connected to any other stream.

»+— To a low-level stream or even another filter stream.

*e Filter streams are extended from the java.io.
_FilterinputStream and java.io.FilterQutputStream classes.

¥ Each filter stream supports one or more constructors That

accept: > L Qodasdiec S8R5

-~ Either an InputStream, in the case of an input filter, or .y :;0*\;‘:::

-~ An OutputStream, in the case of an output filter. ‘J\Vd\é‘{m\ of =N
e Connecting a filter stream is as simple as: = \s o~ 3\

Q@® *— Creating a new instance of a filter passing an instance of an
existing stream, and

® =*— Using the filter from then on to read or write.

by " Eng. Asma Abdel Karim ¥
5/ Computer Engineering Department ’

Connecting a Filter Stream to an
Existing Stream (Cont.)

* The following code connects a PrintStream (used to
print text to an OutputStream subclass) to a stream
that wrote to a file and uses the filter stream to write

a message on the file. ik Sl
Skeneter Ny System.aot I (‘ eyl
Peakin Mg Prak M din Cpisa G\e ._3\
F{leggpputStream fout = new FlleOutputStream ( someﬂle );

PrmtStream pout = new PrintStream (fout), T e a3 as s \ousteusl A

pout.printin ("hello world");

J Dy D <Aad\xEnss
ndpsiies DG Mo

bdjrsJ%\.}&\@ Msms\ WSESEENY

@ hledeCdis gk \Tie chelousdd phiis ¢
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Connecting a Filter Stream to an
; Existing Stream (Cont.)
Rlertde Sun

s o The process is fairly simple as long as the
5 A8 Gsiy Programmer remembers two things:

\-$3 ~
e 1. Read and write operations must take place on the
— new filter stream.

2. Read and write operations on the underlying stream
" can still take place, but not at the same time as an
operation on th'e filter stream. \Gjle:;:g\iﬁgé?::\
Sl "o’ pEo A T e alie
525 R egut pat 5\%5“;:‘;:‘\:’ Ly cosmrlapping RO

\\"=IVe)
AL 0D \e Qe X2 FileodporSieanm ot IRt ecotstEan(derAvt")

ACCess E}f% Eng. Asma Abdel Karim oot = faw ParT S escomn (ot 39
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level ” Ve e actl ook Yo Fierilesd iy
e Jseful Filter Input Streams

BufferedinputStream Class

The purpose of I/O buffering is to improve system
-performance.

Rather than reading a byte at a time, a large

number of bytes are read together the first time
the read() method is invoked.

When an attempt is made to read subsequent
bytes, they are taken from the buffer, not the

underlying input stream,.. \ecdiemdudls a)e aes)
¢~ = This improves data access time and can redice the
doda (Hes)  number of times an application blocks for input.
o> <\ ko Dofferdy

[ Eng. Asma Abdel Karlm ' : 40
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Useful Filter Input Streams
BufferedInputStream Class (Cont.)

» Constructors: > gsid ?ahim@\ a;\;s( |
% — BufferedinputStream (InputStream mBu SIS paieresn
Creates a buffered stream that will read from the specified

InputStrearrLc_)gject oL et ¢ Dofler B Sizel svlias o\
- BufferedlnputStream (InputStream input, int bufferSize)
throws java.lang.lllegalArgumentException

1. Creates a buffered stream, of the specified size, which
= reads from the InputStream object passed as a
parameter.

2. This allows developers to specify a size, which can

= improve efficiency if large amounts of data are going to
be read. The buffer size specified must be greater than or
equal to one.

5 Eng. Asma Abg’eLl(a.rimDepartment 21
Useful Filter Input Streams
BufferedInputStream Class (Cont.)

uéé&@»\&g«g&méoﬂm ANon aslal, Mefmed  Eidasis
« Methods: M nabdfer W Sk
+—No additional methods are provided by the
BufferedInputStream class.
4— However, it does override the markSupported()
method, indicating that it supports the mark(int)
and reset() methods.

3 Eng. Asma Abdel Karim ' %
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\D Useful Filter Input Streams

Rowha) Ui « DatalnputStream Class
R e |
e A frequent task in any programming language i
S8 reading and writing primitive data types such
\\;‘T\‘ S®S numbers and characters. |
U IERY L~ These information types are not easily represented gz
bytes (for example, some data types take up more thap
one byte of information).
Developers should not be concerned with the way in

which representation occurs.

>+ |nstead, the data types can be read simgly, by invoking
methods of the DatalnputStream class, which handles the

translation automatically.
~ _This class implements the java.io. Datalnput interface.

Ife

Enz. Azma Abdel Karim 3
* Computer Engineering Department
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Useful Filter Input Streams
DatalnputStream Class (Cont.)

. Constructors:@k sk
Aoadl SN WpahSteam M\ ewl e
— DatalnputStream (InputStream input)

Creates a data input stream, reading from the
specified input stream.

CamScanner



"’Roy’ Useful Filter Input Streams:

\° '-b{J

<« DatalnputStream Class (Cont.)

Methods:

Many methods are added to the DatalnputStream

class, in order to facilitate access to new data types.

* s Boolean readBoolean( ) throws java.io.EOFException java.io

» bByte readByte( ) throws java.io.EOFException java.io.|OException:

« char readChar( ) throws java.io.EOFException java.io.lQException

» double readDouble( ) throws java.io.EOFException java.io.|OException

- float readFloat( ) throws java.io.EOFException java.io.lOException

« void readFully(byte[ ] byteArray) throws java.io.EOFException:& N

java.io.lOException = AN dh)
« void readFully(byte[] byteArray, int offset, int length) throws Qi Neoga\

java.io.EOFException java.io.|OException _ i i
ot p $eagiin Lo e
Eng. Asma Abdel Karim =0d b Q\\G,C%Jmf"h a5
Computer Engineering Department r’

& AN MeSote ¢33 TOF ExcRption oo S e_\*AoQ &\A@Sqﬁ\%\sﬁ—‘k
Useful Filter Input Streams  -\se-\esl A

DatalnputStream Class (Cont.)
\ WiE el a
* Methods: & w\ébd\gg,\eflij@m

in¥
s M{readlnt(} throws java.io.EOFException java.io.lOException '\)3\\\3\)53‘0“&\-&\354
'Sxtnng readLine( ) throws java.io.|OException

* long readLong( ) throws java.io.EOFException java.io.|OException Q]\:.)\Jcﬁt ik M

* short readShort( ) throws java.io.EOFException java.io.|QException JUP%‘%(“SA @\“
* int readUnsignedByte( ) throws java.io.EOFException java.io.lOException

* int readUnsignedShort( ) throws java.io.EOFException java.io.lOException

* String readUTF( ) throws java.io.EOFException java.io.lOException

* Static String readUTF(DatalnputStream input) throws java.io.EOFException
java.io.IOException

Int skipBytes(int number) throws java.io.|OException

Ly eip nonber of bges
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Asnes)) 538 308 ¢ Fat Y CGokines i,‘a\@\AW 'W
ses\sssi Useful Filter Input Streams

L fineNumberinputStream Class

functionality by
d from an inpy

)
= This class provides helpful
tracking the number of lines rea
stream. Sz Une |
. It is deprecated as of JDK1.1, however, since the
. preferred way to process text data is to use d
s Quss «reader class. | | |
db\-‘-?‘.‘f"?“:, Also, line numbers are not very serviceable iy
Qel 8 = terms of a stream of bytes.

« Nonetheless, if writing for JDK1.02 systems, it
~ may be useful. - Geasisanihsidee

?ﬁa Eng. Asma Abdel Karim J
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tJseful Filter Input Streams
LineNumberinputStream Class (Cont.)

o« Constructors: -P\%@&\
- LineNumberlnputStream(lnputStream"input)'

Creates a line number stream, reading from the
specified input stream.

« Methods:
Q@ — int getLineNumber()

* Returns the number of lines that have been read by this
input stream.

@ - void setlineNumber(int number)
> Modifies the line number counter to the specified valué

',
@ Enz. Asma Abdel Karim s
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Useful Filter Input Streams

f bokqs\e,'@\_
\2 ¢ eln g

@ PushBackinputStream Class RIS

A The PushBackinputStream class allows a single byte to
be read and then "pushed back" into the stream for

later reading.

: : 5 hia” ®
. An internal buffer is maintained that allows data to be

——
.

E_qgrlgd_back into the front of the input stream buffer,
or added if the data had never been read from it

TR A
+ This is useful when the programmer needs to take a

"sneak peek" at what's coming.

f— For example in a text parser or to determine what the next

c

* & command in a communications protocol is going to be. .
& oeishs Bynisn 34NN Tphgs b

Nooffer D e \eleys s Sodn A0
Useful Filter Input Streams

PushBackinputStream Class (Cont.)

e Constructors:

o PushBacklnputStream(InputStream input)
Creates a PushBackinputStream that will read from the
specified input stream.
— PushBacklnputStream  (InputStream input  int
bufferSize) throws java.lang.lllegalArgumentException
(1) Creates a PushBacklInputStream that will read from
an input stream and use @ buffer of the specified
size.

(2) If a value of less than one is specified for the buffer
size, an exception willbethrown——

Eng. Asma Abdel Karlm 0
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Useful Filter Input Streams
PushBackInputStream Class (Cont,)

* Methods:
~k— void unread (byte[] byteArray) throws java.io.lOExceptiop,

Pushes back the contents of the specified array. If a buffe
overrun occurs, an exception is thrown.

= void unread (byte[] byteArray, int offset, int length) throws
java.io.lOException

Pushes back a subset of the contents of the specified array,
starting at the specified offset and lasting for the specified
duration. If a buffer overrun occurs, an exception is thrown,

- — void unread (int byte) throws java.io.lOException

Pushes back the specified byte into the front of the buffer. If

a buffer overrun occurs, an exception is thrown.
 esver 1505 Pl e ouokber M g O

*'.EI"' Eng. Asma Abdel Karim
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Useful Filter Output Streams
@ BufferedOutputStream Class

» The BufferedOutputStream provides data
buffering similar to the BufferedinputStream.

= As suggested by the name of the class,
however, it buffers writes, not reads.

= An internal buffer is maintained, and when

the buffer is complete or if a request to flush

the buffer is made, the buffer contents are

- dumped to the output stream to which the
buffered stream is connec:ced. Q Coumy <, T, Ma S
AL MR o Cafoibitedata N SR ng g bt
: ,&7 Eng. Asma Abdel Karim * \bﬁ v offed\s 8‘»61&8\(&"\\\;‘ ii‘s;i;f;

Oa\gdad ooklex 3‘\_‘*‘:’-*\” '
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Useful Filter Output Streams
BufferedOutputStream Class (Cont.)

e Constructors:

= BufferedOutputStream (OutputStream output)
1. Creates a buffer for writing to the specified output

stream. P2\ (LIRS
2. The default size of this buffer i§ 512 bytes in length.

—BufferedOutputStream (OutputStream output int
bufferSize) throws java.lang.lllegalArgumentException

1. Creates a buffer for writing to the specified output
= stream, overriding the default buffer sizing.

2. The buffer is set to the specified buffer size, which
= must be greater than zero or an exception is thrown.

Useful Filter Output Streams
BufferedOutputStream Class (Cont.)

* Methods:
» — No extra methods have been added to this class.

-t — However, the flush() method has been overridden,

o It will flush the contents of a buffer, sending it
immediately to the output stream it is connected to.

= This s particularly important in networking, as a
protocol request can't be sent if it is still stuck in the
buffer, and the remote program may be waiting for a
response.,

@ ::ng. Asma Abdel Karim >
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Useful Filter Output Streams

BufferedOutputStream Class (Cont.)

.Lv\f& Q¥ (esporsed wire daav g ¥%
,(CiMislas\e cisss Flosh

I've sent the message to the
client. Now I'll wait for it to
respond.

| wonder where therest of that
message is?

This message isn't big enough to
bother sending. I'll wait for the
server to send some more before |
pass this along.

2 .i';. )
BufferedOutputStream  : ' A Q 7
: 4 iRl P
i Qewerdis> é; 48 o
asscosteamantensasanarasnry o Wiy, oY /’;,&".
Mgy f"’
WEB CLIENT

WEBSERVER
= |
R i e
4\ < Useful Filter Output Streams

" s b
s @DataOutputStream Class
_» Like the DatalnputStreamclass, the DataOutputStream class

is designed to deal with primitive datatypes, such as

numbers or bytes. —s byle Ga 558 35l Aty
L) Most of the read methods of DatalnputStream have 2
corresponding write method mirrored in

DataOutputStream.

s/ — This allows developers to write datatypes to a file or other typé
of stream, and to have them read back by another Java
application without any compatibility issues over how primitive
datatypes are represented by different hardware and softwaré
platforms.

» It implements the java.io.DataOutput interface, which

i)

~ provides additional methods for writing primitive

% datatypes.
@ Eng. Asma Abdel Karim : ¢ ':D ' Q\Z\D\AN\A\b \J“ \C%)k *
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Useful Filter Output Streams
DataOutputStream Class (Cont.)

° tru ; 5
Constr ctorg\{& SR e R
— DataOutputStream (OutputStream output)

Creates a data output stream, which will write to the
specified stream.

Useful Filter Output Streams
DataOutputStream Class (Cont.)

» Methods: G A ogfes Wasg annahg fedMstapanGs
~— intsize() P e\ '
Returns the number of bytes written to the data output stream.
% — void writeBoolean (boolean value) throws java.io.lOException

ngtes the specified boolean value, represented as a one-byte
value.
+ — void writeByte (int byte) throws java.io.|OException
Writes the specified byte to the output stream.
4 — void writeBytes (String string) throws java.io.|OException
Writes the entire contents of a string to the output stream a byte at

a time. .
% — void writeChar (int char) throws java.io.IOExcggt}i_o_rL;if\_f\ P
Writes the character to the output stream as gitwo-byte value> = o)
4— void writeChars (String string) throws java.io.lOException Q ehi
Writes the entire contents  of a string to the output stream, .
represented as two-byte va/suesMethods
@ Eng. Asma Abdel Karlm 58
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Useful Filter Output Streams

DataOutputStream Class (Cont.)

* Methods:
s — void, _writeDouble (double
java.io.lOException

Converts the speci i%d‘gouble .;/alue to a long value @
converts it to an €ight-byte value. va,io.IOExCCPtion

s — void writeFloat (float floatValue) throws ja cept
f"”"f,’“ the specified float value to an int and then writesitasa
yte value.

doubleVvalue) throws

nd then

K f%%id*\)vri'telnt (int intValue) throws,java.io.lOException
s 2 riaLong (in i atac) throws javaio |OEsception
e —V-V r\;g:;.; (\TNI:;?gSn%,ﬁe(i?\St‘i?:gcgllt’l}gftsl}rows java.io.lOException
s KV réiﬁfi zvsr,i’t‘;rlfﬂ\'/g ’(lgir‘i,rfg[ :Jt?iggetf{{ows java.io.lOException

Writes a string using UTF-8 encoding.

@ Eng. Asma Abdel Karim 5
A Computer Engineenng Department
Useful Filter Output Streams

Cord N sl Sussalal, e«ijrintStream Class - Fker Stiean

Aoy b daa MASGUAS -
"+ The PrintStream is the most unusual of all filter output

—  streams. o3l Bimexcephion \oas\n
e D\’b - . M . M . f m
w— It is “atypical in that it overrides methods inherited fro
FilterOutputStream without throwing the expected java.io.|OException

class.
_» The PrintStream adds additional methods as well.
= - None of which may throw an IOException.
>+ — No errors are overtly reported, and instead the presence of an error ¥
determined by invoking the checkError() method—although no furthef
details may be obtained as to the cause of the error.
- Despite its idiosyncrasies, the PrintStream is an extremelf
useful class. L ESWMaesise a3 bl (g
~— It provides a convenient way to print primitive data;cypes as text usins

the print(..) method, and to print these with li ing the
Srntii() shethon. ol p with line separators using

Eng. Asma Abdel Karim b"\ -\\b&d . #
Computer gngineering Degartment -5 \—"‘é‘l Y" Q‘-‘O E}LJ
(key) op\e
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Useful Filter Output Streams
PrintStream Class (Cont.)

° Constrm&tors:
‘ =) q,$¢§\\ \(\S'(QI\CEA\ %)
_— PrintStream {OutputStream output)

Creates a print stream for printing of datatypes as text.
_= PrintStream (OutputStream output, boolean flusﬁ)\‘)
@_ﬁ Creates a print stream for printing of datatypes as text.

() If the specified boolean flag is set to "true,” whenever a
byte array, printin method, or newline character is sent,
the underlying buffer will be automatically flushed.

SuStem. efor Mo Syshem.out Ni=d

&%
(ooC?:r‘R\o)

Enz. Asma Abdel Karim 61
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Useful Filter Output Streams

PrintStream Class (Cont.)

. Methods: o lac e imunenmese add -  Osbilaten
EHiods: = Y : = NG N
— boolean checkError() e ¥ S foe P o . X
Automatically flushes the output stream and checks to see if an error has -C5

occurred. Instead of throwing an I0Exception, an internal flag is maintained that
checks for errors.

% — void print (boolean value)
Prints a boolean value.

“~ = void print (char character)
Prints a character value.

~ = void print (char[) charArray)
Prints an array of characters.

+ =~ void print (double doubleValue)
Prints a double value.

~ = void print (float floatValue)
Prints a float value.

Eng Acmig Atdel Karim a2
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Useful Filter Outpu -
printStream Class (Cont.) o< :Q«
L\;E&sh'\-

* Methods:
— void print (int intvalue)
Prints an int value.
— void print (long longValue)
Prints a long value. —2 -\~og\m\35\ 2\?_\,
— void print (Object obj)
Prints the value of the specified object's toString() method.
— void print (String string)

Prints a string's contents.
— void printlnr()\——‘» QAew e o3
is value is system dependent and

Sends a line separator (such as \n'). Th 5 5 f
A e value of the system property line.separator.

determined by th
— void printin (char character)

Prints a character value, followed by a printin().

— void println (char(] charArray)
Prints an array of characters, followed by a printin().

Useful Filter Output Streams
PrintStream Class (Cont.)

« Methods:
— void println (double doubleValue)
Prints a double value, followed by a printin().
— void printin (float floatValue)
Prints a float value, followed by a printin().
~ void println (int intValue)
Prints an int value, followed by a printin().
~ void printin (long longValue)
Prints a long value, followed by a printin().
~ void println (Object obj)
Prints the specified object's toString() method, followed by a printin().
~ void println (String string)
Prints a string followed by a line separator,
— protected void setError()
Modifies the error flag to a value of "true."

g( Eng Aeme Abdel Karim |
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Outline
s Readers and Writers. - @3 s ey Nolig
= Object Persistence and Object Serialization.

S5\ £ng. Asma Abdel Karim
.Computer Engineering Department

Overview

. While input streams and output streams maj

be used to read and write text as well as byte
ation and primitive data types, ¢

of inform
better alternative is to USE reciders ant
Writers.

| 2
k » Readers and writers were introduced in JDKL.
to better support Unicode character streams.

S Ot Gun L ceadeptat
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What Are Unicode Characters?

* Most people think of characters as being composed of
8 bits of data, offering a range of 256 possible
characters.

s+ — Low ASCII (0-127) characters are fol i
characters (128-255). e followed by high ASCII

% — The high ASCIl characters represent characters and
symbols such as those used in foreign languages or

punctuation.

» However, people quickly realized that even 256
characters were not enough to handle the many
characters used in languages around the world. This is
where Unicode came in.

J Eng. Asma Abdel Karim -
Computer Engineering Department

What Are Unicode Characters? (Cont.)

e Unicode characters are represented by 16 bits.
— Allowing for a maximum of 65,536 possible
characters. |~ . deft Sof Seedaddgs

» Unicode Characters are supported by Java.  d&faoly N
. g ¢ Lcade N S
* Java also supports a modified form called s\-u aus

UTE-8. — Lt \oghesN e rNioy (W 2l char Meshoss WaGgs o df ‘i u;g
—This is a variable-width encoding format; some Q::ew
characters are a single byte and others multiple  esyy

bytes.

@ Eng. Asma Abdel Karlm | ’
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The Importance of Readers and

‘Writers
P ER S IR TN R W E T
haSean o For those dealing solely with
types, use of input. streams .an
streams may by all means be contlnue_ 3
processing tey
eader and/or ;
ode characters

primitive da,
d outpy

t—* However, if applications are

«A3\= information only, use of @’
f;t\i writer, .to better support Unic
52Tt should be considered.
@aé:(sf Mo
\\DQ{wVv-\-grs

Rendecs/uthes Cosdig®l\
N Mgy RS OrdeSteams
From Input Streams to Readers

e Ckleanm )\ Sojer N\
= o The java.io.InputStream class has a character-based

' ’ m of the java.io.Reader class.
eqUIva/ISR’cExL&glgctg(st. ) (_JJ :
. The reader class has similar method signatures to that

of the InputStream class. . b\ jidas\iis SesBlidlie
| — Existing code may be quickly converted to use it.
Usbiz¥t « o However:
. V""’-Jj (& — Some slight changes are made to the method signatures,
to support character, and not byte, reading.
(@ — The available() method has been removed, and replaced
by the ready() method.

I PR \ b-\’)siﬁ S\DBSE\)*\A A
o o8 VF pz

w Eng. Asma Abdel Karim
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The javé'.io.Readef Class

o Constructors:

No public constructors are available for this

class. Instead, a reader subclass should be |

instantiated.
\

9 \OSJQ:S \\5_1;/:-7\3 3\)95 lows tenel 1/ostime o M\l %

\Seass ol ot s Jgun'siby CRlier) bigh teuel 1/a St
Eng. Asma Abdel Karim “ € h}%(;(\cs - T
£ i\ys \ers \euel QOQACG/GJ&I@_@\S»S [V g

 highlevel Readers wrikes SeSd Q\M\’eﬁef@s
\)mcirnr \Sss_d_a\ﬁ\u\e \,‘é’\@i}@? e\ Coivak ‘\Qﬁﬁuﬁ (Glexey
The java.io.Reader Class (Cont.)

* Methods: 4

The class includes the following methods, all of which are public:
— void close() throws java.io.lOException
Closes the reader. > Ry SPAL Mack 5\\,@%5\3'9};_9&;%:;&{ s
— void mark(int amount) throws java.io.|OException e

1. Marks the current position within the reader, and
uses the specified amount of characters as a buffer.

2. Not every reader will support the mark(int) and
reset() methods.

— boolean markSupported() = fatse iy defautt A

Returns "true" if the reader supports mark and reset

operations.

@ Eng. Asma Abdel Karim (‘&3 Q& pea.clédﬁ Gao Y o
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The java.io.Reader Class (Cont.)

* Methods:
t\‘P_lil'\lﬁflass includes the following methods, all of which are public,
5 -~ — lint read() throws java.io.|OException , :
b&b@p <7 Reads and returns a character, blocking if no character 15 }\’liflfe‘/ao’?g/le. f
5}.)*0{\\?’_7— the end of the reader's stream has been [eaChEd{_ a’( Is
el e R e D g
C SN — int read(char(] characterArray) thrgwsjava.lO-IOE"c P i r‘%%kig\ i

a. This method returns an in

2 If the end of the

> \ /

\ﬁ’}“‘a\ \?939‘% Populates an array of characters with dat o

5o)f~°> value, representing the number of bytes that weré Ten
reader's stream is reached, a value of —1 is retur ne

4 the array is not
sm> bikishaly

modified. 0

, ; ! ws 3

— int re_ad(i:har[] characterArray, int offset, int length) thro O(lgi’i !
java.io.lOException starting at the specified offset

turns an int value

array with datd,
—1 if no bytes could be

Populates a subset o the )
1 jed duration. This

and lasting for the specifi
representing the number of bytes read, or

obtained.
10

EEe) Eng. Asma Abde! Karim
$&y) Computer Engineering Department

The java.’io.Re'ader Class (Cont.)

« Methods: .
The class includes the following methods, all of which are

public:
lean ready() throws java.io.lOException

— boo

Returns "true” if there is data available, or "false” if not. This is
similar to the lnputStream.availabIe() method, except that the
number of bytes/characters is not available.

s < B void reset() throws java.io.IOException
Qé)@\g,\ﬁn“ Attempts to reset the reader's stream, by moving back to an earlier
wask \=s> position. Not every reader supports either mark or reset, and an
L}xcggtlo_r@//d be thrown or the request ignored.
; — long skip(long amount) throws java.io.IOException
ot AeR Regds a/r;d d/scards the specified number of characters, unless the
cr’;’nn / f())f cl; e input stream is reached or another error occurs. The skip
ethod returns the number of characters successfully skipped.
B4 £ng. Asma Abdel Wk&c\ﬁm& BHp SondssSae
P 8§ Eng. Asma Abde arim O
W2/ Cornputer Engineering Departm}:antqg amoont H G dd) ae)
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The java.io.Reader Class (Cont.)

 Like input streams: , . )
) T eee s Qe ol &
—There are a variety of low-level readers (which
connect to a data source, such as a file or a data
structure), and

—There are filter readers for high-level
communication tasks.

12

§ Eng. Asma Abdel Karim
; Computer Engineering Department
Low-Level Readers
® CharArrayReader Class

« The CharArrayReader class is a reader that obtains data
by reading characters from an array.

* Constructors:
— CharArrayReader(char(] charArray)
Creates a character array reader that will operate on the

specified array. Artay D e Soloest S)W*s\ &
— CharArrayReader(char([] charArray, int offset, int length)

Creates a character array reader that will operate only on a
subset of the specified array, starting at the specified offset

- and lasting for the specified length.
* Methods: Gdi\e) (S r
The CharArrayReader adds no new methods. i lec Roaders M
Qal Gevel Lo

13
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Low-Level Readers i

® FileReader Class ">y

* This reader obtains its data dir
the FilelnputStream class.

* Care must be taken, as with the Fileln J
creating an instance of it, as an exception Wi

< If the file could not be located, of
— If security access permissions restrict

putStream class, whe,
|| be thrown:

AR
e it from being read.

E2) Eng. Asma Abdel Karim
&5/ Computer Engineering Department

Low-Level Readers
FileReader Class (Cont.)

o Constructors: (2 I v
— FileReader(File file) throws java.io.FileNotFoundException

Creates a reader that will access the contents of the specified file
object, if the file it represents exists.

\@"— FileReader(String filename) throws
&i_;ﬂé java.io.FileNotFoundException
Creates a reader that will access the contents of the specified

filename, if it exists. - pject > Re %)L“\’

— FileReader(FileDescriptor descriptor)

Creates a reader that will access the contents of the specified
descriptor handle.

* Methods: The FileReader class adds no new methods.

)

iyl
{ i} Eng. Asma Abdel Karlm
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i €\Low-LeveI Readers
Wed S B S PipedReader Class
« Constructors:
— PipedReader() il @ anntion Diped W%
Creates an unconnected pipe reader.,  oons
— PipedReader(PipedWriter writer)

Creates a connected pipe that will read the output of the specified
writer.

« Methods:
A single (public) method is added by this class.
— void connect(PipedWriter writer) throws java.io.|OException

Connects the reader to the specified writer. Any output that is sent
by the piped writer may then be read by the plped reader D
(305

%K&) W\ (eaderhdas LaCres Yot

Low-Level Readers
@ StringReader Class

« While it is sometimes useful to work with a character
array, most programmers prefer to deal with strings.

. The StringReader class offers a substitute to the
CharArrayReader, accepting a string as an input
source.

@ Eng. Asma Abdel Karim 1?
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Low-Level Readers

StringReader Class (Cont.)

* Constructors: g ey Lim SN Sicieg S
— StringReader(String stringToBeRead)
Reads from the beginn)’ng of the specified string until the
end.

* Methods:

No additional methods are added.

!@ igi;\jygs?nbgcz::szfi;i:Department n a\é !
du{’iési\)&w \%\R&)ms;\g \nvb\S’V(egw\ S,S\&S- S
\anding - bgles Gse Low-Level Readers
(Suls e SS

Crosdbondio, InputStreamReader Cla
R oot o . While readers are quite commor.\, there is still a need for |
backward compatibility with older input streams.
w— Particularly those written by third parties for which thereis

no equivalent reader class. ., \\odeveam

%— For example, the System.in member variable is an
InputStream instance that can read input from a ustl
There is no comparable reader class for this.

#— The solution is to connect an InputStreamReader to an
InputStream instance, which will perform the necessay

translation.

g {om b@*es e C\Iur.

Fng. Asma Abdel Karlm . i
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Low-Level Readers
InputStreamReader Class (Cont.)

- Constructors: P adgaditey il

— InputStreamReader(InputStream input)

Connects an input stream to the reader. i escodeh Ssaws -5 (‘tb\é

- lnpu’fStreamReader(lnputStream input, String enc&'ﬂ"mé) throws Q*’*’W“‘h;\‘é’
java.io.UnsupportedEncodingException

Connects an input stream to the reader using the specified

encoding form. If the encoding form isn't supported, an exception is
thrown.

+ Methods:

The InputStreamReader class adds the following public method:

— String getEncoding()(*I-~- M st 2538
Returns the name of the character encc;ding used by this stream.

9 Eng. Asma Abdel Karim
’ Computer Engineering Department

20

InputStreamToReader Demo

import java.io.*;
public class InputStreamToReaderDemo {
public static void main(String args[])}{

bt \oRUY SXaam

n). Consde Mook

System.out.print ("Please enter your name : °);
InputStream input = System.in; —> addhiona) Shep D
\){, S m eader = new InputStreamReader ( input );
Y BufferedReader bufReader = new BufferedReader ( reader );
C,d\?’é? String name = bufReadenreadLine’(-);\a Cetstae s Vine &5,;
system.out.printn ("Pleased to meet you, " + name); ou&\»é)bb“
) @ader M\
catch (IOException ioe){
System.err.printin (“I/O error : " + ioe);

}
)

@ Eng. Asma Abdel Karim 21
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Filter Readers

= Filter readers, just like filter input stream,
provide additional functionaiity In the.forn ,
new methods, or process data in a differg,
way (such as buffering).

%: Always connect to another reader.

fa: i‘; Eng. Asma Abde! Karim
B Computer Engineering Department

(O Filter Readers

bw&:esmém\&»x% BufferedReader Class

—\ \ . .
i e frustrating problems with reading dat

» One of the most . !
from a reader, as with an input stream, IS that blocking /0

is used.
When this happens frequently, the performance and

responsiveness of software suffers.- oWt
An alternative is to buffer data so that reads are groupet
together for better performance.
. Just as the BufferedinputStream buffers bytes of data, th
BufferedReader buffers characters.

AT Also, although one would not guess it from the name, the
st oo\ BufferedReader is a partial substitute for the
P % (s DatalnputStream class.

Q_» — It provides a readLine() method that is not deprecated.

@4 Eng. Asma Abdel Karim
w7 Computer Engineering Department
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Filter Readers
BufferedReader Class (Cont.)

» Constructors: _
— BufferedReader (Reader reader)

Reads data from the specified reader into a buffer.

— BufferedReader (Reader reader, int bufferSize)

throws java.lang.lllegalArgumentException
WS Jav: §$J galArg P

Reads data from the specified reader into a buffer,

which is allocated to the specified size. The buffer
size must be greater than zero.

Alan(3s0
| Eng. Asma Abdel Karim SB%\' ‘\_Q* 2
Computer Englneerlng Department =D A_»b\\ygz‘ﬂ s <

ééu\%;«v" Fllter Readers
BufferedReader Class (Cont.)

* Methods:

—The following public method is added by
BufferedReader, as a replacement for the deprecated
DatalnputStream.readLine() method.

» String readLine() throws java.io.lOException

Reads a line of text from the underlying stream. The |
line is terminated by a line separator sequence, such
as a carriage return/linefeed.

— In addition, the reader overrides the markSupported()
method, to indicate that it supports the mark and
reset operations.

@ Eng. Asma Abdel Karlm ‘ 25
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\m\_\%tﬁ%‘\ Fhot derdashl 1] oo 18 & i B ¢ coniinnloliic
bW Codudes FilterReaders

@/ FilterReader Class —

* Rather than perform a practical action, this class act
as a template on which other filters can pg
constructed.

— If a custom filter needs to be written, the class should be
extended, and methods overridden or new ones added,

e The FilterReader class has been designed so that it
cannot be instantiated by making its constructor
protected; the class should instead be extended.

 The FilterReader class defines no new methods, but
subclasses are free to add additional methods or

override existing ones.

w r' Eng. Asma Ahdel Karim
%59/ Computer Engineering Department

et o Mot (':o'b-'h{ﬁés\,la CoIm e
Filter Readers | P,
.3 s‘.lgs\

@ PushBackReader Class. =~ s

 This class allows characters to be "pushed back" into
the head of a reader's input queue, so that it may be
read again.

« This allows programs to peek ahead at the next
character and then push it back into the queue.

e Constructors:
— PushBackReader(Reader reader)
Creates a push-back reader with a single character buffer.

— PushBackReader(Reader reader, int bufferSize) throws
java.lang.lllegalArgumentException

Creates a push-back reader with a larger buffer, of the

specified size. The buffer size must be greater than zero, of

an exception is thrown.

Eng. Asma Abdel Karim .
Computer Engineering Department
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Filter Readers

PushBackReader Class (Cont.)
» Methods:

— void unread(int character) throws java.io.lOException

Pushes the-character back to the beginning of the queue. If
the queue is full, an exception is thrown.

— void unread(char[] charArray) throws java.io.lOException

Pushes every character in the specified array into the queue.
If full, an exception is thrown. - :

— void unread(char[] charArray, int offset, int length),throws
java.io.|OException

Pushes a subset of the characters in the specified array into

the queue, starting at the specified offset and lasting for the
specified length. If full, an exception is thrown.

Eng. Asma Abdel Karim 2
Computer Engineering Department

Filter Readers
@7 LineNumberReader Class
* The LineNumberReader class provides a Useful

line counter, which measures how many lines
have been read.

* It is the reader equivalent of the
LineNumberlnputStream.

* As it extends the BufferedReader class, it also
supports the mark/reset operations.

Coutter M opdate. &y 58 O
Rulh e,re';OAE{ class M\ 3199

3 Eng. Asma Abdel Karim i
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Filter Readers
LineNumberReader Class {Cont.)

* Constructors:
— LineNumberReader (Reader reader)
Creates a new line-number reader.
— LineNumberReader (Reader rea
Creates a new line-number reade
specified size.

» Methods:

Two new methods, to determine and t

number counter, aré offered.
— int getLineNumber()
Returns the current line number.
_ void setLineNumber(int lineNumber)
Modifies the line-number counter.

@ (EZng'.;ijgfS?gdiriﬁi:g]Department g
Filter Readers
LineNumberReader Class (Cont.)

« Constructors:
— LineNumberReader (Reader reader)
Creates a new line-number reader.
— LineNumberReader (Reader reader int size)
Creates a new line-number reader and allocates a buffer of the
specified size..
» Methods:
Two new methods, to determine and to modify the lin€
number counter, are offered.
— int getLineNumber()
Returns the current line number..
— void setLineNumber(int lineNumber)
Modifies the line-number counter.

@ Eng. Asma Abdel Karim 3
Computer Engineering Department

der, int size)
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The java.'io..Wri_ter Class

e Constructors:

— There are no public constructors for this class. Instead,

a writer subclass should be instantiated.

o Methods:
—void close() throws java.io.IOException

Invokes the flush() method to
and then closes the writer, send any buffered data,

= void flush() throws java.io.lOException
Flushes any unsent data, sending it immediately. A

buffered writer might not yet have enough data to send,
and may be storing it for later. |

LSRN RCPCRN
Eng. Asma Abdel Karim &\:&\ 5
Computer Engineering Departments ¢

The java.io.Writer Class
\cwo \evel  wriking .

¢ Methods:
— void write(int character) throws java.io.lOException

Writes the specified character.

— void write(char[] charArray) throws java.io.lOException

Reads the entire contents of the specified character array and writes it.
~ void write(char[] charArray,int offset, int length) throws

java.io.lOException
“/=Reads a subset of the character array, starting at the specified offset and

lasting for the specified length, and writes it.
- voi i i i a.io.|0Exception :
void write(String string) throws jav P A o

Writes the specified string. el L
~ void write(String string, int offset, int length) throws S\““B :

java.io.lOException " :
Writes a subset of the string, starting from the specified offset and lasting

for the specified length.

33
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BelVeanouhalGtandl
Chcay e ) ayel Writers

\ \ @.}Lﬁc»@ 8
b@@:ﬁ‘t—@me charArrayWriter Class

. The CharArrayWriter maintain® &2 intggngclnn?grftirdtt}::a; ish Mg
. : 3 c
Qordtoctet 3\ time a write request is made, and may Macter , 4

o . Constructors:

fire kﬂ‘es — CharArrayWriter()
?Q of Creﬁtes . h\;racter array writer that can be converted to a charqcte, arrg

| : ).

S\, g)_»_s — (CharArrayWriter(int bufferSize) throws Java.Ifang.I!le.g-aIArgume,,tEXCQDtio
we\' Qo M Creates a character array writer using the specified initial buffer size (i Whichnm
not be negative). i

A ale
Epi\k‘ * Methods:
: — char[] toCharArray" ;
Returns a character array, containing all characters written thus far.
— String toString() ’
Qs)s Returns a string containing all characters written thus far.
ke A

s By ocpstShramtl 209 o "o Bfeodrray

: :ﬁ Eng. Asma Abdel Karim
&Y Computer Engineering Department

Low-Level Writers
@ The FileWriter Class

= The FileWriter class extends the OutputStreamWriter class, and provides!
convenient way to write characters to a local file.
=2 This class is equivalent to the FileOutputStream class discussed earlier
* Constructors:

— FileWriter (File file) throws java.io.IOException .

i?rfg:e:rgv\gr?t;ec; g?/,;réizﬁg,t:ei?:i : ;_ f)‘-:gf ce represented by the specified file o
- FileWriter' (FileDescriptor descriptor) throws java.io.lOException
& ,@\ e__(,;re[c:vife.\sN a ':vntser lconn'ected to the specified descriptor handle, if allowable.

“e (s Wn‘tei to”t her( tr n_g'flleljame) throws java.io.I0Exception 9

@ specified file location, creating a file if one does not already &,

and overwriting an existin ; ) ictions:
exception will be thrown, - " 0 "°t Permitted by security access rest

— (FileWriter(String filename T”\a defauly =l

. tion
+boolean ivlpPéndFlag)"chrowsjava.m.lOEXC‘?p ol

C Writes to the specified file jocgt; v the fie"
on. If the appendFlag is set to "true, t.he
be opened In append moge and data wijl| bg ,zvritter? ?ols‘t;: end of the filé

ka*\ q*?),\nl-(s\ﬁéo:fq '-\_.5\9%‘ ;.. 4 \Q(. ‘ Iy
( Eng. Asma Abde| Ka) lm%'\\% i N .o wS ISBR e §
COInp’ukter Engln'eerh:.'g Dt’al)arlment i) %9\ G-\’\-ﬁ § 4 \&A“";,é 5 \\S\L\L\n \-'-S
‘ e k&’ QQMC\F\C\S ‘A\ QC""')S MMA\&&?M G\eﬁ\ﬁ-&
¢ ' ﬂ\.b%\&)s}ﬁ\\ay -_"g \A‘s -.. é }3‘&)3 /J
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L SO Level Writers e
@ The PipedWriter Class~ =

. The purpose of the PipedWriter clasc i . : .
pipedReader. ass Is to write data that will be read by a

. These two classes are reader/writer equivalents of the PipedinputStream
and PipedOutputStream classes, byt may not be interchaan)ed. B
. Constrcutors:

— PipedWriter()  Sdeadss N feoder )\
Creates an unconnected pipe writer, > L OENeod oo

- PipedWriter(PipedReader reader) throws java.io.|OException (s2ey E?"é"‘“ S
Creates a piped writer connected to the spec ;

; ifie
read any data written to this writer. ified reader. The reader may later
» Methods:

— void connect (PipedReader reader) throws java.io.lIOException

Attempts to connect to the specified pi e, soth i
by the reader. If the pipe is alread Pip at any data written may be read

be thrown Y connected to another pipe, an IOException will

Vielienderot Pitedrler S daPRduscler (ale ana

| Eng. Asma Abdel Karim S K“é)"f Q\%L(&ég \QQ\Q 4 ?\QQA(&C&SKS,\K,QJ‘A
/ computer Engineering Department L Gada o\ PReduotiex 36

y axles lae Vi N BE
Low-Level Writers w-@\g&x:@s AT

@ The Strin i oy s apo- SRy

gWriter Class ey et |

* Judging by its name, you might expect that this class &3 sy |
allowed for writing to a string. ~ S

* A string is of fixed length and is immutable (the \"ﬁ’“\& ;

contents of a string may not be modified). s

e . St
* Writing to a string is accomplished by using a apiteath
StringBuffer. | R PR

— The StringBuffer class is similar to a string, but may be St \int
modified. When the_maodifications are complete, the KL
StringBuffer can be converted back to a string. B

This is how the StringWriter class works. Ay Ma&\;

— It maintains a string buffer, and provides a method to
access the buffer contents or to convert to a string.

@ Ftna. Asma Abdel Karim !
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Low-Level Writers
The StringWriter Class

* Constructors:
— StringWriter()
Creates a new string writer, using the default-sizeq buffe,
— StringWriter(int startingSize) ;
Creates a new string writer and allocates a Stri”QBuf)‘e,
the specified size.

* Methods:
— StringBuffer getBuffer() « ~ %\?}A&\i&:&‘ﬁ%ﬂ\m
Returns the buffer used to store datd sent to the Writer,
— String toString() + — 1N Sweahens
Converts the internal buffer into a string.

! Eng. Asma Abdel Karim
Computer Enginearing Department

st s o Low-Level Writers
witer N\\e

esteantin @ The OutputStreamWriter Class

* While there are many writer classes equivalent!
output stream classes in the Java API, thereiss
a need to_maintain compatibility with old
~output stream classes.

-+~ As most of the networking APl and some third-party
libraries provide only stream interfaces.

= The OutputStreamWriter class handles y
| <~ translation between a \Writer and
Ger e OuputStream, allowing new writer classe’

R interact with older output streams.
Ak X :\ i

( [ng. Acme Abdel Karlm
Computer fagineering Department
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Low-LeVeI Writers
The OutputStreamWriter Class

. Constructors:
— QutputStreamWriter(OutputStream output)

Creates a writer that will translate between characters and

bytes, using the default character encoding. —>Meode

— OutputStreamWriter(OutputStream output, String | —> =3
encoding) throws Java.lo.UnsupportedEncodingException C@M\

Creates a writer thqg translates between characters and [ |
bytes, using the_ specified character encoding. If the specified 55
encoding form is not Supported, an exception is thrown.

« Methods:
— String getEncoding()
Returns the character encoding used by the writer.

| Eng. Asma Abdel Karim o
Computer Engineering Department -

OutputStreamToWriter Demo

import java.io.*;
public class OutputStreamToWriterDemo

public static void main(String args[])

{
try

//Get the output stream representing standard output
OutputStream output = System.out; —» Adthoas) Shep
// Create an OutputStreamWriter
OutputStreamWriter writer = new OutputStreamWriter (output);
\-,j'_;&bb // Write to standard output using a writer
277 Toneen  writer.write (“Hello world");
TR-L // Flush and writer, to ensure it is written
T \_____ writer.flush(); writer.close();

r‘yda.-dﬁ)fatch (I0Exception ioe)
b 1o
System.err.printin ("1/O error: " + ioe);

}
}

@ E”E- Asma Abdel Karim a1
OMputer Engineering Department
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"o Filter Writers
«_ 2»> The BufferedWriter class

<Y Used to i
. & S sed t.o improve system QerformanCe_ Y
3% buffering write request together.

s Constructors:
~% — BufferedWriter(Writer writer) i
the specified

Creates a buffered writer, confi .
writer. Write requests wil be bufferedi tho() ’gg{ﬁve
efficiency. To send all queued data, thejiﬁ’f.-— od

should be invoked. s :
rwriter, int bufferS|ze) throws

% — BufferedWriter(Write

java.lang.IIIegaIArgumentExceptlon -
Creates a buffered write, with a buffer of thel specified
size. The size must be greater than or equal to 1.

4

Y .
,.,'-‘ i Eng. Asma Abdel Karim
a3y Computer Engineering

et @) Filter Writers
The FilterWriter Class

ter classes should extend
ding the java.io.Writer

Department

et

Developers creating custom fil
this class, rather than exten

class.
It provides no additional functionality, but may be used

a5 a template on which filters can be constructed.

“e

\e

» Constructors Clecde tma Ajec’ Saossio ysia\s
o — protected FilterWriter(Writer writer)as\s Q\ess N\

= Methods:

- I:l;:- IFilterWrit(;r class defines no new methods, b
classes are free to add additi -
eieting Ghes. itional methods or override

| Eng. Asma Abdel Karim
&’/ Computer Engineering Department | A}
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(D Filter Writers
~The PrintWriter Class  doda dud,

T S \B\scs W

. PprintWriter_is the sister s_of PrintSt i
= “methods for writing datatypes as te it A i

@ XX,
Like PrintStream, none of the methods lon—
rather, the error state is determi kit the chestEreonts aths

ned by i i
hich returnsm y invoking the checkError() method,

. Constructors:
— PrintWriter(Writer writer)/
Creates a print writer, writing to the specified writer,

~ PrintWriter(Writer writer, boolean qu$hF|a§)\,—5\eU Sefautt = False

Creates a print writer, the output of which may or ma :
! y not be automatically
flushed whenever a printin() method or q line separator is sent, based on the state

of the specified boolean flag. A value of "true" will flush when a printin method is
executed.

« Methods:

— The PrintWriter class implements new methods to match the signatures of the
PrintStream class. R

Ve

| Eng. Asma Abdel Karim
Computer Engineering Department

bykes .Aé.;';sg %\vg«\ Neaihis 3AL objedtM e =~
Object Persistence & Object

Serialization
\ows \oveh Nankiss o
= Data that can be read or written ranges from individual

~ bytes to primitive datatypes and strings.= SMegMauhis

-~ But what if you wanted to read and write an entire
object, composed of a series of member variables?

2 To do this would require that each field of the objeét
be written individually; then at a later time, each field
would be read back and assigned to an object.

#— This is a complicated process. -z} ssse csdy

\-%)\:‘ The solution is to use object persistence. &3\ = oo eertalioatior
ot

@ Eng. Asma Abde| Karlm ' )
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L obomdabgeniidlge .
w‘m\gQg.gt“’\;5\\“3s-i’;;What is Object Persistence

S e bl 55t (\hastge Shiedd 4 i Wl S o
-+ Object persistence is the ability of an object to persist over
time (and, if moved to a different computer or VM, overg,
space). > Xeb| Jom e objet I\a s
\\<; Most objects in a Java Virtual Machine are fairly short-lived.

# % — When there are no references to an object, the memory space
allocated to it is reclaimed by the automatic garbage collector

thread.

% — If an object is frequently used, and does not lose references to
@ it, it will still die at some point in_time the JVM wMa_gr‘anJ;ie
eventually and the objectzwill be destroyed.

_* Obiject persistence allows an object to outlive the JVM that

hosts it. Lb‘\x%ué\\-&w\ NG \)ﬁ\\y&\&b@&&
Qe Re saBant

| Computer Engineering Department 7\\< ®‘6m§55‘
i &&@55\@%\%@ MVQR&HG;\Q—\.‘\% ASS»‘&\SQ “ \sﬁ"?js W
hay £ bates What is Object Serialization

' + Object serialization controls how the data that
| comprises an object's state information (the

individual member variables, whether public,

private, or protected) is written as a sequence of
dyedet  _Dytes.
&4\ yuee The serialized object might be sent over the
J4nsts network or_saved to a disk so that it can be
M@ os accessed at some point in the future.

Seqalnaten This allows objects to move from one JVM to
~ another, whether located on the same machine
or a remote one. g s T
CsshmuinddlgRie skt Uil shjest Nags
’ "I Eng. Asma Abdel Karlm @‘).7“( Q_J,\, Qs\ih\'w Objtd 5\\\53( L~‘5S 3‘
WY Computer Engineering Department !‘ '\. 3\6\;35 ‘._ : ,QX\

Recsisfence
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What is Object Serialization (Cont.)

Serialization works by examining the variables of an
object and writing primitive datatypes like numbers
and characters to a byte stream. 5 &N daldsayes
If an_object contains an object as a member variable

(as opposed to a primitive datatype), the object
member variable must be serialized as well. TN\ ERaa Sy

_ . Sexi \\zx&@é\- RN
This must be done recursively, so that if an object has a Sy
reference to an object, which has a reference to '
another object (and so on), they are all saved together.

The set of all objects referenced is called a(graph)of
objects, and object serialization converts entire graphs *

to byte form.

\ Eng. Asma Abdel Karim &
Computer Engineering Department

Graphs of Objects

o\:sjeéf
QLerialization N\ akssus

73 .
M\?;%u\;r‘é\- [———— > () OulpuiSteam }—» 1o11011101.,
y | .

AN

Object ! ore Objectn
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L= * How Serialization Works?
Q\QJ&S\' Qera\akion:®, @ .
Support for serialization was introduceq in JD.K1’.1. ®
Any object that implements the java.io.Serializable interf,

~ 5 c
be serialized with only a few.iines of code (along with i eo{nay
object referenced by a serialized object). =0 ath,

_+ The interface serves only as aﬂa_@i_c_a_ti_‘lﬂ tha’g the dEVelo
" endorses serialization—no _methods need to be Implememedpte'
0

support serialization. >\oplemett Wi g Methed (o

»  Implementing the java.io.Serializable interface requires no
additional effort on the part of developers, other than:

(® — Adding the appropriate "implements" statement during the i
;

o Il

Y _ — declaration and,
— Declaring a no-argument constructor (also referred to as the defay
— constructor).

= The constructor is required so that .the class maybe instantiated later by
VM, and thendeserialized)by assigning new values to member variables, :

bs\é A CYSSNU M\M\ e
AS AL M Sy 3
( Eng. Asma Abdel Karim ~ q
Computar Engineering Department P

Example

LR\
gf; Public class SomeClass extends SomeOtherClass

e — implements java.io.Serializable {

aea J&@\ : N
et W el public SomeCJass() it
able 4% be { R

Seriotizatian

Constarlsc

1
( Fng. Asma Abdel Karlm
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Serialization Issues

cloject N 293558 ek 3\ (5 I A ke 80 ALK
. There are some legjtimate reasons, too, forﬁ

“ not supporting serialization.
. — For examp|8, if an object contained
w, It might be Unwise to s
save it to disk or send it over 5 netw

,— Developers should be aware
taken to protect the content

from scrutiny or modification, and that any class
in any JVM may choose to deserialize an object at

alatertime.  wy\e, Seooehy Mg (ala
Sexialize M

Eng. Asma Abdel Karim k
Computer Engineering Department

very sensitive
erialize it and
ork.

that no special care is
s of a serialized object

Serialization Issues (Cont.)
Seliabac3is VoI deka Skl Ny o 50
: To prevent individual member variables being

serialized, they can be marked with the
~transient keyword, which indicates that the

“object or primitive datatype must not be
serialized.

2 Other uses for the transient keyword are for

fields that are being continuously updatedby—> &

S0Ome means, such as a timer, and hence do s

Not make sense to serialize. I £

Eng, As 53>
Ucomp “Ma Abdel Karim
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Example

Public class UserAccount implements
java.io.Serializable {
protected String username;
protected transient String password,;

\

: Voos N pka'e
public UserAccount( ) NN

il { S We e aallgs
[ :
| (\WEI\ RN 4 C\VNY S*m\ﬁ

.J) Reading and Writing Objects to
Streams

;‘"gga:_,,\&é;q * The main point of serialization is to write
. \ew \enel  Object out to a stream and to read it back.

\J..O\A.’&\ . )
AoioRseee This s accomplished by  using t

\e)d [ . .
H & o N \)’S\
Gike ( JAVQ.10.0bjectOutputSiream — =2 <25 4

S&ceawzjja\{a.io.ObjectlnputStrea'm classes, which ¢

:&353: write serializable objects out to an outf

Sesermlndns1€@M @nd read them back from an NP
stream.

Eng. Asma Abdel Karim
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The ObjectinpUtStream Class

. The objectlnputStream class

e - is Used to read a
“ serialized object from a pyte stream . 4 ———=
t0 be reconstituted back M, to allow an object

=t to its original form,[providin

the ObJeCtS._CI_aSS_Can be loaded by the JVIF\)/I's clas%
joader. 1 2 ENS Gy s ates Nty 58

. The OQ’eCt.I”p“tSiecﬂ class  implements the

" Objectinput interface, which extends the Datalnput
interface. s doka Inpst al,

- Meihods VN ey + Uethols o tend ohjects
» This means that the ObjectinputStream class provides
= many methods with

\ the same signature as
DatalnputStream, in addition to extra methods
responsible for reading objects.

‘! Eng. Asma Abdel Karim ., 2 5,
Computer Engineering Department -

The ObjectinputStream Class (Cont.)

* Constructors: CRNE WY

— protected ObjectInputStream() throws
java.io.|OException java.lang.SecurityException

Provides a default constructor for
ObjectinputStream subclasses.

= ObjectinputStream(InputStream input) throws
java.io.lOException G ansminis

Creates an object input stream connected to t_he"
Specified input stream, which is capable of restoring
Serialized objects.

Eng,
@ Cor Asma Agel Karim
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The ObjectinputStream Class (Cont,)

* Methods:

Many of the methods of ObjectinputStream were covered i,
the discussion of the DatalnputStream class.

ObjectinputStream can read primitive datatypes just like the
DatalnputStream class. ) oo -

— public final Object readObject() throws \D\L\S_ﬁ*ﬁﬂ %\i@\
java.io.OptionalDataException, java.io.lOException NN
java.lang.ClassNotFoundException ek

% Reads a serialized object from the stream and reconstructs it to jts )
original state. If the object contains references to other objects,
these objects are also reconstructed. If an object cannot be read,
the application will be notified by the method throwing an
exception.[ An Object instance is returned. If required, this object
can be cast to a specific class type before it is used.]

&
/ £ngz. Asma Abdel Karim 53
.~ Computer Engineering Department
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The ObjectOutputStream Class
Paé\»é\\'lx_‘ks;
+ The ObjectOutputStream class serializes an object to a byte stream,
for the purpose of object persistence.

It may be connected to any existing output stream, such as a file or
a networking stream, for transmission over the Internet.

* Objects written to an ObjectOutputStream have all their member
variables (such as primitive data types and objects) written.

If the object contains references to other objects, they too will be
written, so an ObjectOutputStream can write entire object graphs.

A sequence of objects can be written or wrapped in a collection

t..., ¢ lsuch as an array or a vector) whose entire contents could be

serialized with one call to the ObieCtOutputStream,writeObject
method.

| (g Asne ALCel Ketun $
Covmp ",va_'tr,,{.(‘;;,'!‘\_ 1
oIt



 constructors:
proteCted objectOutputStream () throws

pefault constructor, providey for ;
objectOutputStream. _ ., the benefit of subciasses of the

— ObjectOutputStream (ot

putSt,
java.io.lOException tream output) throws

Creates an object output streqm ca

the specified output stream. APable of serializing objects to

| £nz. Asma Abdel Karim
| computer Engineering Department 5

The ObjectOutputStream Class (Cont.)

Methods:
The ObjectOutputStream class also provides method
Implementations for the DataOutput interface.

= Void writeObject (Objéct object) throws java.io.lOException,
java.io.InvalidClassException,java.io.NotSerializableException

+ Writes the specified object to the output stream, through
Object serialization. All variables that are not marked as

transient or static will be written, providing the specified A
tlass is g In instance of the java.io. Serializable interface.

@lﬂg A
61
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Networks and Internet
Programming

User Datagram Protocol

\!
—Y(orepo(‘\ \_md&, Qef

g Er;iw;::;: ::;:L:;::Department Q)SD“:\.SJ:HX\S éﬁ\_}’\._.»g)
Re N
Outline

= Overview.

= DatagramPacket Class.

» DatagramSocket Class.

"= Listening for UDP Packets.

* Sending UDP Packets.

* Additional Information on UDP.

fng Auma Abdel karim
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Rueket Mo Vsariids (o Dbecums N eansiomy ¢ Packek

S\ meaning that it doesn't guarantee either packet
\S\_,"ob? WS- delivery or that packets arrive in sequential order. :\_
ST _aeB™| . Rather than reading from, and writing to, an
AR ordered sequence of bytes using 1/O streams,
GaBE bytes of data are grouped together in discrete
\’z:e\i‘j?gig packets, which are sent over the network.
At
S E :

¥ Sockst ¢ \153&@93\-\\’-—"\%;»51“
" oot Sieam \(Qu‘\'@«‘ecm

hODP Bookek B (sand Vi halimm B P50y

—_—

Overview

* The User Datagram Protocol (UDP) is a commonly
" used transport protocol employed by many types

of applications. - Gevadiien arteuted Gsds
s UDP is a_connectionless transport protocol,

Overview

EC The; packets may travel along different paths, as selected by the
various network routers that distribute traffic flow, depending on

i m‘:eTigziéhtag:np?ﬁzﬂMﬂM@, if it encounters a
encounters some other fop;?r:,locfugE.*IFE)I?/():.kEt Q7 the: pfeyiols pakcgkett!:.\m
if ja particu|ar\{..§

¥ — No two packets are guaranteed the same rou F
_ te, and
roUtE’E;]heav lycongested, the packet may be discarded entirely. Each
packet has a time-to-live (TTL) counter, which is updated when the

packet Is routed along to the next point in the network. When the

t (pl : 2
@%gezopﬁa_‘s;at will be discarded, and the recipient of the packet will

= If a packet does arrive, however,

it will always
that are corrupt or only partially delivered are \(,Jlsgar:lc}’gdintact. Packets
TRATATy Celivered are discarded,

A M et (ki o]

~
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Sodafn i o i e

Adva ' S M {ads
ntages of UDP | s it
« UDP communication can be

S more efficient than guaranteed-delivery data )
streams. If the amount of data is small and the data is sent fre uent?I. UAP
+ Unlike TCP_streams, which establish a conn <
< ' ection, UDP causes fewer ———, o\
_overheads, s, (M oueshedsSiiis aitgn et Yeed
s~ If the amount of dgta‘ being sent is small and the data is sent infrequently, the YA e
overhead of establishing a connection might not be worth it. ——'\-C,? 5\ o

— If data is being sent from a large number of machines to0 one central one, in

which case the sum total of all these connecti ; al onl
overload. ections might cause significant

4 ~ -
/—:_'—\—m dpplicationy that demand up-to-the-second or better

performance may be candidates for UDP, as ther f delays due to
the error checking and flow control of TCP. care oo

>
> UDP sockets[can receive data from more than one host machine) if several S\

— machines must be communicated with, then UDP may be more <P
convenient than other mechanisms such as TCP. '

-~ Some network protocols specify UDP as the transport mechanism,
requiring its use. -, é‘w WNek %v 2 ;
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java.net.DatagramPacket Class o\ gy 2
I .\ N s Pt WL TR
_+ The_DatagramPacket class represents a data [\ & aade
packet intended for transmission using the

User Datagram Protocol. o

Packets are containers for a small sequence of
bytes, and include addressing information %
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java.net.DatagramPacket Class

DatagramPacket

Q| IP address (java.net.InetAddr)

@) Port address (int) (\6\wks)
@ | Packet data

bytell'= e v niumsies ey

L - [ o N PR e
oo eas Gemii\ilie ¢ V9 Ue toatd, 2 T R3S 7 Toe
e UL CEE A R NN R R S R

java.net.DatagramPacket Class

: i - Plessing W (19 /bort)
K Lh(: meaning of the Ry sto(red in a
ata i i i
gramPg,chet;s determined by its context.
\asd\ et~ = When a Dqtq

gramPacket has hee
&#nngkbk UDP socket, the |p address o? rtehad fron?(e;
S Gty represents the adq € packe

Chdan datafeld  With the port nww ikewise

%‘3‘\&:‘5\ ° HOWever QLQ)_;
= , When 3 i
AT AN send a UDP pac e?a:ggmmpa‘:kﬂ '8 Hsed 10
DatagrampPacket rep’re oty dress stored in

Sents the address of the

recipient (likewise With the port number)
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Creating a DatagramPacket
There are two reasons to create a new
DatagramPacket:
1. To send data to a remote machine using UDP.
_2. To receive data sent by a remote machine
using UDP.
q;\r@&;@\a QL.Q)N Qn(\%\'(. A\ EEEGR Sisay
> Conallocior ) (Pastianl o Qagimt ndallg estor
2 [ \.) . \Q gb’
@ng. Asma Abdel Karim 9
\ Computer Engineering Department
(E e ,@\'&A\-’.\Q‘,,; Aqﬁxqbu;\ 5\&}&»\}\\%\ Sen&“ﬁi\&\-"\s* %
oo, N G $a\b @ por Ly dagrampockeBasis w24y - Sl s
FEMTEWITNFIC PR WY i :
..l . Creating a DatagramPacket e
i W R CANEZaY ) S\ [EWEL RGN u\&s}&A\@M S
2\ - \' -.* Constructors: Nl Ak Ml WS &
f‘? = — The choice of which DatagramPacket constructor to use is determined by its Aty A
Zilh o) Gt intended purpose. s
- — Either constructor requires the specification of a byte array, which will be used =
to store the UDP packet contents, and the length of the data packet.
Te Dat Packet for receiving incoming UDP packets, the followin e ;
. cgncsrterztcet:r sﬁoauglgatr::a Ssed: ,-\3 \\&\\\éua m’@
(’Q :uu_uﬁ- @ DatagramPacket(byte([] buffer, int length). A\ \33_- écd‘f\ A\kb‘o — \o : %’*5 N(oﬁ
(we__& A, For example: L Aclay of doka oy >7< b
e TS potagramPacket packet = new DatagramPacket(new byte[256], 256); \S\M\ﬁ\cp‘b A4\
U'm‘g\“&‘é — To send a DatagramPacket to a remote machine, it s preferable to use the s impe e Ay
s\ : ' following constructorQM Boam\) N \\5-_.};\\ 3 er— ,15' uno\\{;- St M
: @Fbatagram:’acket{byteg :)uffer, ln: :Sn:th. InetAdees:jest_addr, int dest_port). _)‘S\ Qéa .\«&3 W
\ o) L. or example: ® odd u . L
LM‘A" Qe Inet;ddrcss oddr = InetAddress.getByName(*192.168.0.1°); WY Haw éd&f—\“m
'\\4_.)“\\ DatagramPacket packet = new DatagramPacket ( new byte[128],128, addr,
, 2000); . i g
oo S50 do ey Nl Aoty |
ng Asma bbdel Farim ey . ¢ - ‘
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Creating a DatagramPacket

* Methods:
— The Datag
methods that allow t
data (as a byte array

"LA\ é/l,eylg\!-e—(jJ .
T _ As of JDK1.1, there are also methods to modify these,

via a corresponding set method. This means that a

(received packet can be reused) Lot (eplaydslajn sty
< For example, a packet's contents can be replaced and then
sent back to the sender. This saves having to reset
addressing information—the address and port of the packet
are already set to those of the sender.

ramPacket class provides some importan
he remote address, remote port,

), and length of the packet to be

(&

Eng. Asma Abdel Karim &5 ('3\\@ e\M\ AN 1

Computer Engineering Department
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Creating a DatagramPacket
* Methods: T 95\:3'3\\'\@\&_\3

— InetAddress getAddress() |

Returns the IP address from whi
packet is going to be se:; \;Vhlch a Data

|

gramPacket was sent, or (if the

address. 0 a remote machine), the destination IP
— byte[] getData()

Returns the conte

bytes. s of the Datag amPacket, represented as an array of
— Int getlength()

~ Int getPort()

Returns the port p

the packet [s umber from whjcp :

ey going to he sent to g remgteD ?rt\?a%;\alnm%a?r:mdwas sent, or (I
€), the destination port
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Creating a DatagramPacket

. Methods:
— void setAddress(InetAddress addr))
Assigns a new destination address to a DatagramPacket.

— void setData(byte[I buffer) | > St S @oadiast
Assigns a new data buffer to the DatagramPacket. Remember to
make the buffer long enough, to prevent data loss.

— void setLength(int length)] .

Assigns a new length to the DatagramPacket. Remember that the
length must be |ess than or equal to the maximum size of the data
buffer, or an lllegalArgumentException will be thrown. When

sending a smaller amount of data, you can adjust the length to
fit—you do not need to resize the data buffer.

— void setPort(int port)}
Assigns a new destination port to a DatagramPacket.

—K

Eng. Asma Abdel Karim "
\ Computer Engineering Department
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e

hp NpoRksine M grsnapsi g |
== java.net.DatagramSocket Class

‘\fstPa('\' \aﬁer

_* The DatagramSocket class provides access to a UDP socket,
which allows UDP packets to be sent and received.

A DatagramPacket is used to represent a UDP packet, and
must be created prior to receiving any packets.

1e

As'wellas to send them.
*_ Read operations are blocking, meaning that the application

‘léj\ will continue to wait until a packet arrives.

|, — Since UDP packets do not guarantee delivery, th_is can cause an
Rooa application to stall if the sender does not resubmit packets.
s =8 — You can use multiple threads of execution, or as of JDK1.1, you

can use nonblocking 1/0 to avoid this problem.

ale

Eng. Asma Abdel Karim 14
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The'same DatagramSocket:can be used toreceive packets —

<2A(e$§vs\\%\§§§.h
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Creating a DatagramSocket

* A DatagramSocket can be used to both send and

—

= receive packets.

« Each DatagramSocket binds to a port on the local
~ machine, which is used for addressing packets.

Skl sn e<+—=+ The port number need not match the port

*devices ~ number of the remote machine, but if the®
® Sy e application is a UDP @erver) it will usually choose
Qs & Ghas a specific port nUMber, —— tundom  Qds B pln
Podk Lomber Dif the DatagramSocket is intended to be alclient)
: Mq*&\;@%\\ and doesn't need to bind to a specific port
number, a hlank constructor can be specified.
NN\ gns &
@' Eng. Asma Abdel K1r|m @L} \3 \bb @5}4 Q"L’.& S\\Q§Q$ 15
Compurer Engineering Department * CANAGS yJhAYy
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Creating a DatagramSocket (Cont.)

7’7;«‘7% * To create a client DatagramSocket, the

AN & 3 5 . Sailaes
7 | following constructor is used: q’—“‘-; %‘f‘\ T Suges
- s\ §
Rock Uvnfa\:é — @ 'DatagramSocket() throws java.net.SocketException i\ =

((:d‘&ﬂ}\ \b‘.')} \Q.SS CXCO'@)
3 T ¢ To create a server Datagram Socket, t\ﬁ‘; g sl
'4\).) H . .
5 following constructor is used, which takes as a

parameter the port to which the UDP service
will be bound:

S (2 DatagramSocket(int port) throws Jjava.net.SocketException
: Y

s 7 5 (\l;*
:' ‘ @ ;27";‘;::::1i:: :ﬁ:igll)epar:l‘np t K;‘b ‘\'S\d %\‘\A‘: \D h&“&&m W 16
A X PPN T A L P T W TR v P
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creating a DatagramSocket (Cont.)

. Although rarely used, there is a third constructor
for DatagramSocket, introduced in JDK1.1.

achine is known by several IP addresses, you
can specify the IP address and port to which 2 UDP
service should be bound. ST

. |t takes as parameters the port to which the UDP
service will be bound, as well as the InetAddress of.
the service. :

. This constructor is:
® patagramSocket (int port, InetAddress addr) throws java.net.

. [fam

e e L
>< Using a DatagramSocket

s used to ﬁeCeive‘incoming‘UDP
d outgoing UDP packets!

/

‘ DatagramSocket i
packets and to'sen

—

* It provides methods to: )
t

(D = Send and receive packets: 268 ks
value when ronblocking /0 is € g

@) - Specify a timeout

ime :

used, s\ \de dqcﬂé,,?\\p‘ d
mz;ximum ubP packet sizes, an

((j ~ Inspect and modify
D ~ Close the socket. 5

Sroiy Daekeely P €

3
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39\ Restricts access to the specified Jgrgoée adfirezscst anl;i port. The
7 O designation is @ misnomer,_as oesn ually create q
:"?"P ¥\ | “connection” between one machine and_another. However, 7f

X2 é\'\\——;{“\/oid connect{InetAddress remote_addr, int remote_port)

- —

Using a DatagramSocket (Cont.)

- )

« void close() otk Moo NNy ,7 & “g‘
rt.

Closes a socket, and unbinds it from the local po Q

this method is used, it causes exceptions to be thrown if an
attempt is made to send packets to, or read packets from, any
other host and port than those specified.

e

void disconnect()

Disconnects the DatagramSocket and removes any restrictions
imposed on it by an earlier connect operation.

Eng. Asma Abdel Yarim 19
Computer Engineering Department
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Using a DatagramSocket (Cont.)
¢

* InetAddress getinetAddress()

Returns the remote address to which the socket is connected, or null if no such
connection exists.

5 2 ,. X . [ ey
ComMiae\s « lintgetPort() /
Qs 1 5 5\ C ‘!&:. \\ Returns the remote port to which the socket is connected, or =1 if no such
e " connection exists.
R —, + | InetAddress getLocalAddress()
CQ(\_M é Returns the local address to which the socket is bound.
\ * | intgetLocalPort()
U %}3 - Q Returns the chql port to which the socket is bound.
R A\ C- int getReceiveBufferSize() throws java.net.SocketException 9
ﬁ:&&'oéé““ R Returns the maximum buffer size used for incoming UDP packets. —s, sl
AN\ % C int getSendBt.xfferSize()"throws java.net.SocketException : o
5 \ m) Returns the maximum buffer size used for outgoing UDP packets.
" e
(b iy Wy 7 sl
Eng. Asma Abdel Karim \ E“ & [{ WSS
|@ Computer Englneerlr:g Department .\&.\ S"‘ﬂs‘-&s‘{\-l\ >\ ks\q, 5 E . l\F =
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Using a Datag’ramSoQgsl\(het (Cont.)

€\

* int getSoTimeout() throwsjava.net.SocketException el
Zegurnf_ntgihvalue gf the timeout socket option. This value is used to
tﬁrgwi ,;g o jvgl;g’netre ;)r umt’”c'jslgconds a read operation will block before
Ing a java.io. pted/OExcepti j j
zero, indicating that blocking /g Awiﬁgg%r;.e_gy default, this value will be
;? \Z)__@_ rz;e;ve(D:tagramPacket packet) throws java.io.IOException
eads a packet and'stores the contents in the ifi

: . specified packet. The
aggress an((ij port ﬁelds of the packet will be overwriftenfwithpthe sender
ah Gess fhn pc;)rt fields,” and the length field of the packet will contain
the length of the ori maﬁcket which can be Tess than the size of the
packet's byte-array. If a timeout value hasn't been specified by using
DatagramSocket.setSoTimeout(int dura

indefinitely. If a timeout tion), this method will block

l ! value has been specified, a
java.io.InterruptedI|OException will be thrown if the time is egcegded. :

; Qs getn Pk o7 ey s Ly ekt \slagiomn 33\
B oo, ot bo S > Qe

—

Yocket

SN ()

(Sciene MY

o Send s

[SSEXSERNTETA

- Qg s\
» A\;'ula\L\s

Using a DatagramSocket (Cont.)
> (ecieve \uds

* void send(DatagramPacket packet) throws java.io.lOException
Sends a UDP packet, represented by the specified packet parameter.
* voidsetReceiveBufferSize(int length) throws java.net. SocketException

specified length will be adhered to is dependent on the operating system.
* void setSendBufferSizé(int length) throws java.net.SocketException

Sets the maximum buffer size used for outgoing UDP packets. Whether the
specified length will be adhered to is dependent on the operating system.
*  void setSoTimeout(intduration) throws java.net.SocketException
Sets the value of the timeout socket option. This value is the number of
milliseconds a read operation will block before throwing a
. Java.io.InterruptedIOException.
Y ves PR ESERICE Rl i
&! HF Abc?eHarim m &5&1\ )\ “
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Sets the maximum buffer size used for incoming UDP packets. Whether the ."l;h\‘aé\\ﬁl\g’(\\
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. Before an applicat

(® -+ — Bind a sock
o — Create 2 DatagramPacke
@ pac

DatagramSodel inloaDalagﬂrnPad(el

Listening for UDP Packets

ead UDP packets Sent
jon can'r. EA T 3
remote machines, it must: .&)Ln" \;.Qé)‘a\)

et to a local UDP port using DatagramSocket and
t that wnll _as a container for the yp
p
packet's data. W B 0 pip
: ' fans\gke
M Soc\<é\'~ (eciene wa‘;qckc{-) o
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> uop
application
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Packer N \s> Merey of \gdjte,l_. Mis agdeisdoy Dutd\
Beam Yy Llstenmg for UDP Packets (Cont.)

daka Wiy
F;(mq:l' A
Qe

| 2=y &_.—. P, = P, 6 256
M Datagram acket packet new Datagram acket (new by‘t8[25 ], );
DatagramSocket socket = new DatagramSocket(ZOOOl'

1’

boolean finished = false; RS ‘Q\’\
while (1 finished ) \%,..A\

{

}

» When an application wishes to read UDP packets, it calls the

socket.close(); (:N Ptr
¥ ’ st R\ \_s\®>m( S;Xz ;.\3
h@ fne Asma Abdel Karim (&:\ \( Qé: o \S KS_ & E S
Computer Englneering Departme ent " &4 N \ L
_/

Datagrarancket.receive method, which copies a UDP packet into
the specified DatagramPacket. The contents of the DatagramPacket
are processed, and the process is repeated as needed.

B\

socket.receive (packet); —» E‘ k (tnax N
// process the pGCket—L s \l\cj
\ams WA Gss

~,
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Listening for UDP Packets (Cont.)

» When processing the packet, the application must work
directly with an array of bytes.

» If, however, your application is better suited to reading text,
you can use classes from the Java I/0 package to convert ;
between a byte array and another type of stream or reader. éﬂfo’

>\< — By hooking a ByteArraylnputStream to the contents of a datagram and ° > ! ) o

then to another type of InputStream or an InputStreamReader, you can—— o
access the contents of UDP packets relatively easily. /
ByteArraylnputStream bin = new ByteArrayinputstream( » 4
packet.getData() ); ' > GS.: Geslng
DatalnputStream din = new DatalnputStream (bin); - ‘\a;ﬁ_,\se‘\ées_\\ -
// Read the contents of the UDP packet : MQ%M&(&M i A SS

Jg qempaon S edal e teaih i o p ks [ (b wc\*eln‘i‘
G a = : \;é 59 Q&QLI(\

AUSNCIEIEE R TR S FRERE SRR S At
Rl S (onses opkoia
' A s g
Listening for UDP Packets (Cont.) Sours dake

Ve 6&Q\Wp"r5kq&m; CARA\S S
Bof el Shsan
DatagamPacket InputStream
IP address
Port address 2 ByteArmylnputStream or
Padkel dala /
bytef] = {oy weyany ve / InputStreamReader | . —

N b W sy
N WS
Do focRmndsr 488

~
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Sending UDP Packets
N Sodeek Nouis o

The same interface (DatagramSocket) employed. t
UDP packets is also used to send them.

= When sending a packet, the application muyst
B DatagramPacket, set the address and port informg
write the data intended for transmission to its byte ar

L]
-
-

o recei\,e

tiOn, and

ray.
= If replying to a received packet, the addresg a

JEPYING nd pOrt
information will already be stored, and only the data

b Y 2 Need he
overwritten. — "a_i\5 Rlea M\b&b&\

— Once the packet is ready for transmission, the seng Method of
DatagramSocket is invoked, and a UDP packet is sent.

MySedkeh Serd (MY froleet)
|) | Eng. Asma Abdel Karim
&8/ Computer Engineering Department

ry
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ASending UDP Packets (Cont.)
W
T e

o \ Daxa;mmSod-:ef

Binds to a UDP pot

application send DatagamPacket

using DalagamSocket

Constructs packet \.___-———)

\—-’\-
DatagramPackgt
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aEoye
|

gramSocket(zoaa );
patagramPacket packet = ney Datagrampyq, ’
cket (new b ,
packet.setAddress ( InﬂAddI'ESs.getByNam A (nso’("::; '.(fe[256], 256);
packet.setPort ( 2000 ); st));
boolean finished = false;
while Ifinished ) Way of | ks JUSIRCRC I IR
{ _ 4 FCNYS D\D‘“‘ R Y=t
T // Write data to packet buffer i
~—==="bujjer & i .
N5 s SR G %n\&ﬁké_\\c& -}_&5&\-&53
ﬁé‘\ ?L‘“S socket.send (packet); ANV TR L GRS
%\ L) c‘\‘i - // Do s-omething else, like read other packets, or check to e W
3 _5)3059\ // see if no more packets to send . GAsy
Fl.‘hj S*}(&MS .........
socket.close(); EXAVES 603@\_;&“ \YRPSY
Redie vod) Gt
Eng. Asma Abdel Karim
@ Computer Engineering Department =

Sending UDp Packets (Cont.)

patagramSocket socket = ney, Data

Additional Information on UDP

* While the UDP is sometimes the best alternative for certain
classes of applications, because of its unique properties, it does
present some challenges to developers.

(® — Lack of guaranteed delivery.
(@) — Lack of guaranteed packet sequencing.>
@) — Lack of flow control.(> D

o&

PPN ek
(b )(:»-.\. Dﬂa’ F

1
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Overview

B T P S O SR

= The properties of TCP make it highly attractive tq
network programmers.

— As it simplifies network communication by removing
many of the obstacles of UDP, such as ordering of

packets and packet loss. Ly s \.»\fs&%t: Q\ﬁﬁ%&;&\
> UDP is concerned with the transmission' of

B packets of data.

— TCP focuses instead on establishing a network
connection, through which a stream of bytes may be
sent and received.

&\EA\G}:\\@WM«@\ 2\ Coiia Seavk Dl TR Mk
 Compurer ngnesmmg peparment Yo Crendte. Ui conpectian
PO Eeam 9 outpUTSNeam S\ T R

Overview (Cont.)

= Packets may be sent through a network using various paths
and may arrive at different times, — ool ofder \deside
—~ This benefits performance and robustness, as the loss of a

single packet doesn't necessarily disrupt the transmission
of other packets:.

= Nonetheless, such a system creates extra work for

~ programmers who need to guarantee delivery of data.

= " TCP eliminates this extra work by guaranteeing delivery and

= order, providing for a reliable byte communication stream
between client and server that supports two-way >
communication, -5 2 elteats Gavot /ooty —X

> TCP establishes a "virtual connection" between two

~ machines, through which streams of data may be sent.
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Overview (Cont.)
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3 ® Establish a viyal cannection

C:\'\ e d"

@ Transmit data bak and forth

—
<

5

@Terminale the connection )
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Overview (Cont.) Output St
2 TCP uses a lower-level communications protocol, the- Ass s L
~ Internet Protocol (IP), to establish the connection Q\ook:.&vm.\;
between machines. ‘ Reket |
3 = This connection provides an interface that allows streams - W\b\\\,ﬁg\% '
of bytes to be sent and received, and transparently — \SA»&“‘“‘?G\' ik
converts the data into IP datagram packets. S ;lmjl-c‘ . i |
- TCP provides guaranteed delivery of bytes of data. : glem Recket |
g 3.~ Of course, it's always possible that network errors will PGt -} : +
ool prevent delivery, but TCP handles the implementation (RN Sheam
it issues such as resending packets, and alerts the ARD &0@5&@\&
b@_.i;tj) programmer only in serious cases sttlich ?sllfsttherez's no e
\ sz foutetoa network host or if a connection S~°l\;;\,\:§g, AN
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verview (Cont.
neps. ( )
s TN .%._:_ The virtual connection -between two:. machines is
Docked represented by a socket. 1
G Vep A\ « There are substantial differences’ between a UDp
& socket and a TCP socket.
S QLY M ; :
— First, TCP sockets are connected to a single machine, —
@@@ whereas UDP sockets may transmit or receive data fﬁﬁ —L |
J‘\ multiple machines. W
" — Second, UDP sockets only send and receive packets of o |
Camsia) §\1\f data, whereas TCP_allows transmission of data through W
Conteet @ byte streams (represented as an InputStream and N]
An,-tian \alhs 589 OutputStream). They are converted into datagram packets |
I for transmission over the network, without requiring the
- programmer to iptervene. &
o \aties C PPT el ) | Conwect NS& Ak \bc.{:e(‘ Al
é\:&_ﬁ\‘\ \53-_33 g J (Eigi;::g:;nbg?SL:::?Department ﬂ 4
S’((enN\":S\ 33535
facksiss :
"G.:ﬁ_h\" .!-. \.‘ \ .@:‘u A v .‘ 61
\
‘3= Advantages of TCP over UDP
Ouednmad s C i) dasiidase
= bAiud (| < Automatic Error Control.
Sadddeislel o Reliability.
estaiss dahalt | = Ease of Use.
t_,d(D_X\
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Commumcatlon.between Applications 8§ iyt
Using Ports TP 5 WPy
o |1FCII§ glﬁzrl'jl'll)apt i)hu‘irihagfeslisgf;iggant differences between PESHARI
’ an 1 SeTay ..
2?“:350””;?&5;;::9 Protocols, Botfxr';p(a)gamegcrglrl\igg = At
ions i : .
application from an, O.ther.eort’ which distinguishes one samil) Rekg,
8 \r;V:ceI'rn]l r?eTCil': Sgecé(:'t establishes a connection to another G
. , ires two very im rt i
-information to connect to tt?é renagteanéngl—e(tzﬁz (I)Iﬁ 7 Ao Lok
address of the machine and the port numb > %
> In addition, a local IP address and port nu;r.t)er will be QOC\'A\S h
— bound to It, so that the remote machine can identify ﬁl;é
which application established the connection. ohM (psly)
¢33 3% Vool M Qb s 26kl O e
B oS Radanly fohois ohitla g
Cadasn st RN BN Seckeek WD M ts . g =<
S AT o
Communication between Applications
. Using Ports (Cont.
E“’;..A‘”! ‘.'\Aﬂém B Sedeols =
[— TCP:1128 Connect toWeb site {‘ TCP:E‘-O= =2
\ \ by
--———_r;_- *| TCP:1129 Connect to mail sever TCP:HOr :.
wail AP 3 T
- ~
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Communication between Applications
Using Ports (Cont.)

Ports in TCP are just like ports in UDP—they are Bt Ao
represented by a number in the range 1-65535. —\{ i+ §_)

Ports below 1024 are restricted to use by well-
known services such as HTTP, FTP, SMTP, POP3,

and telnet.

lbe

TG RS T I S e N ) P PR biciadrgst Joihist v ing _.E.V!"'}_‘,{-]
ell-Known Services S0y DService Port Hin Y

B s Telnet i 23

Simple Mail Transfer Protocol g 25 i

| HyperText Transfer Protocol 80 )
Post Office Protocol 3 110

b

Class A
3 Qe M
Vittoaleoneetion
Sock e | N4t DdagyamSncket \Saos Socker Mn (usss Le
Semend )| ot Socket Operations

I Eng. Asma Abdel Karim k—ﬂ)&*}-ﬁ \02;\'& p}:ﬁ@\dﬁ =iy
\“ ,/ Computer Engineering Department '
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Does 0t fe!e(esa\\ = TCP sockets can perform a variety of operations. They can:
CON‘G:I{TQ A -% = Establish a connection to a remote host.

sk~ Send data to a remote host,

‘00:1\ w .LSS “k — Receive data from a remote host.
s@(: %> ¢ Y—d‘ %~ Close a connection.

& = In adqition, there is a special type of socket that provjdes a service that
23\ Seluer Ye will bind to a specific port number. This type of socket is normally used

‘&

-

B ; only in servers, and can perform the following operations:
B\‘\Ad‘s\\“‘}&% % - Bind to a local port. '
\o ! P | B s — Accept incoming connections from remote hosts.

P
3 P "\wl.»;.s =~ These two sockets are grouped|info different categories, and are used by

s — Unbind from a local port. \b\,.\\ N canidity - dnly:
‘MQM‘@ Connesti, i either a clieéﬂt_’or a server”ﬂ&g some clients may also be acting as

servers, and(Some servers as clients). However. it | i
(‘eqpesk.s th d(QRXmIe of clientyand server to be separz.\te. = Vf ? Rotelel practicaitar the
AN accept Hropm SpuiEe RB\ss g watibyadsll
: B ; Uies Sefoesi\us
@ [ng. Asma Abde I?arlm C’\‘e—(\* l\ ) e\ *
3 Computer Englneering Department 2
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TCP and the CIient/Server Paradigm

. The client/server Paradigm dijyi
. ySE v i
% categories, clients non A ides software into two

5 — A client is software that initi ;
requests, whereas - ates a COnnection and sends

N — A server is software that li i
processes requests. = 'St:\f‘os“ f‘i{ \Cg'nni?f:s and
« In the context of T Ny Gy o0

_con UDP  programmine . :
connecppn IS establi. aFr)md‘gUDnl;rgg‘pgl'icartli%nscrtr:J:J
oth Initiate and receive requests om-hﬁ_w
In the context of TCP, where co i :
o A ’ nnections are

= established between machines, the client/server '
paradigm is much more relevant, > Sk %\9,\\& s o
: Sl N A\ NS
i A >_\5<‘®§('£ue =
| Eng. Asma Abdel Karim %S("\'Q -%Q( S\S&d\@(\\ —SQ,(\Q& }M\ \QA\. *ldh
¥ Computer Engineering Departmente\ afa\ o QA% S}(
1

S0 SR A S iy Cols-Sockesk
B \SY) Secket 84)
Qmaz:('.‘d\
dos Yequmat
TCP and the Client/Server Paradigm R
(Cont.) SRS
= When software acts as a client, or as a server, it
has a rigidly defined role that fits easily into a
familiar mental model. > et
*— Either the software is initiating requests, or it is
processing them. = Qeguer
_~ Switching between these roles makes for a more
complex system.
%= Even if switching is permitted, at any given time one
software program must be the client and one
software program must be the server. If they both try
to be clients at the same time, no server exists to
Process the requf it;l\ fﬁ)\\c\r\(g, Q\\Eh\\&§j~_\>§9(‘i>\‘ S
. ak ang e > Sedel .\:&A\;ﬂ 8
Compue g arumen ¢ OB LB Ly G
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“+ Network clients initiate connections an
transactions.

sdases Network Clients Sececy

*k « The server is there to fulfill the requests of the client—a cli

NANCT SR

N e N \\
AN
N

d usually take charga
'v\ec_g_rs:ﬂ%

fulfill the requests of sserver.
(VI

e o
communication, the network protocol.

will not understand.
For this reason, as part of the protocol s

Although the client is in contral, some power still resides in the se
course. A client can tell a server to delete all files on the local
but the server isn't necessarily compelled to carry out that action,

The network client speaks to the server using an a

For example, an HTTP tlient uses a set of commands different from a mail
client, and has a completely different purpose. -
Connecting an HTTP client to a mail server, or a mail
will result not only in an erfor message but in an error message that the client

ent does noy

rver, of

le system,

greed-upon standarg o,

client to an HTTP Server

pecification, a port number Is used s

—
'

that the client can locate the server,

S5 QO e Sarla A NUays sy
Eng. Asma Abdel Karm @, \ r\gﬁx‘&,};{c? e
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Network Servers

a

and to listen for new connections.
. While the client is tem

Lokl

-~ The role.of t_he network server is to bind to a specific
port (which is used by the client to locate the server),

—

A

—
—

no clients a
someone, at

time, while

A0S Qliesct

Eng. Asma Abdel Karim "~
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user chooses, the server must

Some servers can handle only a single connection at a

concurrently, through the use of threads.

porary, and runs only when the
run continually (even if
re actually connected) in the hope that
some time, will want its services. 5 S‘xbﬁ‘e,“f‘n(c

ko

others can handle many connections
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TCP Sockets and Jaya

A\t Noay,
dfsupport f : %>
. Java Offers 800. pp or TCp SO i
= socket classes,java.net.Socket an Cgits' WL j & A
iting Eliert sofree Java.net.ServerSocket.~__ Seguer
., When writing client software that connects to isti
= cervice, the Socket class should be used EIENISNE ey \
N~ QD

. When writing server software that binds to i Gl

3 " alo rt ’

= order to provide a service, the ServerSocket classc:‘rl\cﬁﬁd t;g Sols 3
e 03 SO I \

. employec: desdrom OV

» This : Dgn‘ferent from the way a Datagramsocket works | =" 5 \Q?m,;,s'

] Wlt':"he fu'nction of connectr’ t i éku\’ 2 2
= | INg to servers, i

st accepting data from clients, is split into a ﬂﬂa:gfe t:(lj::st '32d2: %QQMA\

18 ks S Lodker chas e

S5 ¢ Soakek Mo
g, Asma Abdel Karim t‘/“& CQCU.@)\ \\»S iy

' Computer engineering Department

(SN &Y vo Skl ook

[ 25

A Socket Class

« The Socket class represents client sockets, and is a "o
communication channel between two TCP b.;s‘>$§ EUR
communications ports belonging to one or two \”_skbé?b) %
machines. 2 Seclats ) Janl\ (uils //3\’ ; \-«3}%'

+ A socket may connect to a port on the local system, W?S

~ avoiding the need for a second machine, but most < )
network software will usually involve two machines. 5
* TCP sockets can't communicate with more than two —[ " a0 3
~ machines, however. /
“= If this functionality is required, a client application should )
establish multiple socket connections, one for each cde Yep MNax
machine. Qevicss M S
[0 ksma At i 13 . g ,ES LY
Cmputer :nbc?r;:rin;nDepamnr—nt A\ ¢ &Ck&\‘

oo i Kok
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|~ catch (Exception e){
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Socket Class - Constructors
AN I adonlag botis S aso g0
« The easiest-way to create a socket is to specify the
= hostname of the machine and the port of the

service. For example,-to connect tho E Web 5_efver
on port 80, the following code might .e..used'

OWS ONg M
// Connect to the specified host and port /7 b‘g N e @
Socket mySocket = new Socket ( "www.awl.com", 80);

Y
(ohel o
System.err.printin ("Err— " + e); \_,\45\39
’ Goa Aeiocthon 5\.
< Nodua Joois\m dp ey L2

Eng. Asma Abdel Karim
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\* * protected Socket () i

/java.lang.SecurityException - @hem

oo

Cng. Asma Abdel Karjm R
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Socket Class — Constructors (Cont.)

s\ttt Udolnsses N O\s\,%km%\
. dojedt N Qs Gus

= Creates an unconnected socket using the default implementation provided by

the current socket factory. Develop

ers should not normally use this constructor,
as it does not allow a hostname or port to be specified. /
% * Socket

InetAddress address, int port) t'hrows java.io.lOException,

P E RS PAVA[EIE
— Creates a socket connected to the specified IP address and port. If a connection
cannot be established, or if connecting to that host violates a security restriction

such as when @ applet tries to connect to a machine other than the machine
from which it was oaded), an exception is thrown. .

Socket (InetAddress . address, int port, InetAddress localAddress, int
localPort) throws java.lo.IOException, java.lang.SecurityException

— Creates a socket connected to the specified address and port, and is boundhf_o
the specified local address and Jocal port. By default, a free port is used, but this
method allows you to specify a sp
address, In th

: ecific port number, as Wel_lha_s,i—slﬁecé :g
e case of multihomed hosts I.e., @ machine where the localhos
known by two or more 1p addresses),
V '
B IAN
S5y

‘o§?
Eng. Asma Abdelkarim
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socket Class - Cong
s Salaate i
p,otected Socket (Socketimpl jm pleme
— Creates an unconhnected socket
pevelopers should not normally
hostname or port to be specifieq,
socket (String host, int o )

port) t
java.lo.IOExceptlon, java.lang.SecurityExc:r::ﬁsn

tructors (Cont.)

ntation)
using th
use this

".'-:\d

Péospeclfied socket implementation.
nstructor, as it does not allow a

socket (String host, int Port, InetAddress | :
java.net.UnknownHostException, java.io. IOExcz;at'iggd_raess,l int
— Creates a socket connected to the specified host , Java.lang.
local port and address, This and port

allo
InetAddress Instance, a5 well o a‘ﬂ/;;inl'lgo;trsw;enéieﬁtc; be specified as 3 string, and not an
These loc_al parameters are useful fo! multihoc ocal addre_ss and port to be bound to.
localhost is known by two or i

| £ng. Asma Abdel Karim
| computer Engineering Department ;

localPart) throws
SecurityException
» and bound to the specified

—

Yot D

=\ a3ty st
Name S B4
ONe A

5 \oekop
Q“\%mh‘/\cs\'ad.\.“s
- !L. 'E SX
Dhel\ =&

Creating a Socket

L Under norma] circumstances, a socket is connected to a machine and
port when it is created.

— Although there is a blank constructor that does not require a hostname
or port, it is protected and can't be called from normal applications.

— Furthermore, there isn't a connect() method that allows you to specify
these details at a Tater point in time, so under normal circumstances the
socket will be connected when created.

If the network is fine, the call to a socket constructor will return as
s00n as a connection is established, but if the remote machine is not
responding, the constructor method may block for an indefinite
amount of time. s
= This varies from system to system, depending on a variety of factors
* such as the operztlng syste\r{n being used and the default network
timeout. —» TR N savy
4 = In mission-critical systce?ns it may be appropriate to place such calls in a
second thread, to prevent an application from stalling.

Jio i iin O st lani el ieqdbe s
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voidclose() throws java.io.lCGException ‘

——— — Closes the socket connection. Closing a connect may or may not
allow remaining data to be sent, depending on the streams before
closing a socket connection.

InetAddressigetinetAddress()

— Returns the address of the remote machine that is connected to

the socket. L> NG M
InputStream getinputStream() throws java.io.lOException

— Returns an input stream, which reads from the application this
socket is connected to.

OutputStream getOutputStream() throws java.io.lOException

— Returns an output stream, which writes to the application that
this socket is connected to.

y g
L] ‘
-

—

°
=

1{e

{le
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Using a Socket (Cont.)
k- boolean getKeepAlive() throws java.net.SocketException
= Returns the state of the SO_KEEPALIVE socket option.
K;!b* eter-2 InetAddress getlocalAddress()
WA Lo = Returns the local address associated wi ] se 0
m\-& alihereg b s fated with the socket (useful in the case of
T Aa—d— int getLocalPort()’
= Returns the port number that the socket is bound to on the local machine.
Q\)B\¢ #5\ b Int getPort()
= Returns the port number of the remote service to which the socket is connected.
s — int g:tReceh;eBufferSlze() throwTﬁ\?.ne_t.§ocketException
- = Returns the receive buffer si ]
‘ooﬁCq )) the SO_RCVBUF socket{{pglzrf.e used by the socket, determined by the value of
\O'dtd‘ A\ ’ int g:tSendt:ufferSlze() throws ]ava.net.SocketException
\ : = Returns the send buffer si i he
! s I\ \-P" ANESS SO_SNDM socket g{)tlosn.ze uied by the sacker, determmEda/fhe ol
O X WA\ s
.8 " e \ \ -
\ A 1 SO bl W RS USIVCIT:Y Qako, M LD 2w
(4 wf’r | fng Asma Abdel Karim o " - -
. Computer Engingerlng Department Q\(mgh ?&N = dﬂu\ %
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Using a Socket (Cont.)

. int getSolinger() throws java.net.SocketException

— Returns the value of the SO_LINGER
long unsent data will be queued when

“

socket option, which controls how
| . a connection is terminated.
« int getSoTimeout() throws java.net.SocketException

— Returns the value of the SO_TIMEOUT socket option, which controls how
many milliseconds a read operation will block for. If a value of 0 is

returned, the timer is disabled and q thr i ]
(g U ead will block ini 1
data is available or the stream is terminated). g lndEfmlt'EIy (e

boolean getTepNoDelay() throws java.net.SocketException

— Returns "true" if the TCP_NODELAY socket option is set, which controls
whether Nagle's algorithm is enabled.

Eng. Asma Abdel Karim
Computer Engineering Department Z
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Using a Socket (Cont.)

= void setKeepAlive(boolean onFIag) throws java.net.SocketException
— Enables or disables the SO_KEEPALIVE socket option.

_* void setReceiveBufferSize(int size) throws java.net.SocketException

- Modifies the value of the SO_RCVBUF socket option, which recommends a buffer
size for the operating system's network code to use for receiving incoming data.
N stem will support this functionality or allows absolute control over
this feature. If you want to buffer incoming data, you're advised to instead use a
BufferedinputStream or a BufferedReader.

* void setSendBufferSize(int size) throws java.net.SocketException

~ Modifies the value of the SO_SNDBUF socket option, which recommends a

buffer size for the operating system's network code to use for sending incoming

data, Not every system will support this functionality or alllows absolute .control
over this feature. If you want to buffer incoming data, you're advised to instead

use a BufferedOutputStream or a BufferedWrlter.
M*wel farim Grooa) Steatidsbolleng A x =
Computer Engineering Department
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Using a Socket (Cont.)

actory /ASocketimpiFactory _factory)

+ static void setSocketlm
java.io.l0Exception

throws java.net.SocketExcepfion,
java.lang.SecurityException
— Assigns a socket implementation fgétory for the JVM, which may already
exist, or may violate security restfictiohs, either of which causes an
exception to be thrown. Only ong factory’can be specified, and this
factory will be used whenever socket is created.

void setSolinger(boolean onFlag, int duration)  throws

e java.net.SocketException java.lang.lllegalArgumentException

— Enables or disables the SO_LINGER socket option (according to the value
of the onFlag boolean parameter), and specifies a duration in seconds. If
a negative value is specified, an exception is thrown.

Y Eng. Asma Abdel Karim o1
»/ Computer Engineering Department

Using a Socket (Cont.)

L > void §etSoTimeout(int duration) throws java.net.SocketException
— Modifies th.e value of the SO_TIMEOUT socket option, which controls
h?w long ‘(/n milliseconds) a read operation will block. A value of zero
fhsab.les timeouts, and blocks indefinitely. If a timeout does occur, d
java.:o._l(_)lnterrupteaException is thrown whenever a read operation
occurs on.the s'ocket's input stream. This is distinct from the internal TCP

timer, which triggers a resend of unacknowledged datagram packets.
s void 'setTcpNoDelay(boolean throws

java.net.SocketException

— Enables or disables the TCP_NODELAY socket option, which determines
whether Nagle's algorithm is used.

onFlag)

Eng. Asma Abdel Karim
Computer Engineering Department 2
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Using a So :
& \w;..gg ), cket (Cont:) (il cinyg (nds!
void shutgownln t . ‘KW\?‘(S‘ NG S35 ) i e
P, vma eo tpu () throw§ java.io.IOException / W oo dalod 0%
L C:;Sr .n;ouzr;,)ut'stre:m associated with this socket and discards any s ‘&ﬁ‘ué\"
further information that is sent. Further reads to the input stream will end of Qelss s |
encounter the end of the stream marker. o Q‘i s
] void shutdownOutput() throws java.io.IOException W ik
— Closes the output stream associated with this socket. Any data gz
previously written, but not yet sent, will be flushed, followed by a TCP :
connection-termination sequence, which notifies the application that no oékpo)(S\b@!
more data will be available (and in the case of a Java application, that (oo oso
the end of the stream has been reached). Further writes to the socket A\ 34
S ~will cause an IOException to be thrown. NEST
0 G (3138 R &
S T B W\ 5
BE:; Asma Abdel Karim (=2 \Q 5.\ )_;3 ‘bég 29
® Computer Engineering Department P
Reading from and Writing to TCP
Sockets
; T and ready to
_+ Once a socket Is created, it 1S Conze;fﬁdut i e i
read /ey ugingitl> postEt e ar(; th : re provided by
. ey a
=% ThesesHEae donit nesd 10,58 Céezjst:cléet thOut utStream() <=
the Socket.getinputstream() 2" . getOUEI L Sisaidan
v . S N
methods. \——53\5\9@;5 \AE*M5\§"N\'°’A B lf‘}"f;'\qss b i
A filt At ily be connected to @ socket strear;l;(to make tor e%m\@&bb
_* Afilter can eas 0 R L\ s .
— =~ S w(\ - J ‘)3}5 [, G (%s-ﬁ
simpler programming. —> B! Aoty
\5%;3\ \eue)
30
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Reading from and Writing to TCP
Sockets (Example)
try{ .
// Connect a socket to some host machine and port
Socket socket = new Socket ( somehost, someport); %Mt . t{
// Connect a buffered reader
BufferedReader reader = new BufferedReader ( new
= InputStreamReader ( socket.getinputStream() ) ); ik
\3\ Bs // Connect a print stream REwe Sa
X\ PrintStream pstream = new PrintStream( S
- T socket.getOutputStream() ); q = ! ;3 (‘““m’:\
} 1 e
catch (Exception e){
System.err.printin ("Error - " + e); (S\85y
| Eng. Asma Abdel Karim ‘)s\(wm P«& 3
% Computer Engineering Department 4
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Socket Options

\ g Socket options are settings that modify how sockets work, and

they can affect (both positively and negatively) the
performance of applications.

_* Generally, socket options should not be changed unless there is
a good reason for doing so, as changes may negatively affect
application and network performance.
.l The one exception to this caveat is the SO_TIMEOUT option.

— Virtually every TCP application should handle timeouts gracefully rather

than stalling if the application the socket is connected to falls to
\‘ transmit data when required,

e L = , " i
e Vieod ) on s\ e\isidlicons QW aaaksMis
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@ SO_KEEPALIVE Socket Option

. By default, no data js sent

between ¢
. wo
£ unless an application has daty

to send.

. _ N3is ewials (gag
s This means that an idle socket may not have ¢ g ’
minutes, hours, or evep days in the case of long-liveq ;t::)CSmeltted ol
esses

12/5/2015

— &y

. Suppose, however, that ,
connection sequence is not sent to

— Valuable resources (CPU time 5
that will never respond.

. and the end
aTCp server,

nd memory) might pe Wasted on a client

ption is e
itis still 3
— However, the application does

nabled, the other end of
ctive,

1
n't h?_ve any control over how often

keepalive probes are sent, s
=2 s\ %\)N my \\\ksﬁd
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SO_KEEPALIVE Socket Option (Cont.) Sy ComaTtion
Sy

*To enablg keepalive, the Socket.setSoKeepAIive(boolean)
"~ method is called with 3 value of "true" (a value of "false" will
disable it).

- For example, to enable keep
" code would be used.
// Enable SO_KEEPALIVE
someSocket.setSoKeepAlive(true);
= It should a5 be kept in mind that keepalive doesn't allow you —
to specify a value for probing socket endpoints.

= Abetter solution than keepalive, and one that developers are advised to
Use, s to instead modify the timeout socket option,

alive on a socket, the following

fne /~$m;, m
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(7,) SOzRCVBUF Socket Option
o The receive buffer

receiving data.
Changes: can be made to the size by calling the

= Socket.setReceiveBufferSize(int) method.
buffer size to 4,096 bytes,

socket option controls the buffer used for

_* For example, to increase the receive
the following code would be used.

// Modify receive buffer size
someSocket.setReceiveBufferSize(4096);

| Eng. Asma Abdel Karim
Computer Engineering Department -

]3./,

T e St iie
SO_RCVBUF Socket Option (Cont.)

_+ Note that a request to modify the size of the receive buffer

Vi —
does not guarantee that it will change. _», ¢S ‘\\Wﬁé;.:d\c\}&

= zz;ii):\ar::lzl Somzc;pzrating systems may not allow this socket
e modified, i
value. and will ignore any changes to the

* The current buffer size
= can be determi invoki
Socket.getReceiveBuffersize() methodrmlned by invoking the

_* A better choice for bufferi

= arin s 1

Stream/BufferedReader. ;ng IS‘ 3 use\ a Bufferedinput
Qi \pishs &%

Aol @i Mg fpp M

sma Abdel
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R e s omase ...
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. The send buffer socket optio

size may be rejected by the Operating system. ‘ I
//Set the send buffer size ¢ 4096 bytes ‘
someSocket.setSendBufferSize(4096);

‘,
. To determine the size of the curre |

// Get the default size
int size = someSocket, getSendBu/ferSize();

Eng. Asma Abdel Karim

!
/ computer Englneering Department .

@ SO_LINGER Socket Option — Al &

mgccmec:\\m !
|
!
|

e 30 Qada &
= When a TCP socket connection is closed, it is possible that data R o
= 2 : ) bl EARUAREY
may be queued for delivery and not yet sent (particularly if an < e (
IP datagram becomes lost in transit and must be resent). Dae\s o
. . : i Olc\cc\ow\e_éamn'r
_ The linger socket option controls the amount of time during ‘

" which unsent data may be sent, after which it is discarded ANVEERW SN |

completely. \m\ Jalal daf
~ ltis possible to enable/disable the linger option entir.ely, or to : AQK&\ Sa
;‘l‘z:'ef:'s the- duration of - a 'Imger, _bV m‘;i:‘fd: the %@;QM\\QA§B :
-setSolinger(boolean onFlag, int duration) RN 55»«».\ :
// Enable linger, for fifty seconds bt e - UNosR |

$0meSocket.setSoLinger( true, 50 ); SNl dokad\ ;.Qs 2 Q Sy |
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(%) TCP_NODELAY Socket Option

= Reagpesy for Catnvient Occoomegd
This socket option is aiflag, the state of which controls whethe,
Nagle's algorithm (RFC 896) is enabled or not.
Because TCP data is sent over the network using IP datagrams,
a fair bit of overhead exists for each packet, such as IP and Tcp
header information.
If only a few bytes at a time are sent in each packet, the size of
the header information will far exceed that olf&p)‘i&ataﬂ A
On a local area network, theﬁ;}(tra amount of data sent
probably won't amount to much, but on the Internet, where
hundreds, thousands, or even millions of clients may be
sending such packets through individual routers, this adds up
to a significant amount of bandwidth consumption.

L]
L —

\A&u
ae\al
= _,.53'3&;‘_,5
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TCP_NODELAY Socket Option (Cont.)
45 S st Gm (o Mander MG 18 e g

_= The solution is Nagle's algorithm, which states that TCP may send
~ _only one datagram at a time. —s s Y :\o:,tas(umﬂ 3BT,
== When anacknowledgment comes back for each IP datagram, a new \y A
packet is sent containing any data that has been queued up. | % &J
~ This Iirr?its the amount of bandwidth being consumed by packet C&J
header information, but at a not insignificant cost—network latency. R

- Since data is being queued, it isn't dispatched immediately, so
systems that require quick response times such as X-Windows or

telnet are slowed.—~dayy.s ANS (esponse. \ o M
-~ Disabling Nagle's algorithm -

Iﬁm s S5 BN Ry, W

may Improve performance, but if used by
too many clients, network performance is reduced. J

LAHERE SR

SN gy eaany Lo Gdle |
C\opby, (GEantiah (Jesporss Tvey
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rcP_NODELAY Socket Option (Cont.)

. Nagle's algorithm is enabled or disabled by invoking the
- Socket.setTcpNoDeIay (boolean state) method.
For example, to deactivate the algorithm, the following code
=~ would be used:
// Disable Nagle's algorithm for faster response times
someSocket.setTcpNoDelay(false); — \% (_&&aﬂ

. To determine the state of Nagle's algorithm and the
= 1cP_NODELAY flag, the Socket.getTcpNoDelay() method is

used:
// Get the state of the TCP_NODELAY flag

poolean state = someSocket.getTcpNoDelay();

hoble @ dsast .

\ Eng. Asma abgel Karim : E
E@m:\uﬁer Engineering Department . C&\E }C 9\
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'Z S0-TIMEOUT Socket Option= 350
Lseto

This timeout option is the most useful socket option.
By default, 1/0O operations (be the file- or network-based) are

L]
—
—
L ]
-
-

blocking. . |
An attempt to read data from an InputStream  will wait

indefinitely until input arrives. ‘
If the input never arrives, the application stalls and in most

cases becomes unusable (unless multithreading is used).
plication will anticipate such problems and

i

lle

_* A more robust ap
take corrective action.
p { ’ - ¢ ¢ 8 -~ - ‘) T
Soantous Aoy ehrn Nl Ay oo Tep -
Ao, Ml At Oass Aam bl 183) Vo Si9as o 2o
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SO TIMEOUT Socket Option (Cont.)

When the SO TIMEOUT option is enabled; any read request to the
= InputStream o_f a socket starts a timer.

. When no data arrives in time and the timer expires, j

= java.io.InterruptediOException is thrown, Which:ican“be caughtsty

check for a timeout. b
«_ What happens then is up to the appllc?tlon develoger— a retry
p‘attempt might be  made, the user might bg not_med, ‘_Of.the
e it drd @l ddalag

connection aborted. —>@5y:
« The duration of the timer is controlled by calling the

= socket.setSoTimeout(int) method, which accepts as a parameter the
number of milliseconds to wait for data.

Eng. Asma Abdel Karim a3

Computer Engineering Department

-

—+ For example, to set a five-second timeout, the following code would

SO_TIMEOUT Socket Option (Cont.)

be used:

// Set a five second timeout
someSocket.setSoTimeout ( 5 * 1000 )

Once enabled, any attempt to read could potentially throw an

InterruptediOException, which s extended from the
Java.io.lOException class.

L]
—
—

o2 Since read attempts can already throw an |OException, no
further code is required to handle the exception

~ However, some a
related exceptions
be added,

Pplications may want to specifically trap timeout:
+ In which case an additional exception handler may

Frg. Asma Abde) Karim

Computer tnglmtnng Departmeng -
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Socket s = new Socket (..);

s.setSoTimeout (2000 );
do 4
} // do some read Operation ., — S\ yrs G
AN N e

catch (InterruptedIOException iioe)f Qk S \)\oq_\ﬁ\(\s

timeoutFlag = trye- // do E‘!\CQR\\G“ NSty

’ sOm . &

} ething speciq) like set o flag

catch (IOException ioe){
System.err.printin ("0 error
System.exit(0);

| Eng. Asma Abdel Karim
& Computer Engineering Department 4

+ioe);

SO_TIMEOUT Socket Option (Cont.)

22 Jo determine the length of the TCP timer, the

Socket.getSoTimeout() method, which returns an int, can be
used. wilisconds NS

_» A value of zero indicates that timeouts are disabled, and read
operations will block indefinitely.
// Check to see if timeout is not zero

if( SomeSacket.getSoTimeout() ==0) |
someSocket.setSa Timeout (500);

46
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import java.net.* ;

import java.io.*;

public class DaytimeClient{ e "
public static final int SERVICE_PORT = 13, 7 S=fued\e
public static void main(String args[I){
«— // Check for hostname parameter

Creating a TCP Client e

> @3

(O if (args.length I= 1){
K.?“é'&’ Bh;\ System.out.printin ("Syntax - DaytimeClient host");
3 Q ' return;
e }
o N AN )57: // Get the hostname of server
C . - ]
9 COQ\TD' String hostname = args[0];
try{
// Get a socket to the daytime service
A\\ \§\& <

Gl

SefoerSadke™\
ST P

Skt Ms\a

Cor 3 (‘&sﬁ’ﬁ (aW

Socket daytime = new Socket (hostname, SERVICE_PORT);
VQ,ﬁ\‘ Eng. Asma Abdel Karim \-—3
Computer Engineering Department ‘ll

SEaIy W\
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[ng. Asma Abdel Karim
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Creating a TCP Client
System.out.printin ("Connection established");
// Set the socket option just in case server stalls
daytime.setSoTimeout ( 2000); >~ 0. Serends QUS o)
// Read from the server SO\ 2 Chas\
BufferedReader reader = new BufferedReader ( K&k;s\b
new lnputStreamReader(daytime.getlnputStream())); 3
o A& System.out.printin ("Results : " +reader.readline()); &*\5\
Lot // Close the connection A 5\3
“'{SL daytime.close(); * \MQ\ S
b 5 \ e((upkedl@&@d\%‘?
5\*\" catch (I0Exception ioe){ .&Qﬁmeé\\cb\a %r\»ums’&gm
(;f}«@ System.err.printin ("Error " + ioe);
}
}
)

43
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ServerSocket Class

+ A special type of socket, the sery. g
== TCP services. er socket, is used to provide
y fre

connect to a specific server port ang host
+ The difference with Server sockets js that they bind to a specific

o .
port on the local machine, so that remote clj ¥ g
T i e clients
K service. - may locate a
~ Client socket connectiong will conn
whereas server sockets are ¢z
multiple clients. &
i B CHENLS

\adomay \a) ¢ ConpedianNicobis
Eng. Asma Abdel KariM Q/\\QL\JT—\\QQQQ\Q&/*(@ U:)\\'l'\ (WQg\.
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% ect to only one machine,
pable of fulfill
&the requests of

(Qartedied - Nie SRS ity S
- Soddl MBS Sounadel jois

ServerSocket Class (Cont.)

2. Clients are aware of a service running on a particular port.
= Clients establish a connection, and within the server, the

connection is accepted. . /> MU\\‘)T\"@“A“\‘)

= Multiple connections can be accepted at the same time, or a server may
choose to accept only one connection at any given moment.

.

Once accepted, the connection is represented as a normal
. sl
socket, in the form of a Socket object. —> SemerSeadieh \\nguily

This ServerSocket object acts as a factory for client
connections, you don't need to create instances of the Socket
class yourself
— -2 yYVYUIoLIll,
= These connections are modeled as a normal socket, so you can connect
input and output filter streams (or even a reader and writer) to the
connection,

E“!’.' Asma Abdel Karim
OMputer Engineering Department
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Creating a ServerSocket
—= Once a server socket is created, it will be bound to a local port and ready to
" accept incoming connections. ~ !
Vg «—— _°. When clients attempt to connect, they are placed into a queue. Once 3|
L S " free space in the queue is exhausted, further clients will be refused.
Q\‘eﬂ\s N * The simplest way to create a server socket is to bind to a local address,
Qe A\\ T whichis specified as the only parameter, using a constructor. '
Setuer\\ Qrasn) try( v :
M' AN .; // Bind to port 80, to provide a TCP service (like HTTP)
C\ i ServerSocket myServer = new ServerSocket ( 80 );
RS I/ . !
C&M@\ } \oao X Rt
Qo= N\ NN catch (I0Exception ioe){
( EE LapsNes \ sl System.err.printin ("I/O error - " + ioe);
Eng. Asma Abdel Karim .
C‘o(\hﬁho(\ / Computer Engineering Department ’ ) 51
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Creating a ServerSocket - Constructors
=2 ServerSocket(int port) throws java.io.lOException, java.lang.SecurityException e A
E IBinds thhe server socket to the specified port number, so that remote clients may \ 9 \.\»
ocate the TCP service. ¢ 2 v
G —
<= If a value of zero is passec,fa:y free port will be used. However, clients will be %

Sl
-

unable to access the service unless notified somehow of the port number.

By default, the queue size is set to but an alternate constructor is provided
that allows modification of this setting, ~ e Q?P\é&
If the port is already bound, or security restrictions (such as security polices or,

operating system restrictions on well-known ports) prevent access, an exception

is thrown. =>Quere Sal\ sash

_* ServerSocket(int port, int numberOfClients) throws

java.lang.SecurityException
¥ — Binds the server socket to the specified port number and allocates sufficient
space to the queue to support the specified number of client sockets.

- If t:e port is already bound or Security restrictions prevent access, an exception
is thrown.

Eng. Asma Abdel Karim
Computer Engineering Department

java.io.lOException,
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—

creating a ServerSocket — Constructors (Cont.)

“ throws java.io.IOException, java.Iang.SecurityException
- Binds the server socket to the specified port number,

sufficient space to the queue to support the specified nu
sockets.

— This is an ' overloaded version of the ServerSocket(int port, int
numberOfClients) constructor that allows a server socket to bind' to a
specific IP address, in the case of a multihomed machine.

— For example, a machine may have two network cards, or may be
configured to represent itself as several machines by using virtual IP
addresses.

AL - Specifying a null value for the address will cause the server socket to
accept requests on all local addresses.

and allocates
mber of client

— If the port is already bound or security restrictions prevent access, an

Eng. 2sma Abdel Karim s
! Compurer Engineering Department 3

. serverSocket(int port, int numberOfClients, InetAddress address)

exception is thrown.

- \ocal

® st
\\s\osz,\:\*me)’\';:
Say ERa

\ .. \D

(endom

Using a ServerSocket
A:.—JQ‘OC\\S\)‘}S \’0'“3 &

While the Socket class is fairly versatile, and has many
methods, the Server Socket class doesn't really do that much;
other than accept connections and act as a factory for Socket
objects that model the connection between client and server.
The most important method is the accept() method, which
accepts client connection requests, but there are several others
that developers may find useful.

.

.
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Using a ServerSocket — Methods

- -+ Socket arfe,;t(} ‘ thrq ws v java.io.lOException,
\ Qb‘ java.lang SecuntyExceptlan 7
\5"“‘ —Ye— Waits for a client to request a connection to the server socket, and accepts it.
M= This is a blocking 1/0 operation, and will not return until a connection is made
(unless the timeout socket option is set). Lfuer\\ asp (an ey

=k — When a connection is established, it will be returned as a Socket object. When
accepting connectlons each client request will be verified by the default

\pksecurlty manager, wh|L makes it possible to accept certain IP addresses and
wsp)”' tﬂock others, causing an exception to be thrown.
. b

N . M- However, servers do not need to rely on the security manager to block or
'\Q‘S > T "o)f terminate connections—the identity of a client can be determined by calling the
< \9}’93 getinetAddress() method of the client socket.
D

i : > R MNgwsleg
\_;537 2\ > void close() throws j java.io.lOException Contechiog\ C\ene AYSNY

3-— Closes the server socket, which unbinds the TCP port and allows other .-U&B&:
services to use it.

Eng. Asma Abdel Karim 55
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Using a ServerSocket — Methods (Cont.)

: \ocal = WWlgslsad Shoetohd
-3 [netAddress getlnetAddres'sﬂ_? = \ece\ \5\@_:;

Y~ — Returns the address of the server socket, which may be different from
the local address in the case of a multihomed machine (i.e., a machine
whose localhost is known by two or more IP addresses).

= int getlocalPort() > \ecy.

4= — Returns the port number to which the server socket is bound.

- Int getSoTimeout() throws java.io.IOException —> \)ﬁé:o:(u \_ o
~.— Returns the value of the timeout socket option, which determines how B‘«:\C\

many milliseconds an accept() operation can block for. If a value of zero nj

is returned, the accept operation blocks indefinitely. ‘E)(euer

fng. Asma Abdel Karim -
Computér Engineering Department
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Using a Serve\l’\ ocket — Me ods (Cont )

. void implAccept(Socket sockeththrows javafo.10Except,
: . ception
_ Thli Te;h;jassllowsterverS cket sulfclasses to Pass an unconnected
socke » @nd to have \that Aocket object a i
request. ccept an incoming

— Using the implAccept method
ServerSocket.accept() method can
; eturn a connected sock
developers will want to subgfass the SirverSocket, and usin t;,et-h Fel\g
be avoided unless required/, i g this shou

accept the connection, an overridden

. static void setSocketFactéry ( Socketim
java.io.lOException,
Exception

. Factory factory ) throws
ava.net.SocketException, java.lang.Security

— Assigns a server sgcket factory for the JVM. This is a static method, and
should be called only once during the lifetime &f a JVM. If assigning a

exception i

new socket faCtory is prohibited, or one has alreddy been assigned, an
thrown.

| Eng. Asma Abdel Karim -
Computer Engineering Department

Using a ServerSocket — Methods (Cont.)

—* void setSoTimeout(int timeout) throws java.net.SocketException

sk — Assigns a timeout value (specified in milliseconds) for the blocking
accept() operation. :

% — If a value of zero is specified, timeouts are disabled and the operation
will block indefinitely.

% — Providing timeouts are enabled, however, whenever the a.ccept()
method is called a timer starts. When the  timer explres,h @
java. io.InterruptedIOExcePtfon is thrown, which allows a server to then
take further actions.

S8
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Accepting and Processing Requests from Tcp
Clients

* The most important function of a server socket is tg accept
= client sockets.

Once a client socket is obtained, the server can perform 3| the
"real work" of server programming, which involves reading
from and writing to the socket to implement a network
protocol.

// Perform a blocking read operation, to read the next socket connection
Socket nextSocket = someServerSocket.accept();

// Connect a filter reader and writer to the stream

.
=

BufferedReader reader = new BufferedReader (new :'Q&\é
InputStreamReader (nextSocket.getinputStream() ) ); - N\"é'b

PrintWriter writer = new PrintWriter( new OutputStreamWriter

My
{nextSocket.getOutputStream() )) %Q( vef ‘X\ s Qh Q,(\-\~
@ixgraab;:le:::?Depanmem \Bm &&\G\Q\J &

avene s \gituy aceept @ess) S8501 e O
- Qe B A (kg

-]

Creating a TCP Server

import java.net.*;
import java.io.*;
public class DaytimeServer{
public static final int SERVICE_PORT = 13;
public static void main(String args[]){
try{
// Bind to the service port, to
//service

ServerSocket server = new ServerSocket (SERVICE_PORT);
System.out.printin ("Daytime service started");
// Loop indefinitely, accepting clients —>

grant clients access to the TCP daytime
w2 2

for (;:) { A8 W,E
// Get the next Tcp client M
Socket nextClient = serveraccept(); Q\\QX\\ R\
" Qed
Qoydss
ng. Asmna Abdel Karim C\ -, o
omputer Enulneerln;; [Jef;e}}r!:{nets 5\ = C-E?(\NS{\QA ——
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/ 3 \
Creating a TCP Seryer :
// Display connection details \:é\),(S\
System.out.printin ("Received reque Cx‘é

: st from "
nextCInent.getlnetAddress(rI?:—)/ﬁf>

, J " +nextClient.getPort ;
// Don't read, just write the Message e \g ; 0)
OutputStream out = nextClient,get, Sl N BN GG

] am();
PrintStream pout = new PrintStrea MQ)\

// Write the current date out to '\‘.'W\C..S\S
& poutprint( new java.util.Date() ), :

ush unsent bytes S
it I o Yot
5

out.flush(); N\ :
// Close stream \\é‘\ )\{V‘\p %ge}“

L

oy
L 2., out.close();

(5é\\> \f 3&\'\«:7/ Close the connection o’;lz.

w:‘, nextClient.close(); e} '*)

} : \0§& £ & N

) o

IIF5)) Eng. Asma Abdel Karim
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m (out);
e user
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Creating a TCP Server

System.err.printin ("Service already running on port “ + SERVICE_PORT);
}

catch (I0Exception ioe){
System.err.printin ("1/0 error - " + ioe);

}

62

o > S0P Nieg, —dis
catch (BindExceptiorf be){ SUbess o Oeresgito
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Exception Handling: Socket-Specific Exceptions

«  All socket-specific exceptions extend from SocketException, so
= by simply catching that exception, you catch all of the\’socket-
specific ones and write a single generic handler. ——*ﬁéb. So~pla

« In addition, SocketException extends from java.io.lOException
" if you want to provide a catchall for any 1/0 exception. A

. ; \
_* SocketException - wa I A

—

-~ —_ The java.n'ét.SocketException represents a generic socket error, which
"can represent a range of specific error conditions. For finer-grained
control, applications should catch its subclasses.
SLONLUY

(Enh Mg 555 sy o

. Sdoclogges D \Dbb-»w.k\

Eng. Asma Abdel Karim 63
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Exception Handling: Socket-Specific Exceptions
(Cont.)

S ' |
- ‘BindException ‘Bakho&d Poond M Rock N\ Dl
3. — The java.net.BindException represents an inability to bind a socket to a
local port. The most common reason for this will be that the local port is

@ already in use.
— /ConnectException —» Q,:,N\eck\d\ &_ﬁ;.\fep\ssnb\‘\ﬂyé
% — The ;ja_va.net.ConnectException occurs when a socket can't connect to a
specific remote host and port. There can be several reasons for this,

Cetdaiod\ wal sucrft’u as t:at the remote server does not have a service bound to that
R port, or that it is so swamped by queued ¢ i i t
‘,,4;\-_»5‘ k‘s:}:.l\ Yo iy RiARa e YQq onnections, it cannot accep
* -3‘5 '-J'_)\b‘l,\\lb(\"‘.\ " & .
¢ AL Oaz 388 s lemsre Lefoex NN aml Kb an e
(=p=tieny. r;‘ = eve M\ Sefuec\l ot & Pk M\ 55 Douta
'QJ:'S \J:)Ol y ol '9\ i s \n i \
5 ) [ng. Asma Abdel Karlm b\bé D\A\)M\Q 'QQ\\ Q}b&
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ific Exca tions
(Cont.) P
é:) NoRouteToHostException T2, ‘QWC‘“@\ \\%\\\é&\@

/.!L" The java.net.NoRouteToHo : \\k‘“‘\& \5\3&\%:&;}{\&\,\\9\5

is t
network erro hro

Wn when, due to
ute to t

: he remote host,

. (i.e., the Network on which the software
may be 3 temporary Bateway or royter problem,
he remote netw

5= The cause of this may pe local
application is running),
or may be the fault of ¢

O condition.
d /‘/

* InterruptediOException ) at

—

| Eng. Asma Abdel Karim
& Computer Engineering Department

ts is a good way to make your
code more robust and reliable.
@
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Multi-threading in Java.
Controlling Threads.

Threads Priorities.

Thread Synchronization.
Inter-thread Communication.
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Overview

. Multi-thr_eaded Programming s an i
= concept in Java networking, as network;nmp?lirct:r]:'g'sc
~—=YOTKINg clien:
and Servers must often perform seyery| different
fasks at a time. ST e e L

— For example, listening for

; incoming
responses, processing data, and yp agtingqtﬂzsis 1z;md
graphical user interface for the yser 2

o It is important for the developer to understand

“ the differences  between single-thread
[ I d Ed®
rogramming, multi-process pro ramming, and
multi-threaded programming, ik
— \‘-

Eng. Asma Abdel Karim %\,\l\
! computer Engineering Department ;

\
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Single-Threaded Programming

+ Traditional software written in procedural languages is compiled
into a machine-readable format, which is called machine code.

This code is read by a central processing unit (CPU), which executes
programming statements one after another, in a sequential manner.

Ie

nature of the operation, such as comparing two bytes for equality

or adding two numbers together), but until a statement is

completed, no further statements will run. This is single-threaded

execution, ~—

= The chief advantage of this type of programming is its simplicity.
%— Developers can easily predict the state of a machine at any given

moment in time. values of Vot

%= It is guaranteed that a variable being accessed in a single-threaded
environment will not be accessed or modified by another copy of the

: The time taken to execute each statement may vary (due to the —1—>

Frone
W T o

bbles. w\
— mﬁ(\gb

program, as only one copy of the program is running. \{Q‘-S\S.M o
et vy R
4 \! Ustodia sl S
o Cofer M4 Qi \n S\ iSdn (ace condibion do7e sy R
g Abdelkarimb“% Qs};\g__,\'g @0\,5}\5 ensron | !

[
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ﬁ Ao 0 code / dafa Mesm \QNQ\%:QQMNW %
Qkiesilgs Vages exedion unitd CSEE=OS 3054 Roaess |

il P T T D U P
‘ Q"&@’MQ;’ Multi-process Programming

. 7ol
e e\t Weocests a5t e Wemesny Vask &M%
%, Ea;:h applicatio'n runs as a process, with memory allocated for pmgram"
~ code and data storage.
Multiple processes would run on the same machine.

A — The operating system would allocate CI?U time to each pro'cess, suspending 5
process when its time was up and allowing another to take its place.

¥<— Sometimes, a process will become blocked (waiting on 1/0), or may voluntaril,
choose to yield its CPU time.

| 3~ The operating system creates the illusion that these processes are running

. $ J’Pé L concurrently, by frequently switching from one process to another and sharing
M ; e 0P time between them (though not always equally).
Q }CA&\ e\ « This type of multitasking is extremely important, as it means that one
\W "machine can share its CPU time across many users.
*&W
r &
\,--\‘\'\->€P

Computer Engineering Department

Y
=t €f—$ > I@ Eng. Asma Abdel Karim 5

- 3 5
)\‘O\%( = "%
w0 | Mt Ao Plgommim (o3 <
‘?55\7-@ Multi-process Programming (Cont.)
> \ Cp . S 9 - .i' ‘e ! " \
L >_79 Q(OCcsS\)Q\,.ﬁ\ IS0 8y Cox(e \»\)5\\-638
* Programs themselves could create new processes, having one part of the
program performing a task while another part does something else.
User 1 : User2 Usern
User intertice | Network dlient :
@ng. Asma Abdel Karlm ’
Computer Engineering Department /
6
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vulti-process Programming (Cont.) | |

although multi-process  programmin
Z gisadvantages to its use.

. H | ',
. First, when @ process branches into two, there is overlap between

Z the data storage of one process and another. : 1
© > len Budiaf SekOw Ass |

& works well, there  are f

_ Because two copies of data are being kept

|
needed is consumed. more memory than is 2 \Lyeals | }
isn' - Vs ‘

. Second, there isn't an easy way for one process to e OSrL \ Kol (s N>
= modify the data of another. — S 56\5-‘5\ el \nb‘ - fl
— In Unix, Inter-Process Communication (IF3C) is used, creating data_pipes R S i
that allow a process to communicate with another, AV _p?pz_ @Nk f’\\m‘d\ L&y It
— Nonetheless, it is not as easy to design software that shares '('jk:t: e = \3\3 Met ‘111\

multi-process environment as it is in % i
. e readed one. 'G_,‘“ i ! 'q s (\
! : k)»m\s\-&‘i;b o iy ik

Computer Engineering Department

7 PCINNES il
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Multi-threaded Programming

[}
—_—
—

Multi-threaded programming requires a different way of looking at @§\,\h Yasks g§\
software. ’ . 5

Rather than executing a series of steps sequentially, tasks are — o
executed concurrently—that is, many tasks are performed at the Hrleod 2 55‘0. -
same time, rather than one task having to finish before another can Sy Gaee

start. et Washs v ARl g
* Multithreading, also known as multiple threads of execution, allows e E&M\) -

?!m_gra\m%w%ﬂllpl_einstances of itself running, while using RSCRN

the same shared memory space and code. - : "y

% = Unlike_multi-process programming, which uses separate memory \; .

A address spaces, making communication between processes difficult, el ML Gus

* = An i TR ny different tasks concurrently, L
application can be performing many )7 &A \35\’~ \ )

iL-

and threads may access shared data variables to work collaboratively. o
) Sharitg \sisd
B 5 A s D 851 Wiig (Ui M\A\)
afn:';" a: bdel Karim POCcCon Ai\\' tf\‘\\'s Pl,,;;\. : ; » OKAD ‘ >
Uter Engineering Department .
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Multi-threaded Programming (Cont.)

Unless you have more than one CPU, only a single threyg
can be running at any given moment in time.

The operating system maintains a queue of threads and
allocates CPU time to them.

_*_The process of determining which thread to_ run 15 calleq
— scheduling. —, Tl 8 _\\“(ex\ §\M Bk

» Not all operating systems allocate thread time fairly, but tq

L]
e
g

L]
—
o

.’

y.}’u\- = give the operating system a guide, threads are allocated 5
= >\'§>9> priority level.
65 ufb _« Since the choice of which thread is executed is up to the
SR = operating system and not the application, it becomes
’?»3’) : §(\P impossible to predict the order of execution, or how much
i o L CPU time will be given. i
RS WY , vtk
\\.Dy.)) Q(\\OK Eng. Asma Abdel Karin%“\@\ﬁ*\ﬂ(&A-S\bbéﬁb\'g —“Mﬂ —\S“(&‘).Qi 9
Mcﬂé S CS’? Computer Engineering Department e ]
S 9
»\\x\@ & PN
Sk
N
e j
DR
e Multi-threaded Programming (Cont.)

10

N\paBR ) -y
: @RV .%mt\'t‘«\f\
(a) Threads running on multiple CPUs. ﬁb\mﬁb\\w
(b) Threads running on a single CPU. ARSCR

Fng. Asma Abdel Karim 10
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Eng. Asma Abdelkarim

b



’ 12/21/2021

Multi-threaded Programming (Cont.)

» Careful attention must be i
— anay. g paid to concurrent access and —| .
modification of data, to prevent data from becoming out of sync. > A e

M= With careful design, however, d i\
s , dat ! %
read access while write access occjrg.an heflocked ‘6d’ which will prevent dkn glrosed
]

~ __»_ Multi-threaded i . s s 2
== programming can FOTANAL S
rewards that it offers are greagt. e St fosimastey St lhe L ;

M— Networking clients do not need to lock u i 2 eed tA
3 the GUI if
‘c?g:]‘g:frté?]ftlly stalls, and servers can pr%cess muI;ip?e n?:tlgcr)\;ls( it >
i : A aceesshand
%drg(latcliotr;allg,a:Qiei]zdssarnqzyduse variables independently, and are not Smfté C}d“
orcodasialet 313, — elpafal ) Thisl)) Gan 03 iy &
3 read could, for example, declare its own set of variables that it 5 . L’QSX\ [@WLYY

does not make available to other threads (b i g
t y marking them as private(us
or protected), thus ensuring that an access conflict does not occur. 3 &J“i\

\9 .
\v§ _ s (-55\,3-\9\5
Eng. Asma Abdel Karim (8 S @ @\U\ _3\
| ¥/ Computer Engineering Depanment@-ﬁ\ kﬁSJ C&QS‘\Q\(\ 5\(_}-94 Uy | = "

Moo QstiresTiion S\asd
Aiash Wias o5 Haaod Go User Y ey 3020

Multi-threading in Java

_* Java provides exceptionally good support for
creating and running threads and for locking

resources to prevent conflicts.
_«_You can create additional threads to run
concurrent tasks in the program.

\eperfelye, In Java, each task is an instance of the
Runnable interface, also called a runnable

object.
» Athread is essentially an object that facilitates

the execution of a task.

@ Cng. Asma Abdel Karlm
Computer Engineering Department
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e declass Multi-threading in Java (Cont.)
8o - SR class Jb w‘er«eﬁ&i‘-'eﬂt-s‘\ D Hethad A
&Q\\SA\L\SCO&.“ W -
Al ; cuetGile S &b M eungly
M’\m “r“\.ééﬂ'u J av;.lfggif;:n;’able Ll.g“ 1 ‘-‘ .
edend i \ T L Sopetl abgiacte hed M\ iy 3l
A=\ (:hﬁ)s _ H P ol c
g '\&8\1.5)\\ Smel | pmmmmwed | sdodb Lubsitly (\oQement i iﬁ
..: ' +Thread(Q Creates an emply mr.-::l. o %‘;
Ml S ::::::z)(“:; JMM1 5 ;r:::i: 3:-::’1 i;.u a::f: :n() mrethod 1o be ivoked by the IVAL | « cmm:gi
£ %(Ead *-\ \ 4isA1iveb: boolean Tests whetber the thread is curreatly ruaging. ¢
s+setPriority(p: int): void Sets priorify p (rangmg [rom 1 to 10) foe this thread.
*\\(@GAA\ \LJDQ“-‘ +join(): void Waits for this thread (o fizish. o
+sl eep(m'ﬂh' s: long): void Puts a thread 1o sieep for a speafied time in milleconds,
| \5&;):» kg\“ +yield(): void Cauees 2 thread to pause temporanily amd allow other threads to execure.
‘ i ~.” +interrupt(Q: void Intorrupts this thread.
e Sxend Ted
i 'f Class)) & il of (e Meod Nehiaid Uisaa b oy
kit \ A= 0AS 5 nfecd e (Mislay,

&
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Creating Multi-threaded Applications
with the Thread Class

> The java.lang.Thread class provides methods to start,
~— suspend, resume, and stop a thread, as well as to
control other aspects such as the priority of a thread or
the name associated with it.
The simplest way to use the Thread class is to extend it
and override the run() method, which is invoked when
the thread is first started, » {545 Hed W tsrind Mycd
By overriding the run() method, a thread can be made
to perform useful tasks in the background.— |

Keep in mind that threads do not start running automatically
at creation time. Instead, the Thread.start() method must be

®
-—
po—

(]
—
—

[
——
—

O ;_d 1 invoked. If it is not, the thread will not run. \L— \s,égu\',.ko
AON ———— AR (U ¢ Ad WS 5 (ise sn funy ) L»S_.ﬂﬂ
St 30 (B o mtiirn Sact \apl i ved ) walland

QWSS Mfead O 7% .

el € S DAY O Y Sequmhaty Sy ot

bt o ams in Pacallel o loackaiod s 8 i S
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Creati!'lg Multi-threaded Applications
“ wlguhe Thread Class (Cont.)

P
4 W} T e Sk aeld Jelidase
jaw.hng.Thrcail'd—CustornThreadl /1 Cli
— R Clasva\s ;ublilez;a:lné%imt {

Custom thread class ) .\m_a‘

lass CustomThread extends Thread. { - X

gb“t ; public void someMethod() {

}fxﬂ‘lic CustonThread(...) {
1T S Code doltsie

» -
7] Override the run method in Runnable

Blic void runQ ’
/P“/./ Tell system how to parfarm this task

// Create a thread
CustomThread threadl = new CustonThread(...);

// Start a threag

?l_\rcadl.star,t(): -—)J‘\\(BA S\ m®
[@-THSS

// Create another thread
— CustomThread ‘thread2 = new CustomThread(...);

} // Start a thread
: thread2.start(); '

ke ;

Arivealh abk

: \ )\ & ..]
15
Creating Multi-threaded Applications
with the Thread Class (Example)
he drres ds java.lang Thread{ Cony =il S
public class ExtendThreadDemo extends java.lang. R
int threadNumber; Wead N\s a
public ExtendThreadDemo ( int num ){ _\\\(EA c_'cé.s\')-b
// Assign to member variable
threadNumber = num; ntheds Ns
}
// Run method is executed when thread first started
public void run(){
i N\ System.out.println ("1 am thread number " + threadNumber);
N t
4%)%? ) rY/{/ sleep for five thousand milliseconds (5 secs), to simulate work being done
e :
wr ) Thread.sleﬁ(jotg,(a‘c‘ Md\\no:\ ._5'\-(: \u)cxn\' da VS Aeloﬂ S 571
}{\'b catch (InterruptedException fe) {} — ‘OO-‘-‘:S &”\9‘—9 WY e G
N ( System.out,println (threadNumber + *Is finished!"); chedcad
- | .
my.ma Abdel Farim 3
Computer Engineering Department
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Creating Multi-threaded Applicw
with the Thread Class (Example)

// Main method to create and start threads
public static void main(String args[If
System.out.printin (“Creating thread 1");

Qo\‘w\o ¥ c«;\M

&\;b.\_ Jc\ \_).\‘&'.\L\_gt——- // Create first thread instanced & i
oo G Thread t1 = new ExtendThreadDemo(1); —> &M (s NS
S %’L“W S e stem.out.printin ("Creating thread 2"); _\\“' el
o o LB y : feod Qsa\s\l)
RO\ L‘“\-\‘_ = // Create second thread instance e Bl i Ve
QS'\ &}5‘58 O 'Ez' Thread t2 = new ExtendThreadDemo(2); ~‘S"S:' o5 b” Qe
Nk olgaales  //Startboththreads 8D LA ¢ Qv
(SN Ski& DK-“ g t1.start(); t2.start(); Exctend¥nead Ocme \»6\ fead AT
N R
\subss st T.on /"rz_.wh OO e @l o
Sda> \j)\_\ c(o0 SCC{UCI\\‘Q\ avh \aoyye _;.ngés odipd MN\s "\\MB:AF A\
'q;’.’-\ Eng. Asma Abdel Karim Jc-\ -S&'bb 63\ £
s + . LAComp_uter Engineering Department %:\QS 5 P\—'u\ -7
Saber del i 1 ) Sdauls 3
A\ 4, ) e O\ -
K‘bk\ MD 2 Yoo (5 - £
(43¢ Gaes | - Creating Multi-threaded Applications
l . r r .
L"}"‘“_--\i =) 9{22‘ with the Thread Class (Notes)
oy X 25> 0n
: : —*—The run() method is not invoked wheng_tEh_e_,th_Lead_Juas
(43«‘*5%‘3‘3? ) i createcT,’ogl when_the thread is started by invoking the
start() method.
\——‘——
5 Seeards /:(_ - Youdcadn create threads in advance, and&a&&m only when
P needed.-3 Fs}g' 3 IR N 29y W _\g&k\)&ﬂ_
\P\?@ G Remember t.hat the thread object only represents a thread—
A threads are in fact provided by the operating system itself.
>\l§ Mcj-\,cA % — When the start() method of a thread is called, it sends a request —j
OO to launch a'separate thread, which will call the run() method.

*— The main_ application does not call the run() method directly.
Instead, it calls start() to perform this operation. If your
application calls run() directly, it won't be running as a separate

thread,
Aot ag N €0 €]

- Stast A\ qs&a’s-u-\h Qs c"\\“(caiA
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creating Multi-threaded Applications

with the Thread Class (Notes) Srerinkh e St

3 )
q Vs ¥

. The main method terminates once the two threads are started.

= _ | : :

. There is no_pause or sleep command issued in the main thread—yet the

= applicatltﬁ.a%e;f;et terminate. It keeps on going until the two threac\i,s have
finished their work and leave their run() method.

. When a normal thread (also referred to as a user thread) is created, it is

— expected that it will complete its work and not shut down prematurely. Rose \kh:"\g ‘

_»_ TheJava Virtual I\_/Iachine (JYM) will not terminate until all user threads have . &@5‘ 1

~— finished, or until e to the System.exit{) method, which y
terminates the JVM abruptly. Al 85 e\ o | ;5\—“\(3&\\9

. Sometim(es, rP:oweVﬁr, threa;is are only useful when_other threads are @\ \& |

= running (such as the actual application, which will eventually| terminate ‘<{a\\s

when the user is finished with it). X dalrad N & IQLY-N X
. We call these types of threads daemon threads, as opposed to user threads. R R ‘

— Ifonly daemon threads are running, the JVM will automatically terminate. : \QDSU'J 19 |

. . Gon M

Ao WA DA 5355 el 588 o= i
\GAe G\ m\nﬁk&&)\&%m £ @50(\\\’;6 N Nfeod W), 20 I
@Eng. Asma Abdel Karim 'Lﬂ\b\ﬂ\&“;f\. ME' &3 gé\.')C) \.;b_\é\ '\ G = 19 w é&.\\é\\ 1
|
|
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Daemon Threads

* The following is a modification to the previous main method
such that t1 and t2 are specified as daemon methods.
public static void main(String args[]){ .
System.out.println ("Creating thread 1");
[/ Create first thread instance
Thread t1 = new ExtendThreadDemo(1);
System.out.printin ("Creating thread 2");
// Create second thread instance

Thread t2 = new ExtendThreadDemo(2); \S.B\QL&\ \Q')X m
// Make both threads daemon threads J"B M\ \o . «
(N\Y

tl.setDaemon(true); t2.setDaemon(true);

// Start both threads l% i S
tlstart(); t2.start(); \- QA'S‘ 38
i Leesr e Talest Ale 180

// Sleep for one second, to allow threads time to display first message

: Thread.sleep(1000); — 2\ 6\'—3 \@_\ \be,x?\\b ,! 8 \
catch (Interruptedexception ie) {} w\g\?&gw\ N\é 63\“5
N Osa ()
A Sec Qoo clihS ASEE Ssed Dok Ml
8. Asma Abde| Karim L,.}Al.%\?:‘h{c\\\f 20
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Daemon Threads (Notes)

« The first change makes both t1 and t2 dae‘rjnon threads, :
= by calling the setDaemon(booIean) method. -

If you need to change the state of a thread to either a
daemon or a user thread, this must be : th

thread is started—its state cannot be changed once the
mng. '
The second change introduces a slight pause, to allow

= the daemon threads time to display their first message.
s— When you recompile and run this example, you'll notice

that the threads do not complete their work and display
their final message. This is because there are no more user

threads active once the main me inishes.

_+ The primary thread is always a user thread, never a
~ daemon thread.},

Yoiesd
@ Eng. Asma Abdel Karim *‘f‘( £ 21
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Creating Multi-threaded Applications
with the Runnable Interface

Cop>rGds e+ While extending the Thread class is one way to

ahasl W S " “create a multi-threaded application, it isn't
bé\gg;;\hée'\& always the best way.

AR * Remember, Java supports only single inheritance
\ = . 4
eximnd G853 unlike languages such as C++, which supports

] .\;376‘“‘5\23\4 multiple inheritance.
55> as=o | = This means that if a class extends the
Me L5a,m \0t java.lang.Thread class, 'it cannot extend any
other class.
“Yh(cod * A b?tteeray is often to implement the
Tjﬁi;Lba java.lang.Runnable interface.
Class 3 e B cusmssion
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/ 6 - - i
reating Multi-t T
C o tse , hreaded Applications |
wi Unnable Interface (Cont.) i‘
« The Runnable i : : |
= Th Sl hlnterface defines a single i
me : n(), that must be implemented. I
éclasses implement this interface to show that |
they (ajre%@blt_e of being run as a separate
thread of execution. CONQRY sy danahs
+ The precise signature for the run methonf% as ONHj
follows:
public void run ()
S :
23
Creating Multi-threaded Applications
with the Runnable Interface (Cont.)
objecY (nnakle oD
Sectde) ol prtotuend (e
’ java.Tang.Runnableid—-——-——TaskdassIJ éﬁlﬁ%“:‘-:_‘fa;f‘éiient { t@%“_éé\é
;ib]c:itz?a‘:i:'?aﬂg;ss implements Runnable { P'-ll-f!‘-lc . 59’“?”“*‘“0 ¢ ;
#iblic TaskClass(...) { ~ Taskciass ::s,‘t"i‘f,:fﬁ::kgiﬁﬂ‘ff); Ei
Lq CO(\S\'&::,—‘(:;\' %rgﬁazﬁrzaﬁhf::. Thread(task); QB:&:\.
/;” Implement the run method in Runnable et aiitit aobd RV
:?‘{tge\ﬁlgy:g:g)hgw to run custom thread ) ?;fzad.:n_::(\);;l < u&; GA‘LB (’\:‘?“Q;g\ew
sk 1 frndalole cbjedt Guds S Qats '
'k O Ty ‘&’\‘% \.9»4\1) SQ'('\'
Sl Dgl ysey - AT '
Yned &N
MI\M&I Karim ;i
e 2MPULEr Engineering Department
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—\\(gﬁfé\ Creating Multi-threaded Appl;zatu:ns
with the Runnable Interface (Cont.)

« The Runnable interface doesn't %‘w
A methods, or provide any thread-specific functionality.
_+_Its sole purpose is to identify classes capable of running
" asthreads. :
« When an object implementing the Runnable interface
= s passed to the constructor of a thread, and the
thread's start() method is invoked, the run() method
will be called by the newly created thread.
_» When the run() method terminates, the thread stops
T executing.

Eng. Asma Abdel Karim 25
|§ » Computer Engineering Department

25

Creating Multi-threaded Applications with
the Runnable Interface (Example)

public class RunnableThreadDemo impl s java.lang.Runnable{
public void run(){
System.out.printin ("l am an instance of the java.lang.Runnable interface”);
}

public static vold main(String args[]){
System.out.printin ("Creating runnable object");
// Create runnable object
Runnoble run = new RunnobleThreadDemo(); —_

// Create o thread, and pass the runnable object ‘\NB ‘Q»&\ \_bé R\b(\hﬂbb Q.}..\ 3&
System.out.printin (*Creating first thread"); , 5 S‘ ‘h!\b§§$

Threod t1 = new Thread (run);
// Create a second thread, ond pass the runnable object
System.out.printin (“Creating second thread*);

Threod t2 = new Thread (run); [\§} (\(\Q.b\Q Q_)S“\ w*

// Start both threads

System.out.printin (“Starting both threads"); *\\(CGA\‘\QSS’\ ‘&J:’b .)_>\3

t1.stort(); t2.start();

! Chafed datn /cm\e\ @&Wuﬁ

[rng Auma Abdel Karim
Computer Engineering Department 5
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e

= threads can be seen

= example, in more complex systems, threads must

L

creating Multi-threadeq Applications with
the Runnable Interface (Example-Notes)

. When the example is Compiled and run, two

kvt 771 Printing a message to the
c .

» What is very different about thjs program, and the

= previous one, is that only one Runnable object
was created, but two different threads ran it. :

. Although there was no shared data in this

share access to resources, to prevent modification
while a resource is being accessed. This is achieved
by synchronizing access to resources

%

% ) l\bd

Advantages of Using the Runnable
Interface over Extending the Thread Class

_1. As mentioned previously, an object is free to inherit from a
— different class. — S & class ) extend A pay
2. The same Runnable object can be passed to more than one
= thread, so several concurrent threads can be using the same
code and acting on the same data.

% = Though this use is not always advised, it can make sense in certain
Circumstances, providing that due care is taken to prevent conflnct‘.f,
overdata access. . \Inbl e \eling Aalin LsS3 @ sas)

3. Carefully designed applications can minimize overhead, as

~——

= creating a new Thread instance requires valuable memory

and CPU time, d Moy

A Runnable Instance, on the other hand, doesn't Incur the same
burden of a thread, and can still be passed to a thread at a later point
in time to be reused and run agaln if necessary.

Mead B3NSR
Q\\'QDA)' &;6 o\ Actta/coded) 28
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w _ Controlling Threads
= ;@kgﬁg\h@mterrupting a Thread

GHAE'( '\l\’\(ecd

g

«_Observant readers may have noticed that whenever a call to
" the Thread. sleep (int) method was made in earlier examples,
an exception(lfﬁndé r was used. (?\;Q\stg\e,g\.;\%}\,ﬂ

= This is because the sleep method puts a thread to sleep for 3
™ long period of time, during which it is generally unable to rouse

itself, —> As,ih Aned sl BISH GAS W\ G\ hiead 1)
- However, if a thread must be awakened earlier, interrupting a
~ thread will awaken it; this is achieved by invoking the

interrupt() method.
« Of course, this requires another thread to maintain a reference

to the sleeping thread. \_X,\A\J‘\'\ ! 5\€§§A FAN
@ Eng. Asma Abdel Karim ﬁ‘)\u\\ —“\M & @QH\CE‘ 5\ Q;'& k‘@
\';./ Computer E_ngineering Department — ——
29 . A sye 3D ) Sdhs

29

Controlling Threads
Interrupting a Thread (Example)

public class SleepyHead extends Thread{
// Run method is executed when thread first started
public void run(){
System.out.printin ("I feel sleepy. Wake me in eight hours");
try{
// Sleep for eight hours

12/21/z

Thread.sleep( 1000 * 60 * 60 * 8 );

}
catch (InterruptedException ie){

)
}

fng. Asma Abdel Karlm
Computer Engineering Department

System.out.printIn (“That was a nice nap");

System.err.printn ("Just five more minutes....U

s Vsl pesoms\y)
S S8 Netinisny
Nocishs Al theed o \al
Soarus- 8 )

N\ gabaple
iy ‘“'\qsf was a e (\Qf
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Controlling Threags
Interrupting a Thread (Example-Cont.)

// Main method to create and start threads
public static void main(String args(]) throws
// Create a 'sleepy' thread
Thread sleepy = new SleepyHead(): _~. o
J/ Start thread sleeping B S\&W‘\md \"‘A\ ANeabdas 308
sleepy.start();
// Prompt user and wait for input
System.out.printin ("Press enter to interrupt the thread");

system.in.read(); —» OCJR‘(\ 5
// \nterrupt the thread : 5 U“*‘\A‘\‘G \Beg Q:i‘&e.(

]ava.lo.IOException(

sleepy.interrupt(); &O(V‘ek\/\‘.(\ﬂj
| } Slespyidenf Sdiies User M) (i 85 o)
weoRk M\ sz

oo Sepdions s wosn homsases
1 EfEresd) Gy WeUpt Sany 38 Made O\ %
ol 8 Wela Tfsod 3 sl oUser D) g ¢ Wged M\ s

D Controlling Threads
‘Stopping, Suspending and Resuming a
Thread s ke hread

* The Thread class also contains the stop(), suspend(), and

resume() methods.sle s 83 L Hhedis e
3o R O

* As of Java 2, these methods were deprecated”(or outdated) \53\“\

because they are known to be inherently unsafe.

Y
R o %j“g
(Ao SN
PRI s ot |t 10 dtlesied @ldond

S d (o e (Sds
Mw Karim (‘3’3 ' ) 3
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xR *\Controllmg Threads \@b*“@:r\

® Yielding CPU Time qs&@m%s
g \&S\QS_)\“&
« Sometimes a thread might be waiting for an event to occur, or

may be entering a section of code where releasing CPU time to
another thread will improve either system performance or the
user experience.

s For example:

~ — After performing a calculation that should be displayed to the user and
before starting another one.

S, — While waiting for data to become available from an InputStream, a thread
might yield CPU time instead of going to sleep. = My&éq’\'c&o\%m@bs(

* In this situation, the static yield() method can be used instead of

 the sleep() method. \

L b»\&@nwwww

, s Neld WA GAY (g Aymd M
- el e o e Do o Huend\

33

Controlling Threads
Yielding CPU Time (Cont.)

. For‘example, for the currently running thread to yield CPU
time, the following method could be invoked:

\syes Jun N Awiss Wied Y\ e—LThread.yieldﬂ
-‘A“(:AAQ,N\Q * This is a static method that affects the currently running
KS;S&L»& %\3 thread only—an application cannot yield the time of a specific

thread.
Al

oxs=iiy SUN Gie Yiedd  agslaniy W egl %
cCadelom (Mo onieginlie onony 0% N\

fng. Asma Abdel Karim
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Controlling Threads
Waiting Until a Thread is Dead B o

sometimes it is necessary t Yl S 2
L 99 fy to wait until a thread has finished its vl ¢
~ task. NS X Ovo

% — For example, to retrieve the results of the ta

sk by invoki d
reading a member variable. ¥ Invoking a;method,or

ks ESVSTC TN
o To .determln@Sa .thread has died (j.e., if the run() method has \
finished), the isAlive() method, which returns a boolean value, ‘

canbeinvoked. \» N %y alive. saneed M adaysi —\
_» But continually checking the value returned by this method e
~ (known as_polling), and then sleeping or yielding, is a very e

||

inefficient use of CPU time. s ek Ll 8 |
\’ ‘ hhle A '
CROCREN \»Qa*\foé\\\@kaéd‘&a&\ Q) promitnss 14 An |
Eng. Asma Abdel Karim .H u\b 30'\“(\ j}\ i
@Coiputer Eng‘?neerlng Department 3 _’ M i -f l
D o el (KL ieble O) €
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Controlling Threads
Waiting Until a Threa%}is Dead (Cont.)

A much better way is to use the join() method, which waits for a :
thread to die. L_,_//—-,———-*\'

There is also an overloaded version of this method, which takes b e
as a parameter a long value. This version waits for a thread weX ek g

death or the specified number of milliseconds, Mes &M@m@

°
=

.
-
—

first. (L 5 AN oA 3N
- QRO Mo \“)\B’N\Dm\c&’»&) * bleckieq RN K‘-;\\ W
G 3o Buzrd 3l €\ Cooppaii\shh oo % ood T o o»ss\sam
Gy aS3 AL ), FAB VL Sy @u@ﬂ S (0
. et ; ‘Ao _ {| ERRARE
e N T
MB Abdel Karim ( )M bw\ = C\‘U&ﬁ’- _3. k'sus\s
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Controlling Threads

Waiting Until a Thread is Dead (Example)

public-class WaitForDeath extends Thread{
// Run method is executed when thread first started

public void run(){
System.out.printin ("This thread feels a little ill....");

// Sleep for five seconds la ‘ _3\ Ny \)__\‘S

try{ A
Thread.sleep(5000); W ) L}D_)JQ
} N
catch (InterruptedException ie) {} s

) She N3
PRPEIPERIT S

| Eng. Asma Abdel Karim 37
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Controlling Threads
Waiting Until a Thread is Dead (Example-Cont.)

// Main method to create and start threads
public static void main(String args[]) throws java.Iang.llnterruptedéxception{

// Create and start dying thread 0 cless 6\ v A S

Thread dying = new WaitForDeath(); ™Main

0 . A/ g .
dying.start(); . . N o SNak d%‘“ﬂ
// Prompt user and wait for input : 6“5“‘3 S\QQQ
1
System.out.println ("Waiting for thread death"); 5 S VAS

// Wait till death FoM g wvawy N S py )
try( E -Gam) d%\\a}\ \& sy

dying.join(); (Say \9,\\
} oSyt o\m\ SRS 0\3\&\\ Maity A

catch(InterruptedException ex){} 53
aa\3
System.out.printin ("Thread has died"); (Q:Q 3\

}
sy Doslhine Wsey b&m\ék%}*’
@Eng Asma Abdel Karim ng %&\ \)ng K)“\QB%\_\ e = :_A.)\
/ Computer Engineering Department p% \;Q ~>~33 Jc '(Gaé
\_ch,é',: e Hhoad feels Q\M'E S Q}\)‘\' ey
25 «L Waitiny for hfead &:c:k\n 5"
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Threads Priorities—

Java assigns every thread a priority.

By default, a thread inherits the priority of the thread that
spawned it. —=\s38ia N Yty o\ Reionliyhh sl s Hndsod A
+ Youcan increase or decrease the priority of any thread by using

" the setPriority method, and you can get the thread’s priority by
Qe AEN SN

\QRTIR

using the getPriority method.
. Priorities are numbers ranging from1to 10. 7> > 'P(‘\oﬁ’[g)\

The Thread class has the int constants MIN_PRIORITY, - s\ &y
NORM_PRIORITY, and MAX_PRIORITY, representing 1, 5, and

10, respectively. s Ccsl\s}(q(\'\s — Qupdikal @¥ &SSP S\o.‘hc afso. |
_+ The priority of the main thread is Thread.NORM PRIORITY.

< :
¢ b Setbrecly (@\x ORIRITY) 5
oo 24 sagterty Qe . ’

28 Computer Engineering Dep3artment

3 1
133\3@(?@(\*3 N wesn N
(5 ) M \aply

Threads Priorities (Cont.)

\Pl

~ The JVM always picks the currently runnable thread with the
highest priority. —> PTU‘)V‘ﬁ Q}&\cﬁ\‘@ﬁﬁ\%@g
_*_ A lower-priority thread can run only when no higher-priority

" threads are running. -> LIPS Q(v::&}&é‘b\‘\\(e;&\ A Gis ——1

. jorities, each is assigned a ok %
— Ifall runn:%ble threads ha\{e ec!ual erorltles e g n Gk
equal portion of the CPU time in a circular queue. SR sy
2%~ This is called round-robin scheduling. g(o.'(b R
w\h &%\ Q\r E
AR

%:J@Ao\ibg\ e e SSEaEa
‘ o W O=b
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Thread Synchronization

+ An important consideration when designing
~ multi-threaded applications is conflict over access
to data.

If two threads are fighting for the same resource,
and a mechanism to resolve access conflicts is
not put into place, the integrity of the application
is at stake. NI WA | e W
_* Built into the Java language are two mechanisms
~ for preventing concurrent access to resources:

(® — Method-level synchronization and,

(®)— Block-level synchronization.

Eng. Asma Abdel Karim 41
Computer Engineering Department
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3N Gy aiyed NS, ety \ossiy e\ UAelipss> =
C adkis ook 8 Method-Level Synchronization

Method-level synchronization prevents two threads from executing
methods on an object at the same time.

1. ll! 1.

& Methods that must be "thread-safe" are marked as
K_>3§5@\'° When a synchronized method of an object is invoked, a thread takes out

an object lock, or monitor.

b\‘; -\&\[3-‘1 A — If another thread attempts to execute any synchronized method, it finds that it
s 23 g,

is locked, and enters a state of suspension until the Tock on the object monitor
-I I _\“———————

Mw s released.

—_When the thread that instituted the lock returns from the method, only one of
—ys “‘\D\BB > One should note, however, that if a

A \: 3 —= If several threads attempt to execute a method on a locked object, a
¥ a\pM AN — queue of suspended threads will form.
ek NS bo.\s W the'queued threads may access the object—the release of a monitor does not
;\FO allowm an one object to take out a new monitor,

method is not synchronized_and is

%ﬁﬂcWohiZaA — executed while the object is locked, The thread wi not block and the
” ! & method can be run. EER e e o il

K\*___.

N e CEM [ Ao bha lock ebiias sy @l yues
) &\ 7 _Lé,kﬁ [@Coﬁputer Enulneer‘lioepartment . m& M b\a QA&) 42
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e
viethod-Level Synchronization (Cont.)

. The wd_keyword is used to indicat
Z protected by a monitor. ENVOR PR ghat a method should be
Every method that could possibly be affected by'concurrent access should

pe marked as synchronized. This ke
be o ———————— yword should b :
however, as it has a performance drawback, e used sparingly,

.

public class SomeClass{ oA
public synchronized void changeData ... ){ STmosad \)‘
........ Q\ RS A

} o N
public synchronized Object getData ( ... ){ 1

&. Asma Abdel Karim ) Qe : N , .l T

Computer Engineering Depariment
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Method-Level Synchronization (Cont.)

_=. Suppose we have a counter that can both be incremented and display a
-— [ S——

value.
* If the methods that provides access to the counter isn't thread-safe, and
takes some time to complete, then two or moré threads could access it at

the same time.

Thread1 Thread2

Counter

=1

mlc int getCount() «
puldic void incrementCount()

gy e

"E Asma Abde| Karim

Thread3

“hed 3,1
(mé il

s \eanisy
Cout N JB

u IPUter Engineering Department 'Q&’\&ngﬁ
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e L e e S
< 2=
el Synchronization (Cont.)

unter thread-safe, by
forms a rwe

Method-Lev

_+ The solution. (is

— $.'6 e

synchronizing eac
operation.

» Ifa synchronized method is used, only

= {hevalue at any given moment.
> — The thread that first invokes a synchronized method locks the object's

monitor, which is released only when that method terminates.
— No other thread can access any synchronized method of the counter

to make the co
h method that per

one thread can update

object.
« This restriction applies only to individu

== and not the Counter class itself. =,

Objeck N eSS B ol %Mo(\%lcﬂl:ohl\
xoniet Ml s Qs

al counter instances,

¢ Eng. Sn\?\t%gr% S\h‘;"\ k"3¥>&>\.‘>\ %5(\
’ ..\33‘ 0\\\‘3 B\"_“ e

Iﬂmmputer Engineering Department .9-3»&“\_, =)
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Method-Level Synchronization (Cont.)

Thread1 Thread2 Thread3

Counter

public synchronizd int getCount
, i ] 0
8» | public synchronized void incrementCount()

TN WENYE
55 yeed)

i fng. Asma Abdel Karim
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Method-Level Synchronization (Example)

—
publiC class Counter{ // Synchronized method to increase counter

private Int countValue; _pu.bllc synchronized void increaseCount(){
oublic Counter(){ int count = countValue;

countValue = 0; try{ \:’e)\iéii;

! Thread.sleep(s);
public Counter(int start)(

countValue = start; / catch (InterruptedException ie) {} s -

) ; count = count + 1; ; &?\‘?‘s\
countValue = count;. -

/1 Synchronized method to return counter value

public synchronized int getCount(){
return countValue;

}
}
L—/ ‘ —

. 47
Eng. Asma Abdel Karim |
' / Computer Engineering Department
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Method-Level Synchronization (Example-Cont.)
public class CountingThread implements Runnabe({\-"\s;:?};o% >\

myCounter; x X X
JleZ Founter Y : %\p\\\% 3
o L CoUTLaLT oS he specified counter
o // Construct a counting thread touse t e p e a5 N
2.,5@ & public CountingThread (Counter counter, int am N@}%
Q," myCounter = counter;
\\f’f’? countAmount = amount;
gl KR
public void run()
{

; times
// Increase the counter the specified number of

for (int i = 1; | <= countAmount; i++){
// Increase the counter
myCounter.lncreaseCount();

}

4
ng. Asma Abdel Karim
Computer Engineering Department L ———————————
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b%\b &B, C\SD Thread t2 = new Thread(runner);
(‘\,9 )&{ Thread t3 = new Thread(runner);
s

_;9>\s>
J
N
e«fp\'
P 9 &%
o
cao‘w\

Method-Level Synchronization (Example-Cont.)

public static void main(String args[]) throws Exception{

Create a new, thread-safe counter fl
é/ounter c=new Counter()y —>' CQpQ(\ \\Q,LUQ =0
// Our runnable instance will increase the counter
// ten times, for each thread that runs it
Runnable runner = new CountingThread( c,10);
/ System.out.printin ("Starting counting threads");

Thread t1 = new Thread(runner); C

(3:;)(§RC>SYVE;DC¢;

Lstart(); 2startl); Bstart); — QO N A Uete
// Wait for all three threads to finish

t1.join(); t2.join(); t3.join(); —\gdS> vt Mheady N\
System.out.printin ("Counter value is " + c.getCount() );

}

} R
B oo, crmen b smagSiiaes -
38 R J @V

U s~ Qo A FEPCRCER TN

2 G shmodins) Wonk gghesdasin e
on

\leteteWwalili Block-Level Synchronizati

el.x;;l\ BRSNS

Method-level synchronization is an effective means

E’i‘“‘}‘@.‘@\; ~ of preventing concurrent access to resources.
L_S\A%B S o\ + But what if the resource has not been designed as
MCsagy>| T thread-safe, and is a preexisting class that the
tnePned developer cannot modify?

. <=&5_:f>K5;;¢;

%— Such as a class in the Java API, or a third-party library.

1 Block-level synchronization, in this case, is the best
option.

fng. Asma Abdel Karim
Computer Engineering Department 50
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Block-Level Synchronization (cont.)

. B|ock-|evel synchronization uses the s
“ put instead of placing a lock around
is p|aced around blocks of code.

ynchronized keyword,
Particular methods, a lock

. A block of code is synchronized against 3 particular object

= and any thread.attempting to enter that block of code i;
locked out, until the monitor for the specified object is
released.

. The following code snippet shows the syntax for a

= synchronized bIOCk:mdxﬁ }:‘0\\
Q‘\

synchronized (Object o){ 6§ j

Y £ng. Asma Abdel Karim .
N Computer Engineering Department
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Block-Level Synchronization (Cont.)

* Block-level synchronization locks against a particular

~ object.

_* This means that multiple blocks can protect access to

"~ the same object, so block-level synchronization can
be applied in thread code wherever an object is

accessed or modified.

ek — \ered Syrch@nias N s %
bu}g)\@g}i&g\&b‘?
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| StringBuffer buffer;” -

Block-Level Synchronization (Example)

puhlic-class SynchBlock‘implgrpents Runnable{
i B Y
int counter;
public SynchBlock(){
buffer = new StringBuffer();
counter= 1;

Eng. Asma Abdel Karim
Computer Engineering Department
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53
Block-Level Synchronization (Example)
public void run(){
synchronized (buffer){
System.out.print ("Starting synchronized block ");
/ int tempVariable = counter++;

|\§® // Create message to add to buffer, including linefeed
. 2 = 1Ale String message = "Count value is : " + tempVariable +

= S System.getProperty("line.separator"); =4

=

/buffer.append (message);

try( )
Thread.sleep(100); oe@ \\Ve:\?

\?)'P -\
} ) %@J
catch (InterruptedException ie) {} Y’;P>

-

System.out.printin ("... ending synchronized block")

}

54

54
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Block-Level Synchronization (Example)

A SRaeey

S5

// Create a new runnable instance
Thread t2 = new Thread (block);
C&:OQ*Gf
tl.start(); t2.start(); t3.start(); t4.start();
System.out.printin (block.buffer);
Eng. Asma Abdel Karim
j/ Computer Engineering Department

public static void main(String args[]) throws Exception{
SynchBlock block = new SynchBlock(); = RuUNNOINE yec™
Thread t1 = new Thread (block);
é(um\é\)o@ej oA
Thread t3 = new Thread (block); -
Thread t4 = new Thread (block);.
// Wait for all these threads to finish
t1.join(); t2.join(); t3.join(); t4.join();
}
SrrePSenbd
boffer
55 %WU\\ZBA ‘\ZJ\.\A\QSJD) %\R(‘%%&QES A
Spchonel se 8\(;&5501\&&_\\ b
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Inter-Thread Communication
_* A design that requires no communication between
" threads lends itself to a far simpler implementation. .
__» However, sometimes it is necessary for threads to —— Z,\‘o’qp
" communicate with each other. Al \3 k55133-
= Often, the type of communication will be fairly %‘\\(335 AWy
T simple, such as reading or modifying a public \_-&A\.\m
member variable, or invoking an object method. M\\':SS
= Two good options for communication are: -, o,
| (®Communication pipes and, ackual commoniadkion
9 (S)The wait()/notify() methods, which allow one thread tokﬁ;&\gtﬁj (@
notify a walting thread of an event. . &b\n\.’&\@\
M Asma Abdel Karim —l ; 56 .
Computer Engineering Department
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Communication

ss communication, which uses:pipes

_* like multi-proce

can also send

another.
_* This is achieved

by using special types of input and

"~ output streams,

Pipes between Threads

to send data from ‘one process to ‘another, threads

data directly from one thread to

which are linked together.

N — By passing either end of the pip

thread may listen to, or speak to, another thread.
st — In fact, there's no restriction preventing two pipes from

e to another thread, that

being used—a thread could even have two-way

with another.

Sl Eng. Asma Abdel Karim
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/cgmmunication
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Communication Pipes between Threads (Cont.)
Q(\)g;odtpd\ Sileancis>, e-\ L-wcuj- cmmw\miccﬁﬁon
‘ '\* Sy iter T .
i wie | (. | e
) RRed I i ety
20 T :
e ReadAvrite g z
| &9&5’»@ gL M{) o Teadppe | oot T
| NS < RRC
l JJD’B@’A 2-ww3— ngmu(\\Qp.*\o\\
| éf)f $E A\ (eflencs M oy Yoot S ssNo (38
S | O e oA S AN e Jal)
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Communication Pipes between Threads
(Example)

import java.io.*; .
public class PipeDemo extends Thread{
PipedOutputStream output; sy '\\NQ:QA N \",@ alan
// Create an instance of the PipeDemo class witiker
public PipeDemo(PipedOutputStream out)(
// Copy to local member variable
output = out;

}

Eng. Asma Abdel Karim s
Computer Englneering Department AR
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Communication Pipes between Threads

(Example-Cont.)
public static void main (String args[IM "
try{ \oia® N
// Create a pipe for writing > &% p@
PipedOutputStream pout = new PipedOutputStream(); "2
// Create a pipe for reading, and connect it to output pipe R eS\CC)\ \&

ALK

dinputStream(pout);

Od\Qo’(

KT PR
heed

PipedlnputStream_pirls new Pipe
// Create a new pipe demo thread, to write to our pipe

PipeDemo pipedemo = new PipeDemo(pout); —>

// Start the thread
pipedemo.start(); —>

.
P

ng. Asma Abdel Karim
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// Read thread data, e
int input =pln.reaj()); —-‘9}:&{»&;& 3 \u\éjbe)-’@y
. S(eag
Rped Derres %

uIC \\CX £

MMain «— PRedOeper\*
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Communication Pipes between Threads
(Example-Cont.)

// Terminate when end of stream reached

while (input [= 1/){\_3 aond of ot
// Print message
System.out.print ( (char) input);
// Read next byte \-——> oS
input fm

}

}

catch (Exception e){
System.err.println ("Pipe error " +e);

}
}
@ Eng. Asma Abdel Karim 61
Computer Engineering Department
61
Communication Pipes between Threads
(Example-Cont.)
public void run/(){\d . : Qepno \S
Fa must wonite pecawse ?\QGA R

// Create a printstream for convenient writing
PrintStream p = new PrintStream( output );
// Print message

p.printIn ("Hello from another thread, via pipes!");
// Close the stream

p.close(); G
} &/’JD)::)C,

catch (Exception e){ 5\
// no code req'd | ey

z QO'J*

}
}
}

(30 POelutter / ORed fodiyast yobiy %
[@[ng.MmaAbdeIKarlm ‘\Q}l\* @)‘@\ 5 S
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resources. Other times
important, and a task ca
has completed.

another has died-(thus indicating that the work was
completed) by using the Thread.join() method, what

if a thread performs an ongoing task and never
bR LY

terminates?

e T -
Eng. Asma Abdel Karim
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Notifying a Waiting Thread of an Event (Cont.)
P> Tackota iy (A e Hliany
_* The solution is to notify other threads that a task has
" been completed. ot 9 Gaalis 4
—Y-— Threads” wait until they are notified, and notification can
be a repeated process (with several cycles of waiting and
notifying).

_* This allows threads to synchronize their actions and
"~ communicate that a critical event has occurred, with- i
out requiring the extra complexity of pipe-based

communication or invoking methods.

Y. ~ Sometimes a thread may not even know exac.tly which
threads are waiting for It to complete, so a special type of

PRes Nl S
—  Colex

_ “notification Ts used. J L |
Mﬁ.bdel Karim ber‘\ \\\(ﬁhé \\-\g‘-‘bj'Q ;

Computer Engineering Department
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Notifying a Waiting Thread of an Event (Cont.)

= Every Java object inherits from the java.lang.Object

class: L et Natedy D \aisa @S
s — The ability to maintain 3 queue of threadilviifiﬂs‘fm;al‘\
“object lock to be released, and
A} — To notify_one_or more waiting threads th
freed.
_* This provides a great wa
~ event has occurred, a eads to
indefinitely (or for a limited amount 9_@_9)
notification is sent. e

*aEvel

T L TG 9

frg Asma Abdelbanm ”
Computet Ereneeting Department
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at the object is

y to notify a thread that an
nd for threads to wait
until

p—

\ CJLC.';.;\. \rj})‘f}__\

Notifying a Waiting Thread of an Event (Cont.)

_+_To have threads wait for an indefinite amount &f
o . . . Olec'
time, the Object.wait() method is used. )@' 9 e “;‘3

— An overloaded version of this method also exists, which
waits for a limited amount of time (specified in

@ milliseconds).
—-’——__‘ -
« Before the wait() method may be invoked, however,
" the thread must hold a lock on the object’s monitor.

T S
pr : sL. — To gain a lock on an object's monitor, it must be executing —|
o a synchronized method or using a synchronized block. \J

N — When the lock is released, another thread can obtain it— w3l 3\
without this, the thread will wait indefinitely. QS‘

QOaled Wity @Y wodimGlathed G g0
@ Eng. Asma Abdel Karim -QJ:\S \ e = X ) gj.moﬁn
\sssiaat A Moo 3\ s
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. Once the wait() method s

T ‘ executed,
an(‘i the thread is suspendeq until a call i
Object.notify() or Object.notifyAIl() metho:I fiisng i

+ To awaken waiting threads, anothe

r thread may call either

-—
~ qnethoc,

~e— However, the notify() method wi
ill only notify a single thread, even if

12/21/2021

A

multiple threads are waiting & o
. . g —y 5
¥ — There is no choice over whij P > =t
determinen By -the Joni ir\r:/plec:mt:;?d is awakened, either (this is (\O)“:Q%&QQQJ}
example, a FIFO queue). on, so you cannot rely on, for WA\N&&&P\
— It is advised that t i : o
A8 sp:ciaﬁglts:reada he mmethod is used if you want to notify a .3-58-»&\9-&&-\33
. L—H(‘:‘;—Q% ngﬁgés (%5\9—3 ’
\giuy Apenes Basdy L Wniend N&\S |
Eﬁ,&sma Abdel Karim LBBQCCG,(‘ ’ M&_\&
3 omputer Engineering Department L1 v
&7
S\'&\@e:\s?\@b’-‘- %
Notifying a Waiting Thread of an Event
(Example)
public class WaitNotify extends Thread{
public static void main(String args{]) throws Exception{
Thread notiﬁcationThreaan’eiw WaitNotify(); > 055&‘1‘\-
notificationThread.start(); = \nuske. (OO nathed
// Wait for the notification thread to trigger event
15 e~ synchronized (notificationThreaQ){\ SIS ¢ \O\bﬁ*)\ opein S
=& notificationThread.wait(); 3585 a4 \s
DR aailocke N
) Ly ooy dihies 1A 5 o¥er
// Notify user that the wait() method has feturned ——&\é iR |
System.out.printin ("The wait Isover); & G 0
} \}_5.5'».’3 = )
_ & 33
. PP i
Erg £oma £bdel Karim k;) \S-L C =
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Notifying a Waiting Thread of an Event ¥
(Example)

public void run(){
System.out.printin ("Hit enter to stop waiting thread");

o sk o=
ystem.in.read(); eﬁ(ex =X ohes
}

catch (java.io.lOException ioe){}
// Notify any threads waiting on this thread

QsANS e— synchronized (thl(s){\*—’i MPSNE&Q
oolles M this.notifyAll();  —\, eSS Nestivdy
/; -kl \ }9)’3\5 \ J(\\(enlu\
CaeD™ N

MENY  Eng. Asma Abdel Karim ) ®
5 X

69 T Exg K\ K2
Syreniaal 3¢ Vol Supcn@nized (his)t
By m=="toait S\@‘n(-‘fj = TR NS\V&% .
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Object-Oriented Problem Solving

Exception Handling

Based on Chapter 12 of “Introduction to Java
Programming” by Y. Daniel Liang.

B¢ Eng. Asma Abdel Karim
@9 Computer Engineering Department

Outline

* Introduction (12.1)
* Exception Handling Overview (12.2)
« Exception Types (12.3)
« More on Exception Handling (12.4)
— Declaring Exceptions (12.4.1)
— Throwing Exceptions (12.4.2)
— Catching Exceptions (12.4.3)

— Getting Information from Exceptions (12.4.4)
— Example: Declaring, Throwing, and Catching Exceptions (12.4.5)

* The finally Clause (12.5)

» When to use Exceptions? (12.6)
 Rethrowing Exceptions (12.7)

* Chained Exceptions (12.8)

» Defining Custom Exception Classes (12.9)

Eng. Asma Abdel Karim 2
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3 Wypee of exfors o

\- Syler exteCs . ]
2. Roslime. extore Introduction
3= Loa\‘caﬂ- ex(es

» Runtime errors occur while a program is running if the Jvm

detects an operation that is impossible to carry out.

s — If you access an array using an index that is out of bounds, you

will get a runtime error with an
ArraylndexOutOfBoundsException.

+ — If you enter a double value when your program expects an

integer, you will get a runtime error with an
InputMismatchException.

* InlJava, runtime errors are thrown as exceptions.
<> 7 AnTexception is an object that represents an error or a

MR e condition that prevents
oxc  normally.

execution from proceeding

* If the exception is not handled, the program will terminate
abnormally.

— Exception handling enables a program to deal with exceptional

situations and continue its normal execution.

: ‘j Eng. Asma Abdel Karim
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et Jam M %
(aﬁ%nuzcxku'<bhahgsdbéb
m\"?ﬁ" i R (| .: | Enter two integers: 3 0 [Seir
= /is¥ e Ss 'k\"t'" Exception in thread "main" java.lang.ArithmeticException: / by zero

Computer Engineering Department

Exception Handling Overview
Quotient.java

import java.util.Scanner;

public class Quotient {

public static void main{String[] args) {

}

Scanner input = new Scanner(System.in);

// Prompt the user to enter two integers
System.out.print("Enter two integers: ");
int numberl = input.nextInt();
int number2 = input.nextInt();

System.out.println(numberl + " / " + number? +

(numberl / number2));

.is L1

Enter two integers: § 2 [Smar
S /52452

e{ar 'éhy\.r. oot Ao\_'j (..‘_.353 at Quotient.main(Quotient.java:ll)

Eng. Asma Abdel Karlm
Computer Engineering Department
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Exception Handling Overview (Cont.)
QuotientWithlf.java

1 dmport java.util.Scanner;
2
3 public class QuotientWithIf {
4 public static void main(String[] args) {
5 Scanner input = new Scanner(System.in);
6
7 // Prompt the user to enter two integers
8 System.out.print("Enter two integers: ");
9 int numberl = input.nextInt(};
10 int number2 = input.nextInt();
11
12 if (number2 != 0)
13 System.out.printin(numberl + " / " + number2
14 + " 4s " + (numberl / number2)); Ce ! .
15 else e 3\ %
16 System.out.printIn("Divisor cannot be zero "); eXcephionisa

17 } Vtﬂkéhna

SN s \\mlff A\E_\nq&ﬁ\wﬁé Code M es5uut asd €648 (il 5o o) I\ Sha

S ¥ausy
eree S\

Enter two integers: 5 0 |-
Divisor cannot be zero

{ Eng. Asma Abdel Karim 5
Computer Engineering Department

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Exception Handling Overview (Cont.)
QuotientWithMethod.java

import java.util.Scanner;

public class QuotientWithMethod {
public static int quotient(int numberl, int number2) {
if (number2 = 0) {
System.out.printin("Divisor cannot be zero™);
System.exit(l);
1

return numberl / number2;

}

public static void main(String[] args) {
Scanner input = new Scanner(System.in);

// Prompt the user to enter two integers
System,out.print("Enter two integers: ");
int numberl = input.nextInt();
int number2 = input.nextInt();

int result = quotient(numberl, number2);
System,out.printin(numberl + " / " + number2 + " is "

+ result);
}
}
Eng. Asma Abdel Karim §
Computer Engineering Department
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Exception Handling Overview (Cont )
QuotientWithMethod.java (Output)

Enter two integers: 5 3 |-e==
50/ 3.8 4.

Enter two integers: 5 0 [=rur
Divisor cannot be zero

Eng. Asma Abdel Karim 7
Computer Engineering Department

Program is terminated if

Problem: what if the caller
number2 equals 0.

should decide whether to
terminate the programl

Exception Handling Overview
QuotientWithException.java

1 mport java.util.Scanner;

. { s W Class N\ dbolilae
3 public class QuotientWithException .
4 public static int quotient(int numberl, int number2) { EXVGF\%J:QDG“ Hefhal&\
5 if (number2 = 0)
6 throw new ArdithmeticException("Divisor cannot be zero'); —» P:u:\.‘ Py =
7
8 return numberl / number?; ere;r_\\@\m ob)eéj".ﬁ w
9 }
s e . ROl O . doadd
W Gne—11 public static void main(Stringd args) § =
3 12 Scanner input = new Scanner(System.in);
NGuda 15 :
Codse 14 // Prompt the user to enter TwO 1ntegers
15 System.out.print("Enter two integers: “);
16 int numberl = input.nextIntO;
17 int number2 = input.nextIntQ;
18
19 try { )
20 int result = quorient(numberl, number2); )
21 = . System.out.printin(numberl + * / " + number2 + " is " pox* 2 > }\O.ﬂc“\(\(‘j
' 5 —>
22 [oscevion  + result); -5 She *_
23 ¥} Poameter o
24 catch (ArithmeticException ex) { .1- '\ch. esfo
25 L, System.out.printIn("Exception: an integer " F :
26 “cannot be divided by zero "); _‘_ (‘QS\
27 } SXCe Slon J\
28
29 System.out.printIn("Execution continues ...");
30 1
31 }

@

Eng. Asma Abdel Karim
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Exception Handling Overview
QuotientWithException.java (Output)

Enter two integers: § 3 [Swiw
S/314s1
Execution continues ...

Enter two integers: 5 0 [Stor|
Exception: an integer cannot be divided by zero
Execution continues ...

{ Eng. Asma Abdel Karim 9
Computer Engineering Department

Exception Handling Overview
« Qaet Mo aisosion sl

try { . r;, M Gan Q\S')LD;:\
Code to run; &“Q\\s‘&
A statement or a method that may throw an exception;. X afement
More code to run; houasti\ 35 o exter Mawiai\e

¥

catch (type ex) { -y e Rt
Code to process the exception; O 81 gy s

¥ Catch

Eng. Asma Abdel Karlm 10
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Exception Handling Overview
Benefit of Exception Handling

_» The key benefit of exception handling is
separating the detection of an error (done in a
called method) from the handling of an error
(done in the calling method).

— Often the called method does not know what to
do in case of error.

— This is typically the case for the library methods.

* The library method can detect the error, but only the
caller knows what needs to be done when an error
occurs.

\Ei: Eng. Asma Abdel Karim

~ 11
€%/ Computer Engineering Department

Exception Handling Overview
InputMismatchExceptionDemo.java

1 -dmport java.util.*;

2

3 public class InputMismatchExceptionDemo {

4 public static void main(String[] args) {

5 Scanner input = new Scanner(System.in);

6 boolean continuelnput = true;

7

8 do {

9 try {
10 System.out.print("Enter an integer: ");
11 int number = input.nextInt(); - & R
12 | opussismacn o5 Gia cafi\ A5 Oger M9
13 |Exceation s/ Display the result . ero \
3 System.out.printin( R ‘“\&Cﬁr
15 "The number entered is ' + number);
16 | o Nt MW N iuak
17 continuelnput = false; . 3 :
18 } M il ¢ (aicadl\s \"'E‘Sv
19 catch (InputMismatchException ex) { L UE e A

20 L——»System.out.print'ln("Tr'y again. (" + %&5 Asiaia\a effer a8
gl “Incorrect input: an integer is required)"); . el

2 input.nextLine(); // Discard input » Al ;
% , } WS S\dahsd

while (continuelnput); A .- o A .z
%Z ; b P s\ ?Z_&.QLW b\ég_}k\gg»é&\ 35\ A\e
d u\ﬂ-:ol(ﬂ “Froe - a0 A\ Ve c&.:?'_m}&}\\ (f\Q&_\\
Eng. Asma Abdel Karim e 2
Computer Engineering Department

CamScanner



Exception Handling Overview
InputMismatchExceptionDemo.java (Output)

Enter an integer: 3.5 [-eme
Try again. (Incorrect input: an integer is requi red)e\‘@&c}:mc,gsg
Enter an integer: 4 [-enter

The number entered is 4

@ Eng. Asma Abdel Karim 13
Computer Engineering Department
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Exception Types

_» Exceptions are objects, and objects are
defined using classes.

_» The root class for all exceptions is
java.lang.Throwable.

* There are many predefined exception classes

in the Java API.

You can also define your own exception

classes. ot
NI\, sy

Eng. Asma Abdel Karlm 1
Computer Engineering Department
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Exception Types (Cont.)

Lalsnn e \a "b\'“\ Y
% \hhextrance @
Gt NGt B85y Code 3L rrematiou [ [ ClassNotFoundException

% ArithmeticException
c:&»uk\ m&p\® Lwéown\%h&l\ — IOException /

A iMe <\ g 5e\l\y — Exception (G , — NullPointerException |
C@timeExcepﬂon |q——
\

w

— IndexOutOfBoundsException ]

Object I{}— Throwable |<]—

— I1legalArgumentException l

- -.RL Li nkageError!
=\_»a-l_s\9:»5 A\ — Many more classes
e”‘c“-‘P*‘b“\):.“% VirtualMachi neErrorI

Many more classes @
CerA\\; e
AL Coé&\_\\&%é%*eﬁ\\\\w ) St TN Ga S S
E' Eng. Asma Abdel Karim Sﬁf\\\m 15
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Exception Types (Cont.)

=2 The Throwable class is the root of all exception
classes.

-+ — All Java exception classes inherit directly or indirectly
from Throwable.

% —You can create your own exception classes by
extending Exception or a subclass of Exception.

_* The exception classes can be classified into three
major types:
+* — System Errors.
% — Runtime Exceptions.
% — Other exceptions.

Eng. Asma Abdel Karlm 16
Computer Engineering Department
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Exception Types: System Errors

° System errors are thrown by the JVM and are
represented in the Error class.

* The Error class describes internal system errors,
though such errors rarely occur.

— If one occurs, there is little you can do beyond

notifying the user and trying to terminate the
program gracefully.

Class Reasons for Exception

LinkageError A class has some dependency on another class, but the latter class has

changed incompatibly after the compilation of the former class.

VirtualMachineError The JVM is broken or has run out of the resources it needs in order to

conlinue operating.

Eng. Asma Abdel Karim 17
Computer Engineering Department

@
Exception Types: Runtime Exceptions

* Runtime exceptions are represented in the
RunTimeException class.

— Describes programming errors, such as bad casting, accessing
an out-of-bounds array, and numeric errors.

Class Reasons for Exception

ArithmeticException Dividing an integer by zero. Note that floating-point arithmetic,

does not throw exceptions (see Appendix E, Special Floating-
Point Values).

NulTPointerException
IndexOutOfBoundsExcupt ion
Nlegal ArgumentException

Attempt to access an object through a nu11 reference variable.
Index to an array is out of range.

A method is passed an argument that is illegal or inappropriate.
Eng. Asma Abdel Karlm ¥
Computer Engineering Department
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A it e B :
mﬁxﬂcmﬁﬁ\&g Other Exceptions

« Other exceptions are represented in the

Exception class.
« — Describes errors caused by your program and by
external circumstances.

Class Reasons for Erccp!jon

ClassNotFoundException Auempt to use a class that docs not exist. This exception would occur, for example, if you tricd to
nun a nonexistent class using the java command, or il your program were composed of, say,
three class files, only two of which could be found.

I0Exception Related Lo input/output operations, such as invalid input. reading past the end of a file, and opening
a nanexistent file. Examples of subclasses of IOException are InterruptedIOException,
EOFEaception (EQF is short far End of File). and & i 1-NotFoundException.

{ Eng. Asma Abdel Karim 19
Computer Engineering Department

Exception Types: Checked and Unchecked

Ui cdeey BoAsematise — EXceptions
— == RunTimeException, Error and their subclasses are
tsdadi known as unchecked exceptions.— ‘readwgdasiagel 8y sm
\n\'ya% * —In most cases, unchecked exceptions reflect ol
M&%:% programming logic errors that are unrecoverable.
*—To avoid cumbersome overuse of try-catch blocks,

Java does not mandate that you write code to catch or
declare unchecked exceptions.

= All other exceptions are known as checked
exceptions. —, . \-te\n \(\al\é\u\% ehem

#+—The compiler forces the programmer to check and

deal with them in a try-catch block or declare it in the
method header.

Eng. Asrna Abdel Karlm
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More On Exception Handling

» Java exception handling model is based on three

operations: _
;— ?Eclar!ng an except!on. ‘ C é‘.d; X 0 Sk
- rovs_nng an excepFlon. — 0 calledMeTrod food Ddla Ruanell 2y
3— Catching an exception. -  caller excegiions \_se» Oan s
~
|
; - —— Declare exceplion
method1() { method2 O | throws Exceptwnr{_ < y
Itry { L~ if (an error occurs) { e ok \\‘?95553\39\,\»&
I invoke methodz:/ j ) Sxeetion AN
| throw new Exception(); j«——— Throw cxception W<
catch (Exception ex) { } .
Catch exceplion — I} Process exception; } Mbﬁ U‘\Me,é
35— G\ & W as)

Collex hetnad Called Method —iS\ o Checked
Eng. Asma Abdel Karim 21
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More On Exception Handling
® Declaring Exceptions

_* Every method must state the types of checked
exceptions it might throw.

% — This is known as declaring exceptions.

+— Java does not require that you declare unchecked
exceptions explicitly in the method.

-~ To declare an exception in a method, use the
throws keyword in the method header.

* Example:
public void myMethod() throws |OException

Eng. Asma Abdel Karlm : 22
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More On Exception Handling
Declaring Exceptions (Cont.)

If the method might throw multiple
exceptions, add a list of the exceptions,
separated by commas after throws:

public void myMethod() throws Exception1,
Exception2, ..., ExceptionN

= If a method does not declare exceptions in the
superclass, you cannot override it to declare
exceptions in the subclass. L
Super class Mis) Neoder Mg pye

Eng. Asma Abdel Karim 23
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®
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—

More On Exception Handling
@ Throwing Exceptions

> A program that detects an €rror can create an instance of
an appropriate exception type and throw it.

— This is known as throwing an exception.
> Example:

Suppose the program detects that 3 negative argument js
passed when it should be nonnegative, the program can

create an instance of IllegaIArgumentException and throw
it as follows:

lllegalArgumentException ex = new
lllegalArgumentException ( “Wrong Argument”);

Uas  throw ex;
E“M’?u 8 QB r3 \:hl\.s '\Ll(eﬂ“. l.._ki:t)'ﬂ »
il R thromtnewlllegalArgumentException (“Wrang Argument”);

A , L
'\Qbm“ Eng. Asrna Abdel Karlm WA ot \e \ 24
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More On Exception Handling
Throwing Exceptions (Cont.)

* In general, each exception class in the Java API
~ has at least two constructors:

AR:— A no-arg constructor, and

B:— A constructor with a String argument that
describes the exception.

*¢ The argument is called the exception message, which
can be obtained using getMessage();

* Note that: acoess ds\ s &

+ — The keyword to declare an exception is throws.
+*— The keyword to throw an exception is throw.

@ Eng. Asma Abde! Karim 25
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More On Exception Handling
® Catching Exceptions

_* When an exception is thrown, it can be caught and handled in
a try-catch block, as follows:

try{
~ statements; //statements that may throw exception

} 2 one paamet ol
catch (Exceptionl exVarl){ pox M

handler for exceptionl1;

}
catch (Exception2 exVar2){
handler for exception2;

}

catch (ExceptionN exVarN){
handler for exceptionN;
}

Eng. Asma Abdel Karim &
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More On Exception Handling
Catching Exceptions (Cont.)

—* If no exceptions arise during the execution of the
try block, the catch blocks are skipped.

= If one of the statements inside the try bjog
throws an exception:

~+— Java skips the remaining statements in the try block,

—_—

and -

*— Starts the process of finding the code to handle the
exception, which is called catching an exception.

® The code that handles the exception is called the exception
handler.

Eng. Asma Abdel Karim 27
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More On Exception Handling
Cateh " Catching Exceptions (Cont.)

-> Anf(exception handlenis found by Propagating the exception

backward through a chain of method calls, starting from

the current method. — S N s Gtk Uate (L 8!

Each catch block is examined in turn, from first to last, to
see whether the type of the exception object is an instance
of the exception class in the catch block

%= If so, the exception object is assigned to the variable declared,
and the code in the catch block is executed.

%— If no handler is found, Java exits this method, passes the
exception to the method that invoked the method, and
continues the same process to find a handler.

¥— If no handler is found in the chain
the program terminates and prints
console.

Eng. Asma Abdel Karlm 2
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Catching Exceptions: An Example

An exception

- methodl
pain mlhc‘d { /_1» A { method2 { > is thrown in
{;"" ( ,/ try { i;-; { L method3
e - ',/ DY it 3 \‘,
jnvoke metl-\odl; invoke method?2; invoke method3; . :
: statementl; ) statement3; y statement5; Coryar~Las
n (Exceptionl ex1) { catch (Exception2 ex2) { catch (E M
(a;crocéss exl; } Process ex2; pmcgs’;‘§2§}°"3 ex3) { Wc“,
} 2 A" !‘ z . \.‘
ltatementz: statement4; statement6; éﬁ)
} }
D
t
Call stack
. "s‘\'a:_k method3
"__\__ - method2 method2
method1 methodl methodl
main mathoad main mcthed main mcthod main method

—

r~
D

| Eng. Asma Abdel Karim
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Catching Exceptions: An Example (Case 1)

An exception

i : g
£3in method2 { is thrown in
' ...Mthog . Nmet.t:?dl { Ve T ¥ method3

wry { try { try {

invoke methodl; invoke method2; invoke mechod3;
, stavement]; statement3; ) statementS; '\
) ion3 ex3
catch (Exceprion] exl ) eh (Exception? ex2) {| [\ycatch (Exceprions €x ) {
) Process exl; ) p,—o(gss egz; i Process ex3;
L=U=u:fmf:nt2 { ztateuenﬂ: statement6;
} }

koo, M) o ef \giad, Sh Metrad \
ks + If the exception type is Exception3:
~ It is caught by the catch block for handling exception

ex3 in method2,
~ Statement 5 is skipped, and statement6 is executed.

v :'“L A il Sachie 30
AMipitet [l\l}u\(-‘.,‘“': (M'PS'UH\:I‘»\

CamScanner



\

N. _

Catching Exceptions: An Example (Case 2)
main method { | methodl { method2 { QZiﬁngm
A A " Methog3 |
try { 7 try { try {
%ﬁ&oke methodl;wr %ﬁboke method2; iﬁ@oke method3;
Y statementl; “\statement3; }XstatementS;
éatch (Exceptionl exl) { catch (Exception2 ex2) { »(catch (Exception3 ex3) {'
Process exl; Process ex2; } Process ex3;
)
\ statement2; statementd; Y statement6;
}
Bt » If the exception type is Exception2:
— Method2 is aborted, the control is returned to method1.
— The exception is caught by the catch block for handling
exception ex2 in method1. '
— Statement3 is skipped, and statement4 is executed.
] Eng. Asmaz Abdel Karim 31
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Catching Exceptions: An Example (Case 3)
m2in method { | methodl { method2 { Qﬁﬁﬁiﬁﬁf“
= o wes ¥ method3
try { try { try {
iﬁ@oke methodl; iﬁ@oke method2; %ﬁ@oke method3;
Y. statemenrl; statement3;

Y statement5;

}
catch (Exceptionl exl) { ycatch (Exception2 ex2) {
Process ex3;
}

Process exl: Process ex2;
}

}

7kcatch (Exception3 ex3) {
}

statement?; % statement4;

A

‘A statement6;
}

© 2+ If the exception type is Exceptionl:

— Method2 and method1 are aborted, the control is returned to
the main method.,

— The exception is caught by the catch block for handling
exception ex1 in the main method.

— Statementl is skipped, and statement2 is executed.

32
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féjcatching Exceptions: An Example (Case 4)

}
catch (Exceptionl exl) { : :
Pro ! catch (Excepti
% cess exl; Process e)-tzp ;on2 e caéﬁgcggzcgggoﬂ a3
statement?2; st , } '
atement4; statement6;

: } P ] b e A

* If the exception type is not caught in

method2, method1, or the main method:

w— Program terminates, and statementl and

statement2 are not executed.

33
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More on Catching Exceptions

classes can be derived from a common

= Various exception
superclass.
y. — If acatch block catches exception objects of a superclass, it can catch
all the exception objects of the subclasses of the superclass.
+ The order in which exceptions aré specified in catch blocks is
important.

yv.— A compile error wi
appears before a catc

[ery {

}
catch (Exception ex) {

Il result if a catch block for a superclass type
h block for a subclass type.

[try {
}
catch (RuntimeException ex) {

} }
catch (RuntimeExcept'ion ex) { catch (Exception ex) {

}..

(a) Wrong order \L (b) Correct order

@ Eng. Asma Abdel Karlm QDN\'-ME N Qfﬁ:&e(‘x\d__ﬁ\
Computer Engineering Department . % "

An exception

methodl {

S Y

. L method2 {
oy is thrown in

try { e S L7 method3

invoke methodl;

: invoke m .
¥ statementl; Kstatemeng?‘)dz' % 12!35%'3:?"0“;
m ;

NS

Sl sl i Thigolgenent
Rontrme M ghisly 403
Ruatiene N QPSU\IB{?SB& 0¥

-
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More on Catching Exceptions (Cont.)

—~ Java forces you to deal with checked exceptions.

If a method declares a checked exception (i.e., an exception other
than Error or RuntimeException), you must invoke it in a try-catch®
block or declare to throw the exception in the calling method. A

— For example, suppose that method p1 invokes method p2, and p2 may

throw a checked exception (e.g., IOException); you have to write the code
as shown in (a) or (b) below.

void p1Q) { void pl() throws IOException {
try {
p20); p2Q};
catch (IOException ex) { }
}
}
. . L = o
(a) E:sﬂu:gc\cpmwr\m th1 Throw exception
inq' i \ s
3| Eng. Asma Abdel Karim Q&’\L\C‘MA\Q \SA?LDS) ¢
> Computer Engineering Department W wiﬁ‘\\..gcb\ g3&)‘1:15\-‘ s ¥

More on Catching Exceptions (Cont.)

=

You can use the new JDK 7 multi-catch feature to simplify
coding for the exceptions with the same handling code.
= The syntax is:

catch (Exceptionl | Exception2 |

... | Exceptionk ex) {
// Same code for handling these
}

exceptions

AR Eng. Asma Abdel Karim 36
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Getting Information from Exceptions

. An exception object contains valuable information
about the exception.

i jawndangThrowable
+getMessage(): String y Returns the message that describes this exception object. /_‘

+toStrina(): String b Returns the concatenation of three strings: (1) the full name oé the c:c‘::ggtioﬂ
class; (2) ™1 " (a colon and a space); (3) the getMessage () method-

b Prints the Throwab e object and its call stack trace information on the

sprintStackTrace(): void-

|

consale.
+getstackTrace(): » Returas an array of stack trace clements representing the stack trace
St\ackTraceE'l ement[] pertaining to this exception object.

Aoy BN n som) i iperception gl Methad Mgt & Stadtace

kbﬂe c:? H.e.“i\oé
Clasas
le

L—a Line

' Eng. Asma Abdel Karim 37
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TestException.java

public class TestException {
public static void main(String[] args) {

try {
)S'ystem.out.pr‘int’ln(sum(new int[] {1, 2, 3, 4, 51D);

catch (Exception ex) {
ex.pri ntStackTrace();
System.out.print'ln("\n" + ex.getMessage());
System.out.pr'int'ln("\n" + ex.toStringQ);

System.out.println("\nTrace Info Obtained from getStackTrace™);

StackTraceElement[] traceElements = ex.getStackTrace();

for (int i = 0; i < traceElements.length; i++) {
System.out.print(“method " + traceElements[i].getMethodName());
System,out.print("(" + traceElements[i].getClassName() + Wytty o
System.out.print]n(traceE]ements[i].getLineNumber() + "M

EPEERAREREBvevanswnr

}
)

}
20
21 private static int sum(int[] list) {
22 int result = 03
23 for (int 1 = 0; 1 <= list,length; i++)
24 result += list[i]; L—-—). ‘\w .
;2 return resulr; 1 o éﬁ\\(&‘-‘-

} . '
27 ) sl May Wagi

ol I ) n

Eng. Asma Abdel Karlm <\ sian\
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s JoM W atfayed

C:\book>jaua TestException
Sty

A\ Mol s———at TestException.sun
O gy &
E\(c:cphof\J

it
Som A

TestException.java (Output)

beond

XCEPTIQ
T Command Prompr

w@\ ndey.

x|
&

jaua. 1ang-eraglndoxﬂutDFBoundsF_xcopt1on: >

(TestException. jaum:24)

X
a
st

t TestExcepgion.main(TestException.jaua:*&)

S

==L

java. langinrraglﬂdexOutOfBoundeException: S
—— 7-" "aYlhde =t

—*1_

e
Trace Info Obtained from getStackTrace

method sum(TestException:Z‘l)

pri ntStackTrace()

— getMessage()

— toString()

Using
getStackTrace()

\ine W= g method main(TestExce tion:4)

Codel\ 3§ C:\book>_

e\t '

E Eng. Asma Abde| Karim
Computer Eng‘meering Department

39

8, Throwing, ang Catching

Exceptions (CircIeWithException.java)

public clgss CircIeWithException{
private double radius;
Private static int numberOfObjects:O;
| public CircleWithException

setRadius{newRadius};
numberOfObjects++;

(double newRadius){

(double newRadius)
if (newRadlus>=D} radius = newRadius;
else throw ne

w IIIegaIArgumentException( “Radius cannot pe negative!");
}

throws IIIeguIArgumentException{

public static int getNumberOfObjects(){
return numberofobjects;
}

}

Eng. Asma Abdel Karim
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exceptions (TestCircleWithException.java)

ublic class TestCircleWithException{
public static void main (String [] args){
try{
CircleWithException C1 = new CircleWithException(5);
CircleWithException C2 = new CircleWithException(-5);
} CircleWithException C3 = new CircleWithException(0);
catch (lllegalArgumentException ex){
System.out.printin(ex);

}

System.out.printin( "Number ) circle objects created:
Circle WithExcep tion.getNumberOfObjects{));

A Y
\ A\ [} H . %
' _xample: Declaring, Throwing, and Catching L

|

{

|

Output:
java.lang.IIIegaIArgumentException: Radiu

Number of circle objects created: 1

Eng. Asma Abdel Karim 41
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s cannot be negative!

ot o \phs & The finally Clause

ot g b S8 |
» The finally clause is executed under all circumstances,

~ regardless of whether an exception occurs in the try
block or is caught.

The syntax for the finally clause is as follows:

e

try {
Statements

}

catch (TheException ex){
handling ex;

}

finally{
finalStatements;
}

Eng. Asma Abdel Karim
Computer Engineering Department 4



The finally Clause (Cont.)

= If no exception arises in the try block:
¥ = The finally clause is executed, and ‘
% = The next statement after the try statement is executed.

= If a statement causes an exception in the try block that is caught in
the catch block:

% = The rest of the statements in the try block are skipped,
% — The catch block is executed,
% = The finally clause is executed, and

%= The next statement after the try statement is executed.
If a statement Causes an exception that is not caught in any catch
block:

%= The other state

*— The finally clay
%= The exception

ments in the try block are skipped,
se is executed, and

S Passed to the caller of this method.
thé: the finq/ly block executes even if there is a return statement
Prior to reaching the finally block.

=8 Eng. Asma Abdel Karim
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oguﬁb\l\\% H p)
e W) When to Use Exceptions:

= The try block contains the code

that is executed in norma|
circumstances.

> The catch block contains the code that
exceptional circumstances.

Exception handling separates error-handling code from
normal programming tasks, thus making programs easier to
read and to modify.
Be aware, however, that exception handlin
more time and resources.

“*+— Requires instantiating a new exception object,

% — Rolling back the call stack, and

“*— Propagating the exception through the chain of methods invoked to
search for the handler.

IS executed in

ue

ue

g usually requires

44
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% \when to Use Exceptions? (Cont.)

i exception occurs in a method:

_ |f you want the exception to be processed by t
caller, you should create an exception object an

— |If you can handle the exception in the method where it

curs, there is no need to throw or us€ exception objects-
that may occur in individual methods aré best

ut throwing exceptions.
if statements toc

he method’s
d throw it.

oC

« Simple errors
handled witho
. This can be done by using

heck for errors.

PN
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