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Figure 2.1 ¢ Communication for a network application takes place
between end systems at the application layer.
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Figure 2.2 ¢ (a) Clientserver architecture; (b) P2P architecture.
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Figure 2.5 ¢ Popular Internet applications, their application-layer
protocols, and their underlying transport protocols

'Y


http://www.it98.ir
http://www.it98.ir

9 8 .

t

Ww W.

SLS ! j0 oud ool pligr Sl gl p Y-)-F
sheol olaws fols ides sl . it S8 yi g anwgd > )0 039, ;0 ol o )5 W cogad g ceges g0 l8
Qs 5118 08 g ppe o2 a5 sl p 5l oS Slawd (g9, g a3 S el ¢ (Bilaallople Gl SO o o) sloasl
9 695 20 g ¢ (Sudg i8I ¢ bl JUET 0oy : e o0 18 Eom 3550 1) opee el gty Juad (nl 50 oS 5 e
S 2 oy |y FTP aods jshay ¢ g 5l am . ol Ll (T (6 050k g ool « HTTP (T o )15 4 ISGg,0 a5 s o0
Sl 40l gl eudd o S8 o 0550 |y (Seig Sl G o S 0 Sl HTTP L Lo wige G s o ool &
oolaial Wl 0 )5 Y IS p oz 5l asl (S0 5l hadd & 15 conl Sl 50 g 5l Foaizn Jleas el - Sl Ol
ulﬁ)LYM . \.XAS‘;O oalel g_».:f..u‘ &5‘)" 6)5—5)’L> U9 v 45‘@))‘&)4‘54 DNS 90 40 Couw A J.w‘ )‘ KETEN £LS
Slax! asl 508 Gl 5l pedians e Sy |y DNS (10015 T sl ¢ 0isS o )3, bL5,I DNS L it gk
bl o 0h (gilwesly ol 10 0,5 AY 0 0,5 Y [0 Wlg o (Al wyol 4 aSih sl JWED) (ati) Sle 4

L3181y (sl il 50 Waasl 09,8 3 )15 (e o) line pdmr alsgs 45 ¢ @i o adlllaa 1, P2P L (5 15T

:HTTP g Gy Y-Y

Cewd 555 GBlsee @ s Jog sl lisgzmdils 5 Glisel Grila plaime Lawgi pslie Sjgar Lol <yl 199 Jlo b
sladal Jlojl g 8bys 9 L Jlojl g C8bjys sl Sl 9 Cawdj90 (Ul @ e Olbjs 51 o B Jlisl ol
MalS o sladunge 5 olKiils 5zl 55 ol « Wogy dude Hlony o, )5 cpl 4l b o o oolitial S 2SI
55,6] (world wide web) Sl o8 S aSis sl JI5 (g9, 2 00,5 was axls 6139 gl 1o s . 090 axslisl
Ly Ll 0,95 1 (SToK> Tt D jgam A5 . 3,5 1,3 dle p0 e dgi 0590 45 el iyl 5l g0 0,8 aSis L [VAAF
LS dr hod 9 0 YL wog boaSd ools jleas 51 (o i Sl el asid ols ysi |) 0L, Lame 5l z,5 9 SIS o
asbe Lo slaosls aSiis ¢ « Prodigy , American online,compuserve asle b1 slaasis Joli) . oo aSid ool
(o3 slaasis LB 4 auil 3 o minitel , transpac

g L1y sege 5 ol (sloizl Dl T g Lo 55 5 oS Conl 4S5 4SS O 50 4 (S i bLI ) sln j5ld 4 o, L6
i ooy 50 (alad Ojgar wa b slo oo ojlal 5 g0 4 Al B el ST VAY S Jlo jo oS sg Al (559l el (sl
Sty sm s W (Sg Sl Bl syl w3 Bl aitl oSy (S olSe S s Sul oo
20,5 e VAT 9 VAV Lo o aS 0y yeu el g0l

30 (S ek Ci il S Gl s s peal g e Oledlbl il g polde Lplul olo oo o5l g s gli g0l sy
MalS ¢ aSs areganle ey 60,5 5l Aiged 55 @Sl g Loyl - Conl piee olozzl Sl L (g Sl bLS | (s ,5L
Sy 9 a0l Gide (nl 50 S oe S V-F Caand 1o Jeanl 9)90 50 el 0057 Joote |) (Ll [ 9 (S5 (SeS
RO ge iy ) 4l (99,5 Y

DS o0 S8l (i Ol el (SlulsS )0 g aSl Sliles Wil anils adlr () sl &S Gz e o

agd Al b oS ouasi 1) 095 a5 0iS oo joumme |y )5 45 (e gl ool iSn S L ataleS e aSle) 5o 4SS

'Y


http://www.it98.ir

S S gla Sy 500 6Ll ASh ¢ g eilss o odley . aiS gal s Leyiws b6 1) ledlbl ¢ ledlbl oais
131, oo 8 oSl iyt b sl oolis [l aded 1a (6l A - 5y ce i) g 00l Cansgd Lol 45 el (5o
SeS Lo 4y Soxin sloygige 9 ladul, 398 . 058 230 ol Lo anje SO L Wlgoe (5 2 a5 sl a0l lad
ol 5y, S A o S5 | Lo Slolanl oSS . oS 60,540 a5ad slocole gkl plo o b 0iiS
e ASeD ¢ i g il g ladale g Slxio b 95 180 BLST sln wiS oo JL8 1) Lo 508 hlug 5 )Rl Sl 5 ¢ ol
slabs, wiz™ auS oo @l B 1) Syl 10 S peal 5 Syo sl 5l (g polie (RIS 5 53,5 Ll (6l alanly o

HTTP 5 2 Y-Y-)
[RFC 1945] ,s HTTP . s)ls ;1,8 asis B jo ¢ aSots 0,5 0¥ S « (HTTP) layie g8 Jlasl (ols,l,8) JS5g,

00 gy dolipy i g (6 e 4ol G L el o (5w o0ly aslip 90 o HTTP . sl oas sy 5 [RFC 2616]

sla ply 09,5 Joleo ahowgy 5 ¢ Wsd (oo L2l (Jolite dale o s dhiwg 00i8S gy &b 5 6t by
|y 00id uagyw g i sla plo (18,5 dole (Sigk> g o ply opl jtsle HTTP | aiies LLs)l o oo L HTTP
ol ails aSls SleMbl 5l san g (g9 Bl s oy |, HT TP, 5> a5l L8 . aes (oo Lauseis

B S ool &jgm Ban S 0gd oo laal LG (05 g0 S G S0 (rizeen) (WED PAGE) 4t amis S,
> ol B g g b So il h) adly S uSe S5 GIF Guse o0 HTMLLE 6 siile. ol
c e slp s aites o gl Glaal pais g b HTML LB 6 ol aSits Slmio s . ol S5 URL S Loy
o alb HTML LG :ojls Gaa il axio (plply « 0ib JPEG Se mug HTML e o> a8 amin S5 5
pbiols e3> 90 URL ;o . ves oo gls ) LURL Glaal b 1) amian (9,0 Slaal Koo b HTML L6, Se o aslo
tURL  Jlis g1y o e pb g el Buan sla S 45 00ip g s b 5o

http://www.someschool.edu/somedepartment/picture.gif

5950 S+ s pb G (61, /SOMedepartment/picture.gif ¢ s ls (b o6 S sl WWW.SOMeschool.edu

5 amd oo ol )5 Gl 1) oad Canly 0 a5l amin 4 ¢ Conl aSid glp 0,5 sanles 5 Jule o (Browser)
2l yo ¢ AS oo (s3bw 03ly i |, NP (6 tie aiz aSCts (sla S g oSl Sy 05 (oo ol 1 LT LB 5 (g0 Sy
CeS (o ool pste jelay (g tie g S o aalS Il aSn
S . wigd o Microsoft Internet , Netscape Communication  Jols Ggyme 5 coges a5d (slo S goine
0023 gy - il 20 ol BB URL aliwg a5 oS 12 c02s oo sl 053,01, aSlis Slonl ¢ aSid 006 s gy
Jols oSl Bgyme 5 (soges sl Sz - 0T (oo ile ooly i [ HTTPosies g air (rizpes 4l slo
aSd b e 439 45 WIS e i a9 asine NP . W5a o Apache , microsot internet information server
Lo ownd gy 455z 5 D lo odied Gwgre Slajz lams (oo Cwls e | Al i ()T es wiile)
a5 Lol oS (oo om s b oims g 9 sytEe Jliie J 050 o i e Jlanil Gl e 4 1) 4l Sl
b Lal) 358 55y 2 ¢ Jle 1) oS (o0 LA 1) aSdh ammie S )15 o aSGile - ol a0, VP SO 50 seges
Sl )3 00180 pwg - IS oo Jlor)| 008 gy 4 |y amio ol Blaal sl canlgs e ply S oo (1S oo SIS
oS 97> 40 YalS 1AV Jloo . s o grools ¢ 995 o SBlaal Jols a5 NP sl sl plos aliwgs g 0iS o b0 )
V¢

wWw.it98.ir

"M A M

"8 6


http://www.it98.ir
http://www.it98.ir

t 9 8.

Ww W.

< VAA Lol 4 oo oo canyas RFC 1945 oy oS ¢ 0o, o g5l ool |, NUP/L.0 asens oSt slo oaias g
A5 oo iy p5 RFC 2616 pliy a5 « wis,S HTTP/I0T a3l 05l 4 £35S sminsr 5 450 clb 00id gy
o b oS 3, bl sl oo Vo pla) aSis saids g SO L ojls HTTP/L.0L uSe 6,556 HTTP 101 .
aol oy w85 BLIIY e alzl oaies Gugrm SH L SlE oo Vo) al2l S Sos ) 22l S
ol 00,5 g2, HTTP 101 & oS o £52, HTTP &y aSalSim ! 51 o « ol 5051,5 HTTP/10 (5251
o b TCP Ll bLs ) S lazl g yniea HTTP L S o ooliciasl 055 gl Jis! JS5gy olsins TCP3IHTTP
abasly sl <Sgu ol 51 TCPowis gy o5 Gl 9 Sz « 0d B byl a5 (285 . wiS (oo 5185 0ains

oy G2l Ol Cawl (550 alawly LS gw (gyie Byl 0 mols musg Vo) 2w 0 &S shiles ol e (g
. TCPLLs,| g sauns

Server running
Apache Web server

PC running Linux running
Internet Explorer Firefox

Figure 2.6 ¢ HTTP requestresponse behavior

Pl 5 35 (o0 28l 355 alanly g Sl culss 5 gla oy HTTPosins gy aliie jshay - 05 o 2l )0 255
pla « 0S (oo Jlo)l 293 alavly CS g @ ply S dlavly Sl w8 (o0 Lol 93 dlavly S (90 4 | alavly la
JES! g o TCPAS Y- a5l o5l 0l @y 0,5 (0 518 TCP o imis o 5 sl )5 (65t o yiws
S Alsgy oad yziie HTTP clys o oloy ,2 a5 el ixe oo ol - 05 oo palys HTTP & olazel 6 ooledlb
ouds yiiie HTTP gl oy jo alie Sjpar . sy (o0 00i0d gy & pllo 5 03,550 Cows plonil s (g ke (33100
) (o0 S e 4 il 503,958 Suwd plonl e 00180 g e (5310 ahes:

iy g ledlbl ool Eams 31y b oS LS HTTP L i o |y 4l ¥ (6 lane wilss o tags 51 o5 Lo Ll 5o
sy jo o JS5g, 9 TCP aily pl oS oo ob3b |, 4 sogamma ;o Sledbl sozme (2345 law g wlals 51 TCP a4
ool SS9 & Simly

Sl Sy g (05 0pBS e Ol 4 ]y 0dd Sy o Sla bl odims g a5 udlaol sl e diibg o
Sy ;o 0)lgd ol Sl Gl o3l Sy 0 alie Bon Sy gl Ko gyt S ST eaiS Lol gtk 3Ly Sledll

= 9 QT 6[?4.39&.195‘50.; by Cewl ooy Jlo )l (g pie 4y Lian alasd ai> Gan pl aSl 2aS b odid g e g S

Yo


http://www.it98.ir

S a8l Jday el 0,5 1, I ol iy alasd iz 00,8 [gel,3 SlS a5 laisTa S oo Sl 1) Gan Toazme saims
s oo (D (5900) Ceanl gy S5 1, HTTP S’ i (610055 5 e 0,150 (Sledlol e HTTP oo (g oo

Ty Vo) Gidu ;0 a5 459Silen aiS oo oLl 00t gy (6 e (5 )lens Sl aSl a5 05 lis bl Wb (risren
Jls glite Femine byseke 5l bialss o 4 g cull Goyol IP oS b el (pdig, dlirod 00ud g s 4S5 oSy eoudld
S (o0 (RO g

il g 5l bl obld,lY,Y,Y

2 Lt b Gl 1)l olbls )l HTTP ax S S oo oolainl bl g b olbls )l g0 o Wles o HTTP
90,0 Lgdb oo ooliiwl bl Glbls)l sl fuizmed ailg oo 03B g g Syie HTTP 5 aiS oo oolatul o5
PUCL YU P IS SUCTRON B SR KV H PRV HTTP oL )|

Sl olbls

PR S eoon el YLl 6l (gt 4 o gyl aSeD Ao Sy pols JUEST pad &y pud saay ol
S8 S i 0didd oo oo Bad V) pl aes g a3l JPEG LSe Ve g b HTML LB G ols asio oS
b cwl ol HTML b L6 6l URL ass 5,8 awsl amsls

http : // www.someschool.edu/some deprtment / hom.index

sl e bl oy

aS A o,leds Sy g9, » WWW.SOMeschool.edu sasas g a0 TCP LLs,| O HTTP (gie o3l )

AJGA)LCT ‘) el HTTP (_gb.: uojﬁu,w_:u).’ o)Lo....'::

a5 o Jloyl TCP Ll Ly .55 sl S gms Lansss 00t ymsg oo 45 HTTP lgs o ol Sy (5,280 HTTP Y
oo <ow ol o HTTP sl olsi> o,b,0) /some department/home.index .coul pus ool Jols caslgs o plo
(oS

S Glaal ¢ a2l Jlail b g 055 dily ES g dliasy &) 1) Caslys o ploy HTTP osids uggpms (33lo, ¥
sl plo 5 9,0 |, Bas 5 ./some Department/ home. Index (RAM L Disk) .aiS o b3k 095 SoS alasl>
WS oo Jlo)l 093 CS g Lansgi (g e @ 1) sl ply g 0o (o0 51, HTTP

oS by B 1y bl Lol ek TCP Lol S e |, TCP Jlasl a5 0355 oo TCP &y HTTP ouips sgyus oy ¥
(025 o5 bl sl 03,5 28l 03,555 Caws 5 JolS 1, ly pliy (5 e o5 853 (ptalas

s 0,05 B S wad e lis a5 by b oo ae3ls TCP Jlail oS o cdlys 1) sl ol HTTP (g iie 0
JPEG Gus Vo azlyo 5 05 oo ialesl |, HTML b S oo gl ol gly plis 511, BB (o yitio sl HTMIL 5 S,
S el 1)

09"*’(5")‘;) o ob‘d L’>)‘JPEG «JMJE&‘)’ Jﬁ‘ 4.1.’>),4f ),Q i

V1

wWw.it98.ir

"M A M

"8 6


http://www.it98.ir
http://www.it98.ir

9 8 .

t

Ww W.

Cowl San Dyl [Faomins [0 a2 o inled w5 Glp ) aio c S o CBL 0 |y O dis Feins &5 K
S Gialed yeedd (SisSz b )5 @ HTTP )5 a4 (tales la) Wi s (ilises slo i) @ ) a5 amivo S
aslp oyl bls,l JSS9 b s (RFC2616) 3 (RFC 1945) HTTP sl Sy 0,00 (o s aliwy 4 aSii axio
95 oo bl oaims gy HTTP aaliy 5 s nte HTTP

plo S TCP Jlasl jo a5 Jloyl 5l am TCP Jlasl jo a5 ol S o oo 1) jlonlb @lbls ) 51 solawl YU =1,
ST oo ewlg o 1y Al amiio 0 )5 Sy (85 (Jle (nl 50 C i pan ST (oo o 99, 1) el ply SO g sl o
el oals oy TCP Jlus!

LT .0,51 (oo Cawds 5w TCP &¥Lasl g9, 5l IPEGLO (g ie aSul LT o)L, oowe ok cons o0ls esgs YU J>pe 4o
Sl Somins 0ily o olp 5 dad ol pgae 3,90 (o Cewds G3lee TPC o¥Lasl g, 5 ln JPEG I Lan as&)
S b Sl 5 5 a2y S sl 6l 8,

5 5 I ol 51 Sy o5 S on by silae TCP JLasl 1+ 50 sl Sy iy oot b iy <l 5o
obais Yous (55, 4 (5ilse OYLlall paes 35l Voo jlade camd a5 )5 STaes o) Gl g Canlgs o g VLT g s 5l
Sslae OYlasl 1 oolatwl cys ouple> wm Jad (0 a5 jshiles aisd oo S35 il Dyge 4 Jlail Ve Sl cpl jo gl
e (oo ) (265 el oo

S yin a5 Bge o] 5l by g9, 5l a5 Slej Hlade reds sl 1) Al S dwlie 9l o)l (e dslol aS! 5l LB
9% Oloy cdumwlme (pl LL 5o Leumd ploul g il o (6 piie dlwg 4 b1 pled B ans o cenlys o |, HTML 4L i
s 9 ORBS gy & (S yen | SzgS iy Jlo)l Sy sl a5 el Gloj cnl 5 emaps] o0 S |, RTT) 308
el (Gl 00 Con 1,8 Cond j0 Ol U o) caies lasl Ol w3 b ol RTT ol o3Y (6 i a0 et

VY IS8 50 a5 45gSlea il (o S (o0 SIS BLS ) 358 (59) 2 )5 S0 &5 (sla (SULEST az 25 (oo Sl )0 ()9S
S LT Al 00idd g g 45 97 Hhe TCP Jlasl G 5 gt 45 04 0 o Ol el ool eols L

S oo Jloyl oaims gy a1y TCP SarsS ise G (5500 —090 (00 0 e ds (G5 o) B3y S ol ol
22> gy a1y Sl Caled 50 5 92 (oo eoly TOP Sl S L5 oS (o i 5 alolid oains g
o8 e L3l 51 gl Cand 50 ol JalS 5l om0 oo ploy RTT S50 e as bL3 )| gl o 50 1am0 oo oSy
@ Jloyl TCP Jlasl 19,0 s (@lowsl g Slsluliss) 1 0 pme dus bL3 )| pgas cond L HTTP coilgs 1o ply oot oS 5
oo Juo,)l TCP Jlasl cyg,0 a0 I, HTML Y, L 00ias gy ¢ day (o0 00583 gy diwlys )0 aly a5 olSin .ouS
oy 0 RTTY zul oloy JS Loy cewd 5 cpos S oo Bpas oloy ;508 RTT G HTTP ol fowlss o cpl osS
252 g & HTML L1 L]

Sl GYLas!

ol (5,l0eSS g 51,8 eal CuulgS o Bua o gl Wb was Jow Jlasl Vel cils gl e g bogweS bl CYlal
¢ SYlasl ol sl plas o ol ail

VY


http://www.it98.ir

Wy, 1 t98.i0r

Initiate TCP
connection —

- \

RTTH | Time to transmit file
Entire file received—f /

Time Time
at client at server
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Figure 2.8 ¢ General format of an HTTP request message
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From :alice @crepes. Fr

To : bob @hamburger. Edu
Subject : searching for the meaming of life
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ol opl dd e Sl Sew a5 038 o piie |, MIME plo o o T 08
From :alice @crepes. Fr
To : bob @hamburger. Edu
Subject : picture of yummy crepe
MIME — Version : 1.0
Content — transfer- encoding : base 64
Content — type : image / jpeg
(base 64 encoded data ..................
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Received : from crepes — fr by hamburger. Edu, 12 oct 98 15:27:39
GMT From :alice @crepes. Fr
To : bob @hamburger. Edu
Subject : picture of yummy crepe
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Content — transfer- encoding : base 64
Content — type : image / jpeg
base 64 encoded data ..................
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Figure 2.18 ¢ E-mail protocols and their communicating entities
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Figure 2.19 ¢ Portion of the hierarchy of DNS servers
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Figure 2.20 ¢ DNS root servers in 2007 (name, organization, location)
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Figure 2.21 + Interaction of the various DNS servers
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Figure 2.22 ¢ Recursive queries in DNS
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(variable number of questions)

Answers
(variable number of resource records)
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(variable number of resource records)

Additional information
(variable number of resource records)

Figure 2.23 ¢ DNS message format

—12 bytes

—~Name, type fields for
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Uil s e a5 5T 0liso g ols easlss @il TCP ojluooly b osins g o s yide (sl aaliy i Lo uonm

b o TCPSErver.java sl o saimd gy 4ol 9 TCPClENtjava sl cou (s i 4ol 0ges publys
Server Client
(Running on hostid)

Create socket port=x,
for incoming request:

welcomeSocket =
ServerSocket ()

|

Wait for incoming T_CP Create socket connected to
connection request _connection sefup hostid, port=x
connectionSocket = X i clientSocket =
welcomeSocket.accept () Socket ()

Send request using
Read request from 4-—""_'_____‘ clientSocket

connectionSocket

’

Write reply to

connectionSocket --h-“—-____—p Read reply from

clientSocket
Close Close
connectionSocket clientSocket

Figure 2.32 + The clientserver application, using connection-oriented
transport services
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Import java.io.*;
Import java.net.*;
Class TCPClient {
Public static void main (string argv[])throws Exception
{
String sentence;
String modified sentence;
Bufferedreader inFromUser=new Bufferedreader(
New InputStreamReader(system.in));
Socket ClientSocket=new Socket (‘“hostname”,6789);
DataOutputStream outToServer = new outputStream(
clientSocket.getlnputStream()));
Bufferedreader inFromUser=
new Bufferedreader(new InputStreamReader(
clientSocket.getlnputStream()));
sentence = inFromUser.readLine();
outToServer.WriteBytes (sentence+ ‘\n’);
modifiedsentence= inFromServer.readLine();
system.out.println (“From SERVER: “+
modifiedsentence);
ClientSocket.Close();

¥
¥

2l 130 0I5 (6 i Cous gl 05T S ! (o

el dles oo bl | ol oo sols Lis VIV s 0 a5 jghilen |, &S 9w G g ooyl 4w TCPClient i asliy
Al amio a5) 8 lailiwl (539,9 4 4 039 sl (639,59 a2yl S INFrOMUSEr o il .ol ClientSocket c.s'gu
Jols s asiis Byb 5l as e SIS ol oo faie CS g a4 ol (6,598 (6399 puyiwl 5 INFrOMServer o ol

ey Al 0 o B sl 4 2K s ol >

Import java.io.*;
Import java.net.*;

sok b e (9,5 9 69,9 eyl Gl ola S Juls JavaLio asl o il sl Java.net 4 Java.io

LT 5l sl a5 olaWMS sl o Data Output Stream 4 Buffered Reader sls S Jsls java.io i o

-0 8l glaiy lp ol WIS Jels java.net i, lad oo oolainl (0,5 Cuo NPty oyl ds Sl (6l

ool 00y gie SOCKEL LoMIS 51 sl ! 50 ClientSocket < i .ol o ServerSocket o Socket Jals o il

Class TCPClient {
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Public Static Void Main (String argv[]) Throws Exeption

Keyboard  Monitor

4 [
5
u !
Lir]
2
Input | 5
stream— %
Process L
8
Output E B —Input
stream— @ 21| stream
. g
] =
2 e
Qo e
clientSocket
— TCP socket
To From
transport  transport
layer layer

}Figure 2.33 ¢ TCPclient has three streams through which characters flow

ilon M Sy Ssh g9y cpgm ha 35l 0 oS Tl Al 58 £9,5 50 a5 Cunl (bl slaas YL slaus
laae g b piste Jolis (oM G dsles oo g9,5 TCPCliENt ol b oS sl 1, (WIS o a5 (ClASS oMS soudS” auls
2 o> TCPClieNt [ols aigs co jgame (oM cispad Ll g 9,8 STy Lawg (oS slaate g Lo e il oo
C el K3 slapls o b ymmegy 5 &l alie baats aaloo = MAIN() wte — wte o Jols leds 5 0505 oMl s
L cslod oo L2l 1) aoliyy G Tol> o a5 Slojisb oo CH+ 5 C o MaIN() mb awlics lol> ob; o MAIN() e sl oo
mor Sl 1y sl sl Gl ks 090 Koo slaais ples MAIN() wie oK1 .05 o £9,5 XS MAIN() e Jlgs1,3
Throws 4 Void Static Public oS lds 5l aulgs oo dol> 10 CS g (cmmgianlpy Slediie aabp opl glpsles
(b LT Jols sl oS a> 51 ass ,5.c EXception

String Sentecne;
String modified Sentece;
@ Jlo)) Glp g )5 Lawg a5 cul glans, go SENENCE = & .05 )ls oo ol |, SNG4 51 oLsl YU s g0 oy

Cromw 4y g 00l S8l ;0 0050 g o Byb 3 a5 sl (glas, modified Sentence s Ol 515 0diBS gy Caann

Buffered Reader inFromUser=new Buffered Reader (new InputStreamReader(System.in));
System.in Liwg 39,5 o2l 5 wles oo slwl Buffered Reader g4 L 1, INFromUSer o joul ¢ 3 oS s oyl

g s Juato o bl 559,94
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Socket ClientSocket=new Socket(“hostname”,6789);
5 Srie o TCP L5l o jgiws opl Gmimen .uled o oll 1, SOCKEL ¢45 51 ClientSocket - o o5 Las -yl

(“‘apple.poly.edu” Jio 1) odimd g by pb b ol “hostname” ais; .ale co £9,55 1) 00ipd gy
Sbyee IP 0561 cewss sl DNS Jee 0 sl (s ie ol w09 1,8 L.‘éb TCP LLs,l asul 5l L3 0gd p50l>
Cou wp WS a5 jshilen asles solitul 6,508 O ye 0,led | alg oo L Bl oo g o ke FYAR 6Lt .y plo]
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Data Output Stream OuttoServer =

New Data OutStream(ClientSocket.getOutputStream());
Buffered Reader inFromServer=

New Buffered Reader(new
inputStreamReader(ClientSocket.getinputStream());

Sentence=inFromUser.ReadLine();

b1, b ,xST,l5 Sentence as, .oes o 8 SENENCE ais; 9,0 |, p)l5 lawg ood ol bs O gtws las ()l
s,lg Sentence ds, 4 INFromUser o il &b 5l b ol .ol o <db o (Cariage Return) CR zS1)S 4 ¢y,
D9 50
OutToServer.writeBytes(Sentence+’\n’);
L oo JooSS SENENCE .55 o Jlw,) OULTOSEIVEr oyl 4 |, el o0y a8lol CR L a5 SeNtence aws ) bs ol
Gk 5l LSl by e e e 0gde oy TCP Wyl a5 05 jee (gt cSom o5k 5 CR
ailo c0 005D g yw
Modified Sentence=inFromServer.ReadLine();
modified s, oyg,0 5 a8l ob,> INFIOMSErVer o ul &b 5l Ll i, oo odias g 5l b xSTIS a5 8,
s oo aex> Modified Sentence 5,0 CR =515 L s Ll 4 o, b 5515 .0 5 - 1,3 Sentente
System.out.println(“From SERVER”+modifiedSentence);
Al o ol jgiile oy 0 |y 0aimO gy B,k 5l oo ouils 5, modifiedSentence as, YU L
ClientSocket.close();

Lol y5s (nl o3 ge (bl 1y eaims g 5 st o TOP LUl 5 ooty e |y e85 5 0092 o5 a3 (5]
Aled Jlo)l 03285y g 00 TCP &, TCP Ly Sy (g 0 45 055
TCPServer.java
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import java.io.*;
import java.net.*;
class TCPServer {
public static void main(String argv[]) throws Exception

{

String clientSentence;
String capitalizedSentence;
ServerSocket welcomeSocket = new ServerSocket
(6789);
while(true) {
Socket connectionSocket = welcomeSocket.
accept();
Buf feredReader inFromClient =
new BufferedReader(new InputStreamReader(
connectionSocket.getInputStream()));
DataOutputStream outToClient =
new DataOutputStream(
connectionSocket.getOutputStream());
clientSentence = inFromClient.readLine();
capitalizedSentence =
clientSentence.toUpperCase() + ‘\n’;
outToClient.writeBytes(capitalizedSentence);

o2jloie TCPServer.java g, slabs 4 25 aes oj>1 .0,ls TCPClient « s, slacals TCPServer
Dl mulgi s |, sl TCPClientjava ol giws b alin b g oyles a5 |, doglas
il oo Sglite wuys TCPClient s as axsT L Lull TCPServer s Ls .J4

ServerSocket welcomeSocket=new ServerSocket(6789);
b o SErverSocket gg 5l a5 wgi o WelcomeSocket - o slool el las

Sy 4 WElcomeSocket ) .aib co (s yie )b 5l sl o ouids Jlaiie a5 cuul 0y o4 WelcomeSocket
il ) O jgods day has amo oo )8 (56T PYAR o les
Socket connectionSocket=welcomeSocket.accept();
Lles oo sl CONNECLIONSOCKEL oL 4 S g S iy o 0 WEICOMESOCKEL a6 jie o a5 Slej o (]
sl s bl G TCP e (0l LSS o)l sl)ls ctasl S g 90 ;0 1> a5 0,5 quslys olo ¥ Lad o)
5 Syuie maw led oo JLBp 90w Cwww ,o CONNectionSocket L s uiw s o ClientSocket o (ojlxe
a5 sy plen 4 ;500 Bk 0 cub ples g ales b0 g Jloyl |y b ol g cpl G,k 5l o9 siales 0l8 00imd g pa
5 5500 oy 8 il e 4 dilgi oo 0diBS gy 0l 48 CONNECLIONSOCKEL L .9 o il cings odls Jlo))
30 Cawlgz 0 SOl i @ L’éb ouls &1l dali o 5l e ol aldl) ao aslol welcomeSocket ;! oolslul L Ol i B,k
Ll b alis oyl e o 60lots anlipp e (09: Dol lags b wilgs o, ol plomil (gl Lol cams oo 13 395 alg )]
nled 495 1) et 4 Jl ojle o ClientSocket s o sl
CapitalizedSentence=clientSentence.toUpperCase()+’\n’;
5 wleiion s S5 By il ion,S ol |y gyt bangi oad Jlol las Sy sl (60,15 asliyy B g
ol 50 %e Olygiws pled asled oo oolitul OUPPErCase() wie 5l jows ol aules oo adlol o] bl & CR S5
S g0 8 ool 3550 (g i b bLS,I (6585 sl bak 5 wisg 258 g (oilr aeliyy
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5 s (5,50 obiwe ,o |, TCPServer.java g oL < o |, TCPClient.java ool el cas ol Giobesl sl
e 23S 5 lg TCPServer.java ;s esias gugpw 5o 1, “hostname” L moo ol a5 wgd ciedas 0905 JolalS
Al s ol el oo opl bl 1ol oaias g 0 |y ool bilaslS odiss ey 4l (TCPServer.class s
(S 50 ook hlals asliyy e wile Gale (Sb e Lo tie b (85 wled ey B g oad osies gy
5 e oy TCP LLi | Sy (5,8, caely g 00,8 olomsl (s e 1 disl b o e o) awlas 1,21 1, ;TCPClient.class
i 1) CR Ll )0 5 0350 <l 1) (slaloz (5 yuie) 4ol 5l o3liinl b pues 08 G5 00083 (g oo
plod had sl @ (Jlo sl amled 23lol jots (oS L) el il oo (B35 BB g pum (5 it aliy dans (sl

18,5 5 LT 5 08,8 iyles 1S SIS LS5 lads Slasd Wlgi g0 00l s s o5 550 Il s g,

UDP S gm0 s (o 30l Y A
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oS s glaal alels Tids o Wisd o 8l 00y a8 Aoy a5 oyl dades WS o oal 8 1) slazel LB eyl
el 0l 5 bl ol o | LesT o 5

TCP L UDP iz ;o xigs 121 bls)l slp cilise glagbiee 555 » T (i L) 99 aas 0 021 (ruizen UDP
e Jsbo 55 IS5 Zuwd adgl 56 el LSl (900 g e o UDP gl a8 o 555 2 b (gliad (sloel, (5o 35
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Sy oo B S g 1550 Bl 5l Sl Bl )8 aslol )3 i B e ES gus Sy oo G ASD (39,0 @ | Ay ol a8
4 1) iy Woles 45 WS o el (ST 2z 58 =0 pge daae Gupol @ 1) Sl (ST s sl Ay e ST
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UDPClient.java

S0 518 el (6 e Byl (gl oS il o
import java.io.?;
import java.net.*;
class UCPCliert {
public static void main(String args[]) throws Exception
{
Buf feredReacer inFromUser =
new BufferedReader new InpatStreamReader
(System.in));
DatagramSocket clientSocket = new DatagramSocket();
InetAddress IPAddress =
InetAddress.getByName (“hostname”);
byte[] sendData = new byte[1024];
byte[] receiveData = new byte[1024];
String sentence = inFromUser.readLine();
sendData = sentence.getBytes();
DatagramPacket sendPacket =
new DatagramPacket sendData, sendData.length,
1PAddress, 9876):
clientSocket.send|sendPacket);
DatagramPacket receivePacket =
new DatagramPacket|receiveDaza,
receiveData.length);
clientSccket.receive(receivePacke:):
String modifiedSentence =
new String(receivePacket.getData());
System.cut.println(“FROM SERVER:” +
modifiedSentence);
clientSocket.close();
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S gundiS oo Ly el 0a ool (yLis VXY SE j0 a5 jehailen 1) cS g o g au il S UDP.Client.java &b
TCP I wglins e g g5 o UDP a5 ol a5 .ol Datagram Socket 1 Jow 5 045 0 oasal SoCket Client
TCP L aSll> o S o ooliasl DatagramSocket <G lalas yiie UDP L ciges jgha .0iS o oolital (g ie 5o
sl 4alpy 5l (6399 o2yl o INFIOMUSEN o piwl .aiiS o ooliil SOCKEE 5 )b i

- oK euidls leaslipy TCP ases 1oyl o il S5 Lo 0llS amio ar i el o0 dowas 0 lasbiwl (634,95 4 45
TCP L aslin ;o Ll ol oo by INFIOMUSET oyl fyaas aosly caiS o ol aulS axio g9, o 1) Waosag )15 oS
SOCKEt G 4y sss donads ooyl sl ol 0365 sl .ol 00ds dowad S 4 (29,5 b (639)9) ooyl g
25,5 asly> ol DatagramSocket Gas ole 5l 1, cass sloas UDP Gas

oI5l oo 35,10 glis TCPClientjava b owlsl joha a5 oS jo slalas 4 8l y9sS]

DatagramSocket Client Socket=new DatagramSocket();

aJsl TCP Jlasl G TCPClient.java b awlis o .05le o Datagra,Socket ¢4 ClientSocket Gos G s

S sod B 0aied gy Gl b (bla sl s cnl ulul 5 6 i biee i8S e 1,8
Server Client
(Running on hostia)

Create socket port=x,
for incoming request:

serverSocket =
DatagramSocket ()

l Create address

Read request from — (hostid, port=x)

send datagram request using
clientSocket

Create socket

clientSocket =
DatagramSocket ()

serverSocket

|

Write reply to
serverSocket

specifying client host —_-_-_'_"'--h Read reply from

address, port number

clientSocket

|

Close

clientSocket

Figure 2.34 ¢ The client-server application, using connectionless transport
services

L opieed |y Oyg ojleds b odids g bjme b DatagramSocket() ousjle oS a5 jehailen o Lo o
Sjle gos an T8 90 o (bLs ol o Lol o3l oo (g e 3] sl 0y SO YL s gl bLs el o alias ) eslatul
InetAddress=Inet Address.get ByName(“hostname™);
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Input o
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UDP E: = -upp
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T—UDP socket
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Figure 2.35 ¢ UDPClient has one stream; the socket accepts packets
from the process and delivers packets to the process.

String ModifiedSentence =
New String(Recievepacket.getData());

modifiedSentence a.s, ;5,5 5 L1 1, all sls <ol 5 S o zl,5nIReCiEVEPacket i1, b osls YU Las 95 ]

aw oo Jla!
System.out.printIn("From Server:" + modifiedSentence);
St Lioles axin g9, » |, Modifiedsentence s sg>go as, o 4l TCPClient ,s pooes 45— L o)
A2 o il
ClientSocket.Close();

I, Transparent-Layer slo s ie 45 0gd o5 el b cplowl b3, oo UDP 15000 o0 ) S g 31 las oyl

(TCPClient L aslic ,0)asS Jlo,l odias g 4

UDPServer.java
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import java.io.*;
import java.net.*;
class UDPServer {
public static void main(String args[]) throws Exception
{
DatagramSocket serverSocket = new
DatagramSocket (9876) ;
byte[] receiveData = new byte[1024];
byte(] sendData = new byte[1024);
while(true)
{
DatagramPacket receivePacket =
new DatagramPacket(receiveData,
receiveData.length);
serverSocket.receive(receivePacket);
String sentence = new String(
receivePacket.getData());
InetAddress IPAddress =
receivePacket.getAddress();
int port = receivePacket.getPort();
String capitalizedSentence =
sentence.toUpperCase();

sendData = capitalizedSentence.getBytes();

DatagramPacket sendPacket =

new DatagramPacket(sendData,
sendData.length, IPAddress, port);

serverSocket.send(sendPacket);

- 0 03l SBIVErSOCKet S g aiS o sl CS gw Soouin oo VoYY JS& 40 a5 jghilen UDPServer.java adb »
@ ooyl g K00 LSo0gr (6 ie 0I5 WY Byl 0 S g a5 jshailen.cosl DatagramSocket g4 5l o S0
w2yllo aziws TCPServer.java ;i wglice a5 oS slo s 4 o5 awslo

DatagramSocket serversocket =New datagramsocket (9876);
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Qb wiloass dl,e g Jloyl a5 slaosls  olesasS o sbul AAYS 1w 4o |, datagramsocket serversocket i L
ool 95 & g il o S g S it geme Lo el BLS ) 900 UDP (52008 500 e85l 25k |

o2 oo deldl Bax sla cewlgs o

tollpperCasel()

v
Process o —
TN
UDP © -upp
datagram | = 2| datagram
packet— ¢ w | packet
¥ AL
serversSocket
— UDP socket
‘ 1 port 9876
To From
transport  transport
layer layer

Figure 2.36 ¢ UDPServer has no streams; the socket accepts packets
from the process and delivers packets to the process.

String sentence = new String(receivePacket.getData();
InetAddress IPAddress = receivePacket.getAdress();
int port = receivePacket.getPort();

Lo 0313) 5 05,5 z 5 ey 51 1, Sledbol o )T ol iS5 oo 5b ¢ ol o0insy (5 i S S ) S 1 (6 A o393 a3 e
UDP Client.,s &lice asg¢ 0,15 o gl oy aloz 01 (
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Sbime A e 45 Ggiu ialas) S (b)) s SKesy coas ;K08 09,5 3 |, UDP SERVERJAVA lje) 05,5
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import java.io.*;
import java.net.*;
import java.util.*;
class WebServer {

public static void main(String argv[]) throws Exception ({

String requestMessageLine;
String fileName;

ServerSocket listenSocket = new ServerSocket(6789);

Socket connectionSocket = listenSocket.accept();
BufferedReader inFromClient =

new BufferedReader(new InputStreamReader (
connectionSocket.getInputStream()));

DataOutputStream outToClient =

new DataOutputStream(

connectionSocket.getOutputStream());

requestMessageLine = inFromClient.readLine();
StringTokenizer tokenizedLine =

if

new StringTokenizer(requestMessageLine);
(tokenizedLine.nextToken().equals(“GET")){
fileName = tokenizedLine.nextToken();
if (fileName.startsWith(*/") == true )
fileName = fileName.substring(l);
File file = new File(fileName);
int numOfBytes = (int) file.length();
FileInputStream inFile = new FileInputStream (
fileName);
byte[] fileInBytes = new byte[numOfBytes];
inFile.read(fileInBytes);
outToClient.writeBytes(
“HTTP/1.0 200 Document Follows\r\n");
if (fileName.endsWith(”.jpg"))
outToClient.writeBytes(“Content-Type:
image/jpeg\r\n”);
if (fileName.endsWith(".gif"))

AN
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outToClient.writeBytes(“Content-Type:
image/gif\r\n");
outToClient.writeBytes(“Content-Length: * +
numOfBytes + “\r\n");
outToClient.writeBytes(“\r\n");
outToClient.write(fileInBytes, 0, numODfBytes);
connectionSocket.close();

}
else System.out.println(“Bad Request Message”);

}

LTCP server .java Jie . ool TCP server .javal i, Lo i asly Jol des .+ oojliile oS 4 a5 b oy 0K Y
aib Joli a5 (S o 8)lg oo [JAVA U T T Lo cais g0 cplp odle. oS 0 8,19 1 jAVALNEL gjava .1 O sla ars
J3ls bghs 4 ol Y. 05 oo 0ol HT TP cilgs o sla ol s 3o slpg 050 o StTiNgtokenizer

String request message line
String file Name

( JB o) File name sg aalgzHTTP cuilgs o by jo Jol las ol a5 ol (gl ad, o Ban ply conlys o Las

el Java

ServerSocket listenSocket = new ServerSocket(6789);
Socket connectionSocket = listenSocket.accept();
BufferedReader inFromClient =
new BufferedReader(new InputStreamReader
(connectionSocket.getInputStream()));
DataOutputStream outToClient =
new DataOutputStream(connectionSocket.
getOutputStream());
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GET file _name HTTP/1.0
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String Tokenize r tokenize r =new string Tokenize r

If (tokenized line . next Token() .equals
File Name= tokenize d line .next Token ()
If (File Name .start s with (/") =true)
File Name = File Name .sub string (1)
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File Input stream in file =new file Input stream
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Byte [ ] file In bytes =new byte [num of bytes];
In file .read ( file in bytes);
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outToClient.writeBytes(“HTTP/1.0 200 Document
Follows\r\n");

if (fileName.endsWith(*“.jpg"))
outToClient.writeBytes(“Content-Type:
image/jpeg\r\n”);

if (fileName.endsWith(”.gif"))
outToClient.writeBytes(“Content-Type:
image/gif\r\n");

outToClient.writeBytes(“Content-Length: “ + numOfBytes +

“\r\n");
outToClient.writeBytes(“\r\n”)
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