Jaxanomy of Applicakions |0

~applic: o . applic:
client-server Pz2p

transpoirt: i transport: - L?ranspoy.t: |

| Conn -TCP || Connless | | conn.TCR|

UuoP

I

web  ewail N._am;sResol_u_l'ig_n ]
_(HTTP) (SMTP) (DNS) - 47 R
L __File distribution
R . | —— ,,,(,B,i,t__TQtten_l:),,

P2P: Peer to.Peer|,
— HTTP : Hyper Text Transfer Pratocol
~_SMTP : Simple Mail TransCer Protacol

DNS : Domain Name System



.Qpplica‘:im\? Examples . 1

_eMmoast applications| are connection
client . Servers.

|
|

HTTP L web

SMTP _email

Telnet  remote terminal access

ETP  File transfer protocal
YouTube isl:ream'mg multimedia

SIP__ hn\-erne’.c telephony

ofew app\icatlons.;.are connectionless
client . servers:

DNS iname_ resolution
SNMP  network management _Prot.,
RIP - routing information Prol:..

orave applications are connection P2P:

Bit Torrenk file diskribukion



— Why Connection Client.Server Application?.
B 12
o conneckion  zllow s,,_&_ljgat,_,j,n d server to
—exchange more than —one_application msq

e —————

_ o (onnection allows f,l_r,he_nh_and_‘._S,e._r;_\!_e_r to
~_exchange conkrol jnformation before .

—exchanging application msqs

e canneckion supports reliable data transfer,
~_flow cantrol, and congestion control

e one disadva ntage : connection is expensive




Client_ Ser ver ﬁpPlic ations Az

o appl. Server s a\wags rurm'mg on_ well.
known low - numbered porl: L in well known..
server hoskt Sln (Port for web is 80,
_and for email is 25,.)

s 2ppl._client runsonly when needed on
any  high- numbered port § in_any client
host ch

élmj ch 7 w i wéll;-lgﬁown sh
appl cl. src _dst | 2ppl. sr-
f ‘? —>|ch,} |sh,i T 1:
i E dst  sre ': "
' s T - 1. LA
\II: @-Ch,&.:\’h,s :‘l'
trans port | kransport

_eone or move applidation clients can
communicate with  the same appl.
_server |



@ _ASs50 C;Zted Mtuﬂ éa.C‘n _a “ocated
Gy a_\ 18 an .;,,npl.u_.\:., buffer ca].lﬁd
— sockeb  such that| any msg that is
——sent Yo the allgcated port is stored
in__the associated socket until the
application receives the msq From the
__associaked _.suocke.:‘b, A

_esocket table: o I
_determines  for eacln al\ocated__Porh

_the socked Hna L s a.s.s.ac,,n.a_\:gd.____m_th___
,,_t\ms Pgr\: o e

S e —— — ——= o - SR —



| Sockel: Tables in Connless Appl. -lS

e Server host : sh

2 ?ort 3 l in Sh
. socket:  1ss in sh
o clienk hoskts : chi , chz
o porks . % _‘m,.‘,c\ni._,,,'a.z inch2
'y sockets: ECS‘L n_chi,cs2 n cha

o socket table n sh : (port =i, sockebz=5s)
‘r L u chis Lporh = }‘l, sockek = Cs 1)
o to 2o ch2z .(P_or,\: :..&2, sockek - €S2)



———————— e PO =] SRS == e

B ,Soc.ke.\:,_'_]fa_ble,sj_._j_n_.__ Conn _B_pf}\,.#_,ﬁ_‘lﬁ -

o server hosk : __len B

e pork __.__.__.1‘ in :.Sh A =
—n saockeks: ,,ﬁ_.___‘___.!dss_m_jh_,js,i insh,
ey o _ss2insh
e clienk hosks :  chi,che
e B __P_o_r_’cs___;__________,;_'H_ in chi, ,_,}‘2__'m_ch2.___

g
4 sockets: ,y_jhcsi\_j_n_sb_i » €52 in sha

P Qcket __tablg__ in_ sln e %(Lzmgl,_( Sh LD 5 55_)_,‘"M_
- ) 1 (cch1,311)  (sh,1),S54),
S __.“__!__LLchz,g;,zl.,_gsh_,__i_l,_ss._aju .

o te o ve el (tshy), Cehd, pdy,081)

o ar oy ch2r | (Csh, )Y, (ch2, §2) yes2)




HT TP | | i?

o this application is used to trawnsfer
web pages from servers to clients

M e s
4] ' HTT:_E-v;c_(:_b__P_' N
L— ‘—-‘—-4—‘—--‘—-4— ‘-—-‘J

HTTP rspn

e each web _page. Coinsasi:s ofF HTML base
File that refers ko other objects . o
HTML files, JPEG images, video clips.

eeach web page and each referenced
object in ik is named by a URL
http:Zww w. cs. utexas. edu/users/g

\.._.. lqost‘ name _..L pathnames]

o the hos\:name names \:\ne.hos\: w\nere_
the web page or object are stored



_An HTTR _____ Scenario

18

oA client gets a web <page>,..c.onsistin__3
—of 2 <base> File and two <IPEG>

images  from same server:

client

P

SYN-ACK

~ Server

= _ACK + GET<page>

e =
.

| T REIRER O s === E

_GET LJPEGA>

no
achivity]
rewove
Conn,

AT LgPEG s

GETCIPEG2ZS

estab.
= + ——
GET<4p)

conn.

- .r__..

TCPconn.

send
| <base)

L remove



| |
Format of HTTP Rqst Msgs 19
GET :
PUT | —HT TP
PosT /uselrS/gouda/ 1

b X

—| method |pathname |version

rqsb

line

he_ader ! .heac_:ier- na\mei: he_a_tderr_valu_g

lines

ea s
‘

body—»f body —- opkional

__eexamples of meth’ods g
GET 9et and | display specane& web
page ; mss has  no  body
PUT  add bocilg. to Spec';Fi?o\u web
page; rfnsﬂ has body
. POST get _and displag web page
.spechiecJ bﬂ pal:\ﬂname and
body; msq has body
eeXamples of headers. |
host : www.cs.s.edu § where web page is§
cookie: 1225 §see nexty

ifomodif. since T 15ee nexty



Fo_.r,.mab of HTTP Rspn Msas 20

_HTTP/1.4 — last  rqst succeeded
200

ﬂ::;‘f—p Version status Phrase

_header, )| header nawme : value
lines

LN B

ba-d'g-pm- body -- optional

—e&Xamples of status phrases:
200 last __..rq,st__;_ succeeded

301 _woved permanently and new
o host s specified in “location'
. _header below

400 last vrqst cawt be ynderstood
—eexamples of headers:

— location: new server of waoved page
. set.cookie: j228 §see nextf
__last -modified s T - §see next3

. um bOCL ] s

——the rqstd abject, i§ any, issenb
—— in the rspn moq



Cookies 21
.In.?orm server Hﬂae the current rqst‘

Came from same cliien\: of a p'rew.rious

rgst msgq
| _ cliént @Qw.émagoh.c_om
cookie file of
l; : .
< iéns Cbag 1234 | raqsk ol no cookie,

new Cl'lent

Yspn

ebay 1234 _
3 P;eh-cookig g
ama'ﬁon 1'2.25 1225 )

ebay 1234 | rqst
cookie
amaaomzzs | 1225

ebay 1234 |, YSPV

ama}On,,lzz.‘S
rq.{b
| cookie -
DB: backend 1228 |client

i225
| darabase of o
| 3w a.%an C“ -E..h(:s . ‘4__'£5Pn




. \eb Caching 22

e A proxy server 'asl a server that rephes
“to HTTP. rgst mSgs on  behalf of o\-;smal
Sérver

eWhen a client sends a GET rqst wan
—original server, the Internet directs the
~rgsk Lo & proxy server

—eWhat the proxy does (ko reply to the

_GQGET \rqsl:) dePEnd,s on__ - T
- whether the proxy does. not have

I"qsi':o\ el .

——.or  the —proxy d.ae,,s,,,hau.e N

S .._rqu;’cd._.. T A



ProxiDoesn’E_f Have Rgstd Pagn-e- 23

client Pro:’c sr. ori 'ﬁal.sr.

“GET page | | GET page

» P e e ey | BB | e e a— P e

=

..‘._-—-.‘_-‘._

( Page

!

i
b
L

el il e e |
Page ' '
—Jastk-meod. T t
i

pa g e . . page
I,aSl-,' mod.T_r | lasi:rmod.T

e |

I*




Proxy Has Rgstd Page, Last .Mo.d,i?.al:]’_'.._

client

el e e

proxy sr.

— GETpige | _ GET Page |

24

original s

iFf mod-sine T |

- rspn_

P2age

| lastmed. T | k)

Page or

- rsepn o ¥
| meodif.page |

e e E ey o

@S|

T

T modik

_ P...‘dge!,, s

lask wed

laskmod. T

. ay

P PY H T—

_last modif.,



~ Ewmail Users 25

o each email user is registered in an
email server wikh a unique hostname:
—gmail.com , cs.utexas.edu , ...

— eeach email user has 5 unique name:

~gouda @ cs. utexas..
.?OUdi ps Xas eduj
— id— hostname of email server

where id of email user 1S _unique in
_the ewail <erver where the user
is_registeved
_e€ach e‘mas‘l_._..us,er_';..ln,as_ a-user agen L',, -
e.g. Youtlook" or "browser", that
implements the user’s clienk. The
_email user .InFo..r?ms,,,,, iks ,,,.ag.en,i- of the
___users name.



Em ail Prol:ocOI.é

26
_Sender _ch . ch__ reve
T ei—useragent et
¢ | LFI
| | SMTPr POP3 or
email || HT TP I emaii] ..L“:_Af;"
Cpush) ,\_ A cpult
sh SMTP  _ sh
(push) -
Is] Iz |
CH——= 1§
email —
Sender’s reve’s —
email sryr | email srvr
hosk T T
SMTP .

Simple Mail Transfer Pratocol

HTTP . Hyper Text Transfer Pratocol
_POPs3 ., Posk | OfCice Protocol version3.
IMAP,

lnbérnet_ Mail Access Prot.



I Q.Bj...ec._l:ives,___mc DN& = 27

o DNS translates hostname of 2 server

—(e.g. web, email) inko an IP addvess of

~ this  server

o if server is busy then DNS 4ransla tes.

__(ordered at rando m to balance Joad

—among several capies of server)

e 2 server host can have one long canonical

—its hostname into several 1P addresses

__name__and several short alizs names . In this

__case, DNS .i:tansl_a_l;c_‘.ﬁ_, any_alias name of Server

inte  its canonical name

— @ web and ewail servers can have same

~_alias name but different canonical names,
—_In this case, DNS  ftranslates +he common

—alias name to the Correct canonical name



DNS Servers tO .Resa\ue (www.S.edu)

o Rook servers
there are 13\

e TLD (Top Level
Domain) servers

o"A" (Authoritative)

Servers

Jlocal DNS server.

2%

l(__ IP Add. of rookt
server

rook server

edu serverm

1 1P Add.of

 edu server

| {4___1? Add. of

$.edu servermm

s.edu serverg

4__1_P_Add' of
www.s.edu Srvem

local DNS server




_DNS Msggs to Resolve (www.s.edu) 29
emsgl: (from lacal DNS servey to root srvr)
(1P address of www.s.edu srvr  ?)

.'MSQZ-, (-From rook S_\"_\frl- to local DNS srvr)
(IP add ress of www-S.edusrvr 2)
(1P address of .edu srvr )

.ms_ga:(From \ocal DNIS srvr Yo edu srvr).
(IP add ress of www.s.eduswvre?)

o Mmsglh: (Srom €du segrvr Yo local DNS sryr)

(1P add ress oF W ). S . .eduswve?)
(1P address ofF  s.edu seve Y

__emsgS: (from local ,DNSH svvr ko .g.edu srvr)
(1P address of www.S.edusrve?)

s msg6:(from s.edu srvr to local DNSsrvr)
(1P _address of www.S. edusrr)
(1P _address of www.s.edustvr)y



Cac\nmg to Speed -up Name Resalu\:non_
) .reso\vmg +he name  (WWww.s. edu) QF a_
__web server host inta .am______l_._E’__.a.dd,re..s.s ,
~consists  of computing the IP addresses
_of  the Follows ng three servers:
e Mo RO oo
3 www.s.eduw

o the local DNS server has a cache that
__wmay conktain the |P addresses of some of

_these servers (from previous vesoluti ons),

¢ the IP addresses m Hm_s ) cache can _be
~used Yo speed- «,uup,.,,,,name_. resolutions

s see next example. .



Name Resolukion Cac\nlmj Ex.ample.
— — 31
oassume that the cache of the local
DNS server alreaidg has  (from
previous name resolutions) the [P
address of edu server

e then resolving \:\ﬁ!le_lf\ame (www.s.edu)
consists of computing the IP addresses
of only two servers:

. S.edu
DR 2. __mfw,w._s.,edu | .

(instead of computing the |P addresses
of +hree servers. _?s discussed  in
previous slide) |



| : ) Daka _DNS Servers 32

_ Resource Records (RR&Y:
(name, value, type, TTL)
TTL is the time to live for ...,'\:\ne___re,c,ord,, -
and "name" and “value" depend on" type" -

e = canonical name of a server hast
value = IP address  of this host
e type :Ng_ s e
—name: domain name (e.g. s.edu)
value = canonical name for the "A" DNS

_server for  this domain

e type=CNAME .
~name = alias name for a host, not mail,

__Seryer S N—
- value: canonical name For this host
—okype - MX.
_name= alias name For a mail server host

—_value= canonical name For this hest



Formal o_\:‘: DNS Msqgs | 33

eevery DNS Mmsq ., query or .replg_, has
Fol\owlng format : |
_(identifier, flag,
set of questions,
set of answers)

o when DNS client sends query msgq (to
local DNS server), it assigns the wmsq
an_1dentifier. This identifier remains

unchanged until Msq reburns as a reply

to the DNS client

oinitially, Flag 1s"0" %o indicabe that the
query has not yet been Fullg resolved. The
flag is "1" when qUerg is Fully resolved

e €ach guesktion is of farm (name, typed.
Set of questions 1§ never ewmpky

ecach answer s an RR. I.\r\”:la“{d,, set of
_@answers s empky . Then one ar more RRs
are _added to answer each question



How to Register a Company in DNG 34
e-choose a domain name, ab.com, for company

) .,deplmj.._a‘n_"A" DNS server f£or Yhe company.

For this server, choose

canonical name: dns.west.ab.com
_IP addvess . 212.83.2i.5

o publish ktwoe RRs in every com DNS server

m_the world o .
(ab.com, dns. west . a.‘b,.com,_NS,‘_r_’_TL) ‘
(dns. west.ab.com, 212.23.211.5,A,TTL)

odeploy a web server for the company.

For this server, choose
2lias name  :  ab.com
. canonical name:  www.ab.com
~IP address :  212.83.21LF

— o publish two RRs in the"A" DNS server of
—_the companyg

— (ab.com, www.ab.com,CNAME, TTL)
— (www.ab.%m, 212.83.21.F, A, TTL)



Bit Torrent 35
e 1t is a P?.P a_ppli(!;a.\:io,n (on_top of TCP).
For Ffile distribution

-

e this azpplication car{sisl:_s of a server, called
tracker, that keeps track of all clients,
called peers, that are curvently registered
in_the system, called torrent

o 2k each instant, there are 1000 peers
registered in 2 b:o.r'r_e_n\:,

o2 torrent is used ks distribute Files
from some peers ko other peers _in_the
torrent |

e cach File is Par\:ii:ioned into pieces of
256 Bytes each, called chunks. At each
inskant, each peer can have none, some,

_or_all chunks of each File in the

__korrent



R _Operations in Bit Torrent 36
, .Regasl:E'r

~when peer P needs to_join to'rrenb'T' and
_download File FileF, P registers with
_the tracker of T and rcvs 1P addvesses

of some B0 peers From 1000 current
—peers_in T

RegueSt | - B R

_Firsk, P requests From eadn one oF 50 peers
to lisk File F chunks that the peer has.
Secand, P sends a sequence of requests
asking for File F chunks (starking with
the rarest chunks) €rom the 50 peers

. uulmle P T T Prcvs many_ reques':s ta
_send  File B chunks (that P has revd
earlier) to any peer of the currenk 1000
_peers in T. However, P gives prioriky
,,_,(Eo_r..._Sehdf_n.g.__ file B chunks) to those

—peers_that are currently sending mosk

R ,,Ckun.ks. _,'Co-.,e____ =l



