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MovteAo client-server

* O Baolkoc TuTtog SIKTUOKWV epappoywy elval client -
server

. communication link
client - -  server

* H oxeon server kal client pmopel va elval many-to-
many

*'Evac server punopel va e€unnpetel tavtoxpova moAAoUC
clients

*'Evac client unmopel va emiAe€el o€ molouc servers BeAeL va
ouvdeBel TavTOYpOVA



MovteAo client-server

client server
application application
host host
with with
ICP/IP ICP/IP
LAN LAN
router router
WAN ¢

router { router router router



Napadelypata client/server

 HTTP - World Wide Web (WWW)
* Client (web browser): Internet Explorer, mozilla firefox, opera
 Server: Apache, IIS (microsoft), ...

« FTP

e Client: CuteFTP, akopa kat ol web browser pnopouv va cuvdeBouv oe FTP
servers

* Server: Filezila, CuteFTP, VSFTP

* DNS
* Client: nslookup
* Server: BIND
* e-mail
* Client: pine, outlook express, mozilla thunderbird
* Server: Sendmail, gmail, MS Exchange

* Real audio, real video (streaming)
* Client: Windows Media Player, Flash Player, QuickTime, Real Player
* Server: Windows Media Services, Red5, Darwin Streaming Server, Helix



ALkTuaKOC [MPpOYPALLUATLOMUOC

* To AELTOUPYLKO cUoTNMA EXEL
plcat vAomolnpuévn tnv otoifa TCP/IP
A oTOV TtupnRva Tou

uDP * Mw¢ pmopol e va
(Pd, 1Pv6 TPOYPOLUUATIOOUE TIAVW ATTO
Devic communicati 0 TCP/IP?



ALkTuaKOC [MPpOYPALLUATLOMUOC

» To Socket API eivaw éva Application Programming Interface (API), cuviBwg,
TIOPEXETAL ATIO TO AELTOUPYLKO CUOTNUO, TIOU ETILTPETEL OE TIPOYPALUOTO
epappoyng va eAeyyouv kat va xpnotpomnotovv Network Sockets.

e JKOmoc tou Socket API gival n yevikn enkolvwvia petal dlepyaciwy (mou
TPEXOUV oTOoV 1610 1N o€ SLadpOPETIKOUC UTTOAOYLOTECG)

 Eva network socket eival to €va Akpo pLOC EMIKOWWVIOG MeTaéL SvOo
Slepyaoclwv nAvw oo Eva SLKTUO UTIOAOYLOTWV

* Socket APIs cuvnOwc¢ Baocilovtal oto POSIX sockets otavtapvt ta omoia e
TNV oLpa Toucg eival e€€ALEn tou Berkeley sockets API.
* Ta Berkeley sockets APl epdaviotnke oto BSD4.1 UNIX to 1981
* Ta BSD sockets API eivat ypappéva og C
* OL TtEPLOOOTEPEC YAWOOEC TIPOYPALUATIOUOU TtapEXouV mapopola API ta
omnoia Baciovtal (kat xpnolpuomnolouv) oto avtiotoxo C API.



Sockets, IP Addresses kol Ports

A socket address is the combination of an IP address and a port number, much like
one end of a telephone connection is the combination of a phone number and a
particular extension.

Based on this address, internet sockets deliver incoming data packets to the
appropriate application process or thread.

H Siepyaoia mou dnpoupyet to Socket to xelpiletal HECW EVOC BETIKOU aKEpAiov -
socket descriptor (6nwc¢ €va file descriptor)
Mo va eTKowvwvroouv oL AAAeg dlepyaoieg xpelalovral:
* |P Address Tou uTtoAoyLoTA
* Port number - “BUpa” emikowvwviog
* Emtiong, oL adAAec Slepyaoieg MpETMEL va EEPOUV TO TIPWTOKOAAO peTadOpAg TToU
xpnotuoroteitat (TCP ry UDP)

Kafe kavdAl emikoivwyviag amrd dkpn-oe-akpn (end-to-end connection)
TOUTOTTOIEITOI MOVOOT)MAVTO ME TNV TTEVTADA:

{ Protocol / IP address1 / Port1 / IP address2 / Port2 }



Stream / Datagram Communications

H peradoon 0ed0UEVWY TTAVW O€ £va KAVAAI UTTOPEI va Yivel JE 2 TPOTTOUG:

1. Connection Oriented - Stream Communication (SOCK_STREAM)
EykatdoTaon «KUKAWPATOG
To TTPWTOKOAAO eTTIKOIVWVIAG gival To TCP
(Trapéxel EAeyxo AaBwv Kal eTTavaueTadidel T XapEvVa TTAKETA)
XpnoigoTtroleital ouvBwe o€ epappoyEC pe kabBoplouévn oxéon Client
- Server

2. Connectionless - Datagram Communication (SOCK_DGRAM)
To KavaAl dNUIOUPYEITal YIa KABE PAVUPA CEXWPIOTA
To TTPWTOKOAAO eTTIKOIVWVIAG gival To UDP

(H TTapaAafn Twv TakETwy d¢ev gival eyyunuévn. O €Aeyxog
MeETAdooNG, Kal Ta fragmentation/reassembly Twv dedouévwy yivovtal
OTO ETTITTEQO EPAPHOYNAG)

XpnolyoTrolgital ouvnBws o€ EPAPPOYEC TTOU ATTAITOUV UWPNAEG
TaXUTNTEG METADOONG ME MIKPA AUTOVOUA “TTAKETA”, XWPIG eyyunuévn
agloTmoTia



Sockets, IP addresses kat Ports

Client Server
agreed purl:z

any port:  (eq. EDDD}

socket (e.q. 5DD1} socket
=5

D_—'—— other ports ——G

IP address' = 120.140.141.135 IP address, = 150.140.141.134

* H emkoivwyvia atrdé dkpn-oe-akpn (end-to-end connection) TautoTtroigitai
MOVOOHAVTA HE TNV TTEVTAdA:

{ Protocol / IP address1 / Port1 / IP address2 / Port2 } =
{UDP/150.140.141.135/ 5001 / 150.140.141.134 / 5000 }



TCP Client/Server interaction

TCP Server

[ socket () ]

(Stream Communication) well-known [~ )

[ accept () J
TCP Client v

blocks until connection

[—M.a—.?(‘;i;] from clhient

r connection establishment
! connict O }% (1ICr three-way handshake)

—e  write() ——_  data(request)

\‘—.[ read() |
v ‘
Process request

| B :
| gt T weicet J—
 dsmee)
|

e

road‘(‘) ]‘"
[ close() HMM&‘M "

read{) I

[ '51—;%'0 o |




TCP Sockets - lMpwTtoyeveilc KANOELC

Server
create endpoint (socket ())

bind address (bind ())

specify queue (1isten())

wait for connection (accept ())
transfer data (read () - write())

Client
create endpoint (socket ())

connect to server (connect ())
transfer data (read () - write())



Steps in Establishing a Socket on Server

* Create a socket with the socket() system call

* Bind the socket to an address using the bind() system
call. For a server socket, an address consists of a port
number on the host machine

e Listen for connections with listen() system call

* Accept a connection with the accept() system call. This
call typically blocks until a client connects with the
server

* write() and read() data

12



[TpwToyevelc KANOELC Lo Ta sockets

* OL obnyiec (#include) mou xpnolpomoloUVTAL Yl QUTEC TLG

KANOELC €lvalL oL :

e #finclude <sys/types.h>

This header file contains definitions of a number of data types used in
system calls. These types are used in the next two include files.

* #finclude <sys/socket.h>

The header file socket.h includes a number of definitions of structures
needed for sockets.

* #include <netinet/in.h>

The header file in.h contains constants and structures needed for
internet domain addresses.



H kAnon “socket”

ApXLKOT[O'LI’]Or] EV(I)C SOCket TCP Server
int socket (int family, int type, int protocol)

= 2 well-known Ex_n'dT) =
family ! Description port VA-:V-——J
= = =3 1
A¥F ,er:r | I"v4 protocols [@
AF_INET6 | IPv6 protocols
' AF_LOCAL | Unix domain protocols (Chapter 14)
AF_ROUTE ‘ Routing sockets (Chapter 17) . accept() |
; AF_KEY Key socket |  TCPClient
2 ' = 1t blocks until connection
f ' e E—— B l)l'\(ﬂp' ion 1 from client
¥ 1
! SOCK_STREAM | stream socket connection establishment
| SOCK_DGRAM datagram socket eonans ” " (TCP three-way handshake)
| SOCK_RAW raw -nckﬂ

- ——

u.rlte ——__ data (requesy) RSN, SN

N ‘-—ﬁ read() .q»f‘

—
LY. ]
prucv\s request l

int sockfd = socket (AF_INET, SOCK_STREA 1,0);
|  asalreply) —— E

close [1 I»—q_ end- i-of-file t-ile notification

Emotpédet éva aképato (sockfd) avaroyo pe autd mou ﬂ“\’{_—jﬂ
eTLoTpEPoUV oL poutivec dlaxeiponc apxelwyv (fd) [Cetosetr |

——————




H kAnon “bind” - Ovopaoia tou Socket

TCP Server
. ApXtLKéL 10 socket dev €xeL IP 6levBuvon N
por well‘;l;xr\town
e,
int bind (int sockfd, struct sockaddr * myaddr, int addrlen) L=
, , , TCP Client me:w )
 JuvbeeL To sockfd mou €xelL emlotpadel W ——
’ ’ I} ' socket!) from client
ard v KAfon socket(), pe plo torukry Lt
StevBuvon kat Bupa (IP address, port Connect () J&————11Cp fuesway Randshake
number), yvwoTomoLlwVvToc 0TO OUOTNOL o .‘xriiwzﬁ at reguess i
OTL TOL LNVULLATOL TIOU €PYOVTAL OTA ‘ —— : ~
ouyKeKpLuEva: (interface - port) | | processrequest
armeuBuvovTal 0Tn CUYKEKPLUEVN | TR - B
Slepyaoia adl) e
e — —‘r ea:‘L_J
v

|

| closel()




Socket Address Structures

int bind (int sockfd, struct sockaddr * myaddr, int addrlen)

2 KOTTOC TwV douwyv Socket Address gival va XpnoIPoTTolouvTal aTTo
TIC ouvapTAOEIG Tou socket API

Eival dopEG TTOU ¢EKIVOUV PE TO XAPAKTNPIOTIKO sockaddr  TO OTTOIO

TTaipvel KaTtaAncn avaloya pe 10 TTPWTOKOAAO OIKTUOU.
IPv4: sockaddr in <netinet/in.h>

IPV6: sockaddr iné6 _ o _ |
struct in_addr { - sin_family: idio pe 1o Address family otnv dnuioupyi

in_addr_t  s_addr; /* 32-bit IPv4 address */ Tou socket (AF_INET)
/* network byte ordered */ . .
y sin_port: kaBopilel To port number
sin_addr: wa IP di€uBuvon Tou uttoAoyioTn (e.g.

150.140.141.134)

struct sockaddr in {

uint8 t sin len; /* length of structure (16) */

ga_family t gin_ family; /* AF_INET */

in_port_t sin_port; /* 1lé-bit TCP or UDP port number */
/* network byte ordered */ IT.X.

struct in_addr sin_addr; /¥ O32-bit I_Pvé address ”. struct sockaddr in serv addr:
/* network byvte ordered */ - -

char sin_zero[8]; /* unused */ serv_addr.sin_family = AF_INET;
' serv_addr.sin_port = htons(portno);
serv_addr..sin_addr.s_addr = htonl(INADDR_ANY);



Byte Ordering

« different byte ordering in various platform
e little endian : Intel 80x86 , DEC VAX , DEC PDP-11
* big endian :IBM 370, Motorola 68000, Pyramid

little endian high-order byte low-order byte
addr A+1 addr A
big endian high-order byte low-order byte

addr A addr A+1



Byte Ordering

* The problem of using different binary datatype representations in
various systems.

* A solution: send binary datatypes in a generic method.

* The network byte order representation of binary datatypes was created
as intermediate storage for binary data to be transmitted across the
network.

* The idea is for each network program to convert its own local binary
data into network byte order before transmitting it.

* On the receiving side, the system must convert the incoming data from
network byte order into its own internal byte order.

* This ensures that the binary data will be converted to the proper
representation for the destination host



Byte Ordering

Client (little endian) Server (big endian)
45 | Value 45 | Value
1 A
2D 00 00 00 | Binary 00 00 00 2D | Binary
l ]
Network Network
00 00 00 Zw arelr 00 00 00 2D byte order
\aCross the netwoy
00 0000 2D




Byte Ordering Routines

Network Byte Order is big endian

u_long htonl (u_long hostlong);  //convert host-to-network,long int
u_short htons(u_short hostshort); //convert host-to network,short int
u_long ntohl (u_long netlong); // convert network-to-host,long int

u_short ntohs (u_short netshort); // convert network-to-host, short
// integer



H kAnon “listen” (MpoatpeTikn)

TCP Server

)18 £

* Juvtogn: B —

int listen (int sockfd, o
int backlog) J—x

TCP Client am: et |

e Xpnoluomoleital amno eva — bocks unl onnection
ConneCtion-oriented arect{) |l ) uznnecrionesmblbhmcm |
EEUTtr] petr]'crl] VLa va __;_— {TCP three-way handshake}

eVNUEPWOEL TOo ocuoTnUA OTL O
(e€umtnpeTnTC) €ilval €ToLoC
va AdBel pnvupata oto socket
1e descriptor to sockfd




20voeon (“connect”) client oto server

int connect (int sockfd cl, struct sockaddr * servaddr, int addrlen)

* JuvbeeL tov descriptor sockfd_cl rtou
eXEL erotpadei pe tnv kKAnon socket()
otov client, pe pta IP address kalt €vav
apBuo Bupag (port) Tou server (uropstl
va Bploketal oTto 181o ) o€ Karmolo ailo

Hnxavnua)

* Ta TCP sockets apywomolovvtat Ue
«three-way handshaking»

* [ivovtal avtopata amno to Socket API

socket,bind, listen

client server
socket accept (blocks)
connect (blocks) ‘ — e LSV
(active open) { e |
k {

connect returns &———

read

— accept returns

TCP Server

socket ()

well-known

bind() |
port

Ikl

listen()

{ process request

accept (} A}
TCP Client Y
blocks until connection
from client
connection establishment

"(TCP three-way handshake)

[—." write( Ir —— d_agmmst) . Y
T TT———s  read() -

‘ v
5

data (reply) __——
ﬁ-{ read() }4" ===
close() }———— _end-of-file notification .
T T read{)
close ( j




Amtodoxn (“accept”) cuvdeonc

TCP Server
int accept (sockfd, struct sockaddr *peer sockaddr, int * addrlen)
, P , well-known =
* Me tnv KAnon autn yivetat anodoxn port
KATIoLOC alitnong oUVOEDNC TTOU TIEPLUEVEL —
otnv oupd tou sockfd
* Av n oupa eival adela, n depyaocia Caccept(] |
p.yt)\oxapa HEXPL VA PP AVLIOTEL KATIOLL TCP Client 3
aLttnon blocks until connection
from client
' ’ ’ ket ()
* MoALG yivel artodoxr], N MAPAUETPOG TR
peer_sockaddr sniotpedel mAnpodopieg e  connection establishment
(port, IP address) ywa tov client ~ (ECE three-way Tuadsmke)
* Erotpedetal €vag véog socket descriptor (—. write) b dat (request) y
T——  read() -

€VOC Kalvoupylou kavaAlou (client — server

- 1 |
v

-

(new_sockfd), o onoioc amoteAei to dkpo |
l

Channel) | process request
dna () writel) |—
—] gl s
close() ‘-___ end-of-file notificati.. Y
- ————— Yhcation ERP
T read() |
o L
v

close()

|



... H kAnon “accept”

new_sockfd = accept (sockfd, &peer sockaddr, addrlen)

Client Server
B agreed port, CI

sockfd_cl / port, \l sockfd
@ accept
\a,vl, » .8/ ‘blocked-
@connect

Anuioupyeite new_sockfd
'H doun peer_sockaddr
TTEPIEXEI Ta 1P, port,

|IP address, IP address,



... H kAnon “accept”

* ATtO TNV oTYUN Ttou n accept() emtotpedel To veo socket, To KavaAl
eTKOVWVLiaC He Tov client €xel eykataotaBel

* MexpL va EavakAnBei n accept(), o server dev pmopet va dextel
AAAec KANOELC YL cuvdeon

e OL KANOELC TToU yivovtol 000 o server Bploketal EKTOC TNG accept()
tomoBetouvtal o€ pla oupa (default size 5 — umopet va aAAAgel e
v KAnon listen())

* O ouvnONC TPOTOC eMEeEepyaoiLac TNG aitnong amo Tov server ivol
ue fork()

* Me tnv fork() o client emikowvwvel pe evav «adpooLwUEVO»
avtiypado Tou server, EVw 0 «apXLKOC» server Urmopet va SExeToL
VEeg KANoeLg ouvdeonc (emotpedel otnv accept() )



H kAnon “fork”

lient - server
|
stenfd |
CLI) - - . tion
T T —L fd
I
*2UvVTOCN:
n:
¢ lien t server (par )
ik {la:‘:enrd
> |
con d

#include <unistd.h> I T epeomes |
int pid t fork(); 4

* Emlotpedel 0 oto «matdin

* To «matdi» pumopet vo BpeL Tov e [
«TATEPOLY TOU KOAWVTAG TNV LTING O
getppid(

* O «TATEPOCH UTTOPEL VAL EXEL O

TIOAAQ TtolLd LA



Eriikowwvia, Etoodoc kol 'Eéodoc

O socket descriptor €xeL tnv bLa
Aeltoupykotnta pe evay file
descriptor

* Mmopouv va xpnotuomnotn@ouv
read() ko write()

* Ouwcg ta read/write punopei va punv
ypayouv/dlafdcouv 6coug
XOPAKTAPEC TOUC {nTnBoULV

* ['La To AOYO QUTO, OL KANOELC
read/write TIPEMEL v KETIUEVOUVY

-
(@)
-
wn
)
2
n
-

socket ()

well-known
port

i

bind() |

listen()

i

accept (}

TCP Client -
blocks until connection

‘ from client

connection establishment
"(TCP three-way handshake}

write() —_ data (requesy)
l -¥—'_’_-—b| read(] |-
|

connect ()

i

process request
dam_('ﬂ’_‘ﬂ_————‘_ write()

el
[Esal ] ot e nounion

T read{)

close (‘l

H



H kAnon “close”

TCP Server

*JUvTaéN: il

port

int close (int sockfd)
' TCP Client
* KAelvel to socket mou | e
elxe dSnuoupynBel pe tnv '
avtiotown KAnon
socket()

__connection establishment
(TCP three-way handshake)




[Twc KAVOULLE resolve eva ovopa ?

Agev ytropoupe va Buuduacote TnVv IP address Tou server

Xpnolyotroioupe name aliases (e.g diogenis.ceid.upatras.gr) kai
TNV KANon gethostbyname

AvrtioTpo@a: gethostbyaddr

#¢include <netdb.h>

struct hostent *gethostbyname (const char *hostname) ;

Returns: nonnull pointer if OK, NULL on error with h_errno set |

| #include <netdb.h>
|
I struct hostent “gethostbyaddr (const char “addr, size_t len, int family) ;

Returns: nonnull pointer if OK, NULL on error with h_errno set

struct hostent {

char *h_name; /* official ({canonical) name of host */

char **h_aliases; /* pointer to array of pointers to alias names */
int h_addrtype; /* host address type: AF_INET or AF_INET6 *

int h_length; /* length of address: 4 or 16 */

o w4

char **h_addr_list; /* ptr to array of ptrs with IPv4 or IPvé addrs



hostent structure

hostent{)

h_name -

h_aliases

h_addrtype

AF_INET

h_length

h_addr _list -

P-I\Fﬁ-;'l;ﬂ hostname 0
W alias #1 S0
. T alias #2 \O
NULL —

in_addzx{}
__#__/-*"H IP addr #1 n
4 in_addr(}

» 1P addr #2

NULL IP addr #3

Fh_l sith= 1]




[Twc Bplokou e To port pLloc utnpeotiac ?

Agv utTOpOUE VO BUUONAOTE Ta port numbers TNG UTTNPECIag

XpnoiyoTtroloupe 1o 6voua (e.g FTP) kai Tnv KARon getservbyname
AvTioTpoga: getservbyport

#include <netdb.h>

% » s v E <] .
gsrruct servent *getservbyname (const char *sertmamie, CONsSt © har *protomrme) ;

|
Returns: nonnull pointer if OK, NULL on error

#include <netdb.h>
struct servent *getservbyporti{int porf, const char *protname) ;

’ Returns: nonnull pointer if OK, NULL on error

struct servent {

char fE_ NAME; /* nfficial service name *
char **s_aliases; /* alias 1lisc *

-~ ks Aarvydar *
int 8 port; f+ port number, network-byte order

chay *gs_proto; /* protocol to use *



UDP vs TCP

To UDP cival €va connectionless, yn agiomaoTo, datagram transport
protocol

Aev ptTopEi va XeIpIoTe OITTAG TTaKETAN TTAKETA o€ AABOG o€Ipa

Aev rapéxel flow control kair congestion avoidance pnxaviopoug

‘Exel eNayioTto overhead

Epapuoyéc Tou Xpnoiuyotroiouv to UDP:

DNS, NFS, SNMP, TFTP, real-time multiplayer games, voice conferencing,
broadcasting



UDP vs TCP (client/server)

i R L _— TCP

det g pill s b S S e O client eTTIKoIVWVEI pg évav
T ) o -1 «0@OCIWPEVO» aVTiYPAPO TOU

server, eVWo «apxIKOG» server

o ’“ m'% m MTTOPEI va DEXETAI VEEC KANOEIG
_— 1 ouvdeong

i CoRNECtion nnechn '
UDP chent server client
O client oTéAvel TTakETA — — —
(datagram) oTov server. Ta i 3
TTOKETA aTTodnKeUoOVTaAl O€E I o . L -
oupa Kal eTTEEEpyAovTal ATTOTOV UDP . UDp ur |
server — — il

datagram datagram
- o =




UDP vs TCP (client/server)

TCP Client/Server interaction
UDP Client/Server interaction

(Stream Communication)
(Datagram Communication)

TCP Server

| socket{) J UDP Sfrvef
well-known '—‘_L i ]
| bind{() ——
port — e
| listen()
|
well-known -
accept () ] port e
TCP Client v .
blocks until connection UDP Client recvirom -
—::ut ;wi () from client | * ‘
’__Y— connection establishment gsocket ()
connect l d {TCP three-way h.\ndﬁl'\akc)—“ i blocks until damgmm
; Y received from a client
—  write() f——wu "_‘2(51“1‘"{ N, S & sendtol) 1 _ data ("‘\]ln‘\t)
T read() - \ —_— — YU -
T - R
v 1
! process request | '
A S Process request
ly) e writel() p—
Y data (reply) 1 V* ]
———{ read() “Qr-'" — p— ,' ——
_ v goateply) ———{ sendto() |—
{ recvirom - g




UDP Sockets - Connectionless

Server

create endpoint (socket())
bind address (bind())
transfer data (sendto() recvform())

Client
create endpoint (socket())
transfer data (sendto() recvform())



H kAnon "recvfrom”

2ovtaén:
ssize_t recvfrom (int sockfd, void *buff, size_t nbytes, int flags,
struct sockaddr *from, socklen_t *addrlen);
Mepluevel pexpt va ptaocouv dedopeva (blocking)
Ermiotpedel To size twv dedopevwy (datagram) mou eAafe
210 void *buff amoBnkevel Ta dedopeva (datagram) e LEYLOTO
ueyeboc nbytes
2TnVv 6o sockaddr *from emiotpedeL TNV
SlevBuvontouamooToAea
Aev uTtapxeL kapilo cuvdeon (connection) UE TOV ATTOCTOAEQ



H kAnon " sendto

2ovtaén:
ssize_t sendto (int sockfd, void *buff, size_t nbytes, int flags,
const struct sockaddr *to, socklen_t *addrlen);
2Telvel ta 6edopeva (datagram) mou Bplokovtal oTn MAPALETPO
void *buff pe peyeboc nbytes otov mpooplopo (dnAwvetal HEOW
¢ dounc const struct sockaddr * to)
Aev uTtapyeL kaptlo cuvdeon (connection) e ToV TOPAANTITN



Sockets og aA\eC YAwoOEC

Java, PhP, .NET, Perl ....

AkoAlouBouv mota to povteAo twy Berkeley sockets tnc C
2uvnOwc eukoAotepo error handling (exceptions)
Object-oriented

Ouwc mapeyxouv kat higher-level pnyaviopouc yia network

communication (RMI, Web services, CORBA, Protocol-specific
libraries)

Edooov xpelaletal va mpoypappotioste pe sockets, onuaivel ot
Non Ba €xete ouvnNBwc emheéel C\C++!



EpwtnoeLc?

Xpnotpomowtnkayv ev uépn eKOVEG Kal Kelpevo amod:

* ). Kurose and K. Ross, Computer Networking: A Top-Down Approach
* CS498MC: Systems and Networking Lab

* CSEE W4140: Networking Laboratory



