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MovTéAo client-server

m O Baoikog TUTTOC DIKTUOKWY £Qappoywy givai client -
server

3 , communication link i
client |eg -

| »‘ server
!

m H oxéon server kai client ytropei va givalr many-to-
many.
‘Evac server YTropei va eCUTTNPETEI TAUTOXPOVA TTOAAOUC
clients.

‘Evac client ptropei va eTTIAECEI O€ TTOIOUC servers BEAel va
ouvOeBei TauTO)POVA.
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[Mapadeiyuata client/server

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

m FTP
Client: CuteFTP, akoua kai o1 web browser umropouv va cuvdebouv oe FTP servers
Server: FileZila, CuteFTP, VSFTP
m DNS
Client: nslookup, dig
Server: BIND
m e-mail
Client: pine, outlook express, mozilla thunderbird,...
Server: Sendmail, gmail, MS Exchange

m Real audio, real video (streaming)
Client: Windows Media Player, Flash Player, QuickTime, Real Player
Server: Windows Media Services, Red5, Darwin Streaming Server, Helix
m  AkoOpa kai ol Peer-to-peer epapuoyEc (p2p) yia va JeTa@Eépouv dedouEva
XpnolgoTTolouyv client/server TUTTO
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2. TNV TTPACN....

m [lapadeiypya HTTP
ETTIKOIVWVIQG

m Wireshark (lNpwnv
Ethereal) packet
capturing tool

"% {untitled) - Wireshark _ O] x|
Elle Edit  ¥ew Go Capture gnalyse  Stablstics  Help

E o Ex 8 R« % » F 2|2 &
Filker: |htlp *  Expression.. Clear &pply

Mo, - | Time | Source | Destination | Pratocal | Infa =
I otsiren  128.110.245.00 | 192.168.1.46 HTTR HTTEALLL 200 OK (tetﬂ'rtm'lj 1
il | ;J;]

H Frame 4 (973 bytes on wire, 973 hytes captured)
R Ethernet I1, Src: Wetgear_6l:8e:6d C00:00:5h:61:8::6d0, Dst: westellT7_0f:02:ho Co0:0f:dh:of:
B Internet Protoco], Sre: 102 168 1. 46 (07 168.1.46), Dst: 128.110.245.12 (128110 245.12)
+ Transmission Contral Protocol, Src Port: 1253 (1253, Dst Port: http (80), Seq: 1, ack: 1, L
E Hypertext Transfer Protocol
F GET Swireshark-Tabo HTTP-wireshark-TiTel.bitmT HTTR .1 "W
Host: gaja.cs.umass. edudryn
User-Agent: Mozillas 1.0 (windows; U; windows NT 5.1; en-uUs; rv:il.8.1.4) Gecko20070515 Fir
ACCepT: Text/«ml,appTication/sml,application/<html+xml, texthTml;gq=0.9,tex1plain; q=0.8, 1m
ACCEpT-Language: en-us,en; g=u. inryn
Accept-Encoding: gzip,deflatexr™n
Accept-Charset: 1S0-8859-1,utf-8;q=0.7,%;q=0.7r%n
Keep-alive: 300%r5\n
Connection: keep-alivehrin
Cookie: __utmz=108769611.1176212581. 8. 2. utmccn=Creferral])|utmcsr=Ccs. umass. edu| utmoct =4 csir
If-Modified-since: Thu, 0F Jun 2007 13:58:00 GMT N rYn
If-Mone-Match: "d6c9i-Te-4d32ccd 0™ rin
Cache-Control: max-age=0hrin

RGRY!
i | 0|
(Il ale] OO 01 dio 'at Yl D9 00 O ab 8l =e fd 09 00 43 00 L. .. ... La.m..E. ﬂ
oold 0% bT EF 42 40 00 B0 06 BE Oc CO al 01 22 B8O 77 P w
noZ0 5 0c 04 =25 00 50 30 Fa de of 23 11 <b 81 50 18 ... .. POZ ...... P.
o030 fFF £ 3b 0c 00 00 47 45 54 20 2f 77 849 72 45 73 LEE T Swires

o040 B8 A1 72 6b 2d - &L 62 F3 2fF 48 54 54 50 2d F7 hark —|Elll:l SAHTTR -
o050 59 T2 63 73 63 61 72 g8b 2d &5 99 §C §5 31 Ze &3 Trashark -Filel.h
Q0G0 74 5d 6 20 48 54 54 50 2f 31 2e 31 0d 0a 48 &F tml HTTR JL 1. Ho |
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AIKTUAKOC [TpoypOUUATIONOC

m To A.Z. el UAOTTOINMEVN
TV oT1oiBa TCP/IP oTtov

application
petopaiiam, e *‘1 TTUpfva Tou
Sl e e I m [Mwc pyTopolue va
ok 155 o i T TTPOYPOAUMATICOUHE TTAVW
=N TEET amé 1o TCP/IP?
Hardware

Internet protocol
suite

= Sockets API



= B
Sockets in Unix

m Socket API
(Application Programming Interface)
Eu@aviotnke oto BSD4.1 UNIX, (1981) Mia distaphn: Tomikh
‘EXel u100eTNOEI aTTd OAEC TIC OnuIoUoynuévn ano a

TTapaAAayEc Tou Unix - Linux, Kail €XE
METaPEPOEi Kal o€ AAAa A.Z.

B 2KOTTOG Tou Socket API gival n yevikn

JdIEpyaoia Kai
EAEYXOUEVN Qo TO

ETTIKOIVWVIa PETAEY BIEPYOTIWV (TTOU AEITOUPYIKO oUoThLa.
TPEXOUV OTOV id10 1 a€ dIAPOPETIKOUG
UTTOAOYIOTES) Mia “mopTa” péow TG
otroia¢ Hia diepyaaia
> O punxaviopog Twv Sockets atroteAsi uTropEi va oTeiAel Kal va

onMEPA TO Onpo@iIAéoTeEpO API , , .
TPOYPANNATICOV KAl XPAONC THS 58)’(T£l HnvOpaTa os/a'no
oToifog TpwToKOAAWVY TCP/IP kdmola dAAn diepyacia
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Sockets, |IP Addresses kai Ports

m H digpyacia Tou dnuioupyei To Socket 10 xeipieTal HEOW EVOC
BeTIKOU akepaiou — socket descriptor (01Twe €va file descriptor)

m [0 va ETTIKOIVWVROOUV 0l AAAEC Ddigpyaaieg xpeialoval:
«AlevBuvony. To 1Tedio atrd otrou Aappavel Tnv «dieuBuvon» 1o socket
atroteAei To Domain ) Address family:

m Unix Domain (AF_UNIX) (dgv Ba 10 XpNOINOTTOINCOUE)

m Internet Domain (AF_INET). K&Be socket ato Internet Domain
TauToTTOoIEITAI ATTO TRV dUADA:

IP Address Tou uttoAOYIOTA

Port number - “BUpa” etmKoIvwviag
ETTiong, o1 AAAeC DiEpyaaieC TTPETTEI VA CEPOUV TO TTPWTOKOAANO METAPOPAC
TTou XpnoipoTtroigital (TCP 4 UDP)

» KdBe kavaAl eTTiKoivwviag amrdé akpn-oe-akpn (end-to-end
connection) TAUTOTTOIEITOI HOVOOTHOAVTO HE TNV TTEVTADA:

{ Protocol / IP address, / Port,/ IP address, / Port, }
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Stream / Datagram Communications

H peraddoon dedoNEVWY TTAVW O€ VA KAVAAI UTTOPEI va Yivel HE 2 TPOTTOUG:

1. Connection Oriented - Stream Communication (SOCK_STREAM)

Eykataotaon «KUKAWPATOGY

To TTPWTOKOAAO eTTIKOIVWViaG gival To TCP

(TrapExel EAeyxo AaBwv Kal TTAVAUETADIOEI TO XOUEVA TTAKETQ)
XpnoigoTrolgital ouvnbwce oe epapuoyég ue kabopiouévn oxéon Client
— Server

2.  Connectionless - Datagram Communication (SOCK_DGRAM)
To kavaAl dnuioupyeital yia KABe unvupa EexwplioTa
To TTPpWTOKOAAO eTTIKOIVWViag gival To UDP
(H TTapaAafn Twv mTakETwy O¢ev gival eyyunuévn. O €Aeyxog

METAdOoONC, Kal Ta fragmentation/reassembly Twv dedopéEvwy yivovTal
OTO £TTITTEDO £EQAPUOYNG)

XpnoIUoTToIEiTal CUVABWC O€ EQAPUOYES TTOU ATTAITOUV UYPNAEG
TAXUTNTEC METADOONG ME MIKPA QUTOVOUA “TTAKETA”, XWPIC eyyunuévn
QagIoTTIOTIA
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Sockets, |IP addresses kal Ports
(Client/Server Example)

Client Server
agreed port, <|

|
e.g. 5000
D any port, (e.g ) Q socket

socket / (e.g. 5001) \
\@—.b UDP message Fﬁ/
IJ —(

IP address, = 150.140.141.135 IP address, = 150.140.141.134

other ports

H emkoivwvia atrdé dkpn-oe-akpn (end-to-end connection) Taurtotroigitai
MOVOOAMAVTA UE TNV TTEVTADA:

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

{ UDP/150.140.141.135/ 5001 / 150.140.141.134 / 5000 }
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TCP Client/Server interaction
(Stream Communication)

TCP Server

socket {)

well-known at :l"' “I

port b u‘:'

r_i-isr.en 0
accept (}
TCP Client -

blocks until connection
from client

connection establishment

ﬂ? (TCP three-way handshake)
 write() ———  data (request) _

_'__"—-—--—:_ readl() e

process request

: data (reply) ___ _ —— writed)
_  data (reply) ‘]

clase () ——_nd-of-file notification
‘——'_j B T

v

i_ closel()
L
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TCP Sockets - lNpwTtoyeveic KANOEIC

Server
create endpoint (socket())

bind address (bind ())

specify queue (Iisten())

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

Client
create endpoint (socket())

connect to server (connect())
transfer data (read() - write())
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[TpwToyeveIC KANOEIC VIa Ta sockets

O1 00nyiecg (#include) TTou XpnoIPOTTOIOUVTAI
YIQ QUTEG TIC KANOEIC €ival Ol :

m #include <sys/types.h>

m #include <sys/socket.h>
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H KAnon “socket”

ApxikoTtroinon evog socket

m 2UvTagn
int socket (int family, TCP Client
int type, iInt protocol) (I

connection establishment
. ) - “(TCF three-way handshake)

m EmoTpEQel Eva akEpaio
avAAoyo PE auTO TTOU
ETTIOTPEPOUV Ol POUTIVEG L
Siayeipiong apxeiwv (fd) S e
sockfd
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H kKAnon “socket”

SOCK _STREAM
SOCK_DGRAM
SOCE_RAW

Example:

int sockfd;

fawily

" Description

AF_INET IPv4 meﬂc()];i

AF_INET6 | IPvé protocols :
AF_LOCAL Unix domain protocols (Chapter 14) |
AF_ROUTE | Routing sockets (Chapter 17} |

AF_KEY Key socket

Protocol family constants for socket function.

tupe

Description

SOCE_RAW

SoCK_STREAM
SOCK_DCRAM

stream socket i
datagram socket
raw socket

type of socket for socket function.

AF_INET AF_INETS

AF_LOCAL AF_ROUTE AF_HEY

TCP TCP T Yes
uUDP uUDP i Yes __|
IPv4 Pve Yes N Yes

Combinations of family and tupe for the socket function.

sockfd = socket (AF_INET, SOCK_STREAM, 0);
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H kAnon “bind” — Ovopaaoia Tou Socket

TCP Server

2.TNV apxIkn ¢acon 1o socket dev
Exel d1euBuvon

| eeket

well-known =

port
m 20vTagn: j
int bind (int sockfd, struct =
sockaddr * myaddr, int addrlen) ep Client ::LT

blocks until connection
from client

m 2uvOéel To sockfd TTou xel eTTIOTPOPEI
atrd TNV KAon socket(), ME Mia TOTTIKNA
O1euBuvon kai Bupa (IP address, port

connection establishment
(TCP three-way handshake)

number), yVwOoTOTIOIVTAG GTO — Ml
oUoTNUa 0TI Ta unvUpaTa Tou T

process request

EPXOVTAI OTA OUYKEKPIPEVA: (interface
— port) atreuBuvovTal 0TN
OUYKEKPIMEVN Dladikaaia.

data (reply)

|} wr ’ - 1 :l
read | )
@—i_ ——_.end-of-file notification
T reac

el) |

o

| clos
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Socket Address Structures

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

B 2KOTTOG Twv dopwyv Socket Address cival va xpnoipdoTtroiouvTtal atro
TIC ouvapTtnoelg Tou socket API

m Eival OouEG TTOU LEKIVOUV UE TO XAPAKTNPIOTIKO sockaddr_ To OTT0i0
TTaipvel KATaANgn avaioya Pe To TIPWTOKOAAO DIKTUOU.

IPv4: sockaddr_in <netinet/in.h>
IPv6: sockaddr in6

m YTdpxouv BonBnTIKEC OUVAPTACEIC VIO TNV UETATPOTIN OE
sockaddr_ OOlEC

TT.X. 1net_addr, inet_ntoa, inet_pton, tnet_ntop

m  Generic sockaddr__ Structure

#include <sys/socket.h>
struct sockaddr {

uint8_t sa len;
sa family_t sa family;
char sa data [14];

j



2. Uykplon Socket Address Structures

IPv4

sockaddr in{}

IPve

sockaddr_iné6{}

Unix

sockaddr_un{}

Datalink

sockaddr_dl{}

length | AF_INET length EAF_INETG length |AF_LOCAL length | AF_LINK
16-bit port# 16-bit porti interface index
32-bit 32-bit type | name len
i IPv4 address flow label addr len sel len
5
, (unused) interface name
and
128-bit link-layer address
fixed length (16 bytes) IPv6 address
Figure 3.1 pathname

>1o IPv4 (sockaddr_in), Ta edia rou pag evdiagépouyv gival Ta

fixed length (24 bytes)
Figure 3.4

(up to 104 bytes)

variable length

Figure 14.1

variable length
Figure 17.1

struct in_addr {
in_addr t

¥

IPv4

=_addr;

struct sockaddr in {

uint8_t
sa_family_t
in_port_t

struct in_addr

char

sin len;
sin family;
sin_port;

sin_addr;

sin_zerol8];

32-bit IPvd address */
network bvte ocrdered */

length of structure (16) */
AF_INET */

16-bit TCP or UDP port number */
network byte ordered */

32-bit IPv4 address */
network bvte ordered */
unused */

sin_family: idio pe To Address family otnv dnuioupyia Tou socket (AF_INET)

sin_port: kaBopilel To port number

Agev TTPETTEI VA XpNOIYoTToIEiTal ATTO KATTOI0 AAAO socket.
Ap1Buoi attd 1 ewg 1023 cival OEPEUNEVOI YIA TIG UTTEPETIEG TOU OUCTHUOTOG. ZuviBwg
xpnoigoTtroiouvTal apibpoi mavw arro 5000.

sin_addr: pia IP d1éuBuvon tou uttohoyioTh (e.g. 150.140.141.134)
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Server example (so far)

Example:

int sockfd;
sockfd = socket (AF_INET, SOCK_STREAM, 0);

struct sockaddr _in sin; [* socket address structure®/

sin.sin_family = AF_INET;
sin.sin_port = htons(5000); [* agreed port*/

sin.sin_addr.s_addr = htonl(INADDR_ANY); /* accept connections to all
computer interfaces */

bind (sockfd, &sin, sizeof (sin) );
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H kKAnon “listen” (INpoaipeTikn)

TCP Server

m 20vTagn:
int listen (iInt
sockfd, i1nt backlog)

TCP Client

m XpNOIYOTTOIEiTAl ATTO £va ___ ks il onnectio
CO n n eCti O n -O ri e nted connection establishment
£CUTTNPETNTN YIA VA CS
svnpepwesl’ TO ouoTnua Ol write(]

0 (ECUTTNPETNTNG) Eival
ETOINOC va AQBEl ynvuuara
oTo socket uye descriptor 1o

sockfd
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H kKAnon “connect”

TCP Server

m 2UVTOgnN:
iInt connect (int
sockfd cl, struct BT
sockaddr * servaddr, et

TCP Client

int addrlen) ock unt coomacton

Hocker () from client

connection establishment
———
“(TCP three-way handshake]

m 2uvOEel Tov descriptor

sockfd_cl mTou éxel ' — e
ETTIOTPAYPEI UE TNV KANON r o
socket() aTov client, e pia Ty
IP address kai évav apiBuo -_E'@kf—-fﬂ-—"ﬂ‘ﬂ-"“* =0
OUpag (port) Tou server —t .

(MTTOPEI va BpiokeTal OTO i0I0
N 0€ KATTOI0 AAAO pNXAavnua) T
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Client Example (so far)

int sockfd_cl;
sockfd_cl = socket (AF_INET, SOCK_STREAM, 0);

struct sockaddr_in server_addr;
server_addr.sin_family = AF_INET;

server_addr.sin_port = 5000; [* agreed port*/

server_addr.sin_addr.s_addr =
inet_addr("150.140.141.134"); /* server IP address */

connect (sockfd_cl, server_addr, sizeof(server_addr) );
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... H KAnon “connect’

m Ta TCP sockets apyxikotroiouvrail ye «three-way
handshaking»

m [ivovTal autoparta atro 1o Socket API

client server

socket,bind, listen

socket | accept (blocks)
connect (blocks) — = L“Yf\-‘j |
(active open) ______________""‘.
NG e e
connect returns |&——
e e aclakeng
I T accept returns

" read (blocks)



H kKAnon "accept”

2UVTOagN:
int accept (sockfd, struct

sockaddr *peer_sockaddr, int *

addrlen)

Me Tnv KAAon auTh yivetal atrodoxn
KATTOIOG aiTnong ouvdeong TTou
TTEPIMEVEI OTNV oupd Tou sockfd

Av n oupda cival adeia, n digpyacia
MTTAOKAPEI UEXPI VA EPUPAVIOTEI
KATTOIQ aiTnon

MoAig yivel atrodoxn, N TTapANETPOG
peer_sockaddr €moTpEPE

TAnpo@opieg (port, IP address) yia Tov

client

EmoTtpépetal €vag véog socket
descriptor (new_sockfd), o otroiog
QATTOTEAEI TO AKPO EVOC KAIVOUPYIOU
kKavaAiou (client — server channel)

TCP Server

well-known ==
port —

listen|l]

TCP Client

blocks until connection

E}}ﬁk#w“ﬁ”lw from client

connection establishment

“(TCP three-way handshake]

—

——data (request) B B

writel) p——1o_
— read() - 1
process request
1

| gata(reply) ] write) |—
-—C'E" —

— _ — T

R
'- r-]ﬂse[:—!
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... H KAnon “accept”

new_sockfd = accept (sockfd, &peer_sockaddr, addrlen)

Client Server

B agreed port, CI

sockfd_cl G socktd

/ port,
\@’d/ @ connect

Anuioupyeite new_sockfd
/H dopun peer_sockaddr
TTepIEXel Ta IP,4, port,

|IP address, |IP address,
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... H KAnon “accept”

m ATTO TNV OTIYMNA TTOU N accept() emoTpéPel To vEo socket, 1o
KAVAAI ETTIKOIVWVIAG PE TOV client £xel eykaTaoTOOEI

m MExpl va cavakAnBei n accept(), o server dev UTTOPEi va
OeXTEI AAAEC KANOEIC yia ouvdeon

m O1 KAOE€IC TTOU YivovTal 000 O server BpioKkeTal EKTOC TNG
accept() TorroBeTouvTal o€ pia oupad (default size 5 — utToPE|
va aAAacel ye Tnv KAnon listen())

m O ouvnONncg TPOTTOC ETTECEPYOATIAC TS AITNONG ATTO TOV Server
gival pe fork()

m Me 1nVv fork() o client emikoIvwvei pe Evav «apoaIwPEVO»
QVTIYPOEPO TOU Server, eV 0 «aPXIKOC» server UTTopEi va
OEXETAI VEEC KANOEIC oUVOEONC (ETTIOTPEPEI TNV accept() )
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... oerver example (so far)

int sockfd;
sockfd = socket (AF_INET, SOCK_STREAM, 0);

struct sockaddr _in sin;

sin.sin_family = AF_INET;
sin.sin_port = htons(5000); [* agreed port*/
sin.sin_addr.s_addr = htonl(INADDR_ANY); /* accept connections to all

computer interfaces */
bind (sockfd, &sin, sizeof (sin) );
listen(sockfd, LISTENQ);

Struct sockaddr_in peer_sockaddr; /* client socket address structure*/
int new_sockfd; /* new socket id */

new_sockfd = accept (sockfd, &peer_sockaddr, sizeof (peer_sockaddr) );
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H kAnon “fork”

m 2UvTagn:

#include <unistd.h>
int pid_t fork();

m EmoTpepel O 10 «TTQIOIN

m [0 «TTaIdi» YTTOPEI va BPEl
TOV «TTATEPOA» TOU
KaAwvTag Tnv getppid()

m O «TTatépac» PTTOPEi va
EXElI TTOAAG TTQIdI1O
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... oerver example (so far)

int sockfd;
sockfd = socket (AF_INET, SOCK_STREAM, 0);

struct sockaddr_in sin;

sin.sin_family= AF_INET;

sin.sin_port = htons(5000); [* agreed port*/

sin.sin_addr.s_addr= htonl(INADDR_ANY); /* accept connections to all
computer interfaces */

bind (sockfd, &sin, sizeof (sin) );

listen(sockfd, LISTENQ);

for (;;5){
Struct sockaddr_in peer_sockaddr; /* client socket address structure*/
int new_sockfd; /* new socket id */

new_sockfd = accept (sockfd, &peer_sockaddr, sizeof (peer_sockaddr) );

int childid;
if ( (childid =fork() ) ==0) { /* child process */
..... /* devoted server */
/* use new_sockfd */
}

..... /* main-parent server continue*/
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H kKAnon “close”

TCP Server

m 2UvTagn:
int close (iInt sockfd)

blocks until connection
from client

m KAgivel To socket tTou
gixe dOnuIoupynoOEi e

connection establishment
- mer >~
{TCP three-way handshake]

TNV avTioTOIXN KANON T

socket()
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Emkoivwvia, Eicodoc kal ‘Ecodoc

TCP Server

O socket descriptor £xel Tnv idla
AeitoupyikoTnTa ue évav file
descriptor

m  Mtopouv va xpnoiuotroinbouv TCP Client
read() kai write()

m Opwc 10 read/write ptropei va
unv ypdawouv/diapacouv 600Ug
XAPAKTAPES TOUG {NTNOOUV

m [1a 10 AOyO auTO, 01 KANOEIG

read/write TTpETTEl VA
KETTINEVOUV»

blocks until connection

Soicket () from client

connection establishment

“(TCP three-way handshake]

————data frequest)

| giomel}
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2.uvapTtnoeic readn, writen, readline

YTTapXouV €I0IKEC OUVAPTHOEIC TTOU «ETTINEVOUV» WOTE VA
YPa@TOUV Kal va diaBacTouv 0001 XOPAKTAPEC TOUG
{nTnBouv

ssize_ t readn{int filedes, woid *buff, size_t nbyies) ;
ssize_t writen(int filedes, const void *buff, size_t nbytes);
ssize_t readline(int filedes, wvoid *buff, size_t maxlen) ;

All return: number of bytes read or written, —1 on error
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readn

lib/readn.c

1l #include SR bt
2 ssize_t [* Read "n" byvtegs from a descriptor. */
3 readn(int £fd4, wvoid *vptr, size t n)
4 {
5 size_t nleft;
) sgize t nread:
7 char it
g pEe = vk
9 nleft = n;
10 while (nleft > 0} {
11 1f ( (nread = read(fd, ptr, nleft)) < 0) {
12 if (errno == EINTR)
13 nread = 0; /* and call read() again */
14 else
15 return (-1):
16 } else if (nread == ()
17 break; /* EOF */
18 nleft -= nread;
19 ptr += nread;
20 )
s return (n - nleft); A e tuEne = F N
ER R,

libfreadn.c
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writen

libjwriten.c

1 #include "unp.h"

2 ssize t /* Write "n" bytes to a descriptor. */
3 writen{int £d, const wvoid “vptr, =size t'mn)

4 {

5 size t nleft;

[ gsize Lt nwritten;

7 consE-ehar *per;

8 Bty = wvpEn:

9 nlaft = n;

10 while (nleft > 0) {

it if ( (nwritten = write(fd, ptr, nleft)) <='0) {
12 if (errnc == EINTR)

1 nwritten = 0; f* and call write() again */
14 else

15 return (-1); nerrorr *f

16 1

17 nleft -= nwritten;
18 pEr += nwritten;
19 }
20 return (n);
21 }

libfwriten.c



readline

" N

1 #include "unp.h"

2 ssize t

3 readline(int fd, wvoid *wvptr,

4 {

5 gsize. t n, rc:

=) char chistp s

o Ptr = vptr;

g for (n = 1; nn < maxlen; n++)
9 again:

10 i Fiep e = peadi(Ed s,
11 *pEr++ = C;

12 TEe s ==t

13 break;

14 ¥ alse 1f (roc == 00 {
15 A ==15)

16 return {0);

17 else

18 break;
18 } else {
20 if (errmo == EINTR)
21 goto again;
22 return (-1);
23 1
24 }
25 *otr = 0;
26 return (n);
ey

{

15)3)

ll,"?'r

.'f "=

.'"r k.

A

,.-f "

size_t maxlen)

L )=

*=

newline is stored, like fgets()

EOF, no data read */

EQF, some data was read */

error, errno set by read() */

null terminate like fgets() */

testreadlinel .c

test{readlinel .c
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MeTartpoTrr) dieuBuvoewv?

Presentation (Internet standard dot notation a.b.c.d) «» Network address
(struct in_addr), IPv4 only

ttinclude <arpa/inet.h>

int inet_aton{const char *strpfr, struct in_addr =*addrptr);
Returns: 1 if string was valid, 0 on error
in_addr_t inet_addr({const char *sirplr) ;
Returns: 32-bit binary network byte ordered IPv4 address; INADDR_NONE if error
| char *inet ntoal{struct in_addr inaddr) ;

‘ Returns: pointer to dotted-decimal string

Network address (struct in_addr) «» Presentation (Internet standard dot notation
a.b.c.d, or Classless Internet Domain Routing a.b.c.d/N), IPv4 and IPv6

#include <arpa/inet.h>
int inet_pton{int family, const char =*strplr, wvoid “addrpir);

Returns: 1 if OK, 0 if input not a valid presentation format, -1 on error
const char *inet_ntop(int family, const void *addrptr, char *strptr, size_t len);

Returns: pointer to result if OK, NULL on error
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Summary of Address Conversion Functions

I’" iné_addr{}
| in addr{} 128-bit binary in6é_addr{}
numeric 32-bit binary IPv4-mapped or 128-bit binary
IPv4 address [Pv4-compatible IPvH address
[Pv6 address
A A A
iy 2 i i s
— | = o o e} o
ik E = e E B
= | @ = = i = [1]
| = = = = |
e il = E) 5 3|
= ] EL' i = oy E E
e £ F:I =k = E :‘E
=J Dl o s - o
=
oo Sl g 9 g &
) P o 0 4 i
O = alks 5 g
HED 4 9 | A |
e B blx. ane 1
R 7 = - -Ei ]
Y \J Y

[

dotted-decimal

resentation et e e
P { IPv4 address *:ixXiX:X:xXix:a.b.c.d S s heneetoe sBe s o0 oo o
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[Tw¢ KAvoupe resolve eva ovoua ?

m Acv utropoupe va BuuouaoTe TnVv IP address Tou server

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

m AvrioTpo@a: gethostbyaddr

#¢include <netdb.h>

|
1
|
I
| struct hostent *gethosthyname (const char *hostname) ;
|
L

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

| #include <netdb.h>

struct hostent *gethostbyaddr (const char *addr, size_t len, int family) ;
I Returns: nonmull pointer if OK, NULL on error with h_errno set

struct hostent {

char *h_name; /* gfficial {canonical]l name of host */

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

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

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

hostent{)} R

h_name e .r official hostname (0

h_al.i-asesmm#

h_addrtype AF_I}\—- 4 alias #1 YO

4 S

hotenath e alias #2 \0

h_addr list ——-\\ | NULL N
in_addr{)
IP addr #1 |

_in edar(y
> IPaddr#2

ﬁ\\‘ in_ addr{}
NULL IP addr #3

‘h_l ength = r o
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[Tw¢ Bpiokoupe TO port yiag utTnpPEeaiac ?

m  Acv utropoupe va BuuouaacTe Ta port numbers TnNG utTnPETiag

m XpnoigoTtroloUuue 1o ovoua (e.g FTP) kal Tnv KARon getservbyname
m AvrioTpo@ga: getservbyport

#include <netdb.h>
srruct servent *getservbyname (const char *servname, COnRsSt char *protoname) ;

Returns: nonnull pointer if OK, NULL on error

#$include <netdb.h=

struct servent *getservbhyport {int port, const char *proftname) ;

Returns: nonnull pointer if OK, NULL on error

struct servent {

char Y AN r* afficial service name *

char **s_aliases; * alias 1istc */

int &_port; * port number, network-byte order */
chay *g_proto; /* protocol to use *
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‘Evac amrAog Server

tepeliserv/ftepservil.c

1 #include *unp.h*

2 int

i main(int argc, char **argv)

4 {

5 int ligtenfd, connfd;

] pid_t childpid;

7 socklen_t clilen:

| struct sockaddr_in cliaddr, servaddr;

9 listenfd = Socker (AF_INET, SOCK_STREAM, 0);

10 bzero(&servaddr, sizeof (servaddr));

11 servaddr.sin_family = AF_INET:
12 servaddr.sin_addr.s_addr = htonl (INADDR_ANY) ;

13 servaddr .sin_port = htonsi{SERV_PORT) ;

14 Bind{listenfd, (SA *) &servaddr, sizeof (servaddr));
15 Listen(listenfd, LISTENQ);

16 for ( : : )} {

17 clilen = sizecof(cliaddr);

18 connfd = Accept(listenfd, (SA *) &cliaddr, &clilen):

19 if ( (childpid = Forki}) == 0} { f* child process */
20 Close{listenfd); /* close listening socket */
21 str_eacho (connfd) ; /* process the reguest
22 exit{0):
23 ]
24 Close ({connfd) ; /* parent closes connected socket */
25 }
26 )

tcpcliserv/tepservOl.c
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... Evag atrAo¢ Server

libjstr_echo.c

1 #include "unp.h"

2 woid

3 ger_echo{inc sockfd]

a 1

5 gzmize_t n;

& char line[MAXLINE] ;

7 for ( ; ; )} {

B if { (n = Readline(sockfd, line, MAXLINE}) == 0]
9 return; /* connection closed by other end */
10 wWriten(sockfd, line, n);
11 1

12 1}

lib/str_echo.c
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‘Evac atrAocg Client

1 #include "unp.h"*

2 int

3 maini(int argc, char *vargv)

d |

5 intc sockfd;

& struct sockaddr_in servaddr;

7 if (argc != 2}

B err_guit("usage: tcpcli <IPaddress>");

= sockfd = Socket {AF_INET, SOCK_STREAM, 0);
10 bzero (&servaddr, sizeof (servaddr));
11 servaddr.sin_family = AF_INET;

12 servaddr .sin_port = htons (SERV_PORT) ;

13 Inet_pton (AF_INET, argvil]. &servaddr.=sin_addr);
14 Connect (sockfd, (SA *) &servaddr, sizeof (servaddr) ) ;
15 str_cli(stdin, sockfd}; /¥ do 1t all */

1& exit (0] :;
17 }

tepcliserv/tepcliOl ¢

tepeliserv/ftcpcliOl ¢
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... Evag atrAog Client

lib/str_cli.c

1 #include "unp.h"

2 void

3 str_cli (FILE *fp, int sockfd)

4 1

5 char sendline [MAXLINE], recvline[MAXLINE]:

6 while (Fgets(sendline, MAXLINE, fp) != NULL} {

7 Writen(sockfd, sendline, strlenisendline)):

B if (Readlineisockfd, recvline, MAXLINE) == 0)
% err_qguit{"str_cli: server terminated prematurely");
10 Fputsi({recvline, stdout):;
11 1
12 }

libfstr_cli.c



