Artoo Emiroveviov 11: Network Programming

TCP Sockets

Ap. Amoctohog I'napag
Addonwy 407/80
gkamas(@uop.gr

ITANEITIXTHMIO IMTEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN

Awvparvero 1




Awtoonog [Tpoypappatiopnog

— Boaoweég BEvvoteg: IP addresses, ports
= Sockets
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— T'vworteg client/server epappoyeg

— http - World Wide Web (WWW), web client/server
— FTP

— e-mail

— Real audio, real video

— Peer-to-peer epappoyec (p2p)
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Sockets 1n Unix

—  Socket API S
(Application Programming 3
Interface) <

—  Eugaviomre oto BSD4.1 UNIX, Mia diemtaph: romiky,

(1981) onuIoypynuEvn amo Lia

—  'Byet vioBetnbet and dheg 1ig Jipyaoia Kai

nopaAAoyég Tov Unix - Linux, not

eyet petapepbel xou oe aiha A2 eAeyxouevh amo 1o

AEITOUPYIKO oUOTHL/A.
—  2xomog tou Socket API etvat m (24 T

YEVINY] ETUHOLVWVIX PETAED
Stepyaotwy (ToL TEEYOLY GTOV ISLO ) Mia “T[épTa" I.JéO'UJ NG

oe SlaPoEETINOLS LTTOAOYIOTES) oToiac pia diepydcia
— O punyoviopog twv Sockets anotelet UTTOPEi va oTEiAEl Kal va

onpepa 10 dnpoyiréctepo API , . .
MOOYOXUULATIONOD %t YOHOTG TV dexTei unvupara oe/améd

rpwtondMwv TCP /1P kamoila dAAn diepyaacia
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Sockets, IP Addresses not Ports

— H depyasio mov dnpovpyet 1o Socket 1o yelpiletar peow evog etinod
axepatov — socket descriptor (0w éva file descriptor)

Awapdrveto 4

—  Alkeg Stepyaoieg yoetaloviar namota «dtevfuveny - «ovopo:

— To medio ano omov AapPaver to «ovopo» 10 socket anoterel 1o Domain
7 Address family:

— Unix Domain (AF_UNIX) (dev 6o 10 yonotpononoovpe)
— Internet Domain (AF_INET)

—  Kabe socket oto Internet Domain taevtonotettot amd v duada:
— IP Address tov vmoloyiom

— Port number - “Odpa” emnotvoviag

—  Kadbe navakt emnotvoviag and arprn-oe-axpern (end-to-end connection)
TULTOTIOLELTAL LOVOCH|LAVTA E TNV TEVTAON:

—_ { Protocol / IP address1 / Portl/ IP address2 / Port2 }
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TMHMA EINIXTHMHYE KAI TEXNOAOI'TAY THAEITIKOINQNIQN



Sockets, IP addresses and Ports
(Client/Server Example)

Awpdrvetor 5

Client Server
D

ag reed port2
g. 5000)

SOCK{@_.E/ any pOftl socket
message M 8 /
D
D\

IP address,; = 150.140.141.135

other ports Cl

IP address, = 150.140.141.134
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Stream / Datagram Communications

H petadoon Sedopévwy navw oe evor uorvaht LTOREL VO YIVEL e 2 TOOTOVG:
— Connection Oriented - Stream Communication (SOCK_STREAM)

— Eyrataotooy «=unhopuotooy

Awapdrvetor 6

— To mpwtonoiro emmovwviag etvo o TCP
(mapeyet Eheyyo Aabov not emavapeTHOLOEL To YA UEVA TUKETA)

— Xopnotponotettar ouvnbwg oe epappoyes pe naboptopeévn oyéorn Client —
Server

—  Connectionless - Datagram Communication (SOCK_DGRAM)

— To novadt dnpovpyettal yo nabe unvopo EeywELoTta
— To mpwtonoiro em%owwvwcg etvar to UDP

(H mapohaf37 Twv moaxetwy dev etvot eyyunpevy]. O eleyyog netadoong, nat
to fragmentation/reassembly twv dedopevwy yivovial 0to eninedo

SPUQUOYYC)
— Xpnowonotettoat cuvNbwg oe ePaERLOYES TOL AT TOLY LYTAES TAYLTNTES
UETAOO0NG e UIXOG AVTOVOUA “TAUETR”, YWEIC EYYLTUEVY a&loTtoTio
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TCP Client/Server interaction
(Stream Communication)

TCP Server

~
3
Q
£
i S
socket{) | 3
3
"""*”"“ﬂ“’“" bind(} |
P :
listen()
Y

accept (}
TCP Client

blocks until connection

socket () from client
|
connection establishment
i connect ()

.T (TCP three-way handshake)
-—.-|—.?r.‘1tet y— data (
" iTegquest)

process request

v

__EE‘L{%—_-—‘-;-; write() }—

‘—l rea}d{ ] |-‘——_"_"__

¥

| close()

i
I——‘—-— _end-of-file notification  J

EYr AR
- | FHMIO [TEAOTTONNHEOY

— TAY THAEITIKOINQNIQN
r“ close(}




TCP Sockets - [Tpwtoyeveig nAnoetg

— Server
create endpoint (socket())
bind address (bind ())
specify queue (listen()) /* Optional */
wait for connection (accept())
transfer data (read() - write())

— Client
create endpoint (socket())
connect to server (connect())
transfer data (read() - write())

ITANEITIXTHMIO IMTEAOITONNHXOY
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[Towtoyevelg uinoetg yra T sockets

— Ot odnytieg (Hinclude) mov yoNoLULOTOLOLYTAL VLot AVTEG TLG

Awparvetor 9

UAT|OELG ELVOL OL

— #include <sys/types.h>

— #include <sys/socket.h>
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H »Anon “socket”

TCP Server

““’“ """“’“ hindj
Xbvrodn e

int socket (int family, int type,

Apywomnoinon evog socket

accept (}
int protocol) TP Cllent P
blocks until connection
| from client
o | , T e e
ETCLGTQSLPSL OAVI0.4 OC%SQO(LO OCVO()\O'YO ,__,__I
' ) write() F——u0 %Q - P,
[JS XVTO TTOL SﬂLOTQSLPOUV 0]} “'ﬂ%“"]

QOLTIVEG BLYELRLONG ALY ELWY proces equest
(fd)

| sy ﬂfﬁ—
read() ———
sockfd |
ﬁ¥ _end-of-file notification B
“\—EL ]

close(}
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SOCK_STREAM |

SOCK_DGRAM
SOCHK_RAW

—  Example:

int sockfd;

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

11

H »inon “socket”

fanmily

" Description

AF_INET IPv4 protocols
AF_INETH IPv6 protocols
AF_LOCAL Unix domain protocols (Chapter 14) |
AF_ROUTE | Routing sockets (Chapter 17} |

Awparvetor 11

AF_KEY Key socket |

Protocol family constants for socket function.

tupe

Description

| SOCK_STREAM
SOCK_DGRAM
SOCK_RAW

stream socket 1
datagram socket
raw socket

type of socket for socket function.

AF_INET AF_INET6 AF_LOCAL AF_ROUTE AF_KEY

TCP TCP T Yes |
UDP UDP ) Yes
Pva Pve Yes Yes

Combinations of family and type for the socket function
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H »Anon “bind” — Ovopoaotia tov Socket

— Xy oy paocr to socket dev S — E
gyet oteLbuvor 3
5

' weﬂl;l::town

—  2Zovtaén: I
int bind (int sockfd, struct sockaddr (T ]
* myaddyr, int addrlen) _ accept) ]
TCP Client

blocks until connection

from client
—  Xvvdeet 1o sockfd mov eyet m:m‘ rection csablicbement
eMLOTEAYEL Ao TNV AN 0N socket(), g e
ue pioe Tomny| StevBuvon non Bdpa writel) — Sl
(IP address, port number), _Tﬂ
YVWOTOTOLWVTNG OTO GLOTNIA OTL TO process e

UTVOULATO. TTOL EQYOVTAL OTX : P — ﬁ—
' . read
ovyrexptpeva: (interface — port) *

aneLOOVOVTaL 0T CLYXEROLUEVY * end: °“ﬂ=-nouﬁw
read|
Sradnaato.
r rloﬁe[l

ITANEITIXTHMIO IMTEAOITONNHXOY
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Socket Address Structures

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

2nondg twv dopwv Socket Address etvat va yo1otHOTOLOOVTAL AXTTO TIG GUVAQETHOELS TOV
socket API

Eivat dopég mov €entvolv pe 1o yapantnototino sockaddr_ 1o onoio maigvet xatddnén
XVIAOYO UE TO TOWTOXOAAO SLTLOVL.

IPv4: sockaddr_in <netinet/in.h>
—  IPv6: sockaddr_in6

Yrapyouvv Bonbntineég ouvaptnoetg yio v petatpony| oe sockaddr_ dopeg
n.y. inet_addr, inet_ntoa, inet_pton, inet_ntop

Generic sockaddr  Structure

—  #Hinclude <sys/socket.h>
struct sockaddr {

uint8_t sa_len;

sa_family_t sa_family;

char sa_data [14];
¥

ITANEITIXTHMIO IMTEAOITONNHXOY
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>uynpton Socket Address Structures

1Pv4 IPvé Unix Datalink I PV 4 i-
sockaddr in{ 1_ & __soc kudd_r_inﬂ } 3 ; sock,a.dr:h: _un(} sockaddr_dl{) §
length AF_INET | | length |AF_ & length E.-\l.-' JCAL | length | AF_LINE I struet 3 1 addr { g

L tercl] G Bl b B LA TEEIR] il | r in . R
16-bit port# | 16-bit port# | terface indes N - . . . "
L | 4 e : Lo it ) in addr_t  s_addr: /% 12-bit IPv4 address */ g
32-bit | 32-bit | type | namelen | . =
1Pv4 address | flow label [ s mr /* network byte ordered */ <
st : | }i
e | : interface name | struct sockaddr_in {
| and | . .
| 128-bi | i aaseanmi | uint8_t sin_len; /* length of structure (16) */
e lﬁ:ﬁ'l]‘m"ff‘lb-"“] oL SEE o . sa_family_t sin_family; /* AF_INET */
3 | pathname | | )
wptoltibytes) | L | in_port_t sin_port; /* 16-bit TCP or UDP port number */
vanable keng|
| | | Figure 17.1 /* network byte ordered */
“Tixed Tength (24 Bytes) ' struct in_addr sin_addr; /* 32-bit IPv4 address */
e | /* network byte ordered */
char sin_zerol8]; /* unused */

— sin_family: idto pe 1o Address family otnv dnutovpyia tov socket (AF_INET)

— sin_port: xabopilet to port number

—  Aev mEETEL VoL YONOLUOTIOLELTAL AT HATOLO dALO socket.
Aptbpot anod 1 eng 1023 eivor Sepevpévol yla TLg LTEEESLES TOL GLOTNUATOC. ZLVH W YEnotpoTotodVTaL aptipot
nave a6 5000.

— sin_addr: pua IP Siévbuvor tov vmoloyioty) (e.g. 150.140.141.134)

ITANEITIXTHMIO IMTEAOTTONNHXZOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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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_pott = htons(5000); /* agreed port*/
sin.sin_addr.s_addr = htonlINADDR_ANY); /* accept connections to all

computer intetfaces */

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

ITANEITIXTHMIO IMTEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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H »non “listen” (ITpoopetinn)

TCP Server
20vToén: 35
int listen (int sockfd, int vl 2&
backlog)
TCP Client E“:E’
Xoprotponoteltotl and eve e
connection-oriented [Comects Jo——macton sblubonent.
e€umnEeTN T Yoo v evnuepwbet gy o
' ' ' — [ read()
TO OLOTNUA OTL O (EELTNEETNTNG) ‘“"_f_*”!
elvorl ETOLLOG Vo AXBEL NVOULOTOL s
oto socket pe descriptor 1o | sy writeD

read()

SOCkfd ﬁ¥ _end-of-file notification ! .
]

closel(l

i
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H »Anon “connect”

20vToén:
int connect (int sockfd_cl,
struct sockaddr * servaddr, int

addrlen)

2uvdeet Tov descriptor sockfd
TIOL EYEL ETMOTOUPEL UE TNV

n\nom socket() otov client, pe
utoe IP address xou évav optpd

Odpag (port) touv server (umopet

va Boloxetat ato 8o 7 oe

UATIOLO AANO Y)Y CVT L)

]

TCP Server

walloown
port -

blocks until connection
from client

TCP Client

connection establishment
{TCPT three-way handshake)

connect {)

write() F——

data (request)

. B

T read() ﬂ-wv—l

process request
L datﬂ_‘E)" E— -i writel) F
—
[ore ottt rotten
\-E‘j

|— C‘]OHE[

ITANEITIXTHMIO IMTEAOITONNHXOY
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Client Example (so far)

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

Awvparverto 18

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) );

ITANEITIXTHMIO IMTEAOITONNHXOY
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... H »inon “connect”

Ta TCP sockets apyonoovvian pe «three-way handshakingy

— T'ivovton avtopata ano to Socket API

client

socket
connect (blocks)
(active open)

- . _,_,—'—'—'_'_'_'_'_'_'_—_
connect refurns -

e R

—_—

Ji e E A

gyN KakJEl

server

socket, bind, listen
accept (blocks)

M accept refurns
read (blocks)

ITANEITIXTHMIO IMTEAOITONNHXOY
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H »Anon “accept”

TCP Server
20vTaén:
:
int accept (sockfd, struct sockaddr i
*peer_sockaddr, int * addrlen) e
Me ™V #Anon oty yivetal anodoym .
UATOLAG i TN07G GUVOECYC TOL TIEQLUEVEL TCP Client

blocks until connection

oty ovpa tov sockfd

from client
X el X l — ion establishme

Av 7 ovga: etver adeta, 1 8L€QYSXOLVO( conmect [ e e
UTAOURQEL EYOL VO EUPAVLOTEL UATIOLOL

' writel) t—— data | r
oALTNON _——mi"_*—*ﬁ?ﬂ}—e’gd(i )
Molig yiver amodoy, 1 TUEAUETEOG process request l
peer_sockaddr emotpéyer mAnpoyopteg | | % :

: | : ) I writel) :

(port, IP address) yx tov client -: _ data(reply) —— —

Emotpéypetar évag véog socket descriptor
(new_sockfd), o onolog anotehet T0
AUEO EVOG 1avoLEYLOL navadtoL (client —
server channel)

I —
read{)
|—“ EOHE[ [

ITANEITIXTHMIO IMTEAOITONNHXOY
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... H »\non “accept”

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

Client Server

D agreed port, CI
sockfd_cl D/ port, (| sockfd

@ accept
\e,q, “blocked-
@ connect

Anuioupyeite new_sockfd
H doun peer_sockaddr
TepiExel Ta 1P, port,

IP address, IP address,

TTANEITIXTHMIO ITEAOTTONNHXOY
TMHMA EINIXTHMHYE KAI TEXNOAOI'TAY THAEITIKOINQNIQN
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... H vinomn “accept”

Ao ™V oty mou 1 accept() emoTEEYEL TO VEO socket, TO novall
eTOWVWYLAG (e TOV client €yet eyrataatabet

Awopdivetor 22

Meyot va Eavarinbet 1 accept(), o server dev unopet va Oeytel dALeg
UANoELG Yia oOVOEDT).

Ot #Anoetg mov yivovtat 000 o server Bploxetat extog g accept()
tonobfetovvtat oe po ovpa (default size 5 — propet va adda€et pe v

ninon listen())

O ovvnng Tpomog enelepyaoiag ™G AlTNONG ATO TOV SErver elval (e

fork()

Me v fork() o client emnovwvel e evoy «XPOCLWILEVO» AVTLYQUPO TOL

SEIVer, eV O «AQYMOQ) SErver UTOQEEL Vo OEYETAL VEEG UAT|OELG GUVOEDY|G
(emotEeyet oty accept() )

TTANEITIXTHMIO ITEAOTTONNHXOY
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.. derver 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 = htonlINADDR_ANY); /* accept connections to all

computer intetfaces */

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

listen(sockfd, LISTENQ); /* Optional */
Struct sockaddr_in peer_sockaddr; /* client socket address structure*/
int new_sockfd; /* new socket id */

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

ITANEITIXTHMIO IMTEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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H »Anon “tork”

= e _ server
| listen | S
Z()VTCXEY]: I connect () IT..,A___ ___Connection { Hiarenta I Ng
e connfd [ 3
_ - | 3
#I nCI Ude <Un |Std - h> client server (parent)
_ Z - S _ .
int pid_t fork(Q); [P P Matenta ]
| \‘\_\L T connfd f
1 ' “ ‘\\ |
Emotpeyet 0 oto «mondin AN | forx
| | AN
To «moudi» pmoget v Bpet Tov . server § (child)
1 ' , ]
«TATEQO» TOL UAAWVTAG TNV N\ ¢ listentd
getppld() connfd .
O «matepagy unopet v €yt TOMG client server (parent)
TC(XLS’.& connect () F Esr-ensj
N,
g,
“\,\H server (child)
\\

ITANEITIXTHMIO IMTEAOITONNHXOY
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.. derver example (so far)

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

struct sockaddr_in sin;

Awvgaveto 25

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

sin.sin_addr.s_addr= htonlINADDR_ANY); /* accept connections to all
computer interfaces */

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

listen(sockfd, LISTENQ);

for (555 {
Struct sockaddt_in peer_sockaddr; /* client socket address structure*/
int new_sockfd; /* new socket id */
new_sockfd = accept (sockfd, &peer_sockaddr, sizcof (peer_sockaddr) );
int childid;
if ( (childid = fork()) ==0) { /* child process */
/* devoted server */
/* use new_sockfd */
¥
/* main-parent server continue*/
}

ITANEITIXTHMIO IMTEAOITONNHXOY
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H »Anon “close”
TCP Server
—  2uvtaén:

int close (int sockfd) .

I

listen(]

— ! ! accept (]
Keivel To socket mov eiye TCP Client 1

i

Snuoveynbel pe v avtiotorym blocks until connecton
ninon socket()

connection establishment
{TCPT three-way handshake)

connect {)

S

T write()

] .

data (request) L
_*‘——.-‘i read() ﬂ

|

:

process request

ly) I writel)
_ deuimpY [ write0) |
read()
i
_ enobhie notcaon .
B I

)

closel()

ITANEITIXTHMIO IMTEAOITONNHXOY

TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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Enwowvwvia, Etocodoc ot 'E€odog

TCP Server

D~
O socket descriptor éyet v St = s
] ' : - 1 .g
Aettovpyiot T pe évay file descriptor weboonn el 5
nd(} 3
port . <
Mmnogovy va yenotponomboovy read() won
write() TCP Client ——
Y : ' blocks until connection
Opwg ta read/write pnogetl voo unv from clent
vodbouv/Stafdcovy booug yaEanTnEeg connection establishment
, el (TCP three-way handshake]
toug {nbody
———data (requesy)
I 10 Adyo awtd, oL xhnoetg read /write o readll |

1 1 I
TIQETIEL VO KETILUEVOLVY process request |

___,E.a—m—tgﬂﬂ————'"r
[ read() [e—

|
ot notcaon e

ITANEITIXTHMIO IMTEAOITONNHXOY
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2 uvapTnoelg readn, writen, readline

Yo oLy ELOIUEG GLUVXOTYNOELG IOV KETLUEVOLYY WOTE VX YOXPTOLY HAL VO
StaBoatoby Ooot Yapartnees Toug {ntnbouy

ot o)
: #include "unp.h" :
i ssize_t readn(int filedes, void *buff, size_t nbytes) ; §|
i ssize_t writen(int filedes, const void *buff, size_t nbytes); i
I |
: ssize_t readline(int filedes, void *buff, size_t maxlen) ; |
' |
okt xeddtbopisiition All retumn: number of bytes read or written, —on error __ |

ITANEITIXTHMIO IMTEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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readn

=

=]l oh b B W b

10
11
12
13
14
15
16
17

18
ALE]
20
21
22

#include

n unp 3 hll

ssize ¢
readn (int fd, void *vptr, size t n)

{

size t nleft;
ssize t nread;
char gl o

P = armira-

libfreadn.c

/* Read "n" bytezs from a descriptor. */

nleft = n;
while (nleft > 0) {
1f " (nread = read(fd. ptr, nlefcl)y < 03 {
if {(errmo == EINTR)
nread = 0; /* and call read() again */
else
return (-1);
} else if (nread == 0)
break; {* EOF */
nleft -= nread;

ptr += nread;
H

return (n - nleft):

ety S = (Y

libfreadn.c

--------------------------------------

ITANEITIXTHMIO IMTEAOITONNHXOY
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writen

ot

o e I R W

10
110
12
i
14
15
16
17
18
15
20
21

#include U gy oy ol
ssize_t f* Write "n®
writen{int f£d, const void *vptr, size t n)
{
gsize_t nleft;
ssize_t nwritten:;
const char *ptr;

ptr = vptr;
nleft ="n;
while (nleft > 0) {
if ( (nwritten = write(fd, ptr,
it lerrno == RTNTE:)
nwritten = 0;
else
return (-1); {* error
}
nleft -= nwritten;
ptr += nwritten;
}
return (n);

libjfwriten.c

byvtes to a descriptor. */

nleft) T <="0)%]

/* and call write()

b7

again */

libfwriten.c ...
[TANEIIZTHMIO TTEAOTIONNHZOY
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readline

1 #include "unp.h”

2 ssize_t

3 readline(int fd,

4 {
5
6

-
8
9

10

11

12

15

14

15

16

157,

18

13

20

21

22

23

24

25
26
2y

ssize_t n, rc:

void *vptr,

size_t maxlen)

char c, et
pPtr = wvptr;
for (n = 1; n < maxlen; n++} {
again:
5 Fesleniiere= imeadiEd beser, 150
*pDEtr++ = g;
if (o, == *‘\n’]
break; A
Toelma i (res=="0{
e lin s ==0)
return (0); e
else
break; Ve
} else {
if {(errnc == EINTRE)
goto again;
return (-1); e
}
}
Sl = O /7
return (nj;

test/readlinel .c

Awparveto 31

newline is stored, like fgets() */

EOF, no data read */

EQF, some data was read */

error, errnco set by read() */

null terminate like fgets() */

——— test/readlinel.c_ ONNHZOY

TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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Metatpony) dtevbovoewy?

tinclude <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 *sirpir);

Returns: 32-bit binary network byte ordered IPv4 address; INADDE_NONE if error

char *inet ntca{struct in addr inaddr) :

Returns: pointer to dotted-decimal string

#include <arpa/inet.h>
int inet_pton(int family, const char +*strptr, wvoid *addrptr) ;

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 lem);

Returns: pointer to result if OK, NULL on error

ITANEITIXTHMIO IMTEAOITONNHXOY
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Summary of Address Conversion Functions

iné addr{}
in _addr{} 128-bit binary
32-bit binary [Pv4-mapped or
[Pv4 address [Pv4-compatible
IPv6 address
A A
g % P = e
Lo
mie £ £
Z | 4 - =
HI Jﬂ‘; !—Il g '_|| Hl
<5 =g <
A A e
Qe Sle 0 0
o c ' 0
QT ﬂ}i CI - O.I C!l
oy ) ) u
g W g ] o
4|5 = = 2
- | o
Y Y
dotted-decimal : b a
IPVEladdIESS P e Tl T R | LGS

INETG)

inet_pton (AF

iné addr{}
128-bit binary
IPv6 address

4

bl S R S e

ITANEITIXTHMIO IMTEAOITONNHXOY
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inet ntop (AF
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[Twg navovpe resolve eva ovopo 7

Aev pmopodue va Bopodpaate v IP address touv server
Xopnotponotovpe name aliases (e.g diogenis.ceid.upatras.gr) ot v ¥Anon gethostbyname

Avtiotpoya: gethostbyaddr

¢include <netdb.h>

struct hostent *gethostbyaddr(const char *addr, size t len, int family) ;

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

#include <netdb.h=>

struct hostent *gethostbyname (const char *hostname) ;

T

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

struct
char
char
int
int
char

hostent {
*h_name; /* official (canonical) name of host */
**h_aliases; /* pointer to array of pointers to alias names */
h_addrtype; /* host address type: AF_INET or AF_INETE */
h_length; /* length of address: 4 or 16 */

*+*h addr_list; /* ptr to array of ptrs with IPvd or IPvé addrs */

ITANEITIXTHMIO IMTEAOITONNHXOY
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hostent structure

I— .rrnl:ﬁﬂal hostname 0

hostent ()

h_name -

h_addrtype Af_m}‘——-&
h_length 4

h_addr list 4+——

I alias#1  \0|
T alias#2 \E‘
NULL -
in_addr{)
- addr #I,J
T in_addr{}
» [P addr#2
! in addr{)
NUL:M“"{ IP addr #3

)-h_l ength = «1"

ITANEITIXTHMIO IMTEAOITONNHXOY
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[ Twe Bptorovpe t0 port pLog LTYEECIAG P

—  Aev pmopovpe va Bopopaote ta port numbers g vINEEGiag

—  Xpnotpornotodue 1o ovopa (e.g FIP) no v uhnon getservbyname

—  Avtlotpoyu: getservbyport

-
|

¢include <netdb.h>

- * 3 #* 1 | 2
1 gtruct servent *getservbyname(const char *servmame, COnst char *protename) ;

L

Returns: nonnull pointer if OK, NULL on error J

‘ #inelude <netdb.h>

i *protname) ;
struct servent *getservbyport{int porf, const char *p ]

Returns: nonnull pointer if OK, NULL on error .

struct servent {

char
char
int

char

YE_rame;
*+*e aliases;
8 port;
*g_proto;

official service name */

alias listc */

port number, network-byte grder */
protocol to use */

IMEAOITONNHXOY
TMHMA EINIXTHMHY KAI TEXNOAOI'TAY THAEITTKOINQNIQN
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'Bvog amAog Server

tepelisery, 1.c 5
1 #include *unp.h* cpel ﬁ:psmo c;
>
2 int s
i main(int argc, char **argv) S
4 {
g int ligstenfd, connfd;
[ pid_t childpid;
7 socklen t clilen;
8 struct sockaddr_in cliaddr, servaddr;
9 listenfd = Socket (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 = htons (SERV_PORT) ;
14 Bind{listenfd, (SA *) &servaddr, sizeof (servaddr)):
15 Listen(listenfd, LISTENQ);
16 for ( ; ;) {
17 clilen = sizeof (cliaddr];
18 connfd = Accept(listenfd, (SA *) &cliaddr, &clilen);
19 if { (childpid = Fork(}) == 0} { /* child process */
20 Close{listenfd); /* close listening socket */
21 str_acho (connfd); f* process che reguest */
22 exit(0):;
23 ]
24 Close (connfd] ; /* parent closes connected socket */ . .....
b } INHEOY
26 )

tepeliservftepserv0l.c  VQNIQN




... BEvoc amhoc Server

o0
0
3
libjstr_echo.c ks
1 #include "unp.h" 4
2 wvoid
3 str_echol{int sockfd]
4 1
5 sgize_t n;
[ char line[MAXLINE];
7 for ( ; ; )} |
8 if ( [n = Readline(sockfd, line, MAXLINE]) == 01
g return; /* connection closed by other end */
10 Writen(sockfd, line, n);
11 1

lib/str_echo.c

ITANEITIXTHMIO IMTEAOITONNHXOY
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'Bvoc amthog Client

tepeliservftepeli0l .c

1 #include "ynp. h*

on N s W BJ

10
11
12
13

14
15

16
17

in

Awparvetor 39

main(int argc, char **argv)

(

int sockfd;
struct sockaddr_in servaddr;

if (argc 1= 2)
err_guit("usage: tcpcli <IPaddress>");

sockfd = Socket {AF_INET, SOCK_STREAM, 0):

bzero (&servaddr, sizeof (servaddr));
gservaddr.sin_family = AF_INET;

gervaddr.sin_port = htons (SERV_PORT) ;

Inet_pton (AF_INET, argv(l], &servaddr.sin_addr);

Connect [sockfd, (SA *) kservaddr, sizeof (servaddr));
str_cli(stdin, sockid}; /* do it all */

exit(0];

tepeliserv/icpehitl ¢

ITANEITIXTHMIO IMTEAOITONNHXOY
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... ' BEvac anhoc Client

lib/str cli.

1 #include "unp.h" Bopetr_cltc
2 void

3 str_cli (FILE *fp, int sockfd)

4 {

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

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

7 Writen(sockfd, sendline, strlen(sendline)):

B if (Readlinei(sockfd, recvline, MAXLINE) == 0)

9 err_quit("str_cli: server terminated prematurely");
10 Fputs(recvline, stdout);
11 }
12 }

lib/str_cli.c

ITANEITIXTHMIO IMTEAOITONNHXOY
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Xpnor wrapper error control
2LVOOTYCEWY

T e libfwrapsock.c

173 Secket{int family, int type, int protocell

174

175 int n;

17& if { in = mocke: [family, tvpe, protossl)l] = 00

177 err_sys [ "sockelb erxror"};

178 return (n};

179 } :
libfwrapsock.c

Figure 1.7 Our wrapper function for the socket function.

ITANEITIXTHMIO IMTEAOITONNHXOY
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[Taxpatnonoetg

— Xpnon bzero yia apytmonolnon

— To parent process xaAel v close ywx o confd socket not T0
child process naket ™y close ywx 7o listentd socket, yati?

— H close pewwvet 1o reference oto socket nota evor not nheivet
to socket Otav o reference yivet 0.

TTANEITIXTHMIO ITEAOTTONNHXOY
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2eTno YAMUO

R.W. Stevens, UNIX Network Programming (2nd edition)
Baowlopaaote oto nwowma:

http://www.kohala.com/start/unpvl2e/unpvi2e.tar.gz

Koo tutorial;

http://beej.us/guide/bgnet/

ITANEITIXTHMIO IMTEAOITONNHXOY
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