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“The course that gives CMU its Zip!”
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A Client-Server TransactionA Client-Server Transaction

Client
process

Server
process

1. Client sends request

2. Server 
handles
request

3. Server sends respon se4. Client 
handles

response

Resource

Every network application is based on the client-serverEvery network application is based on the client-server
model:model:� A server  process and one or more client  processes� Server manages some resource .� Server provides  service  by manipulating resource for clients.

Note: clients and se rvers are processes run ning on hosts 
(can be the same or different hosts).
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A Programmer’s View of the InternetA Programmer’s View of the Internet
1. Hosts are mapped to a set of 32-bit 1. Hosts are mapped to a set of 32-bit IP addressesIP addresses ..� 128.2.203.179

2. The set of IP addresses is mapped to a set of2. The set of IP addresses is mapped to a set of
identifiers called Internet identifiers called Internet domain namesdomain names ..� 128.2.203.179 is mapped to  www. cs .cmu.edu

3. A process on one Internet host ca n communicate3. A process on one Internet host ca n communicate
with a process on another Internet host over awith a process on another Internet host over a
connectionconnection ..
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1. IP Addresses1. IP Addresses
32-bit IP addresses are stored i n an 32-bit IP addresses are stored i n an IP address IP address structstruct� IP addresses are always stored in memory in network byte

order (big-endian byte order)� True in general for any integer transferred in a p acket header
from one machine to another.� E.g., the port number use d to identify an Interne t connection.

����������� ����� �"!$#$#��%� &$&'&$����( )���( �%�*���&�����( )��'+���,-!�#$# �/.($��&�+�0����$#*+����1&2,-!�#$#��435�$�6��� ��7�8��%9":�;����18��%#$���=<>:?+%0?@�����# +�!%�BA"�$�C 3

Handy network byte-order con version functions:DFE G?HBIKJ
convert 

I�G?HMLON�HFE
 from host to network byte order.DFE G?HFPQJ

convert 
P�DRG-SRETN HFE

 from host to network byte orde r.HBE G�DFIKJ
convert 

I�G?HMLON�HFE
 from network to host byte order.HBE G�DUPQJ

convert 
P�DRG-SRETN HFE

 from network to host byte orde r.
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2. Domain Naming System (DNS)2. Domain Naming System (DNS)
The Internet maintains a mapping betw een IP addressesThe Internet maintains a mapping betw een IP addresses

and domain names in a huge worldwide distributedand domain names in a huge worldwide distributed
database called database called DNSDNS..V Conceptually, programmers can view the DN S database as a

collection of millions of host entry structures :

Functions for retrieving host entries from DNS:Functions for retrieving host entries from DNS:V W4X4Y Z\[U]4Y ^4_U`\a�bKX : query key is a DNS domain name.V W4XUY�Z\[U]4Y ^4_Ka�cUc\dfe  query key is an IP address .

g�h6i%j?kml n�o$pmq$r�p�s�t*o�p�s�u v�p�u�s%q*h$go�p�s�u v�p6l�n�o$p�q�r�pTwv�l x�s h�l�yMr�x�z�q|{ g$hmn�}$}$~$v$~�x��"��n�z?x�~�r'r�x�z�q'n }6l n�o$p1h$gv�l x�s h$h�l�y-x��$~�x�o%q oF{ g$h6r$u ��� �%p�q�s�zM~%r�x�p�q$�1x�s$s�x%t�n�}m��n�zMx�~�r�r�x�z�q o'h$g~�r�p l�yRx��$��s�p�t%��q�{ g$h6l n�o$p"x$�$��s%q o$o'p�t%� q����?�
yF�
j �-�M�mh$g~�r�p l�yB�%q�r�� p�l�{ g$h"�%q$r�� p�l�n }"x%r1x$�$�-s%q o$oF��~�r"��t?p�q o'h$gv�l x�s h$h�l�yBx��$��s�yR�$~�o�pF{5g$h�r$u �$� �%p%q�s�zM~�r�x p�q$�'x�s�s�x%t1n�}�~�r�y-x��$��s1o$p�s�u v�p$o1h$g� {
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3. Internet Connections3. Internet Connections

Connection socket pair
(128.2.194.242:51213, 208.216.181.15:80)

Server
(port 80)

Client

Client socket address
128.2.194.242:51213

Server socket address
208.216.181.15:80

Client host address
128.2.194.242 

Server host address
208.216.181.15

Clients and servers communicate by sending streamsClients and servers communicate by sending streams
of bytes over of bytes over connectionsconnections ..

Connections are point-to-point, full-duplex (2-wayConnections are point-to-point, full-duplex (2-way
communication), and reliable.communication), and reliable.

Note: 51213 is an
ephemeral port allocated

by the kernel 

Note: 80 is a well-known port
associated with Web servers
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ClientsClients

Examples of client programsExamples of client programs� Web browsers, �U��� , �4�U���\�U� , �4���
How does a client find the serve r?How does a client find the serve r?� The IP address in the server s ocket address identifies the

host   (more precisely, an adapter on the host)� The (well-known) port in the server socket address identifies
the service, and thus implicitly identifies the server proce ss
that performs that service.� Examples of well know ports�

Port 7: Echo server�
Port 23: Telnet server�
Port 25: Mail server�
Port 80: Web server
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Using Ports to Identify ServicesUsing Ports to Identify Services

Web server
(port 80)

Client host

Server host 128.2.194.242

Echo server
(port 7)

Service request for
128.2.194.242:80

(i.e., the Web server)

Web server
(port 80)

Echo server
(port 7)

Service request for
128.2.194.242:7

(i.e., the echo server)

Kernel

Kernel

Client

Client
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ServersServers

Servers are long-running processes (daemons).Servers are long-running processes (daemons).  Created at boot-time (typically) by the init process (process 1)  Run continuously until the machine is turned off.

Each server waits for requests to a rrive on a well-knownEach server waits for requests to a rrive on a well-known
port associated with a particular service.port associated with a particular service.  Port 7: echo server  Port 23: telnet server  Port 25: mail server  Port 80: HTTP server

A machine that runs a server process is also oftenA machine that runs a server process is also often
referred to as a “server.”referred to as a “server.”
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Server ExamplesServer Examples

Web server (port 80)Web server (port 80)¡ Resource: files/compute cycles (CGI programs )¡ Service: retrieves files and runs CGI programs on behalf of
the client

FTP server (20, 21)FTP server (20, 21)¢ Resource: files¢ Service: stores and retrieve files

Telnet server (23)Telnet server (23)¢ Resource: terminal¢ Service: proxies a terminal on the ser ver machine

Mail server (25)Mail server (25)¢ Resource: email “spool” file¢ Service: stores mail message s in spool file

See £�¤B¥�¦B£?§�¤R¨�©Uª?¦�¤F§  for a
comprehensive lis t of the
services availa ble on a
Linux machine.
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Sockets InterfaceSockets Interface

Created in the early 80’s as part of the original BerkeleyCreated in the early 80’s as part of the original Berkeley
distribution of Unix that contained an early version ofdistribution of Unix that contained an early version of
the Internet protocols.the Internet protocols.

Provides a user-level interface to the network.Provides a user-level interface to the network.

Underlying basis for all Internet a pplications.Underlying basis for all Internet a pplications.

Based on client/server programming mode l.Based on client/server programming mode l.
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Overview of the Sockets InterfaceOverview of the Sockets Interface
Client Server

«�¬�­
®�¯�° «�¬�­
®�¯�°
±$²2³�´
µ�² «�°
¯ ³

¶�­�­
¯�·�°

¸ ² ¬º¹�¸
¯�¶ ´�µ�²2³ ¯ ±

¸ ² ¬º¹�¸
¯�¶ ´�µ�²2³ ¯ ±

¸ ² ¬º¹�»%¸ ² °
¯ ³

­ µ ¬�«�¯

¸ ² ¬º¹�¸
¯�¶ ´�µ�²2³ ¯ ±

­�¬ ³�³ ¯�­�°
¸ ² ¬¼¹�»%¸ ² °
¯ ³

­ µ ¬�«�¯

Connection
request

EOF

Await connection
request from
next client

½�¾ ¿�À�ÁFÂ$Ã�Ä$Å�¿$À�Æ�Ç
½�¾ ¿�À�ÁBÈ$Â$Ã�¿�À�Å$Æ�Ç



– 13 – 15-213, F’02

SocketsSockets

What is a socket?What is a socket?É To the kernel, a socket is an endpoint of communication.É To an application, a socket is a file descriptor that lets the
application read/write from/to the network.Ê

Remember: All Unix I/O dev ices, including networks , are
modeled as files .

Clients and servers communicate wi th each by readingClients and servers communicate wi th each by reading
from and writing to socket descriptors.from and writing to socket descriptors.

The main distinction between regul ar file I/O and socketThe main distinction between regul ar file I/O and socket
I/O is how the applica tion “opens” the socketI/O is how the applica tion “opens” the socket
descriptors.descriptors.
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Socket Address StructuresSocket Address Structures
Generic socket address:Generic socket address:É For address arguments to ËUÌ�Í4ÍKÎ4Ë4Ï , ÐKÑ�Í4Ò , and Ó4Ë4ËUÎ�Ô\ÏÖÕÉ Necessary only becau se C did not have generic ( ×\ÌUÑ�ÒÙØ )

pointers when the sockets interface was designed.

Internet-specific socket address:Internet-specific socket address:É Must cast ( ÚUÌ4ËUÛ4Ó�ÒUÒ\Ü Ý\Ñ�ÍÙØ ) to ( ÚUÌ4ËUÛ4Ó�ÒUÒ\ÜÞØ ) for Ë4Ì Í4Í\Î4ËUÏ ,
Ð\Ñ�ÍUÒ , and Ó4ËUË4Î�ÔKÏ .

ß$à�á�â�ã�à�ß%ä�ã%å�æ�ç$ç�áéèâ$ê?ß�ë%ì�ê�í$ç*ß�î ä�á�àïß�æ
ðBñ%æ�òMë�ó�ô�õ ö$÷ùø?á$ä�à%ä�ã�ä�ó1ñ%æ�òMë$ó%ô�÷$öã�î�æ�á ß�æ
ðMç�æ�à%æûúýü�þ�ÿMõ ö$÷mæ�ç�ç�á%í ß$ß"ç�æ�à%æ � ÷$ö� õ

ß$à�á�â ã�à'ß%ä�ã%å�æ$ç$ç�á�ðRë�ê èâ$ê�ß$ë%ì�ê�í$ç*ß�î ä�á�à ß�ë�ê�ðBñ�æ�òMë$ó�ô�õ ö$÷1æ�ç�ç�á%í ß$ß'ñ%æ�òMë$ó�ô�� æ�ó���æ�ô�ß��
	
ð���
������"÷$öâ$ê�ß$ë%ì�ê�í$ç*ß�î ä�á�à ß�ë�ê�ð ø?ä�á�àFõ ö$÷"ø�ä�á�à�ê$â�ò ë�ê�ê�í�à���ä�á%å���ô�à�í'ä�á%ç$í�á1÷�öß$à�á�â�ã�à�ë%ê�ð-æ�ç$ç�áïß�ë�ê�ð-æ�ç$ç�á|õ ö�÷����'æ�ç$ç�á'ë�ê�ê�í à���ä�á%å�� ô�à�í'ä�á�ç$í�á1÷$öâ$ê�ß$ë%ì�ê�í$ç�ã�î æ�á ß�ë�ê�ð���í�á�ä�ú�� ÿ-õ5ö$÷"ø�æ$ç�à%ä1ß�ë���í�ä�ñ � ß$à�á�â ã�à�ß%ä�ã%å�æ�ç$ç�á!�m÷$ö� õ
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Echo Client Main RoutineEcho Client Main Routine" ë�ê ã$ó%â�ç$í$#�ã�ß%æ�ø$ø � î%#
ö$÷6â�ß�æ�ì$í'& � ö%í�ã�î ä�ã$ó$ë%í�ê�àmî ä�ß�à ø�ä�á�à1÷$öë�ê�àùòMæ�ë�ê(� ë�ê�à"æ�á%ì ã*) ã�î æ�á1÷$÷�æ�á%ì�+%�è ë%ê�à ã$ó$ë�í�ê�à$ñ�ç,) ø�ä�á�àFõã�î æ�á1÷�î�ä�ß$à�)-��â�ñ�ú/.0��1�23��
��BÿMõá$ë$ä�ðBà�á$ë�ä4õ

î�ä�ß$à54*æ�á%ì�+ úýü ÿMõø?ä�á�à54*æ�à%ä�ë6� æ�á%ì�+Kú87?ÿ0�Mõ
ã�ó$ë%í�ê�à$ñ�ç94�:�ø í�ê�ðFã$ó$ë%í�ê�à$ñ%ç(� î ä ß$à�) ø�ä�á�à3�Mõ; ë�ä
ðBá�í�æ�ç�ë�ê ë�à��<�>=�á$ë$ä*)�ã�ó$ë%í�ê�à$ñ%ç?�Mõ
��î�ë$ó%í@�A	�ì$í à$ß �B��â�ñ�)C.0��1�23��
��D) ß$à�ç�ë�ê��$EA4�
�F�202?��è; ë�ä
ð
�?á$ë�à%í�êG� ã�ó$ë%í�ê�à$ñ�ç')H��â?ñ�)5ß$à$á$ó%í�ê(�B� â�ñ
�0�Mõ; ë�ä
ðFá%í�æ�ç ó$ë�ê�íI�J�>=�á$ë�äD)H��â�ñ�)C.0��1�2
��
��!�Mõ	�ø�â�à$ß'�B��â?ñ�)�ß$à%ç�ä%â�à��Mõ�K ó�ä�ß�í6� ã$ó$ë%í�ê�à�ñ�ç!�Mõí0L ë�à'�8M��-õ�
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Echo Client: NPORQ@SUTWV@X@YZQ@S\[^]U_Echo Client: NPORQ@SUTWV@X@YZQ@S\[^]U_
ë�ê�à"ä�ø�í�ê�ðBã�ó$ë%í�ê�à$ñ�çG� ã�î æ�á1÷�î ä�ß�à�ê�æ�ò�í`) ë�ê?à ø�ä�á�à3�è ë�ê�à�ã$ó$ë%í�ê�à�ñ�ç�õß$à�á�â�ã�à6î ä�ß�à�í�ê�à*÷�î�ø�õß$à�á�â�ã�à�ß%ä�ã�å�æ�ç$ç�á�ðRë�ê�ß�í�áa+�í�á�æ$ç$ç�á|õ
ë�ñb�0� ã$ó$ë%í$ê�à$ñ�ç94*ß%ä�ã�å$í à'�c�
	�ð���
����*)edI: Kgf ð%dg� ; �I�0.6)hM��0�hijM��á%í�à�â á�êlk$üBõ5ö$÷ ã�î�í�ã%å*í�á�á�ê�ä1ñ%ä�á�ã�æ%â�ß%í'ä�ñmí á$á�ä�á1÷�ö
ö$÷�	�ë$ó$ó�ë%ê*à�î�í*ß�í�áa+�í�á'mýß9����æ�ç$ç�á%íRß$ß æ%ê�çmø�ä�á�à'÷$öë�ñb�n� î�øP4�ì$í à�î�ä�ß$à���ô$ê�æ�ò�íG� î ä�ß$à�ê�æ�ò�í?�0�o4n4�
nF�202!�á%í�à�â á�êlk�7Uõ5ö$÷ ã�î�í�ã%å î�ðFí�á$á�ê�ä�ñ%ä�á�ã�æ�â�ß�í'ä�ñ"í�á$á�ä�á�÷$ö�?��í�á�ä(�0� ã�î�æ�á1÷���=%ß�í�áI+�í�á�æ�ç$ç�á`)�ß�ë���í�ä�ñ � ß�í�áa+�í�á$æ�ç$ç�á?�0�Mõß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ðBñ%æ�òMë$ó%ô�4��
	�ð���
����4õ�?ã�ä�ø�ôp�0� ã�î æ�á1÷��2î$ø!kaq�î�ðBæ�ç$ç�á`)� ã�î æ�á1÷��g=$ß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ðRæ�ç$ç�á � ß2ð-æ�ç$ç á�) î�ø!kIq�î�ðRó%í�ê�ì�à�î%�Mõß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ð ø�ä�á�à541î?à�ä%ê�ß'�>ø�ä�á�à3�Mõ
ö$÷5��ß$à%æa�?ó�ë�ß�î�æ1ã�ä%ê$ê�í�ã�à�ë�ä%ê��Më�à�î�à$î�í*ß�í�áa+�í�á�÷$öë�ñb� ã�ä%ê$ê�í�ã�à'� ã$ó�ë%í�ê�à$ñ�ç')r�sd��T÷��t=�ß�í�áa+�í�á$æ�ç$ç�á`)5ß�ë���í�ä�ñ'� ß�í áa+�í�á�æ�ç$ç á��0�hi$M��á%í�à�â á�êlk$üBõá%í à�â�á�ê*ã�ó$ë%í�ê�à$ñ�ç õ�

This function open s a
connection from the cli ent to
the server at î ä�ß�à�ê�æ�ò�í'& ø�ä�á�à
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Echo Client: NPO\Q^SUTWV@X@YUQ^S\[@]Z_
uwv N@VUx@QR[\yEcho Client: NPO\Q^SUTWV@X@YUQ^S\[@]Z_
uwv N@VUx@QR[\y

ë�ê�à�ã$ó$ë%í�ê�à$ñ%ç�õ ö$÷ ß%ä�ã%å$í àmç�í ß�ã$á$ë�ø-à%ä�á1÷$ö
ë�ñb�0� ã$ó$ë�í�ê�à$ñ�ç�4*ß%ä�ã%å�í à'�c�
	
ð���
����*)edI: Kgf ð!d0� ; �I�0. )�M��0�ei$M3�á%í à�â á�ê$k�üBõ5ö�÷"ã�î�í�ã�å*í�á$á�ê�ä�ñ%ä�á�ã�æ�â�ß�í'ä�ñ"í�á$á�ä�á�÷$ö
�0�0� ��ò?ä�á%í?�

zw{J|J}J~w�zJ{J|J}w~J�  creates a socket descriptor on the c lient. creates a socket descriptor on the c lient.É �G� Ý(�3���G� : indicates that the socket is associated with Internet
protocols.É �3���*� Ý � ���*� �*� : selects a reliable byte stream connection.
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Echo Client: NPORQ@SUTWV@X@YZQ@S\[^]U_
u'� Q\[Z�\N v [9�\�@SR�P�\Q�yEcho Client: NPORQ@SUTWV@X@YZQ@S\[^]U_
u'� Q\[Z�\N v [9�\�@SR�P�\Q�y
The client then builds the serve r’s Internet address.The client then builds the serve r’s Internet address.

ë�ê�à ã$ó�ë%í�ê�à$ñ�ç õ ö$÷�ß%ä�ã%å$í à"ç$í ß�ã$á$ë�øMà%ä�á1÷$öß$à�á�â ã�à�î ä�ß$à�í$ê�à1÷�î�ø�õ ö$÷5��

d�î ä ß$àmí�ê�à�á%ô�÷$öß$à�á�â ã�à'ß%ä�ã%å�æ$ç$ç�á�ðRë�ê*ß�í áa+�í�á�æ�ç$ç á4õ ö$÷ ß�í�áI+�í�á?��ßP��� æ�ç$ç�á�í ß$ß'÷$ö
�0�0�
ö$÷ ñ�ë�ó$ó�ë�ê�à�î�í�ß�í áa+�í�áDmýßP��� æ�ç�ç�á%í ß$ß�æ�ê�çmø�ä�á�à1÷$öë�ñb�0� î$øP4�ì$í à�î ä�ß�à���ô$ê�æ�ò�íG� î ä�ß�à�ê�æ�ò�í?�n�o404�
�F�202?�á�í à�â á�ê$kI7Uõ5ö$÷ ã�î�í�ã%å î�ðFí�á$á�ê�ä�ñ%ä�á�ã$æ%â�ß�í'ä�ñ"í�á$á�ä�á�÷$ö�?��í�á�ä(�0� ã�î æ�á�÷��t=�ß�í�áa+�í á�æ�ç$ç�á`)�ß�ë���í�ä�ñ,� ß%í�áa+�í�á�æ�ç�ç�á��0�Mõß�í�áa+�í�á$æ�ç$ç�á � ß�ë�ê�ðBñ�æ�òMë$ó�ô94��
	
ð���
����4õ�?ã�ä�ø�ôp�0� ã�î æ�á1÷��2î�ø!kIq�î�ðRæ$ç$ç�á*)� ã�î æ�á�÷��g=$ß�í�áa+�í�á�æ$ç$ç�á � ß�ë�ê�ð-æ�ç�ç�á � ß�ð-æ�ç$ç�á�) î�ø!kaq�î�ðRó%í�ê�ì à�î��Mõß�í�áa+�í�á$æ�ç$ç�á � ß�ë�ê�ð ø?ä�á�à54'î?à%ä%ê�ß �>ø�ä�á�à
�Mõ
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Echo Client: NPO\Q^SUTWV@X@YUQ^S\[@]Z_
u V^NUS@S@QRV@[\yEcho Client: NPO\Q^SUTWV@X@YUQ^S\[@]Z_
u V^NUS@S^Q\V@[\y

Finally the client creates a connection with the server.Finally the client creates a connection with the server.É Client process suspends (blocks) until the connection is cre ated.É After resuming, the client is ready to begin exchanging mes sages
with the server via Unix I/O calls on descriptor Ú4ÌUË4Û*��Ò Õ

ë�ê�à�ã$ó$ë%í�ê?à$ñ�ç�õ ö$÷ ß�ä�ã%å$í à1ç�í ß�ã$á$ë�ø-à%ä�á1÷$öß$à�á%â ã�à�ß%ä�ã%å�æ�ç$ç�á�ðRë�ê�ß�í�áa+�í á�æ�ç$ç�á|õ ö�÷ ß�í�áa+�í á æ�ç$ç�á�í ß$ß'÷$öà�ô%ø�í$ç$í ñ�ß�à�á�â ã�à'ß%ä�ã%å�æ�ç�ç�á�d��ûõ ö$÷mì$í�ê�í�á�ë$ã*ß%ä�ã%å�æ�ç$ç á�÷$ö�0�0�ö$÷5��ß$à%æa�Mó$ë�ß�î�æ1ã�ä%ê$ê�í ã�à�ë�ä%êt�?ë�à�î�à$î í�ß�í�áa+�í á1÷$öë�ñ�� ã�ä%ê$ê�í ã�à'� ã�ó$ë%í�ê�à$ñ�ç')r�sd��/÷��g=�ß�í�áa+�í�á$æ�ç$ç�á`)�ß�ë���í�ä ñ,� ß�í áa+�í�á�æ�ç$ç á��0�hi$M��á�í à�â á�ê$k�üBõá%í à�â á�ê�ã$ó$ë%í�ê�à$ñ%ç�õ�
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Echo Server: Main RoutineEcho Server: Main Routine
ë�ê�àùòMæ�ë�ê(� ë�ê�à"æ�á%ì ã*) ã�î æ�á1÷$÷�æ�á%ì�+%�*èë%ê�à ó$ë�ß�à�í�ê�ñ�ç,) ã�ä%ê�ê�ñ�çD) ø�ä�á�à�)�ã$ó$ë%í�ê?à�ó%í�ê�õß�à�á�â ã�à'ß%ä�ã%å�æ�ç�ç�á�ðBë�ê�ã$ó$ë�í�ê�à%æ�ç$ç�á|õß�à�á�â ã�à�î ä�ß$à�í�ê?à�÷�î�ø�õã�î æ�á1÷�î æ�ç$ç�á�øQõ

ø?ä�á�à54*æ�à%ä�ë6� æ�á%ì�+\úýü ÿ0�Mõ ö$÷ à�î�í*ß�í�áa+�í á�ó$ë�ß$à%í�ê�ß"ä%ê�æ'ø�ä�á�à6ø�æ�ß$ß�í�çä%ê*à�î-í�ã�ä�ò$ò?æ%ê�ç1ó$ë�ê�í�÷$öó�ë�ß$à�í�ê�ñ%ç�4�ä�ø í�ê�ðFó$ë�ß$à�í�ê�ñ%ç(�>ø�ä�á�à3�Mõ
��î�ë$ó%í@�ýü���èã�ó$ë%í�ê�à�ó%í$ê94�ß�ë���í�ä�ñ � ã$ó$ë%í$ê�à%æ�ç$ç�á?�Mõã$ä%ê$ê�ñ�çt4��Mã$ã%í�ø-à'� ó�ë�ß$à�í�ê�ñ%ç`)r�sd��T÷��g=%ã$ó$ë%í�ê�à%æ$ç$ç�á*)�=�ã$ó$ë�í�ê�à�ó%í�ê��Mõî�ø�4P�$í�à�î ä�ß$à���ô æ�ç$ç�á(�0� ã�ä%ê?ß$à ã�î æ�á1÷��g=%ã$ó$ë%í�ê�à�æ�ç$ç�á � ß�ë�ê�ðBæ�ç$ç�á � ß2ðBæ�ç$ç�á*)ß$ë���í�ä�ñ'� ã$ó$ë%í�ê�à�æ�ç$ç�á � ß�ë�ê�ðBæ�ç$ç�á � ß2ðBæ�ç$ç�á���)C�
	
ð���
������Mõî�æ�ç$ç�á�øP4�ë�ê�í�à2ð?ê�à%ä$æ(� ã$ó$ë%í$ê�à%æ�ç$ç�á � ß�ë�ê�ðRæ�ç$ç�á?�MõøMá$ë�ê�à$ñ'��#�ß�í�áa+�í á�ã�ä%ê$ê�í�ã�à�í$ç*à%äP�$ß��A�$ß3�I�$ê!#?) î�ø!kaq%î�ð?ê�æ�ò�í`) î æ�ç�ç�á�ø��Mõí�ã�î�ä � ã�ä�ê$ê�ñ�ç!�MõK ó�ä ß�í6� ã$ä%ê$ê�ñ�ç%�Mõ��
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Echo Server: N9O\Q@SUTWX@Y v [UQ^S\]U_Echo Server: N9O\Q@SUTWX@Y v [UQ^S\]U_
ë�ê�à"ä�ø í$ê�ðBó$ë�ß$à�í�ê�ñ�çG� ë�ê�à6ø�ä�á�à3�è ë�ê?à ó$ë�ß$à�í$ê�ñ�ç,) ä�øMà�+ æ�ó�4?üBõß$à$á�â ã�à�ß%ä�ã%å�æ�ç$ç�á�ðRë�ê�ß�í�áa+�í á�æ�ç$ç�á|õ

ö$÷ K á%í�æ�à%í'æ1ß%ä�ã%å$í àmç�í ß�ã$á$ë�ø-à%ä�á ÷$öë�ñ��0� ó$ë�ß$à�í�ê�ñ�ç94*ß%ä�ã%å$í à'�c��	
ð���
����`)�dI: Kgf ð!dg� ; �I�n. )hM��0�5i$M��á%í à�â á%êlk�üBõ
ö$÷5� ó$ë�òMë%ê�æ�à�í ßr#���ç$ç�á%í�ß$ß"æ�ó$á�í�æ�ç�ô/ë�ê'â�ß�í?# í�á$á�ä�á1ñ�á�ä�ò9�Më�ê�ç � ÷�öë�ñ�� ß�í à�ß%ä�ã%å�ä�øMà � ó$ë�ß�à�í�ê�ñ�ç')�dI:n2�ð!dI: Kgf ���*)�dI:�ð ; �gF3dI�I�3�0� ; )� ã�ä%ê�ß�à + ä�ë%ç�÷��g=$ä�øMàa+ æ�ó¡)�ß$ë���í�ä�ñ � ë�ê�à��0�ei$M3�á%í à�â á%êlk�üBõ

�0�0� ��ò?ä�á%í?�
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Echo Server: NPORQ@SUTWX@Y v [UQ@SR]U_ (cont)Echo Server: NPORQ@SUTWX@Y v [UQ@SR]U_ (cont)

�0�0�
ö$÷�2�ë�ß$à�í$ê�ñ�ç��?ë�ó$ó � í1æ%ê'í�ê�ç%ø�ä�ë�ê�à'ñ%ä�á æ�ó�ó�á%í
¢�â�í�ß$à$ß�à%ämø�ä�á�àä%ê1æ�ê$ôr����æ�ç$ç�á%í ß�ß�ñ%ä�á1à�î�ë�ß�î ä ß$à'÷$ö�?��í�á�ä6�n� ã�î æ�á1÷3�t=%ß%í�áa+�í�á�æ$ç$ç�á*)5ß�ë���í�ä�ñ � ß�í�áI+�í�á�æ�ç$ç�á?�0�Mõß�í áa+�í�á�æ�ç�ç�á � ß$ë�ê�ðBñ%æ�ò-ë$ó�ô�4��
	
ð���
����4õß�í áa+�í�á�æ�ç�ç�á � ß$ë�ê�ðRæ�ç�ç�á � ß2ðBæ�ç$ç�á�4�î?à%ä%ê ó6�8��
g�3�0� ; ð��n
�£%�Mõß�í áa+�í�á�æ�ç�ç�á � ß$ë�ê�ð ø�ä�á�à541î?à%ä%ê�ß,�0� â$ê�ß�ë�ì�ê�í$ç�ß�î�ä�á�à3�¼ø�ä�á�à3�Mõë�ñ��B�?ë�ê�ç(� ó$ë�ß�à�í�ê�ñ�ç')r�sd��T÷��g=%ß%í�áa+�í�á�æ�ç�ç�á*)5ß�ë���í�ä�ñ � ß�í�áa+ í�á�æ�ç$ç�á?�0�ei¤M��á%í à�â�á�êlk�üBõ
ö�÷o.?æ�å$í�ë�à"æ1ó$ë�ß$à�í�ê�ë�ê�ì�ß%ä�ã%å$í à*á%í�æ�ç�ô*à%ä'æ�ã$ã%í�øMàã�ä%ê$ê�í�ã�à�ë�ä%ê*á%í0¢�â�í�ß$à$ß'÷$öë�ñ�� ó$ë�ß$à%í�ê(�ýó$ë�ß$à�í�ê?ñ�ç`)-23�gdg����
�¥!�hi$M��á%í à�â�á�êlk�üBõ
á%í à�â á�ê�ó$ë�ß$à�í�ê�ñ%ç�õ�
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zw{J|J}J~w�zJ{J|J}w~J�  creates a socket descriptor on the s erver. creates a socket descriptor on the s erver.É �G� Ý(�3���G� : indicates that the socket is associated with Internet
protocols.É �3���*� Ý � ���*� �*� : selects a reliable byte stream connection.

Echo Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
uwv N@VUx@QR[\yEcho Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
uwv N@VUx@QR[\y

ë�ê?à ó$ë�ß$à�í$ê�ñ�ç�õ ö$÷"ó$ë�ß$à�í�ê ë�ê�ì�ß%ä�ã%å�í àmç$í ß$ã$á$ë�øMà%ä�á ÷$ö
ö$÷ K á%í�æ�à%í'æ1ß%ä�ã%å$í àmç�í ß�ã$á$ë�ø-à%ä�á1÷$öë�ñ��0� ó$ë�ß$à�í�ê�ñ�ç�4*ß%ä�ã�å$í à'�c�
	�ð���
����*)edI: Kgf ð%dg� ; �I�0.6)5M��0�ei¤M��á%í à�â á%êlk�üBõ
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Echo Server: NPO\Q^SUTWX@Y v [UQ@S\]Z_
uJv Q\[ v N@VUxRNPO§[¨yEcho Server: NPO\Q^SUTWX@Y v [UQ@S\]Z_
uJv Q\[ v N@VUxRNPO§[¨y
The socket can be given so me attributes.The socket can be given so me attributes.

Handy trick that allows us to rerun the serverHandy trick that allows us to rerun the server
immediately after we kill i t.immediately after we kill i t.É Otherwise we would have to wait about 15 secs .É Eliminates “Address already in use ” error from Ð\Ñ�ÍUÒe©3ªKÕ

Strongly suggest you do this for all your servers toStrongly suggest you do this for all your servers to
simplify debugging.simplify debugging.

�0�0�ö$÷ � ó$ë�òMë�ê�æ�à�í�ß�#���ç$ç á%í ß$ß"æ�ó$á%í�æ�ç�ô*ë�ê�â�ß�í!#ùí�á$á�ä�á'ñ�á�ä�òP�?ë�ê�ç6��� � ÷$öë�ñb� ß�í à�ß%ä�ã%å�ä�ø-à,� ó�ë�ß$à�í�ê�ñ%ç`)�dI:n2�ð!dI: Kgf ���*)�dI:�ð ; �gF3dI�����0� ; )� ã�ä%ê?ß$à + ä�ë�ç*÷��g=�ä�øMà�+�æ�ój)5ß�ë���í�ä�ñ � ë�ê�à
�0�ei$M��á%í à�â á�êlk�üFõ
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Echo Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
(initialize socket address)
Echo Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
(initialize socket address)

Next, we initialize the sock et with the server’s InternetNext, we initialize the sock et with the server’s Internet
address (IP address and port)address (IP address and port)

IP IP addr addr and port stored in network (big-and port stored in network (big- endianendian ) byte order) byte orderÉ « Ï4Ì ÍG¬­©�ª  converts longs from host byte order to network byte
order.É « Ï4Ì Í\Ú®©3ª  convers shorts from host byte order to network byte
order.

ß$à�á�â�ã�à�ß%ä�ã�å�æ�ç$ç�á�ðRë�ê�ß�í�áa+�í�á�æ$ç$ç�á|õ5ö$÷ ß�í áa+�í�áDmýß'ß%ä�ã%å$í�à�æ$ç$ç�á�÷$ö�0�0�ö$÷�ó$ë�ß$à�í$ê�ñ�ç��?ë�ó$ó � í1æ%ê'í�ê�ç%ø�ä�ë�ê�à'ñ%ä�á æ�ó�ó�á%í
¢�â�í�ß$à$ß�à%ämø�ä�á�àä�ê1æ%ê$ôl��� æ�ç$ç á%í ß$ß�ñ�ä�á'à�î�ë�ß6î ä-ß$à1÷$ö�?��í�á�ä(�0� ã�î�æ�á1÷���=%ß�í�áI+�í�á�æ�ç$ç�á`)�ß�ë���í�ä�ñ � ß�í�áa+�í�á$æ�ç$ç�á?�0�Mõß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ðBñ%æ�òMë$ó%ô�4��
	
ð���
����4õß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ðBæ�ç$ç�á � ß2ðRæ�ç�ç�á�4 î?à�ä%ê ó6�8��
g���0� ; ð��n
�£!�Mõß�í�áa+ í�á�æ�ç$ç�á � ß�ë�ê�ð�ø�ä�á�à541î?à�ä%ê�ß'�0� â�ê�ß�ë%ì�ê�í�ç�ß�î ä�á�à3�¼ø�ä�á�à
�Mõ
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Echo Server: NPO\Q^SUTWX@Y v [UQ@S\]Z_
u �§YUS@_¦yEcho Server: NPO\Q^SUTWX@Y v [UQ@S\]Z_
u �§YUS@_¦y
¯±°J²J³¯´°J²w³

associates the socket with the sock et address weassociates the socket with the sock et address we
just created.just created.

ë�ê�à ó$ë�ß$à�í�ê�ñ�ç õ ö$÷ ó$ë�ß$à�í�ê�ë�ê�ì/ß%ä�ã�å$í à'÷$öß$à�á�â ã�à'ß%ä�ã%å�æ$ç$ç�á�ðRë�ê*ß�í áa+�í�á�æ�ç$ç á4õ ö$÷ ß�í�áI+�í�á?��ß�ß�ä�ã%å$í à'æ�ç$ç�á*÷$ö
�0�0�ö$÷�ó$ë�ß$à�í$ê�ñ�ç��?ë�ó$ó � í1æ%ê'í�ê�ç%ø�ä�ë�ê�à'ñ%ä�á æ�ó�ó�á%í
¢�â�í�ß$à$ß�à%ämø�ä�á�àä%ê1æ%ê$ôl��� æ�ç�ç�á%í ß$ß'ñ%ä�á'à�î?ë�ß6î ä-ß$à1÷$öë�ñb�/�?ë�ê�ç6� ó$ë�ß$à�í�ê?ñ�çD)l�sd��/÷��g=�ß�í�áa+ í�á�æ�ç$ç�á`)�ß�ë���í�ä�ñ,� ß�í�áa+�í�á$æ�ç$ç�á?�0�ei$M��á%í à�â á�ê$k�üBõ
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Echo Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
u X^Y v [UQ^S§yEcho Server: NPO\Q@SZT¦X^Y v [ZQ@S\]U_
u X^Y v [UQ^S§y
µJ° zJ�w~ ²µJ° zw�J~ ²  indicates that this socket will accept indicates that this socket will accept

connection (connection ( |J{ ²w² ~J|J�|J{ ²J² ~J|w� ) requests from clients.) requests from clients.

We’re finally ready to enter the mai n server loop thatWe’re finally ready to enter the mai n server loop that
accepts and processes clie nt connection requests.accepts and processes clie nt connection requests.

ë�ê?à ó$ë�ß$à�í$ê�ñ�ç õ5ö$÷"ó$ë�ß$à�í�ê ë�ê�ì�ß%ä�ã%å�í à'÷$ö
�0�0�ö�÷o.?æ�å$í�ë�à"æ1ó$ë�ß$à�í�ê�ë�ê�ì�ß%ä�ã%å$í à á�í�æ�ç�ô*à%ä'æ�ã$ã%í�ø-à ã�ä%ê$ê�í�ã�à�ë�ä%ê*á%í0¢�â�í�ß$à$ß'÷$öë�ñb� ó$ë�ß$à�í�ê(�ýó$ë�ß$à�í�ê�ñ�ç`)¶23��dg���g
�¥!�ei¤M��á%í à�â á�ê$k�üBõá%í à�â á%ê*ó$ë�ß$à�í�ê�ñ�ç õ�
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Echo Server: Main LoopEcho Server: Main Loop
The server loops endlessly , waiting for connectionThe server loops endlessly , waiting for connection

requests, then reading input from the cli ent, andrequests, then reading input from the cli ent, and
echoing the input back to the clie nt.echoing the input back to the clie nt.

ò?æ�ë�ê(���*è
ö$÷ ã$á%í�æ�à�í1æ%ê�ç1ã$ä%ê�ñ�ë%ì�â�á%í�à�î�í�ó$ë�ß?à�í�ê�ë�ê�ì�ß%ä�ã%å$í à'÷$ö
��î�ë$ó�í6� ü���èö$÷o�Mã$ã�í�øMà'���!&C��æ�ë�à'ñ%ä�á æ1ã�ä%ê$êMí�ã�à$ë�ä%ê�á%ín¢�â�í ß$à'÷�öö$÷�í�ã�î�ä ���!& á�í�æ�ç'æ%ê�ç�í�ã�î ä1ë�ê%ø-â�à�ó$ë�ê�í ß'ñ�á�ä�ò ã�ó$ë%í�ê�à�à�ë$ó��0:�	�÷$öö$÷ K ó�ä ß�í6���!& ã$ó�ä�ß�í*à�î�í1ã�ä�ê$ê�í�ãMà�ë�ä�ê�÷$ö��
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·J|J|J~,¸´�9¹?º·J|J|w~'¸´�9¹!º  blocks waiting for a connection request. blocks waiting for a connection request.

·J|J|J~,¸´�·J|J|w~'¸´�  returns a  returns a connected descriptor connected descriptor (( |J{ ²w²J»J³|w{ ²J²J»w³ ) with) with
the same properties as the the same properties as the listening descriptorlistening descriptor
((
µJ° zJ�J~ ²J»J³µJ° zJ�w~ ²J»J³ ºº
É Returns when the connection between client and server is

created and ready for I/O transfers.É All I/O with the client will be done via the connected socket.·J|J|J~,¸´�·J|J|w~'¸´� also fills in client’s IP address.also fills in client’s IP address.

Echo Server: �@V@VUQZO§[Echo Server: �@V@VUQZO§[

ë�ê�à ó$ë�ß$à�í�ê�ñ�ç�õ5ö�÷"ó$ë�ß$à%í�ê ë�ê�ì'ç$í ß�ã$á$ë�øMà%ä�á1÷�öë�ê�à'ã�ä%ê$ê�ñ�ç�õ ö$÷ ã�ä%ê$ê�í ã�à�í$ç�ç�í ß�ã$á$ë�ø-à%ä�á1÷$öß$à�á�â ã�à'ß%ä�ã%å�æ$ç$ç�á�ðRë�ê�ã$ó�ë%í�ê�à%æ�ç$ç á4õë�ê�à ã$ó�ë%í�ê�à�ó%í$ê�õ
ã$ó$ë%í�ê�à$ó%í�ê94 ß�ë���í�ä�ñ'� ã$ó$ë�í�ê�à%æ�ç$ç á��Mõã�ä%ê$ê�ñ�ç94��Mã�ã%í�øMà'� ó$ë�ß$à�í�ê?ñ�çD)l�sd��/÷��g=%ã$ó$ë%í$ê�à%æ�ç$ç�á`)�=�ã�ó$ë%í�ê�à�ó%í$ê%�Mõ
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Echo Server: �@V@VZQUO§[  IllustratedEcho Server: �@V@VZQUO§[  Illustrated
ó�ë�ß$à�í�ê�ñ�çG�A¼3�

Client

1. Server blocks in ½D¾�¾�¿�À<Á ,
waiting for connection
request on listening
descriptor Â�ÃDÄ�Á�¿
ÅDÆ�Ç .ã$ó$ë%í�ê?à$ñ�ç

Server

ó�ë�ß$à�í�ê�ñ�çG�A¼3�
Client

ã$ó$ë%í�ê?à$ñ�ç
Server

2. Client makes c onnection
request by calling and blocking in¾�È�Å�Å
¿D¾�ÁDÉ

Connection
request

ó$ë�ß$à�í�ê�ñ%ç(�A¼3�
Client

ã$ó�ë%í�ê�à$ñ�ç
Server

3. Server returns ¾�ÈIÅ�ÅDÆ�Ç  from½D¾�¾�¿�À<Á . Client returns from¾�È�Å�Å�¿D¾�Á . Connection is now
established between ¾�Â�Ã�¿
ÅDÁ�Æ�Ç
and ¾�È�Å�ÅDÆ�Ç .

ã�ä�ê$ê�ñ�çG� þ3�
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Connected vs. Listening DescriptorsConnected vs. Listening Descriptors

Listening descriptorListening descriptorÉ End point for client connection requests.É Created once and exists for lifetime of the server.

Connected descriptorConnected descriptorÉ End point of the connection between client and server.É A new descriptor is created each time the ser ver accepts a
connection request from a client.É Exists only as long as it takes to service client.

Why the distinction?Why the distinction?É Allows for concurrent servers that can communica te over
many client connections simultaneously.Ê

E.g., Each time we rece ive a new request, we fork a child to
handle the request.
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Echo Server: Identifying the ClientEcho Server: Identifying the Client
The server can determine the domai n name and IPThe server can determine the domai n name and IP

address of the client.address of the client.
ß�à�á�â ã�à�î ä�ß$à�í�ê?à�÷�î�ø�õ ö�÷ùø�ä�ë�ê?à�í�á'à%ät��

d�î�ä�ß$àmí�ê?à�á�ô ÷$öã�î æ�á1÷�î æ�ç$ç�á�øQõ ö�÷ùø�ä�ë�ê?à�í�á'à%ä�ç�ä�à$à�í�ç�ç$í�ã$ë�ò?æ�ó ß$à�á�ë�ê�ì*÷$ö
î$øP4��$í à�î ä�ß$à���ô�æ�ç$ç�á6�0� ã�ä�ê�ß$à ã�î�æ�á1÷��g=�ã$ó$ë�í�ê�à%æ�ç$ç�á � ß�ë�ê�ðBæ�ç$ç�á � ß2ð-æ�ç$ç�á`)ß$ë���í�ä�ñ'� ã$ó$ë%í�ê�à�æ�ç$ç�á � ß�ë�ê�ðBæ�ç$ç�á � ß2ðBæ�ç$ç�á���)C�
	
ð���
������Mõî�æ�ç$ç�á�ø�4�ë�ê�í�à�ð?ê�à�ä$æ � ã$ó$ë�í�ê�à%æ�ç$ç�á � ß�ë�ê�ðRæ�ç$ç�á��MõøMá$ë�ê�à$ñ ��#�ß�í�áI+�í�á�ã�ä�ê$ê�í�ã�à�í�ç�à%äP��ßb�A�$ß3����ê!#�)�î�ø%kaq�î�ð?ê�æ�ò?í`) î æ�ç$ç�á�ø��Mõ



– 33 – 15-213, F’02

Echo Server: Q\VU�\NEcho Server: Q\VU�\N

+ ä�ë%ç'í�ã�î ä � ë�ê�à ã�ä�ê$ê�ñ�ç%�è ß$ë���í�ðBàmê�õã�î æ�á���â�ñ�úB.0��1�23��
��RÿMõá�ë�ä�ðBà�á$ë�ä4õ
; ë�ä
ðBá�í�æ�ç�ë�ê ë�à��<�>=�á�ë�ä*)�ã$ä%ê$ê�ñ�ç?�Mõ��î�ë$ó%í6�0� ê�4 ; ë$ä
ðFá�í�æ�ç�ó$ë�ê�í��<�>=�á�ë�ä*)±��â�ñ�)C.n��1�23��
��%�0�$EA4rM3��èøMá$ë�ê�à$ñ'��#�ß�í�áa+�í á�á%í�ã%í ëa+�í$ç��%ç���ô�à�í�ßn��ê!#�)5ê%�Mõ; ë�ä�ð3�?á$ë�à%í�êG� ã$ä%ê$ê�ñ�ç')H��â�ñ�) ê!�Mõ��

The server uses RIO to read a nd echo text lines untilThe server uses RIO to read a nd echo text lines until
EOF (end-of-file) is encountered.EOF (end-of-file) is encountered.É  EOF notification caused by client calling

Ë�¬4Ì4Ú4Î®©�Ë*¬4ÑUÎ�Í\Ï���Ò­ª\ÕÉ IMPORTANT: EOF is a condition, not a particular data byte.

– 34 – 15-213, F’02

Testing Servers Using [UQRXUS@Q\[Testing Servers Using [UQRXUS@Q\[
The The �J~ µJ² ~J��w~ µJ² ~w� program is invaluable for testing serv ersprogram is invaluable for testing serv ers

that transmit ASCII strings over Internet connectionsthat transmit ASCII strings over Internet connectionsÉ Our simple echo serverÉ Web serversÉ Mail servers

Usage:Usage:É Ê Í\Ñ�ËGÌÎÍ�Ï3Ð*Ñ(Ï*Í�Ò*ÓGÔ�Õ*Í�ÖRÒ3×®Ô3ØGÍ�ÑGÙ�Ú*ÛGÏ�Ø*ÖÉ Creates a connection with a server running on Ò�ÓGÔ*Õ�Í3Ö  and
listening on port Ò3×­Ô�ØGÍ3Ñ(Ù3Ú*ÛGÏ�Ø*Ö­Ü
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Testing the Echo Server With [UQ\XZS@Q\[Testing the Echo Server With [UQ\XZS@Q\[
��æ�ß$ß�qtÝ0Þ0ßnà0á0Ý0â0ã0Ýnâ9ä!å0ånåß�í�áa+ í�á"í ß$à�æa�?ó$ë�ß�î í$ç1ã�ä%ê�ê�í�ã�à�ë�ä�ê��?ë�à�î f �I�0��£næI�nç f � K . K 2@� ü�7�� � 7 � ü�è%þ � 7�þg7
�ß�í�áa+ í�á�á%í�ã�í�ëa+�í$ç�é ��ô�à�í�ß*& ü�7n¼ß�í�áa+ í�á"í ß$à�æa�?ó$ë�ß�î í$ç1ã�ä%ê�ê�í�ã�à�ë�ä�ê��?ë�à�î f �I�0��£næI�nç f � K . K 2@� ü�7�� � 7 � ü�è%þ � 7�þg7
�ß�í�áa+ í�á�á%í�ã�í�ëa+�í$çr����ô�à�í�ß*& þgé3ê�ën��è
å�ë�à$à�ô�î æa� å�qrìíÝ0înï0Ý!ìHð!ñ0áná�ä!å0å0å��á�ô ë%ê�ì*ü�7�� � 7 � 70707 � ��é �0�0�K ä%ê$ê�í�ã�à�í$ç*à%ä�òI��dnd � K . K 2 � K d � K .�F � �0�gF ���ß�ã�æ�ø í1ã�î æ�á�æ�ã�à�í�á'ë�ßóm>ô�ÿ%m �ü�7n¼ü�7n¼K ä%ê$ê�í�ã�à�ë�ä%ê*ã$ó�ä�ß�í�ç���ô*ñ�ä�á%í�ë%ì�ê�î ä�ß$à �å�ë�à$à�ô�î æa� å�qrìíÝ0înï0Ý!ìHð!ñ0áná�ä!å0å0å��á�ô ë%ê�ì*ü�7�� � 7 � 70707 � ��é �0�0�K ä%ê$ê�í�ã�à�í$ç*à%ä�òI��dnd � K . K 2 � K d � K .�F � �0�gF ���ß�ã�æ�ø í1ã�î æ�á�æ�ã�à�í�á'ë�ßóm>ô�ÿ%m �þgé3êIën��èþgé3êIën��èK ä%ê$ê�í�ã�à�ë�ä%ê*ã$ó�ä�ß�í�ç���ô*ñ�ä�á%í�ë%ì�ê�î ä�ß$à �å�ë�à$à�ô�î æa� å�q
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Running the Echo Client and ServerRunning the Echo Client and Server

�?æ�ß$ß�qtÝ0Þ0ß0à0á0Ý0ânã0Ý0âPä!å0å0åß%í�áa+�í�á í ß$à%æa�?ó�ë�ß�î�í$ç�ã�ä%ê$ê�í�ã�à�ë�ä%ê��Më�à�î f �I�n��£0æI�nç f � K . K 2õ� ü�7�� � 7 � ü�è�þ � 7�þg7
�ß%í�áa+�í�á'á%í�ã%í�ëa+ í$ç�þ�� ô�à�í ß*&�ü�7n¼ß%í�áa+�í�á í ß$à%æa�?ó�ë�ß�î�í$ç�ã�ä%ê$ê�í�ã�à�ë�ä%ê��Më�à�î f �I�n��£0æI�nç f � K . K 2õ� ü�7�� � 7 � ü�è�þ � 7�þg7
�ß%í�áa+�í�á'á%í�ã%í�ëa+ í$ç�ë�� ô�à�í ß*& þgé3êIën��è�0�n�
å ë�à$à�ô�î æa��å�q�ÝnÞ0ß0à0Þ0î0önÝ0ï!ì±ð!ñ0á0á�ä!ånå0å��ó%í�æ�ß�í�í$ê�à�í�á�ò-ß�ì & ü�7n¼��ã�î ä1ñ�á$ä�ò ß�í�áI+�í�á`& ü�7�¼
å ë�à$à�ô�î æa��å�q�ÝnÞ0ß0à0Þ0î0önÝ0ï!ì±ð!ñ0á0á�ä!ånå0å��ó%í�æ�ß�í�í$ê�à�í�á�ò-ß�ì & þgé3êIën��è��ã�î ä1ñ�á$ä�ò ß�í�áI+�í�á`& þ0é3êIën��èå ë�à$à�ô�î æa��å�q
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For More InformationFor More Information
W. Richard Stevens, “Unix Network Programmi ng:W. Richard Stevens, “Unix Network Programmi ng:

Networking APIs: Sockets and XTI”, Volume 1,Networking APIs: Sockets and XTI”, Volume 1,
Second Edition, Prentice Hall, 1998.Second Edition, Prentice Hall, 1998.É THE network programming bible.

Complete versions of the echo clie nt and server areComplete versions of the echo clie nt and server are
developed in the text.developed in the text.É Available from ËUÚ4Ó�Ô4Ô Õ�Ë4ÚÖÕ�Ë3÷ Ê Õ�Î�Ò ÊÉ You should compile and run them for yourselves to se e how

they work.É Feel free to borrow any of this code.


