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NFS HTTP email rlogin

RPC

telecollaboration

TCP

RSVP

IP

Ethernet
ATM packet radio

UDP

arpanet

SONET

PPP

air

modem
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Internet

Your computer www.netscape.com
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Local
DNS server
(128.95.1.4)

What’s the IP address for www.netscape.com?

Your computer
(128.95.1.24)

Oh, you can find it at 207.200.73.8
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Ethernet

Broadcast: Anyone know the 
Ethernet address for 128.95.1.4?

Ethernet

Broadcast: Yeah, I’m at
08-00-2b-18-bc-65

(128.95.1.24) (128.95.1.4)
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Routers send packet 
to next closest point

H: Hosts
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� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � �

57698 D+ � 4Èo.!'K'X%~�!ñ
KEL k$l�IJn�Q&k RQUÏ³ < n�NGRrÆ�IJn�fTR�¶K¤�±�§h¦�§ < n�N R�¥ «X­h¿Ò�Ó!­�®[®H¦�§²«�«�Æ&­h¿²®MIJn�fTR�¥ «�­©«b¼�§²¯o¥ ­hª[¿[ÅhÑ©¬�§[¦>¨h¿°´±²­V°=±²¨h«�°
K-9 ¼²¨h¦�°=¥ «X­V°�°S­�¯o±²§�®©°Z¨©­	N n T0r�SJR
K-9 «�¨²¯o½l§V°=¥ «�­©«b¨²Ä	°~¤;­H¦�§Ô¯V±�­[¿h¿²§hª²Ä�¨h¦>­[¿­h¼[¼hª ¥ ¯b­V°Z¥ ¨h¿*°S¨¡¦�§�­�®�®[­V°S­ÔÄS¦S¨hÑ
W Ùbjbp�c���}�è"Ne}��bÖ �b×l_�joal�PO)QH×�j�i }�è"Ne}��bÖ �o×l_�jVab�;abtV�KÚl�bi!O
WSRUTUV�W%X/Y�Z/[6[6\]X�^;^ èÔu�_�jldS}�zh×�j�i }	y

K�L ¤;¨©§h¿�®H¼²¨h¥ ¿²°~«$Ñ!­[½b§©­©¯b¨h¿[¿�§²¯�°´¥ ¨h¿&Á
W pZjoalab��p´}~q jVaXè¡uädZjotVi p��;�ba��o×Ûjoq a�}�z²�o��d´}~q aÛ`�}~q joa�ba��o×Ûjoq a�}	y

K-9 L�e Ó!¯l¨h¿[¿�§�¯Û°´¥ ¨h¿�¥ «�RFqjn�m^qjh FJ­h¿²®`_:P�g&g&m
l�P�I$g&S a

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � Ç

8!��Èb#['("��! �64�A���!.*áK#&%	�A�!'
K Ý Å[ª °´¥ ¼hª §©¯b¨[¿h¿²§�¯�°Z¥ ¨h¿[«X¯b­h¿©«b±²­h¦�§Ô­�¼²¨h¦�°~Æ>¬hÅ�°M­V°Ñ!¨²«�°¾¨H¿²§Ô¯l¨h¿h¿²§�¯Û°´¥ ¨H¿�¬�§�°~¤;§�§h¿�¨h¿²§Ô«�§V°M¨�Ä¼�¨[¦	°Z«
K-9 ¼²¨h¦�°=¥ «XÄ�¨h¦M¦�§�¯l§h¥ Íh¥ ¿²À�®h­�°~­�Æ>¿�¨²°MÄ�¨h¦>«�§H¿²®|¥ ¿²À
K87 ­²¯o±©§h¿²®�¨�Ä>­Ô¯l¨h¿[¿�§�¯Û°´¥ ¨[¿�±�­�«X­¡¼²¨h¦�°=¬²§�¯b­[Å�«�§­ L�e Ó!¯l¨h¿[¿�§�¯Û°´¥ ¨[¿�¥ «�ÄSÅhª ª b�®HÅ[¼hª § W

����� �
����� �

����� �
��� ��	 � � �

��� ��	 � � �

��� ��	 � � �

����� �
����� �

����� �

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � à

57698�8!�AÈl#h'
K-9 ¼²¨h¦�°=¥ «X«b¼�§²¯o¥ ÄS¥ §�®AÅ²«b¥ ¿�À�cedA¬h¥ °S«
K�L�e ÓÔ¼²¨h¦�°~«X­h¦�§Ô¯Vª ­�«�«b¥ ÄS¥ §�®A¥ ¿�°~¨
WgfMXAh h ijW/kUT/lmkmn/T6\7Y]^ u!oK}Z_bi jVtb�V_qp5o/r;sly
Wut	X/v6w ^�Y5XU\+X/[gnxT6\)Yj^ u+p�o�r;yK}Z_bi jVt���_=yPzxp|{/p�y
Wu}	~6kxZU�mw V joi nx\jw �UZ%Y5X?n/T6\)Yj^ u!yPz p;{PrP}~_bi j�tÛ�o_��{P{es�{�y

K-� §[ª ª bS½V¿�¨�¤�¿�¼²¨H¦	°Z«X­h¦�§Ô¯l¨h¿V°r¦�¨hª ª §�®A¬VÐ*°´±²§ÒZ¿�°~§h¦S¿²§V° 9 «�«b¥ ÀH¿²§�® y Å[ÑÔ¬²§h¦ 9 Å�°´±[¨H¦S¥ °�Ð ³eÒ 9 yH9 ¶
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� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � î

���Ô"©� ��â	.!'û�!)9/1.�â~â	É��4�!�*Ê � 8!��Èl#h'
� ^H_��Kj�k	k�q prq `bÖ�`ldZdrq �oaÛ�b��abtV�KÚl�bi d �bjlprtV�K�ba�}k }~×Vf \8\�k }~×Vm q d�q m ����tT\Zq ae@~aÛj�}���d�\Zq `Va�`T\Z`�dZdrq �Vao�P�oa�}�d�\´×Ûjoi }�@altb�KÚb�biäd
& -%:��	� -�
 DFE1!3 d.=
����b �	- d � � A B >HG1!&��������P- �.?FE�A G E�_ A DFG d � �9]1 4���] 4^B @ G�� M � K J _ G M ]FM E�A E�
#EN@973��P- }�~ -�� ��G M >0B K � @j: E K�K G�
�A B E K97* f�����] fNB >	��@ G�� � B @�� M � K J � ENM A^]FM�E�A E�
�E#@0!9 ~.=��	- f7-�����-�� �2E�J AF~ � >cG f�G M !�G M*�3 d��	�2=)b ~ d2EN> � B K ~ � >cG f�G M !�G M&�. 4 b ~�" -
� 4^B K�� G M

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � ô

?�545 8 õ � .�È � %	.$Ê

#%$ LJL ÓHÁ $ Ðh¼²§h¦ L §ZWV° L ¦�­[¿�«�Ä�§h¦KÓ�¦S¨V°Z¨�¯b¨[ª
# z&§VÍ�§hª ¨[¼�§�®A¬�Ð L ¥ Ñ'&�§[¦~¿²§h¦�«O<�§�§²Æ c�(	(�)
# 7 ¿²­h¬[ª §�«X¤;§h¬©¯oª ¥ §h¿V°S«;°S¨¡¦�§�ßHÅ�§[«�°M®h¨²¯oÅ[Ñ!§h¿�°Z«
Ä~¦�¨hÑ ¤;§h¬©«�§[¦	Í�§h¦´«
# ê�°S­V°~§[ª §�«�«!Ó�¦S¨V°Z¨�¯l¨hª
* ��`�p�_;vV^V^Hg�i �
+Vt���dS}&q dMpZj��K×bÖ ��}��bÖ ,�q a��l�o×Û�bab�l�ba�}Zm
* �$�bÚ;Ùl�oi çb�bi dM�lj�a�j�}&i	��}�`bq a�`ba�,��P�o�Pjoi ,Kj�k&i �bÖ `�}S���i ��+�tÛ��dS}�d�m

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � �

?�5J5 8 69âS% .��$#b: � .�È � .�È

# e ª ¥ §h¿�°#xrê[§h¦�Í�§h¦ 9 ¦�¯V±h¥ °~§²¯�°´Å[¦�§
# e ª ¥ §h¿�°�Á�¤;§h¬�¬[¦�¨[¤;«�§h¦-°r±²­V°=¦�§�ß|Å²§�«Û°~«�­
®h¨�¯VÅhÑ*§h¿�°rì
* {.-�`V�=×lÖ �ld�f0/�q p�i jbdZjÛk }JX~a�}��oi	al��}&{�-b×bÖ jVi	�bi zH����}�d�pZ`b×l��²`�çbq �b`�}�joi
# êh§h¦äÍ�§h¦�Á�¤;§h¬©«�§h¦äÍ�§|¦-°Z±�­�°P¦´§V°´Å[¦Z¿²«�­©®h¨�¯VÅhÑ*§h¿�°
* {.-�`V�=×lÖ �ld�fX�²×Û`bpr_l��zh�[��}�depr`b×Û��{ba�}S�bi	×Vi	q de�;Ùb�oi çb�bi z��}�p�m

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � �

E4.014�!.!'P#B"��! EJ.!'��!���!'=.
K-9 ¯Vª ¥ §h¿�°32 «�fTS54�P$SJN R;¯b¨[¿�«b¥ «Û°~«X¨�Ä>­¡¦�§�ßHÅ�§²«�°±²§�­�®[§h¦>¤�±[¥ ¯o±©«b¼²§�¯o¥ Ä~¥ §�«�°´±²§ $ LJL ÓÔÑ!§V°Z±�¨²®³S¯l¨hÑÔÑ*­h¿²®h¶P°~¨�¬²§¡Å²«�§�®�­h¿²®�¨V°´±²§H¦-°´±[¥ ¿²Àh«�Æ-­h¿�®®[­V°~­�³Z¥ Ä>­h¿�Ð�¶
W GET /path/to/file/index.html HTTP/1.0K-9 «�§[¦	Í�§h¦�2 «�fTSJN6IJn�k$N SA¯l¨h¿�«b¥ «�°~«X¨�Ä>­¡¦�§�«b¼[¨[¿�«�§±²§�­�®[§h¦>¯b¨[¿�«b¥ «�°Z¥ ¿²ÀA¨�Ä>­
N R:hJRpP$N T n$l�SJ¥ ¿�®H¥ ¯b­�°´¥ ¿²À¤�±²§V°´±²§h¦¾°´±²§!°Z¦�­[¿[«�­�¯�°Z¥ ¨h¿©¤;­[«�«bÅ²¯b¯b§²«�«�Ä~Å[ª Æ&­h¿²®®[­V°~­�³Z¥ Ä>­h¿�Ð�¶
W N�vV^V^HgT\�pbm o�yPo%y���jÛ}Ân�jVtoaÛ��O-Úb�bq aÛ�K}~_b�;�PjbdS}Hk	`o�PjotÛdi ��dr×�j�a�de� Ö q a��%Q6y%oPy�q d-}~_b�KdS}�`�}Zt�d>pZjV�b�

K76 §²Ä�§h¦-°S¨!°r±²§ $ LJL Ó�x�c²ì )�«b¼²§�¯ ¨h¦-°´±²§ $ LJL Ó�x/c�ì�c«b¼²§�¯ Ä�¨h¦>®[§V°S­h¥ ª «

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� � =

?�5J5 8

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç �

?�#�#�� 69âS% .��$#b: � .�È � .AÈ

��Ö q �ba�}�Î�bÚ
8Vi j �MdZ�oi

�Î�bÚÙb�bi ç��Vi
� q ç����K� \´q aÛ�o��-Vm _�}´�KÖ
v[�bi �9,�jVt;�lj�m m m
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� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç �

?�5J5 8 � %	"þ57.�âS�!.$#

� I=OP�J�²E>F7Rr�>F �MýMý ��Y>D EJ\Û¸|U W ú  ��7ý UM» F|U-\��OMN¹N�E>F|æ;�
�  F|TV\�R��H��\�D OMFHT
* sejb��q a�}�j9,�j�tbiHx[�GX&Z!`�prpejotVa�}
* }��bÖ aÛ��}0�6�6�;m ,�`b_�jlj�m pZjV���Po
* � {Z^^\´q aÛ�b� -om _�}~�KÖ

��� O&O-æBN�U&\�¸HO&æ9\ZO7» U&E>R�F4\�¸HU¹æ>U&\ZE>D » T�O-å
�MýMý �

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç �

� "¡� ��â .þ57.�âS�!.$# � .*'='X%	�A�

bash-2.04$ telnet www.yahoo.com 80
Trying 216.32.74.50...
Connected to www.yahoo.akadns.net.

Escape character is ’^]’.

GET /
HTTP/1.0 200 OK

Content-Length: 15582
Content-Type: text/html

<html><head><title>Yahoo!</title><base href=http://www.yahoo.com/><meta 
http-equiv="PICS-Label" content=’(PICS-1.1 
"http://www.rsac.org/ratingsv01.html" l gen true for 
"http://www.yahoo.com" r (n 0 s 0 v 0 l))’></head><body><center><form
action=http://search.yahoo.com/bin/search><map name=m><area 
coords="0,0,52,52" href=r/a1><area coords="53,0,121,52" 
href=r/p1><area coords="122,0,191,52" href=r/m1><area

...

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç Ç

���Ô"©� ��â	.�?A545 8 � .!'K'�%	���

��� » D UMFH\$RSU	�K�HU&TV\ZT©\�¸HU¹åSOM» » O-·AD FHGBW�
 � ã¸|\e\��=ã �
��¸[]>�|O-\�¸HU&\�D ��E>»	� OMRSEM� �²OMNÏã)(3#��
� ��FHEH\ZOMN�]JO>åK\�¸HU�
�U��K�|U-TV\oã
* _�}	}~×Vf \8\�v ,Û×Û�oi ^[��-�}�^Hiä`ba�dek �VihgVi j�}�jlpZjoÖ Q!jÛ}~_l�bijV×�}~q joaÛd�f;k }~×�zH�M`bq Ö }�j�m
* _.,Û×Ûj�}~_l��}~q pZ`bÖ m jVi	`Vm pZj��;f!_�jldS}&a�`o�P�
* f �%o�fÎgÛj�i }Â�Htl�=Úl�bi�m��%o�q dMiä��dZ�oi ç�����k jVihvV^V^&g�mgÛjoi }�d>p�`ba�i `oaÛ�b�Kk�i j��;fmp�@��/{�z!{;s�{
* \���jbj�}H�bjlprtV�M�Va�}

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç à

5 ,!. 69âS%	.��$# EJ. 14�!.!'M#

� �=��\��HE>» ò RZO&·©TVUMR�
>U	�K�HU&TV\oã
GET / HTTP/1.1
Accept: image/gif, image/x-xbitmap, 
image/ jpeg, image/pjpeg, */*

Accept-Language: en-us

Accept-Encoding: gzip, deflate
User-Agent: Mozilla/4.0 (compatible; MSIE 
5.01; Windows NT)

Host: hypothetical.ora.com

Connection: Keep-Alive

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç î

DB�!"$#h���þð �!)9#&,!. 69âS% .��$# EJ.014�!.*'M#

# � 7[L x $ LJL Ó�x�c²ì�c
* �V��+Vtl��dS}�d-}~_���i jbjÛ}`\&�ljVprtV�M�Va�}Zm
* ÙV×��bp�q k�q ��dMvV^o^Hg çb�bi drq joaqpbm pbm
* vV^V^Hg����oi drq joaÛdbfSpbm o;`oa��?plm p;u��Pj�i �=jVaK}~_bq dMÖ `�}��oi�Ü-y
# 9 ¯b¯b§[¼V°�Á&¥ Ñ*­�Àh§ xrÀ|¥ Ä�Æ�¥ Ñ!­�À[§ZxFW6b Wh¬h¥ °´Ñ*­h¼�Æ>¥ Ñ*­�Àh§ x
UZ¼�§�À[Æ�¥ Ñ!­�À[§Zx�¼VUZ¼²§�ÀhÆ	� x��
* XSa��oq pZ`�}��ld �P_Û`�}h} ,Û×Û�;j�k&�M���Vq `K}~_��;Úoi j��MdZ�oi �=q Ö Ö`�p�pZ�b×�}Zm

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç ô

DB�!"$#[���þð �!)9#&,!. 69âS%	.��$# EJ. 14�!.!'M#

� �=����UP�H\r� � E>FHGK�|EHG>U;ã>UMF&�Û�HT
# &h¦�¨[¤;«�§h¦+K «Î¼[¦�§�Ä�§[¦~¦�§�®Aª ­h¿�ÀHÅ²­�Àh§

� �=����UP�H\r� + FH��O-æ=D FHG�ã>G��[D �H�Kæ�U-å�» EH\ZU
# 9 ¯l¯b§h¼�°~«X¯b¨hÑ©¼[¦�§²«�«�§�®�®h­�°~­�³Z«b¼²§�§�®[«®[¨�¤�¿[ª ¨�­�®�°´¥ Ñ*§�«Vì ¶

� W=TVUMRZ�´�=G>UMFH\oã��!O��[D » » E����=�&#!����OPN¹�HEH\�D ¢�» U�$
�ÔL  V+ � � #��	$�! D FHæ>O&·�T úMý *
# Òe¿�®H¥ ¯b­�°~§�«�°´±²§¡¬[¦�¨�¤�«�§h¦�°�Ðh¼�§-ì



7

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç �

DB�!"$#h���þð �!)9#&,!. 69âS% .��$# EJ.014�!.*'M#

� � O&TV\oã ¸H]>�|O-\�¸HU&\�D ��E>»	� OMRZEM� ��OMN
# 6 §�ß|Å[¥ ¦�§�®�Ä�¨h¦ $ LJL ÓMc²ì�c
# � ¼V°Z¥ ¨h¿²­hª²Ä�¨h¦ $ LJL ÓMc�ì )
# 9 êh§h¦äÍ�§h¦MÑ*­VÐ¡±²¨�«Û°PÑ©Å[ª °´¥ ¼[ª §�±�¨²«�°´¿[­hÑ*§�«Vì
$ §[¿�¯l§�ÆH°Z±�§�¬h¦�¨[¤;«�§h¦M¥ ¿²®H¥ ¯b­V°S§�«;°Z±�§�±[¨�«Û°¿²­hÑ*§¡±²§h¦�§Hì

��� OMF>FHU&��\ÛD OPFPã��&U&UP�&�S��» D Y|U
# 7 ¿�­[¬hª §²« �V¼�§h¦�«b¥ «�°S§h¿²°M¯b¨h¿[¿²§�¯�°Z¥ ¨h¿²«��Ûì��l­�«�°~§h¦¼²§h¦�Ä�¨h¦SÑ*­h¿²¯b§�³ZÑ!¨[¦�§�ª ­V°S§|¦���¶

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç �

� .�È � .�È EJ.!'��!���!'=.

HTTP/1.1 200 OK
Date: Mon, 06 Dec 1999 20:54:26 GMT
Server: Apache/1.3.6 (Unix)
Last-Modified: Fri, 04 Oct 1996 14:06:11 GMT
Content-length: 327
Connection: close
Content-type: text/html 
<title>Sample Homepage</title>
<img src="/images/oreilly_mast.gif">
<h1>Welcome</h2>Hi there, this is a simple web page.  

Granted, it may not be as elegant as some other web 
pages you’ve seen on the net, but there are some 
common qualities...

� � � � � � � � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� Ç =

DB�!"$#h���þð �!) � .�È � .�È E4.!'��!�A�!'K.

� �MýMý ���6�-�7� "�#�#��	�

# ê[§h¦äÍ�§h¦>ê²°~­²°´Å²« e ¨²®h§
# e ¨�®[§;R�)�)�Á z&¨�¯VÅhÑ*§h¿�°M¤;­�«�Ä�¨hÅh¿²®
# � §Ô¤�¥ ª ª�§ZW�­hÑ©¥ ¿²§!¨V°Z±�§h¦¾«�°~­²°´Å²«�¯b¨²®h§[«�«b±²¨|¦ä°Zª ÐHì

� �=EH\ZU;ã��!OMFH�-# �7�KU&����
�


 "$#=ã � �;ã�"�� � � ý
# z&­�°~§©¨h¿*°´±²§Ô«�§H¦äÍ�§h¦�ì
# �;Ý L ³��K¦�§²§h¿�¤�¥ ¯o±�Ý=§²­h¿ L ¥ Ñ*§�¶

� � � � � �	� � � � �	� 
 � � � � 
 �����	� � � ��
 �	�����	�	� à �

DB�!"$#[���þð �!) � .�È � .AÈ EJ.!'��!���!'=.

� � EHTV\��
�!O-æKD å�D U&æ�ãKQHR�D �-# ���!��\u��
�
 �
� �;ã�# �=ã���� � � ý
# Òe¿�®H¥ ¯b­�°~§�«�°´±²§!°Z¥ Ñ!§©¤�±²§h¿*°´±²§Ô®[¨�¯VÅhÑ*§h¿�°¾¤;­²«
ª ­�«�°=Ñ!¨�®H¥ ÄS¥ §�®-ì
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<h1>Welcome</h2>Hi there, this is a 
simple web page.  Granted, it may not 

be as elegant as some other web pages 
you’ve seen on the net, but there are 

some common qualities…
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