
1

&6(�((�����,QWURGXFWLRQ�WR�
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'DYLG�:HWKHUDOO
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7KLV�/HFWXUH

�� $GPLQLVWULYLD
�� &RXUVH�,QWUR
�� $�%ULHI�/RRN�DW�WKH�,QWHUQHW
�� 3URWRFROV�DQG�/D\HULQJ
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���$GPLQLVWULYLD ± 3HRSOH�

� 'DYLG�:HWKHUDOO��,QVWUXFWRU�
² GMZ#FV�ZDVKLQJWRQ�HGX
² 6LHJ����� 7K ���Å ��

� (ULF�+RIIPDQ��7$��/DEV�
² KRIIPDQ#FV�ZDVKLQJWRQ�HGX
² 7X���Å �

� 5DWXO�0DKDMDQ��7$��+RPHZRUNV�
² UDWXO#FV�ZDVKLQJWRQ�HGX
² 0����Å ��
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0DWHULDOV

� &RXUVH�:HE�SDJH
² ZZZ�FV�ZDVKLQJWRQ�HGX�HGXFDWLRQ�FRXUVH�������ZL

� 0DLOLQJ�OLVW
² ,PSRUWDQW�² PDNH�VXUH�\RX�MRLQ�

� 7H[WERRN
² 6��.HVKDY��´$Q�(QJLQHHULQJ�$SSURDFK�WR�&RPSXWHU�1HWZRUNLQJµ��

$GGLVRQ�:HVOH\�������
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:RUN�DQG�*UDGLQJ

� ��KRPHZRUNV ���
� ��SURMHFWV ���
� 0LGWHUP ���
� )LQDO ���

� /DWH�3ROLF\
� &ROODERUDWLRQ�&KHDWLQJ�3ROLF\
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3URJUDPPLQJ�3URMHFWV

� <RX�ZLOO�DGG�IRUZDUGLQJ��URXWLQJ��UHOLDELOLW\�DQG�
FRQJHVWLRQ�FRQWURO�WR�DQ�HPXODWHG�QHWZRUN�
² ��SURMHFWV��SURJUHVVLYHO\�PRUH�GLIILFXOW

� 'HYHORSHG�E\�(ULF�+RIIPDQ

� &RPSXWHU�ODE�RU�GR�LW�\RXUVHOI
² *UDE�D�SDUWQHU
² *HW�DQ�DFFRXQW�
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7LPHOLQH

� +RPHZRUNV
² 'XH�DW�HQG�RI�ZHHNV����������DQG����WHQWDWLYH�

� 3URMHFWV
² 'XH�DW�HQG�RI�ZHHNV����������DQG�����WHQWDWLYH�

� 0LGWHUP
² 0RQGD\������LQ�FODVV

� )LQDO
² 0RQGD\�������DW�����
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���,QWUR�± :KDW�LV�D�1HWZRUN"

� /LQNV�FDUU\�LQIRUPDWLRQ��ELWV�
² :LUH��ZLUHOHVV��ILEHU�RSWLF��VPRNH�VLJQDOV�«
² 0D\�EH�SRLQW�WR�SRLQW�RU�EURDGFDVW

� 6ZLWFKHV�PRYH�ELWV�EHWZHHQ�OLQNV
² 5RXWHUV��JDWHZD\V�EULGJHV��&$79�KHDGHQG� 3$%;V��«

� +RVWV�DUH�WKH�FRPPXQLFDWLRQ�HQGSRLQWV
² 3&��3'$��FHOO�SKRQH��WDQN��WRDVWHU��«

� $OVR�FDOOHG�FKDQQHOV��QRGHV��LQWHUPHGLDWH�V\VWHPV��HQG�
V\VWHPV��DQG�PXFK�PRUH�
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([DPSOH�± /RFDO�$UHD�1HWZRUN

� <RXU�KRPH�QHWZRUN
² (WKHUQHW�LV�D�EURDGFDVW�FDSDEOH�PXOWL�DFFHVV�/$1

Cable
Modem

PC Laptop

Printer

Ethernet
Hub
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([DPSOH�± $Q�,QWHUQHWZRUN

� ,QWHUQHWZRUN�LV�D�QHWZRUN�RI�QHWZRUNV
� 7KH�,QWHUQHW�LV�D�JOREDO�LQWHUQHWZRUN�LQ�ZKLFK�DOO�

SDUWLFLSDQWV�VSHDN�D�FRPPRQ�ODQJXDJH
² ,3��WKH�,QWHUQHW�3URWRFRO

Local
Net 2

Local
Net 1

ISP 2 ISP 1 
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2WKHU�1HWZRUNV

� <RX·YH�DOO�XVHG�QHWZRUNV�
² 7HOHSKRQH��&DEOH�79�
² $70V��3URFHVVRU�,QWHUFRQQHFWV

� :H�DUH�LQWHUHVWHG�LQ�QHWZRUNV�WKDW�DUH�
² 'LVWULEXWHG
² /DUJH�VFDOH
² 0XOWL�SXUSRVH

djw // CSE/EE 461, Winter 2000 L1.12

7KH�PHDQLQJ�RI�³'LVWULEXWHG´

� 7KHUH�DUH�GLVWULEXWHG�DQG�SDUDOOHO�QHWZRUNV�
² &DVK�PDFKLQHV�YHUVXV�D�SDUDOOHO�FRPSXWHU

� :KDW�LV�WKH�HVVHQWLDO�GLIIHUHQFH"
² 7ROHUDQFH�RI�IDLOHG�FRPSRQHQWV
² 'HFHQWUDOL]HG�RSHUDWLRQ
² +HWHURJHQHLW\

� +DUG�WR�JHW�LW�ULJKW
² ´$�GLVWULEXWHG�V\VWHP�LV�D�V\VWHP�LQ�ZKLFK�,�FDQ·W�GR�P\�ZRUN�

EHFDXVH�VRPH�FRPSXWHU�KDV�IDLOHG�WKDW�,·YH�QHYHU�HYHQ�KHDUG�
RI�µ�² /DPSRUW���������������������������������������������������������
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7KH�PHDQLQJ�RI�³/DUJH�VFDOH´
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7KH�PHDQLQJ�RI�³0XOWL�SXUSRVH´

� 7HOHSKRQH�QHWZRUN
² 'HVLJQHG�IRU�WHOHSKRQH�FDOOV

� ,QWHUQHW
² :HE��HPDLO��4XDNH��H�FRPPHUFH��DXGLR�YLGHR��«
² %XW�HYROXWLRQ�ZDV�DW�ZRUN��:HE�HPDLO�D�´VXUSULVHµ

� &RPSXWHU�QHWZRUNV
² &DUU\�GLJLWDO�LQIRUPDWLRQ�DQG�VXSSRUW�D�ULFK�YDULHW\�RI�

GLVWULEXWHG�DSSOLFDWLRQV
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:K\�%XLOG�1HWZRUNV"

� &RPPXQLFDWLRQ�DW�D�GLVWDQFH
² :DQW�SHUIRUPDQFH�VXIILFLHQW�WR�JLYHQ�WDVN

� 9LGHR�FRQIHUHQFH��HWF�

� 5HVRXUFH�VKDULQJ
² 1HWZRUNV�DUH�VKDUHG�DPRQJ�XVHUV
² )XQGDPHQWDO�LVVXHV�FRQFHUQ�WKH�HIIHFWLYH�VKDULQJ�RI�

GLVWULEXWHG�UHVRXUFHV
� (IIHFWLYH� �FRVW��FRQWURO��VHFXUH��UHOLDEOH��«
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*RDO�RI�WKLV�&RXUVH

� )RU�\RX�WR�XQGHUVWDQG�WKH�GHVLJQ�RI�ODUJH�VFDOH
FRPSXWHU QHWZRUNV�

� )XQGDPHQWDO�SUREOHPV�LQ�EXLOGLQJ�QHWZRUNV
² 7KDW�DUH�IDVW��HIILFLHQW��VHFXUH�DQG�UREXVW

� 'HVLJQ�SULQFLSOHV�RI�SURYHQ�YDOXH
² 1HWZRUNLQJ�LV�\RXQJ�DQG�WKHUH�DUH�IHZ�

� &RPPRQ�LPSOHPHQWDWLRQ�WHFKQRORJLHV
² 7KHVH�ZLOO�FKDQJH�RI�FRXUVH�«
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/HFWXUH�7RSLFV

� 0XOWL�DFFHVV��(WKHUQHW�
� 5RXWLQJ��,3�
� 7UDQVSRUW��7&3�
� &RQJHVWLRQ�FRQWURO��7&3�
� 0XOWLFDVW��0ERQH�
� 5HDO�WLPH��'LII6HUY�
� 1DPLQJ��'16�
� 6HFXULW\��,36(&�

� &RRUGLQDWLRQ
� 5REXVW�RSHUDWLRQ
� 5HOLDEOH�GHOLYHU\
� 5HVRXUFH�DOORFDWLRQ
� (IILFLHQW�GHOLYHU\
� 0XOWLPHGLD
� 'LVWULEXWHG�VWDWH
� $XWKHQWLFDWLRQ�3ULYDF\
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/HFWXUH�(PSKDVLV

� :KDW�ZH�GR�FRYHU�
² &RPPXQLFDWLRQV
² ,QWHUQHWZRUNLQJ Ä :H�IRFXV�KHUH
² 'LVWULEXWHG�V\VWHPV

� :KDW�ZH�GRQ·W�FRYHU�
² 'HVLJQ�RI�FRPPXQLFDWLRQV�KDUGZDUH
² 4XHXLQJ�WKHRU\
² 3URWRFRO�VWDQGDUGV
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���$�%ULHI�7RXU�RI�WKH�,QWHUQHW

� :KDW�KDSSHQV�ZKHQ�\RX�´FOLFNµ�RQ�D�ZHE�OLQN"

� 7KLV�LV�WKH�YLHZ�IURP��������IW�«�

You at home
(client) www.netscape.com

(server)

Internet
request

response
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������IW��6FDODELOLW\

� &DFKLQJ�LPSURYHV�VFDODELOLW\

� :H�FXW�GRZQ�RQ�WUDQVIHUV�
² &KHFN�FDFKH��ORFDO�RU�SUR[\��IRU�D�FRS\
² &KHFN�ZLWK�VHUYHU�IRU�D�QHZ�YHUVLRQ

Cache

“Changed?”

“Here it is.”

“Have it?”
“No”

Netscape
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������IW��1DPLQJ��'16�

� 0DS�GRPDLQ�QDPHV�WR�,3�QHWZRUN�DGGUHVVHV

� $OO�PHVVDJHV�DUH�VHQW�XVLQJ�,3�DGGUHVVHV
² 6R�ZH�KDYH�WR�WUDQVODWH�QDPHV�WR�DGGUHVVHV�ILUVW
² %XW�ZH�FDFKH�WUDQVODWLRQV�WR�DYRLG�QH[W�WLPH

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

“It’s 207.200.75.200”

128.95.2.106

Nameserver

128.95.2.1
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������IW��6HVVLRQV��+773�

� $�VLQJOH�ZHE�SDJH�FDQ�EH�PXOWLSOH�´REMHFWVµ

� )HWFK�HDFK�´REMHFWµ
² HLWKHU�VHTXHQWLDOO\�RU�LQ�SDUDOOHO�

GET index.html

GET ad.gif

GET logo.gif

Netscape
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������IW��5HOLDELOLW\��7&3�

� 0HVVDJHV�FDQ�JHW�ORVW

� :H�DFNQRZOHGJH�VXFFHVVIXO�UHFHLSW�DQG�GHWHFW�DQG�
UHWUDQVPLW�ORVW�PHVVDJHV��H�J���WLPHRXWV�

X
retransmission

acknowledgment
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������IW��&RQJHVWLRQ��7&3�

� 1HHG�WR�DOORFDWH�EDQGZLGWK�EHWZHHQ�XVHUV

� 6HQGHUV�EDODQFH�DYDLODEOH�DQG�UHTXLUHG�EDQGZLGWKV�E\�
SURELQJ�QHWZRUN�SDWK�DQG�REVHUYLQJ�WKH�UHVSRQVH

How fast can
I send?
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������IW��3DFNHWV��7&3�,3��

� /RQJ�PHVVDJHV�DUH�EURNHQ�LQWR�SDFNHWV
² 0D[LPXP�(WKHUQHW�SDFNHW�LV�����.E\WHV
² 7\SLFDO�ZHE�SDJH�LV����.E\WHV

� 1XPEHU�WKH�VHJPHQWV�IRU�UHDVVHPEO\�

1. GET2. inde3. x.ht4. ml

GET index.html
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������IW��5RXWLQJ��,3�

� 3DFNHWV�DUH�GLUHFWHG�WKURXJK�PDQ\�URXWHUV

R

R

R

RRHH

H

H

H

R

RH

R

H: Hosts

R: Routers
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������IW��0XOWL�DFFHVV��&DEOH�

� 0D\�QHHG�WR�FRRUGLQDWH�SDFNHW�WUDQVPLVVLRQV

� 3ROO�KHDGHQG�WR�UHFHLYH�D�WLPHVORW�WR�VHQG�XSVWUHDP
² +HDGHQG�FRQWUROV�DOO�GRZQVWUHDP�WUDQVPLVVLRQV
² $�ORZHU�OHYHO�RI�DGGUHVVLQJ�LV�XVHG�«

Headend
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������IW��)UDPLQJ�0RGXODWLRQ

� 3URWHFW��GHOLPLW�DQG�PRGXODWH�SD\ORDG

� 7DNH�SD\ORDG��DGG�HUURU�SURWHFWLRQ��5HHG�6RORPRQ���
KHDGHU�DQG�IUDPLQJ��DQG�WKHQ�WXUQ�LQWR�D�VLJQDO
² 0RGXODWH�GDWD�WR�DVVLJQHG�FKDQQHO�DQG�WLPH��XSVWUHDP�

� 'RZQVWUHDP����0+]��a���0ESV���8SVWUHDP�a��0+]��a��0ESV�

Sync / Unique Payload w/ error correcting codeHeader
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���3URWRFROV�DQG�/D\HULQJ

� 1HHG�DEVWUDFWLRQV�WR�KDQGOH�FRPSOH[LW\
² 3URWRFROV�DQG�OD\HULQJ�

� 3URWRFRO
² $JUHHPHQW�GLFWDWLQJ�WKH�IRUP�DQG�IXQFWLRQ�RI�GDWD�H[FKDQJHG�

EHWZHHQ�SDUWLHV�WR�HIIHFW�FRPPXQLFDWLRQ
² 7ZR�SDUWV�

� 6\QWD[��ZKHUH�WKH�ELWV�JR
� 6HPDQWLFV��ZKDW�WKH\�PHDQ��ZKDW�WR�GR�ZLWK�WKHP

² ([DPSOHV�
� ,3��WKH�,QWHUQHW�SURWRFRO
� 7&3�DQG�+773��IRU�WKH�:HE
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3URWRFRO�6WDQGDUGV

� 'LIIHUHQW�IXQFWLRQV�UHTXLUH�GLIIHUHQW�SURWRFROV
� 7KXV�WKHUH�DUH�PDQ\�SURWRFRO�VWDQGDUGV

² (�J���,3��7&3��8'3��+773��'16��)73��6073��1173��$53��
(WKHUQHW����������������5,3��236)�������'��1)6��,&03��,*03��
'9053��,36(&��3,0�60��%*3��«

� 2UJDQL]DWLRQV��,(7)��,(((��,78
� ,(7)�VSHFLILHV�,QWHUQHW�UHODWHG�SURWRFROV

² 5)&V��5HTXHVWV�IRU�&RPPHQWV�
² ´:H�UHMHFW�NLQJV��SUHVLGHQWV�DQG�YRWLQJ��:H�EHOLHYH�LQ�URXJK�

FRQVHQVXV�DQG�UXQQLQJ�FRGH�µ�² 'DYH�&ODUN�
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3URWRFRO�/D\HULQJ

� /D\HULQJ
² +LJKHU�OHYHO�SURWRFROV�EXLOG�RQ�VHUYLFHV�SURYLGHG�E\�ORZHU�OHYHOV
² 3HHU�OD\HUV�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�

Layer N+1
e.g., HTTP

Layer N
e.g., TCP

Home PC Netscape
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([DPSOH�± /D\HULQJ�DW�ZRUN

� :H�FDQ�FRQQHFW�GLIIHUHQW�V\VWHPV

(WKHUQHW

,3

7&3

&$79

,3

7&3

&$79(WKHUQHW

,3,3

host host

router
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/D\HULQJ�0HFKDQLFV

� (QFDSVXODWLRQ�DQG�GHFDSVXODWLRQ

Hdr

Hdr Data

Data+

+

Layer N+1 PDU

becomes

Layer N ADU

Messages
passed

between
layers
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0RUH�/D\HULQJ�0HFKDQLFV

� 0XOWLSOH[LQJ�DQG�GHPXOWLSOH[LQJ�LQ�D�SURWRFRO�JUDSK

UDPTCP

ARPIP

Ethernet

SMTP HTTP

802.2 identifier

IP protocol field

TCP port number
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$�3DFNHW�RQ�WKH�:LUH

� 6WDUWV�ORRNLQJ�OLNH�DQ�RQLRQ�

� 7KLV�LVQ·W�HQWLUHO\�DFFXUDWH
² LJQRUHV�VHJPHQWDWLRQ�DQG�UHDVVHPEO\��(WKHUQHW�WUDLOHUV��HWF�

� %XW�\RX�FDQ�VHH�WKDW�OD\HULQJ�DGGV�RYHUKHDG

IP Hdr Payload (Web object)TCP Hdr HTTP HdrEthernet Hdr

Start of packet End of packet
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,QWHUQHW�3URWRFRO�6WDFNV

1HWZRUN

/LQN

7UDQVSRUW

$SSOLFDWLRQ

,3

0DQ\
�(WKHUQHW��«�

7&3���8'3

0DQ\
�+773��6073�

Model Protocols
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26,�5HIHUHQFH�0RGHO

� 6HYHQ�/D\HUV 7KHLU�IXQFWLRQV�

� <RXU�FDOO

� (QFRGH�GHFRGH�PHVVDJHV

� 0DQDJH�FRQQHFWLRQV

� 5HOLDELOLW\��FRQJHVWLRQ�FRQWURO

� 5RXWLQJ

� )UDPLQJ��PXOWLSOH�DFFHVV

� 6\PERO�FRGLQJ��PRGXODWLRQ3K\VLFDO

/LQN

1HWZRUN

7UDQVSRUW

6HVVLRQ

3UHVHQWDWLRQ

$SSOLFDWLRQ
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.H\�&RQFHSWV

� 1HWZRUNV�DUH�XVHG�WR�VKDUH�GLVWULEXWHG�UHVRXUFHV
� 3URWRFRO�OD\HUV�DUH�XVHG�WR�KDQGOH�FRPSOH[LW\
� 7KH�,QWHUQHW�26,�PRGHOV�JLYH�XV�D�URDGPDS

� 1H[W�WLPH��:H�VWDUW�ZRUNLQJ�RXU�ZD\�XS�WKH�OD\HUV�
IURP�WKH�ERWWRP��EHJLQQLQJ�ZLWK�KRZ�WR�VHQG�ELWV�


