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���,�1HWZRUNLQJ
)XQGDPHQWDOV

1HLO�6SULQJ
-DQXDU\��������

�7KH�3ODQ

� 7DON�DERXW�QHWZRUNLQJ�LQ�JHQHUDO
± /D\HUV��5RXWLQJ

� 6SHFLILFDOO\�DERXW�,3
± 6HUYLFH�PRGHO��ZKDW�7&3�SURYLGHV

� :RUN�RXU�ZD\�XS�WR�+773
± :KDW�KDSSHQV�ZKHQ�\RX�FOLFN�D�OLQN"

� ,I�WLPH��GURS�GRZQ�WR�(WKHUQHW�DQG
ZLUHOHVV�QHWZRUNLQJ�SUREOHPV�

� 1HWZRUNV�DUH�GLVWULEXWHG�V\VWHPV�
IDLOXUH�LV�H[SHFWHG

%DVLFV

� 1HWZRUN�±�FROOHFWLRQ�RI�QRGHV�DQG�OLQNV
WKDW�FRRSHUDWH�IRU�FRPPXQLFDWLRQ

� 1RGHV�±�FRPSXWHU�V\VWHPV
± ,QWHUQDO��URXWHUV��EULGJHV��VZLWFKHV�
± 7HUPLQDO��ZRUNVWDWLRQV�

� /LQNV�±�FRQQHFWLRQV�IRU�WUDQVPLWWLQJ
GDWD

� 3URWRFRO�±�VWDQGDUGV�IRU�IRUPDWWLQJ�DQG
LQWHUSUHWLQJ�GDWD�DQG�FRQWURO
LQIRUPDWLRQ

1RGHV�DQG�OLQNV��RK�P\�

1RGHV�KDYH�DGGUHVVHV
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:LUHV�DUHQ¶W�SHUIHFW

� $WWHQXDWLRQ��UHVLVWDQFH�
� 'HOD\��VSHHG�RI�OLJKW������
� 1RLVH��PLFURZDYHV�DQG�VXFK�
� 1RGHV�DUHQ¶W�SHUIHFW�HLWKHU
� 8QUHOLDEOH�
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*HWWLQJ�'DWD�$FURVV
�LPSHUIHFW�ZLUHV�

� 6SOLW�XS�ELJ�ILOHV�LQWR�VPDOO�SLHFHV
�SDFNHWV�

� (DFK�SDFNHW��a�����E\WHV��LV�VHQW
VHSDUDWHO\
± &DQ�EH�FRUUXSWHG��QRLVH��EXJV�
± &DQ�EH�GURSSHG��LI�FRUUXSWHG��RYHUORDGHG�
± &DQ�EH�UHRUGHUHG��LI�UHWUDQVPLWWHG��GLIIHUHQW
SDWKV�

� $OORZV�SDFNHWV�IURP�GLIIHUHQW�IORZV�WR
EH�PXOWLSOH[HG�DORQJ�WKH�VDPH�OLQN

/D\HUV

� (DFK�OD\HU�DEVWUDFWV�WKH�VHUYLFHV
RI�YDULRXV�ORZHU�OD\HUV��SURYLGLQJ�D
XQLIRUP�LQWHUIDFH�WR�KLJKHU�OD\HUV�

� (DFK�OD\HU�KDV�FRQYHUJHQFH
LQIRUPDWLRQ�
±+RZ�WR�LQWHUSUHW�D�SDFNHW¶V�SD\ORDG
�SURWRFRO�QXPEHUV�

±+RZ�WR�XVH�WKH�VHUYLFHV�RI�D�ORZHU
OD\HU��$53�

/D\HUV

Application
Presentation

Session
Transport
Network

Data-Link
Physical

HTTP

TCP
IP

Ethernet
Twisted Pair

OSI Reference Reality Packet Format

Ethernet Payload

IP Payload

App data

7KH�,QWHUQHW�3URWRFRO��,3�

� &RQQHFWV�GLVSDUDWH�QHWZRUNV
± 6LQJOH��KLHUDUFKLFDO��DGGUHVV�VSDFH
± 6LQJOH�QHWZRUN�KHDGHU

� $VVXPHV�GDWD�OLQN�LV�XQUHOLDEOH�
� 3URYLGHV�XQUHOLDEOH�VHUYLFH

± /RVV������������$��%�����'��(
± 'XSOLFDWLRQ��$��%��%��&��'��(
± &RUUXSWLRQ���$��4��&��'��(
± 5HRUGHULQJ���$��&��'��%��(

,3�$GGUHVVHV

� ���ELWV�ORQJ��VSOLW�LQWR���RFWHWV�
± )RU�H[DPSOH�������������

� +LHUDUFKLFDO�
± )LUVW�ELWV�GHVFULEH�ZKLFK�QHWZRUN
± /DVW�ELWV�GHVFULEH�ZKLFK�KRVW�RQ�WKH
QHWZRUN

� 8:�VXEQHWV�LQFOXGH�
± ����������������������«

� 8:�&6(�VXEQHWV�LQFOXGH�
± ���������������������������������������«

3DFNHW�)RUZDUGLQJ

� %XIIHU�LQFRPLQJ�SDFNHWV
� 'HFLGH�ZKLFK�RXWSXW�OLQN
� %XIIHU�RXWJRLQJ�SDFNHWV
� 6HQG�SDFNHW
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5RXWLQJ

� +RZ�GR�QRGHV�GHWHUPLQH�ZKLFK
RXWSXW�OLQN�WR�XVH�WR�UHDFK�D
GHVWLQDWLRQ"

� 'LVWULEXWHG�DOJRULWKP�IRU
FRQYHUJLQJ�RQ�VKRUWHVW�SDWK�WUHH

� 1RGHV�H[FKDQJH�UHDFKDELOLW\
LQIRUPDWLRQ�
±³,�FDQ�JHW�WR�������������LQ���KRSV´

6KRUWHVW�SDWK�WUHH
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(1) (1)(2)

(x) Is the cost to get to 6.  The metric (cost per link) here is 1.
Simple algorithm: 6 broadcasts “I’m alive” to neighbors.
Neighbors send “I can get to 6 in 1 hop”, etc.

5RXWH�$JJUHJDWLRQ

� :KDW�KLHUDUFKLFDO�DGGUHVVLQJ�LV
JRRG�IRU�

� 8:�URXWHUV�FDQ�DGYHUWLVH
���������

� 2WKHU�URXWHUV�GRQ¶W�QHHG
IRUZDUGLQJ�WDEOH�HQWULHV�IRU�HDFK
KRVW�LQ�WKH�QHWZRUN�

5RXWLQJ�5HDOLW\

• Routing in the Internet connects
Autonomous Systems (AS’s)
– AT&T, Sprint, UUNet, BBN…

• Shortest path, sort of… money talks.

• I2 (new vBNS) connects educational
institutions; routers check both source and
destination.

7&3�6HUYLFH�0RGHO

• Provide reliability, ordering on the
unreliable, unordered IP

• Byte-stream oriented: when you send data
using TCP, you think about bytes, not about
packets.

7&3�3RUWV

� &RQQHFWLRQV�DUH�LGHQWLILHG�E\�WKH�WXSOH�
± ,3�VRXUFH�DGGUHVV
± ,3�GHVWLQDWLRQ�DGGUHVV
± 7&3�VRXUFH�SRUW
± 7&3�GHVWLQDWLRQ�SRUW

� $OORZV�PXOWLSOH�FRQQHFWLRQV��PXOWLSOH
DSSOLFDWLRQ�SURWRFROV��EHWZHHQ�WKH�VDPH
PDFKLQHV

� :HOO�NQRZQ�SRUWV�IRU�VRPH�DSSOLFDWLRQV�
�ZHE������WHOQHW������PDLO�����GQV�����
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7&3¶V�6OLGLQJ�:LQGRZ

� 6LPSOH�UHOLDELOLW\�
±6HQG�RQH�SDFNHW��ZDLW�IRU
DFNQRZOHGJPHQW��WKHQ�VHQG�WKH
QH[W«

� %HWWHU�SHUIRUPDQFH�
±.HHS�VHYHUDO�XQDFNQRZOHGJHG
SDFNHWV�XQDFNQRZOHGJHG�LQ�WKH
QHWZRUN��D�ZLQGRZ�

6OLGLQJ�:LQGRZ�([DPSOH

Send 1
Send 2
Send 3

Send 4
Send 5
Send 6

Send 7
Send 8
Send 9

Ack 1
Ack 2
Ack 3

Ack 4
Ack 5
Ack 6

Ack 7
Ack 8

� :LQGRZ�VL]H� ��
� &DQ�VHQG�XS�WR
WKUHH�SDFNHWV
LQWR�WKH�QHWZRUN
DW�D�WLPH�

� (DFK�SDFNHW�KDV
D�VHTXHQFH
QXPEHU�IRU
RUGHULQJ

7&3¶V�&RQJHVWLRQ�&RQWURO

• How big should the window be?
• Performance is limited by:

– (window size) / round trip time
– Performance of bottleneck link (modem?)

• If window is too small, performance is
wasted.

• If window is too big, may overflow network
buffers, causing packet loss.

'RPDLQ�1DPH�6\VWHP

• We like to use names to refer to computers:
– www.cs.washington.edu…

• But the network uses addresses!
• Simple solution: /etc/hosts

– Text file lists names and addresses

• Scalable solution: DNS
– Distributed database of name to address

mappings

DNS Name hierarchy

• No accident DNS names are hierarchical
– Allows distributed administration (CS dept

administers cs.washington.edu zone, just like it
administers 128.95.2/24)

• Root servers know about .edu, .com, .au,
.uk servers

• .edu servers know about ucsd.edu, mit.edu,
washington.edu…

Why DNS Works

• Caching
– When a mapping is found, it is cached for a couple days

to avoid repeated lookups

• Delegation
– DNS clients rely on local servers to act as caching

proxies

• Hierarchy
– Distributed administration
– Distributed data – we don’t need to store names for

machines in Zaire.
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6WHSV�IRU�D�ZHE�DFFHVV

� 1DPH�ORRNXS
± &OLHQW�WR�ORFDO�'16�VHUYHU
± /RFDO�'16�PD\�UHWXUQ�D�FDFKHG�ELQGLQJ��RU
ORRNXS�WKH�QDPH�IRU�LWVHOI

� 7&3�&RQQHFWLRQ�VHWXS
± &OLHQW�WR�UHPRWH�,3��SRUW���

� 6HQG�+773�UHTXHVW
± ³*(7��LQGH[�KWPO´

� 5HFHLYH�+773�UHVSRQVH
± ³EODK�EODK�EODK´�PD\EH�VHYHUDO�SDFNHWV

� 7&3�&RQQHFWLRQ�WHDUGRZQ

+773����

• Incremental improvements

• “Persistent connections” allow multiple
requests over the same connection
– Web transfers are often small

– Avoid connection setup and teardown overhead

– TCP is better the longer you use it: it learns
how fast to send to get best performance
without overflowing buffers.

(WKHUQHW

� &60$�&'
� &DUULHU�6HQVH��HYHU\RQH�OLVWHQV
XQWLO�VLOHQFH�EHIRUH�VSHDNLQJ

� 0XOWLSOH�$FFHVV��HYHU\RQH�WDONV�RQ
WKH�VDPH�ZLUH

� &ROOLVLRQ�'HWHFWLRQ��OLVWHQ�ZKLOH
WDONLQJ�WR�DERUW�ZKHQ�WZR�WDON�DW
WKH�VDPH�WLPH

:LUHOHVV�QHWZRUNLQJ

� &DQ�ZH�DSSO\�&60$�&'�WR�ZLUHOHVV
QHWZRUNV�WRR"

� :KDW¶V�GLIIHUHQW�DERXW�QHWZRUNV�ZLWKRXW
ZLUHV
± 0RUH�DWWHQXDWLRQ��IDGLQJ�
± 0RUH�QRLVH��EXUVW�HUURUV�WRR�
± 0RUH�GHOD\��SRVVLEO\�
± ,QWHUIHUHQFH��ZDOOV��PRXQWDLQ�UDQJHV«�

�������:LUHOHVV

� +LGGHQ�VWDWLRQ�SUREOHP

� $�VHQGV�WR�%��&�PLJKW�LQWHUUXSW�

A B C

�������:LUHOHVV�,,

� ([SRVHG�VWDWLRQ�SUREOHP

� %�FRXOG�VHQG�WR�$�DQG�&�WR�'�DW
WKH�VDPH�WLPH��EXW�ZRXOG�EH
LQKLELWHG�LI�GHWHFWLQJ�FROOLVLRQ�

A B C D
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�������6ROXWLRQ

� 0XOWLSOH�$FFHVV�&ROOLVLRQ�$YRLGDQFH

� 6HQGHU�%�VHQGV�576�±�LQKLELWV�RWKHUV
IURP�VHQGLQJ�IRU�D�VKRUW�WLPH

� 5HFHLYHU�&�VHQGV�&76�±�LQKLELWV�RWKHUV
IURP�VHQGLQJ�XQWLO�SDFNHW�WUDQVIHUUHG�

� 6HQGHU�%�VHQGV�WKH�SDFNHW�

A B C D


