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8QLYHUVLW\�RI�&DOLIRUQLD

%HUNHOH\



&RXUVH�2EMHFWLYHV�	�6WUXFWXUH

❚ ([SODLQ�,QWHUQHW�DQG�UHODWHG�QHWZRUNV
❚ &RPSDUH�VROXWLRQV��LGHQWLI\�WUHQGV
❚ 7HFKQRORJ\�

❙ /LQNV��$'6/��2SWLFDO��&DEOH���/$1V��(WKHUQHW�
❙ 5RXWHUV��6ZLWFKHV

❚ 3URWRFROV�
❙ 5RXWLQJ��7UDQVSRUW
❙ $SSOLFDWLRQV



7RGD\��,QWURGXFWLRQ

❚ :HE
❚ 9RLFH�RYHU�,3



:HE

❚ ([DPSOH
❚ /RFDWLQJ�5HVRXUFH��'16
❚ &RQQHFWLRQ
❚ (QG�WR�HQG
❚ 3DFNHWV
❚ %LWV
❚ 3RLQWV�WR�UHPHPEHU



❚ &OLFN��!�JHW�SDJH
❚ SDJH�IURP�ORFDO

RU�UHPRWH�FRPSXWHU
❚ OLQN�

KWWS���FQQ�FRP

VSHFLILHV
���SURWRFRO��KWWS�
���ORFDWLRQ��FQQ�FRP�

:HE��([DPSOH



:HE��([DPSOH

❚ &OLFN��!�JHW�SDJH
❚ SDJH�IURP�ORFDO

RU�UHPRWH�FRPSXWHU
❚ OLQN�

KWWS���FQQ�FRP

VSHFLILHV
���SURWRFRO��KWWS�
���ORFDWLRQ��FQQ�FRP�



:HE��([DPSOH

❚ &OLFN��!�JHW�SDJH
❚ SDJH�IURP�ORFDO

RU�UHPRWH�FRPSXWHU
❚ OLQN�

KWWS���FQQ�FRP

VSHFLILHV
���SURWRFRO��KWWS�
���ORFDWLRQ��FQQ�FRP�



:HE��/RFDWLQJ�5HVRXUFH

❚ FQQ�FRP�LV�WKH�QDPH
RI�D�FRPSXWHU��DQG�
LPSOLFLWO\��RI�D�ILOH�LQ
WKDW�FRPSXWHU�

❚ 7R�ILQG�WKH�DGGUHVV�
WKH�DSSOLFDWLRQ�XVHV�D
KLHUDUFKLFDO�GLUHFWRU\
VHUYLFH�FDOOHG�WKH
'RPDLQ�1DPH�6\VWHP

local

com

host

cnn.com?

cnn.com?
IP = a.b.c.d

IP = a.b.c.d



:HE��&RQQHFWLRQ

❚ 7KH�SURWRFRO��KWWS��VHWV�XS�D�FRQQHFWLRQ
EHWZHHQ�WKH�KRVW�DQG�FQQ�FRP�WR�WUDQVIHU�WKH
SDJH

❚ 7KH�FRQQHFWLRQ�WUDQVIHUV�WKH�SDJH�DV�D�E\WH
VWUHDP��ZLWKRXW�HUURUV��SDFLQJ���HUURU�FRQWURO

Host cnn.com

connect

OK

get  page

page; close



:HE��(QG�WR�HQG

❚ 7KH�E\WH�VWUHDP�IORZV�IURP
HQG�WR�HQG�DFURVV�PDQ\
OLQNV�DQG�VZLWFKHV��URXWLQJ
���DGGUHVVLQJ�

❚ 7KDW�VWUHDP�LV�UHJXODWHG
DQG�FRQWUROOHG�E\�ERWK
HQGV��UHWUDQVPLVVLRQ�RI
HUURQHRXV�RU�PLVVLQJ�E\WHV�
SDFLQJ

HOST

CNN.COM

end-to-end pacing and
error control

routing



:HE��3DFNHWV

❚ 7KH�QHWZRUN�WUDQVSRUWV
E\WHV�JURXSHG�LQWR
SDFNHWV

❚ 7KH�SDFNHWV�DUH�³VHOI�
FRQWDLQHG´�DQG�URXWHUV
KDQGOH�WKHP�RQH�E\�RQH

❚ 7KH�HQG�KRVWV�ZRUU\
DERXW�HUURUV�DQG�SDFLQJ�
'HVWLQDWLRQ�VHQGV�$&.V
6RXUFH�FKHFNV�ORVVHV

C

HOST: B

CNN.COM: AA | B | # , CRC | bytes

B: to
C



:HE��%LWV

❚ (TXLSPHQW�LQ�HDFK�QRGH�VHQGV�WKH�SDFNHWV�DV�D�VWULQJ
RI�ELWV

❚ 7KDW�HTXLSPHQW�LV�QRW�DZDUH�RI�WKH�PHDQLQJ�RI�WKH�ELWV

01011...011...110

Transmitter Physical Medium Receiver

01011...011...110

Optical
Copper
Wireless



:HE��3RLQWV�WR�UHPHPEHU

❚ 6HSDUDWLRQ�RI�WDVNV
❙ VHQG�ELWV�RQ�D�OLQN��WUDQVPLWWHU�UHFHLYHU�>FORFN��PRGXODWLRQ�«@

❙ VHQG�SDFNHW�RQ�HDFK�KRS�>IUDPLQJ��HUURU�GHWHFWLRQ�«@

❙ VHQG�SDFNHW�HQG�WR�HQG�>DGGUHVVLQJ��URXWLQJ@
❙ SDFH�WUDQVPLVVLRQV�>GHWHFW�FRQJHVWLRQ@
❙ UHWUDQVPLW�HUURQHRXV�RU�PLVVLQJ�SDFNHWV�>DFNV��WLPHRXW@

❙ ILQG�GHVWLQDWLRQ�DGGUHVV�IURP�QDPH�>'16@

❚ 6FDODELOLW\
❙ URXWHUV�GRQ¶W�NQRZ�DERXW�FRQQHFWLRQV
❙ QDPHV�DQG�DGGUHVVHV�DUH�KLHUDUFKLFDO



9RLFH�2YHU�,3��9R,3

❚ *HQHUDO�2SHUDWLRQV



9R,3��*HQHUDO�2SHUDWLRQV

❚ *DWHZD\V�PXVW�UHSURGXFH�WKH�VLJQDOLQJ�DQG�YRLFH
❚ 6LJQDOLQJ��GLDOHG�GLJLWV��GLDO�WRQH��ULQJLQJ
❚ 9RLFH��3DFNHWL]H�DQG�DEVRUE�GHOD\�MLWWHU
❚ 1RWH��5RXWLQJ�SUREOHP

Internet PSTN

PSTN

signaling

voice signal


