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&6(�((�����± /HFWXUH��

'DYLG�:HWKHUDOO
GMZ#FV�ZDVKLQJWRQ�HGX
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/DVW�7LPH�«�

� +RZ�WR�VHQG�D�PHVVDJH�DFURVV�D�ZLUH
² 0HGLD�DQG�WKHLU�WUDQVPLVVLRQ�OLPLWV
² (QFRGLQJ�GDWD�IRU�FORFN�UHFRYHU\�DQG�IUDPLQJ
² 'HWHFWLQJ�DQG�FRUUHFWLQJ�ELW�HUURUV

� 7KH�3K\VLFDO�OD\HU�DQG�VRPH�RI�WKH�'DWD�/LQN�OD\HU
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7KLV�7LPH

� 7KH�0HGLXP�$FFHVV�&RQWURO�SRUWLRQ�RI�WKH�/LQN�/D\HU
�� 3DUWLWLRQLQJ�VFKHPHV
�� 6WDWLVWLFDO�PXOWLSOH[LQJ
�� 5DQGRP�DFFHVV�SURWRFROV��&60$�YDULDQWV���(WKHUQHW�

� .H\�)RFXV�
² +RZ�GR�PXOWLSOH�SDUWLHV�VKDUH�WKH�DLU�RU�D�ZLUH"�
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7KH�3UREOHP�RI�0XOWLSOH�$FFHVV

� 0XOWLSOH�QRGHV�VKDUH�D�EURDGFDVW�FKDQQHO
² ZLUHG�/$1��ZLUHOHVV�/$1��FHOO�SKRQHV��SDFNHW�UDGLR��VDWHOOLWHV
² +RZ�GR�WKH\�FRRUGLQDWH�WKHLU�WUDQVPLVVLRQV"

� ,GHDO�VROXWLRQ�IRU�1�QRGHV�VKDULQJ�EDQGZLGWK�%�ESV�
² KLJK�JRRGSXW �%���ORZ�GHOD\������IDLU��%�1���GHFHQWUDOL]HG��

VWDEOH���DQG�VLPSOH�

nodes

broadcast media
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���3DUWLWLRQLQJ�6FKHPHV

� 7HFKQLTXHV�IRU�FDUYLQJ�XS�WKH�FKDQQHO�
² )UHTXHQF\�'LYLVLRQ�0XOWLSOH�$FFHVV��)'0$�
² 7LPH�'LYLVLRQ�0XOWLSOH�$FFHVV��7'0$�
² &RGH�'LYLVLRQ�0XOWLSOH�$FFHVV��&'0$�
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)'0$

� 6LPXOWDQHRXV�WUDQVPLVVLRQ�LQ�GLIIHUHQW�IUHTXHQF\�EDQGV
² $QDORJ��5DGLR�79��$036�FHOO�SKRQHV�����0+]�
² $OVR�FDOOHG�:DYHOHQJWK�'0$��:'0$��IRU�ILEHU

guard bands

phone call

freq Å

´6SHDNLQJ�DW�GLIIHUHQW�SLWFKHVµ
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7'0$

� 7LPHVOLFH�JLYHQ�IUHTXHQF\�EDQG�EHWZHHQ�XVHUV
² 'LJLWDO��XVHG�H[WHQVLYHO\�LQVLGH�WKH�WHOHSKRQH�QHWZRUN
² 7������0ESV��LV����[���ELWV����XV��DOVR�(����0ESV�����VORWV�

� $GYDQWDJH��ORZHU�GHOD\��'LVDGYDQWDJH��V\QFKURQL]DWLRQ

“Speaking at different times”

timeslot

time Å
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&'0$��6SUHDG�6SHFWUXP�

� 8VHV�FRGHV�WR�´VPHDUµ�ELWV�RYHU�WKH�IUHTXHQF\�EDQG�
² VHQG�D�FRGHZRUG��H�J������������IRU�´�µ��FRPSOHPHQW�IRU�´�µ
² FRGHV�FDUHIXOO\�FKRVHQ�WR�EH�RUWKRJRQDO�WR�HDFK�RWKHU
² WKH�VLJQDOV�DUH�VHQW�DW�WKH�FKLSSLQJ�UDWH�RYHU�D�ZLGH�EDQG

� :H�XVH�RUWKRJRQDOLW\�WR�VHSDUDWH�LQWHUIHULQJ�VLJQDOV�
IURP�GLIIHUHQW�XVHUV�DW�WKH�UHFHLYHU��H[DPSOH�RYHU��

� 7KLV�LV�GLUHFW�VHTXHQFH��DOVR�IUHTXHQF\�KRSSLQJ

´6SHDNLQJ�LQ�GLIIHUHQW�ODQJXDJHVµ
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&'0$�([DPSOH

� $��������������IRU�´�µ��%��������������DQG�&�������������
� :H�KDYH�$Ã%��VXP�RI�LQQHU�SURGXFWV�� �$Ã&� �%Ã&� ��
� 1RZ�$�VHQGV�´�µ��%�VHQGV�´�µ�DQG�&�LV�QRW�VHQGLQJ�

� 6LJQDO�6� ���������������������������������� ����������
� 6Ã$� ��������� ���Å $�VHQW�D�´�µ
� 6Ã%� ��������� ����Å %�VHQG�D�´�µ
� 6Ã&� ��������� ���Å &�GLGQ·W�VHQG
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&'0$�&RQWLQXHG

� $GYDQWDJHV��
² 5HVLVWDQW�WR�QDUURZEDQG�LQWHUIHUHQFH
² 2WKHU�VHQGHUV�DSSHDU�DV�QRLVH
² 5HXVH�RI�VLQJOH�IUHTXHQF\�EDQG

� 'LVDGYDQWDJHV�
² :LGHEDQG
² 6\QFKURQL]DWLRQ
² 3RZHU�PDQDJHPHQW
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���6WDWLVWLFDO�0XOWLSOH[LQJ

� 6WDWLF�SDUWLWLRQLQJ�VFKHPHV�ZRUN�ZHOO�IRU�D�IL[HG�
QXPEHU�RI�XVHUV�WKDW�DOZD\V�KDYH�GDWD�WR�VHQG

� 1RW�VXLWHG�WR�GDWD�FRPPXQLFDWLRQV��SHDN!!DYHUDJH

� ,I�ZH�VKDUH�RQ�GHPDQG�ZH�FDQ�VXSSRUW�PRUH�XVHUV
² %DVHG�RQ�WKH�VWDWLVWLFV�RI�WKHLU�WUDQVPLVVLRQV
² 2FFDVLRQDOO\�ZH�PLJKW�EH�RYHUVXEVFULEHG

� 6WDWLVWLFDO�PXOWLSOH[LQJ�LV�KHDYLO\�XVHG�LQ�GDWD�QHWZRUNV
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([DPSOH

� 2QH�XVHU�VHQGV�DW���0ESV�DQG�LV�LGOH�����RI�WKH�WLPH��
² ���0ESV�FKDQQHO�����XVHUV�LI�VWDWLFDOO\�DOORFDWHG

� :KDW�DUH�WKH�OLNHO\�ORDGV�LI�ZH�VKDUH�RQ�GHPDQG"

0   1   2 Mbps

Prob

0   1    …      10 Mbps

Prob
2 users 10 users
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([DPSOH�FRQWLQXHG

� )RU����XVHUV��3URE�QHHG����0ESV�� ������

� 6R�NHHS�DGGLQJ�XVHUV�«
� )RU����XVHUV��3URE�!���DFWLYH�XVHUV�� ������

� :H�FDQ�VXSSRUW�WKUHH�WLPHV�DV�PDQ\�XVHUV�
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���5DQGRP�$FFHVV�± $/2+$

� :LUHOHVV�OLQNV�EHWZHHQ�WKH�+DZDLLDQ�LVODQGV�LQ�WKH���V
� :DQW�GLVWULEXWHG�DOORFDWLRQ

² QR�VSHFLDO�FKDQQHOV��RU�VLQJOH�SRLQW�RI�IDLOXUH

� $ORKD�SURWRFRO�
² -XVW�VHQG�ZKHQ�\RX�KDYH�GDWD�
² 7KHUH�ZLOO�EH�VRPH�FROOLVLRQV�RI�FRXUVH�«
² 'HWHFW�HUURUHG IUDPHV�DQG�UHWUDQVPLW�D�UDQGRP�WLPH�ODWHU

� 6LPSOH��GHFHQWUDOL]HG�DQG�ZRUNV�ZHOO�IRU�ORZ�ORDG
² )RU�PDQ\�XVHUV��DQDO\WLF�WUDIILF�PRGHO��PD[�HIILFLHQF\�LV����

djw // CSE/EE 461, Winter 2000 L3.15

&DUULHU�6HQVH�0XOWLSOH�$FFHVV

� ´Dµ�SDUDPHWHU��QXPEHU�RI�SDFNHWV�WKDW�ILW�RQ�WKH�ZLUH
² D� �GHOD\����SDFNHW�VL]H��VHQGLQJ�UDWH�
² 6PDOO�������IRU�/$1V��ODUJH��!!���IRU�VDWHOOLWHV�

� :H�FDQ�GR�EHWWHU�E\�OLVWHQLQJ�EHIRUH�ZH�VHQG��&60$�
² JRRG�GHIHQVH�DJDLQVW�FROOLVLRQV�RQO\�LI�´Dµ�LV�VPDOO��/$1V�

X
collision

(wire)

A B
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:KDW�LI�WKH�&KDQQHO�LV�%XV\"

� ��SHUVLVWHQW�&60$
² :DLW�XQWLO�LGOH�WKHQ�JR�IRU�LW
² %ORFNHG�VHQGHUV�FDQ�TXHXH�XS�DQG�FROOLGH

� QRQ�SHUVLVWHQW�&60$
² :DLW�D�UDQGRP�WLPH�DQG�WU\�DJDLQ
² /HVV�JUHHG\�ZKHQ�ORDGHG��EXW�ODUJHU�GHOD\

� S�SHUVLVWHQW�&60$
² ,I�LGOH�VHQG�ZLWK�SURE S�XQWLO�GRQH��LI�EXV\�ZDLW�D�UDQGRP�WLPH
² &KRRVH�S�VR�S����VHQGHUV������DYRLGV�FROOLVLRQV�DW�FRVW�RI�GHOD\
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&60$�ZLWK�&ROOLVLRQ�'HWHFWLRQ

� (YHQ�ZLWK�&60$�WKHUH�FDQ�VWLOO�EH�FROOLVLRQV��:K\"

� )RU�ZLUHG�PHGLD�ZH�FDQ�GHWHFW�FROOLVLRQV�DQG�DERUW��&60$�&'��
² H�J���PHDVXUH�DYHUDJH�YROWDJH�IRU�0DQFKHVWHU�HQFRGLQJ
² 5HTXLUHV�D�PLQLPXP�IUDPH�VL]H��´DFTXLULQJ�WKH�PHGLXPµ�
² %�PXVW�FRQWLQXH�VHQGLQJ��´MDPµ��XQWLO�$�GHWHFWV�FROOLVLRQ

X
collision

(wire)

A B

Time for B to detect A’s transmission
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(WKHUQHW

� ,(((�������VWDQGDUG�ZLUHG�/$1����SHUVLVWHQW�&60$�&'�
� &ODVVLF�(WKHUQHW�����0ESV�RYHU�FRD[LDO�FDEOH

² EDVHEDQG VLJQDOV��0DQFKHVWHU�HQFRGLQJ��SUHDPEOH�����ELW�&5&

� 1HZHU�VWDQGDUGV
² 873������0ESV��)DVW�����*ESV

� 0RGHUQ�HTXLSPHQW
² KXEV�DQG�VZLWFKHV

nodes
(wire)

Hub or
Switch
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(WKHUQHW�)UDPHV

� 0LQ�IUDPH����E\WHV��PD[������E\WHV
� 0D[�OHQJWK����NP��PD[�EHWZHHQ�VWDWLRQV����P��UHSHDWHUV�
� $GGUHVVHV�XQLTXH�SHU�DGDSWRU��JOREDOO\�DVVLJQHG
� %URDGFDVW�PHGLD�LV�UHDGLO\�WDSSHG�

² 3URPLVFXRXV�PRGH���PXOWLFDVW�DGGUHVVHV

CRC (4)Len (2)Preamble (8) Payload (var)Dest (6)Source (6) Pad (var)
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6RPH�$OJRULWKP�'HWDLOV

� ��SHUVLVWHQW�&60$�&'
� 2Q�FROOLVLRQ��MDP�DQG�H[SRQHQWLDO�EDFNRII
� -DPPLQJ�

² 6HQG����ELW�VHTXHQFH�WR�HQVXUH�FROOLVLRQ�GHWHFWLRQ
� %DFNRII�

² )LUVW�FROOLVLRQ��ZDLW���RU���IUDPH�WLPHV�DW�UDQGRP�DQG�UHWU\
² 6HFRQG�WLPH��ZDLW����������RU���IUDPH�WLPHV
² 1WK�WLPH��1� �����ZDLW�������«���1���WLPHV
² 0D[�ZDLW������IUDPHV��JLYH�XS�DIWHU����DWWHPSWV
² 6FKHPH�EDODQFHV�DYHUDJH�ZDLW�ZLWK�ORDG
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(WKHUQHW�&DSWXUH

� 5DQGRPL]HG�DFFHVV�VFKHPH�LV�QRW�IDLU

� 6WDWLRQV�$�DQG�%�DOZD\V�KDYH�GDWD�WR�VHQG
² 7KH\�ZLOO�FROOLGH�DW�VRPH�WLPH
² 6XSSRVH�$�ZLQV�DQG�VHQGV��ZKLOH�%�EDFNV�RII
² 1H[W�WLPH�WKH\�FROOLGH�DQG�%·V�FKDQFHV�RI�ZLQQLQJ�DUH�KDOYHG�
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(WKHUQHW�3HUIRUPDQFH

� 0XFK�EHWWHU�WKDQ�$ORKD�RU�&60$�
² :RUNV�YHU\�ZHOO�LQ�SUDFWLFH

� 6RXUFH�RI�SURWRFRO�LQHIILFLHQF\��FROOLVLRQV
² 0RUH�HIILFLHQW�WR�VHQG�ODUJHU�IUDPHV

� $FTXLUH�WKH�PHGLXP�DQG�VHQG�ORWV�RI�GDWD
² /HVV�HIILFLHQW�DV�WKH�QHWZRUN�JURZV�LQ�WHUPV�RI�IUDPHV

� UHFDOO�´Dµ� �GHOD\����IUDPH�VL]H��WUDQVPLVVLRQ�UDWH�
� ´Dµ�JURZV�DV�WKH�SDWK�JHWV�ORQJHU��VDWHOOLWH�
� ´Dµ�JURZV�DV�WKH�ELW�UDWHV�LQFUHDVH��)DVW��*LJDELW�(WKHUQHW�
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(WKHUQHW�3HUVSHFWLYH

� (WKHUQHW�LV�ZLOGO\�VXFFHVVIXO�
² 6LPSOH�\HW�HIIHFWLYH

� :KDW�PRUH�FRXOG�ZH�ZDQW"
² 'HWHUPLQLVWLF�VHUYLFH
² 3ULRULWLHV
² 6FDODEOH
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.H\�&RQFHSWV

� )'0$��7'0$��&'0$�DUH�FKDQQHO�VKDULQJ�WHFKQLTXHV
� 'DWD�QHWZRUNV�EHQHILW�IURP�VWDWLVWLFDO�PXOWLSOH[LQJ
� (WKHUQHW��&60$�&'���UDQGRPQHVV�FDQ�EH�HIIHFWLYH


