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Fig. 2-1. (a) A binary signal and its root-mean-squareFourier
amplitudes.(b)-(e)Successiveapproximationsto the original sig-
nal.

From:Computer Networks, 3rd ed.by AndrewS.Tanenbaum,7 1996PrenticeHall
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Fig. 2-11.Theelectromagneticspectrumandits usesfor commun-
ication.

From:Computer Networks, 3rd ed.by AndrewS.Tanenbaum,7 1996PrenticeHall
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Um?H��o`MQbSGCWQMSGFGVEc_C�DaFOSGCWQaFGºEgZoCdQ���gH^Kc_`MUm?�Va`MQdc_C;U8Va`aQ\clCpi
´ j�CdQaAT`ac_UWSGgZoCdQ
DEFkS$gH^fS$`aguclC\XyJ�ghX�c_FGArU�clFZ?uFG[moCWQaghS$Cpi¹J�F@^_FZXlFG^_�qUmQO?HCdX�^_FZSG`a^_XlCdXBFZQ\cl^_FUWATs{CdX:VM`aQ\clCdXZi@J�gMQMC
~MU¸zT^_FZSG`a^_XlCdXZYmQaC�XKF�^_FZUW?ugHÍZUO?hU
S$CdQaF$ºEgwoCWQ7i@L�^lgH�WgHQMUW?uA�FGQaN
c_FWYBFZXKc_UdX�SGCWQaFGºEguCdQaFZX2FG^fUmQ=[Kox XKghSGUdXGYBS$CdQ<X�_�guc_Sf~MFZX/nd`MF�XlFTgHsMUmQäSGFG^_^_UWQMDEC;FZQ\cl^_F?hUWX�SGFGQ\cl^fUm?HFZXZi � Cqz;FZQ!D7ox U�XlFO^lFwXKFZ^l�qU�`aQ!SGUmQpUm?�?woCW�WghS$Cpi
Ó�FZXl�WFZQ\c_UqtKU � XlF�DaFZXlVpFZ^_DEghS$ghUmQ!^_FZSG`a^fXKC\X�¶]FwX&gH�W`MUW?¹DEF8SGUm^_Crc_^_UWQMXKA�guclgH^�Xlgu?HFGQpS$gHC
n\`aF
`MQMU�S$CWQ��dFG^fXlUdS$gwoCWQp·$i
V:FZQ\c_UqtKU � `aQMU��dFGÍ<FwX�cfUmsa?HFZSGgHDMU�?HUãS$CdQaF$ºEgwoCWQ7Y�FwX�cfU�XKF�ArUmQ\clgHFGQaFçXKgHQ�V{FG^fDEFG^
SZUm?HgHDMUWD�QagyS$Cd^KcfUm^fXKFdi

´ j�CdQaAT`ac_UWSGgZoCdQ�DEFvVpUWn\`aF$c_FZX � j�UdDaU!VMUdn\`aF$c_F;FZX�^l`aclFZUdDEC!FGQ�[]CW^_A�U<guQMDaFGV{FGQENDaguFZQdc_FTUm?¹^lFwX�c_C<¶]QaCvF$ºEgHXKclF�S$CWQpS$FGVaclC;DEFTSGCWQaFGºEgZoCdQp· Ý Va^_Cq�WFwSf~MU8sagHFGQ!FG?�UmQMSf~MC
DaF�sMUWQMDaUMY\V{FG^_CTVM`aFZDEF/�WFZ^_XlF�Um[]FZS$c_UWDaCTV{CW^�S$CWQM�WFZXKclgwoCWQ�DE`a^fUmQ\clF�FG?{cl^fUmQMX_S$`M^_XlC
DaF
?HU�S$CdQaF$ºEgwoCWQ7i Û FGc_UW^_DEC\X��qUm^_gHUWsa?uFwXGYEDEFwXKCd^_DaFGQ=DEFOVMUWn\`aFGclFZXZi
>kQ�FZXKclFäSZUWXlCªXlF!`MX_Uª`aQMUªA�`a?Ñc_guVM?uFGº�gwoCWQ�FZQúFG?�c_guFZA8V{CMY�V{FG^_C�XlguQúXl?uCWc_XrVa^_F$N
UdXKgH�WQpUWDEC\XGi
à2C�FZXkQaFZSGFZX_Um^_guCO~MUdS$FZ^@^lFwXKFZ^l�qU
DEF2^lFwS$`a^fXKC\XGYWz8XlF2UmVM^lCq�dFZSf~MU�FGQ�[]Cd^lArUªoCWVaclgHA�U
FZ?yUmQpSf~aC8DaF
sMUmQMDMU��d?uCdsMUm?7DagHXlVpCdQagHsa?uFdi
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>kX�QaFwS$FwXlUW^lgHC2DEFGPMQagH^:?HU2[]CW^_ArU2FZQ�n\`aF�?uC\XyQMC�DaCdX��qUmQ�U�UdSGS$FwXlUW^yFZ?EA8FwDEgHCMYmVMUW^_U2FG��guc_Um^
V�oFZ^_DagHDaUdX�DEFOguQE[]Cd^lArUdS$gwoCWQ7YEgHQ\clFG^l[]FG^_FGQpS$ghUWXZY\FGc_SWi
>@Q!`aQ!FwXln\`aFZArU�Va`aQ\clC;UrVM`aQ\clC�[]`a?H?ÑNõDE`aVM?uFGº=FwX�cl^_gH�\ghUm?ßYpX_Um?H�WCrn\`aFTXlFOclFZQa�dUrn\`aF

S$CdQMXlgHDEFZ^_UW^;S$CdQdc_^lCd?&DEFedp`qt�C}¶ÉSGCdX_U�n\`aF<QaC�~MUW^lFZA�CdXrFZQúFZXKc_U�SZUmVMU\·Þi®��FG^_Cçz\U�Um?
F$ºEghX�c_gu^v`aQ}SGUWQMUm?�~MUm?u[ NõDE`aVa?HF$º�?HUdX;S$C\XlUdX;XlFäS$CdA8VM?ughSGUWQ7i �@`aFwDEF<DaUW^_XlF<FG?/SGUdXKC�DEF
n\`aF<UmA�spC\X�QaCEDECdXrcl^fUmQMXlA�gÑcfUmQúUç?HUª�dFGÍ!zåV{CW^vFG?&A�ghXKA�CªclgHFGA�V{CMY�FZQ�SG`azWC�SZUWXlC
QagHQa�W`MQaCrDEF
?uC\X�DECdX&QaCmcfU8n\`aF
FZ?7Cmc_^lC�QaC�FwX�c{oU�^lFwS$gHsaguFZQMDEC�?HC�n\`aF�XlFOcl^fUmQpXKA�guclgwoCMi@>kX
QaFwS$FZX_Um^_gHCOSGCWA�VMUW^Kc_gu^:FZ?MA�FZDEgHC
FGQ�[]Cd^lArUOCd^l�\UmQagHÍZUdDaUaiyÊ2Q;SGUdXKC
�dFGQaFZ^_UW?EFZX:`aQrA�FwDEguC
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Um?:SG`MUm?:FwX�c{oUmQ�SGCWQaFwSÞcfUWDEC\X�A}o`a?uclgHVa?HFZXOQaCEDEC\XGYyz<?HUbS$CdAT`aQMgHSZUWS$gwoCWQçXKF8~MUdS$F�FGQ�[]CW^_ArU
DEFOsa^_CdUdDaSGUdX�c
¶]`aQMCr~MUmsa?hUaY�c_CEDECdX�FwXlSG`MSf~MUmQ{·Þi
´ Ý µ L ��Ý�� S$`MUWQMDEC�~MU¸zrnd`MF&cl^fUmQpXKA�guclgH^�XlF&c_^_UWQMXKA�guclFdi:JEgp~MU¸z�A�oUWX�DEF/`aQ;QaCEDECc_^_UWQMXlA8guclgHFGQpDECMY:XlF;Va^_C�Da`MS$F;`MQMU<S$Cd?ughXlgZoCdQªn\`aF�DEFZXKcl`azdF;?HCdX�VpUWn\`aF$c_FZX
gHQ��WCd?u`EN
SG^_UdDECdXZi µ CdX�QaCEDEC\X�DEFZspFZ^poUWQäDEFGclFZS$c_UW^/FwX�cfUvXlgÑc_`MUWSGgZoCdQå¶]FwXlSG`MSf~MUWQMDECvFZ?:SGUmQpUm? ·z�^lFZFGA�guclgH^�?uC\X�VMUWn\`aFGclFZX�n\`aF
XlF
VpFZ^_DaguFZ^lCdQ7i
>�XKV{FG^fUm^�`aQbc_guFZA8V{C;Um?HFZUmclCd^lgHC8UWQ\clFZX�DaF�c_^_UWQMXlA8guclgH^wi
�pUWS$clCW^�A�oUmº�gHA�CrDEF
`EclgH?HguÍwUWS$gwoCWQ ����f�g i

´ JE?uCWcKclFwD Ý µ L �2ÝT� XlCW?hUmA�FGQ\c_FTXKFTVpFZ^lA�guclF�c_^_UWQMXlA8guclgH^&FZQ<�WFZQdcfUmQMUdX&DEFTclgHFGA�VpCVM^lFwDEF$PMQMgHDaUdXGi@�pUWS$clCW^�A�oUqºEgHA�C�DaF
`EclgH?ugHÍZUdS$gwoCWQ �:�d� i f�g
´ j�J �<Ý ¶ßj�UW^l^_gHFG^2J�FZQMXKF � `a?Ñc_guVM?uF Ý SGSGFZX_X_· � gH�W`MUW?yU Ý µ L �2Ý YMVpFZ^lC;XlF
A�gu^fU�FG?A�FwDEguCçUmQ\clFwXTDEFvcl^fUmQMXlA�gÑc_gu^wiäJ�g�~MU¸zªUm?H�W`agHFGQªc_^_UWQMXKA�guclgHFGQMDaCMY:XKFvFZXlVpFZ^_U<n\`aF
c_FG^_A�guQaFbVMUW^_U<SGCWA�FGQMÍZUm^wi�j�J �<Ý-� N¾VpFZ^_XlghX�c_FGQ\clF;FwX8?HUä�WFG^fXlgZoCdQ�X�cfUmQMDaUW^_D � XKg
~pU¸zä`aQMU!SGCW?HgHXlgwoCWQ7Y�XKFr��`aFZ?u�dF;Ubcl^fUmQMXlA�gÑc_gu^
FZQ�`aQªclgHFGA�V{C<Um?HFZUqc_CW^_guCpibj�J �<Ý
VaNßV{FG^fXKghXKclFGQ\c_F � XKF�c_^_UWQMXlA8guclF/S$CdQrVa^lCdsMUmsMgu?HgHDMUWD8V;FGQvFG?pXlgH�W`agHFGQ\clF�XK?HCmc�¶Ñ½eh � ·Þi
�:UW^_U8FZ�\guc_UW^&?hUWX&SGCW?HgHXlguCdQaFZX2S$`MUWQMDECrA�o`a?uclgHVa?uFwX&QaCEDEC\X2SGCWA�guFZQaÍGFZQ!U�cl^fUmQMXlA�gÑc_gu^
UWVpFZQMUWX�XKF�DEFZXlCES$`aV{F�FG?�SGUWQMUm?ßYpXlF�Va`aFwDEFTUW�W^_FG�dUW^�`aQ=clgHFGA�V{C�UW?uFwUqclCd^lgHC�FGQ\cl^_F$N
A�FwDEguCpi�>kXKclC�FZX�?uC=n\`aF�~pUWS$Frj�J �<Ý QaC�VpFZ^_XlgHXKclFZQ\clFWY7n\`aF�FZXlVpFZ^_Uv`aQ�clgHFGA�VpC
UW?uFwUqc_CW^_guCrS$`pUmQMDECvFG?¹SZUmQMUW?yFwX�c{oUrCES$`aVMUdDECMYpXKgHQ!PmtKUW^_XlF
FGQ<Xlg¹~pU¸z�S$Cd?ughXlgZoCdQbVpUm^fU
�dCW?H�WFZ^�U/^_FG��ghXlUW^�XlgEFG?MSZUmQMUW?�FZXKcpoU/CES$`aVMUdDECOz
cl^fUmQpXKA�guclgH^�XlgMSGCW^_^lFwXKV{CWQMDaFWiy��gHFGQaF
ArU¸zdCW^�?HUmclFZQMS$ghU8VpFZ^lC�A�F�t�Cd^�`EclgH?ugHÍZUdS$gwoCWQ=DEFG?¹UmQMSf~aCrDEFOsMUWQMDaUMi

´ j�Ó�¶ßj�Cd?u?HgHXlgHCWQ
Ó2FGclFwSÞclgHCWQ{· � XlF:Va`aFwDEFkDEFGclFZS$c_UW^7`aQMU�SGCW?HgHXlgZoCdQ/SZUWXlgmgHQMX�cfUmQ\cpoUWQaFZUWA�FGQ\clFz=UmQ�`a?hUm^2FG?yVpUWn\`aF$c_F�FGQä�WFGÍ�DaFTFZXlV{FG^fUm^&U;n\`aFTXlF
c_FG^_A8gHQaFTDaF�cl^fUmQpXKA�guclgH^Zi�>kX
QMFZS$FwXlUW^lgHC�FZXlVpFZ^_UW^ ��i `aQaghDaUdDEFZX&DaFOclgHFGA�VpCpYpDECdQMDEF i FwX�FG?�c_guFZA�VpCvDaF�Va^_CWVMUmN
�\UWSGgZoCdQbDEFO?hUrXKF�ÜQMUm?�FZQ�FZ?ySGUWsa?HF�¶ÉFGQbclCEDaU�Xl`=?uCdQa�Wgucl`MDp·Þi

´ j�FZ?u`M?HUW^lFwX � æ J � ¶ æ ?HCWspUm?EJ�zEX�c_FGA®[]CW^ � CdsagH?uF�j�CWA�AT`aQMgHSZUqclgHCWQ{·ÞYdj�Ó �<Ý ¶ßj�CmN
DaF�Ó2gH��gHXlguCdQ � `a?Ñc_guVM?uF Ý SGSGFZX_X_·$YaÓ/J �äÝ ¶ÉÓ�gu�dgÑcfUm?¹JEFGQMXlF � `a?uclgHVa?uF Ý SGSGFZX_X_·$iuiHi

´ I�>�>k> f��\� i � ¶�>:cl~MFG^_QaF$cT¶�SGUWXlg ·K·
Ê�XlU�j�J �<Ý �dj�Ó � NßV{FG^fXKghXKclFGQ\c_FWi®j�CdQ�c_UWX_UWXvDEF!cl^fUmQpX�[]FZ^lFZQMS$ghUªDEF ��� z �����
� saVMXZi@�¹UWATsag$oFGQbF$ºEghX�c_FOFG? æ gH�dUWsagÑclN¾>@cl~aFZ^lQMF$cZi
�:UW^_Uçn\`aF=?uC\XrDaUqc_CdXrn\`aF<XlF!DEFZXlFZUWQãFZQ\��ghUm^rVa`MFZDaUWQ�XlFG^rVa`MFZXKclCdX�FZQ�?HUç^_FZD�Y
FwX�QaFwS$FwXlUW^lgHC<S$CEDEguPpSGUW^l?HCdX�z�FZQMSGUWVMXK`M?HUW^l?HCdXZib>k?kFZQMSGUWVMXK`M?HUWA8gHFGQ\c_C�¶É�a^fUmA�gHQa�\·
FwX�cwox VaghSGUmA�FZQdc_FvcfUm^_FZU�DEFG? �<Ý jÎ¶ � FwDEgu`MA Ý SZS$FwXlX;j�CWQ\c_^lCd?�Xl`asa?hU¸zWFZ^f·$i µ CdX�M^_UWA�FZX�clgHFGQMFGQ=?HU�[]Cd^lArU�DEF
?hUTPp�W`a^fUai
>k?EVa^_FyoUmA�sa`a?HC2FwX�`MXlUdDEC/VMUm^fU2XlguQpS$^_CWQagHÍZUW^¹?HCdX�^_FG?HCmt�FZX�¶ÉFZX�XK?HCmclclFwDM·Þi:�:Um^fU�V{CEDEFG^
DaF$clFwSÞcfUm^/?HUdX�SGCW?HgHXlguCdQaFZXZYBXKF�QaFZSGFZXlgÑcfUvn\`aF8FG?�?HUW^l�dCvDEF�S$`MUW?Hn\`agHFG^2[]^_UWA8F8XKFwUvDEF
UW?7A�FGQaC\X � �8s�zdc_FZXZi@>@Q=SGUdXKCrDEF
n\`aF
FZXlC�QaCrXKF
SG`aA�Va?HUMYMXlF/`pXlU8FG?¹�W�:UWDM�ai
µ UWXbDEgH^lFwSGS$gHCWQMFZXbXKCdQ�DEFç� f sagÑcfXGY/DEghXKF�ÜQMUWDEC\XvVpUm^fUån\`aFç?HUåVa^lCdsMUmsMgu?HgHDMUWD�DEFn\`aF;DaCdX�DEgH^_FZSGSGguCdQaFZXOFZ?uFZ�WghDaUWX
UW?@UmÍwUm^�XlFrFGQMSG`aFGQ\cl^_FGQçFGQ�?hUbA�gHXlArU=^lFwDçXlFZUWQ
SGFG^fSGUWQMUWX�U � ikJ�gHQ=FGA�sMUm^_�WCpY\XlF�UWXlgu�dQMUmQbS$FZQdc_^_UW?ugHÍZUdDaUmA�FZQdc_FWi
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Fig. 4-4.Comparisonof the channelutilization versusload for
variousrandomaccessprotocols.
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��gH�W`a^fU �E� j�CWA�VMUW^_UdS$gwoCWQbDEF Ý SGSGFZXlCdX�UW? � FZDEgHC
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PreambleStart Destination Source length Data Pad CC

0-1500
bytes

0-46 4

�¹gH�W`M^_U �a� �:Udnd`MF$clF
>@cl~aFZ^lQaFGc

Ê�XlUwv M T [yx{z|P�Q'N SUT P T K�MF[]J v []\�} S^~ VMUW^_U
FZ��gÑcfUm^@FZ?{UW`aA�FGQ\clC�FGºEVpCdQaFGQMSGgHUW?pDEFSGCW?HgHXlgHCWQaFwX � VMUW^_U;?HUvgÑNWoFZXlgHA�U;^lFGcl^fUmQMXlA�gHXlgZoCdQ<XKFTcl^fUmQMXlA�gÑc_FTFwnd`MguVa^_CWspUmsa?HFGA�FGQ\c_F
FZQ;?HCdXkXlgH�W`agHFGQ\clFwX � !�!�! ������� XK?HCmcfXGi�Ó2FwXKVM`�oFZX�DEF ��� S$Cd?ughXlguCdQaFZXZYWQaC�XKF/Um`aA�FGQ\cfU
?hU/SGUmQ\c_gHDaUdDTDEF�Xl?uCWc_X�U&FwXKV{FG^fUm^�z�oFZXKc_U�n\`aFZDaU�FGQ ���\� �Mi¹Ó2FwXKVa`�oFZX�DEF �Z� guQ\clFZQ\clCdX
[ÉUW?u?HghDECdXZYWXlF�FZ?ugHA�guQMU/FZ?EVMUWn\`aFGclFWi Û FZQMDEgHA8gHFGQ\c_C � FZQTc_FGCd^wox U f���g YWFZQ�?hU�Va^poUdSÞc_gHSZU����g i

� [ Z P Y�[ v J%P JFP T�� K�� � SB� P�� � ��� [ T K�[ � P����� UWXlF � ��~agHSfe�S$CdUmº ����� A ����� æ C�CED�[]CW^�sMUdSfe\s{CWQMFZX
����� UWXlF � ��~agHQ=SGCdUmº ����� A ��� j�~aFZUWVpFwX�c&XlzEX�c_FGA
����� UdXKFGN¾� �W_�ghX�c_FZDbVMUWgu^ ����� A ���\� � >�UWXlzrA�UWguQ\c_FGQMUWQMS$F
����� UWXlF$Nõ� ��gus{FG^&CdVEclghSGX ������� A ���\� � � FZXKc&spFGc�_�FZFGQbsa`agH?HDaguQa�\X
������� UdXKFGN¾��� �W_�ghX�c_FZDbVMUWgu^ ����� A N Ê2XlFZX�SGUmclFZ�WCW^_z � Ê2���®¶]�rVpUmgH^_Xf·
������� UdXKFGN¾��û �W_�ghX�c_FZDbVMUWgu^ ����� A N �M`a?H?yDE`aVa?HF$º=Uqc �����W� sMVMX
������� UWXlF$Nõ��û ��gus{FG^&CdVEclghSGX ������� A N �a`a?H?yDE`aVM?uFGºbUqc �����W� saVMXZYE?uCdQa��^_`aQMX

¶ � UWXlF�À
À � UWXlFGsMUWQMDbJEgu�dQMUm?H?ugHQa��·
´ I�>�>k> f��\� i �E� �yCdeWFZQ Û gHQa�
JECW?hUmA�FGQ\clF8Va`aFwDEF�cl^fUmQMXlA�gÑc_gu^/FG?@n\`aF8VpC\XKFZFT?hU;P{Sf~MUä¶��yCdeWFGQ{·Þi�>kXKclF�clCdeWFZQ<FZX
`MQ�VpUWn\`aF$c_F=FZXlVpFwS$ghUm?ßY�n\`aF!S$gH^_SG`a?hUäV{CW^r?hUç^lFwDãSG`MUmQMDaC�FwX�c{oU�?HgHsa^lFdi}j�`MUmQMDaC
`MQMUrFZXKc_UdS$gwoCWQbcl^fUmQpXKA�guclFWY{DEFGs{F�FwXKV{FG^fUm^&Ur^_FZSGgusMgu^&Xl`!Va^_CWVagHCrVMUWn\`aFGclF�DEFwXKVM`�oFZX
DaF!`aQMUª��`aFG?uc_U�SGCWA�Va?HF$cfUaY�?uC�DEFwXlSZUm^lc_UªDEF!?hUª^lFwD�zå?H`aFG�dCçFwXlSG^lgHs{F!FG?�c_CWeWFZQ
Q�`aFZ�qUmA�FGQ\clFdi&>�t � ��Ó�Ó�I�¶É��gHspFZ^/Ó�ghX�c_^lgHsa`Ec_FZD<Ó/UqcfU;IõQ\clFZ^K[ÉUdS$Fw·$i�>@Q<��Ó�Ó�IÞYBFG?
UWQagH?u?HC�guQMSG?u`pXKC�Va`aFwDEF�XlCWV{CW^lc_Um^�[ÉUW?u?hUWX�DEF
`MQbQMC�DaCMi
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j�UWDMU�^_FZDv[Kox XKghSGUTclgHFGQMF�XK`MX�VM^lCdVagHUdX�SGUW^_UdSÞclFZ^¸ox XKclghSGUdX@z;^_FZXKcl^_gHSZS$gHCWQaFwXGi
´�Û FGV{FZUqc_FG^fX � VpFZ^lA�guclFGQ�`aQagH^rDECdX�^_FZDEFwX�[Kox XlgHSZUWX8XKFZVMUm^fUWDaUdXGi�j�CWQåFZXKclCMY�XKF=Um`ENA�FZQdcfU
?hU
DEgHXKc_UWQMS$ghUOzT?hUWX@^lFwDEFZX�[]Cd^lArUWQ�DaCdX@XlFG�dA8FZQ\clCdXkDEF�`aQMU
Q�`aFZ�qUO^lFwD8n\`aF
UWsMUm^fSGU�c_C�DaCdX@?HCdX@QaCEDECdXZi���Cd^:?uCT�WFGQMFG^fUm?ßYm~MU¸zT^_FZXKcl^_ghSGS$gHCWQMFZX:XlCWsa^_F�?HUTSGUmQ\c_gHDaUdD
DaF
^lFZVpFGclghDECW^_FZX�V{FG^_A�gÑc_gHDEC\XGi
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´ � ^_gHDa�WFZX � XlCWQäSGCWA�Cv?HCdX�^_FGV{F$clghDECd^lFwX2V{FG^_CvgHQ\clFG?HgH�WFGQ\c_FZXZi�� Ý VM^lFZQMDEFGQp�WXlCWsa^_F
?HUc_CWV{CW?HCW�{ox UMiyJ�g�guQ\c_FG^fS$CWQMFZSÞcfUmA�CdX¹DECdX¹^_FZDEFwXGY¸`aQMU�A�oUWn\`agHQMU2n\`aF�FGQ���ox U�`aQTVpUWn\`aF$Nc_F/U�Cmcl^fUTDaF2?hU�A�gHXlArU
^_FZD�Y�QaC�QaFZSGFZXlgÑcfU�XKFZ^�^_F$c_^_UWQMXlA8guclghDECTUT?HU�Cmcl^fUai��@`MFZDEFZQ
CW[]^lFwS$FZ^�^lFwDE`aQMDMUmQMSGgHU�¶É�WFGQMFG^fUm^TSGgHSG?uC\X
FGQ�?hU=^_FZDM·�z�V{FG^_A�gÑc_gu^�^lFwS$`aV{FG^fUm^fXKFrDEF
`MQMU�[ÉUm?H?HUMi8��UmA�sag$oFGQ<V{FG^_A�gÑc_FGQªguQ\c_FG^fS$CWQMFZSÞcfUm^/^lFwDEFZX�[Kox XlgHSZUWXODEFrDEghX�c_guQ\clCbc_guV{CMYc_CWArUmQpDECvFZQ�S$CdQMXlgHDEFZ^_UdS$gwoCWQ!^_FZXKcl^_gHSZS$gHCWQaFwX2DEF8?hUm^_�WC�DaFTVMUdnd`MF$clFwXGY7Dagu^_FZSZS$gHCWQMUmN
A�gHFGQ\clCpYaF$cfSmi�L�V{FG^fUmQbFGQbFG?7QMgu�dFG?7Ó/Uqc_U µ guQMevDEFG?¹X�cfUWSfeBi

´ Jy_�gÑcfSf~aFZX � `aQäsM^lghDE�WF�XKCWPpX�c_gHSZUWDECpY{n\`aF�Va`aFwDEF�FZ��gÑcfUm^�SGCW?HgHXlgHCWQaFwX2Um?�Um?HArUWSGFGQMUW^VpUWn\`aF$c_FZX
FZQªA8FZA�CW^_gHUMi;à&C!�WFZQaFG^fU=S$Cd?ughXKgHCWQMFZXOFGQ\c_^lF�Va`aFZ^KcfUWXZYyV{CW^�?HC!n\`aF;XKF
`pXlUTVMUm^fUTXlFGVMUW^_UW^k�WDaCWA�guQMguC\X�DEFOS$Cd?ughXlguCdQaFZX_�ai:j�CWA�C�XlCWQvSZUm^_CdXZYW�dFGQaFZ^_UW?uA�FGQ\c_F
FwX�c{oUmQ!Um?7SGFGQ\cl^_C�DEF
?HU8^_FZD�YpXKFZVMUm^fUmQMDaC � Ê � X&S$CdQbXl`MX&Xl`asa^_FZDEFwXGi

´ V µ Ý à2X � JEF�Va`aFwDEFT`MX_Um^2`aQäX�_�gÑcfSf~!VMUm^fUrXKgHAT`M?HUW^2DECdX&^lFwDEFZX&[Kox XlghSGUWX&guQMDaFGV{FGQENDaguFZQdc_FZXZi

¥�¦%� ­ °��
° b °�� ¯� ©:«
´ ?HgHQaFZUW^
´ XlVagHQaF
´ c_^lFZF
´ XlFG�dA�FGQ\clFwD
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(a) (b) (c)

(d) (e) (f)

Fig. 1-6.Some possible topologies for a point-to-point subnet.
(a) Star. (b) Ring. (c) Tree. (d) Complete.(e) Intersectingrings.
(f) Irregular.
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