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7KRVH H[HUFLVHV PDUNHG DV KRPH H[HUFLVHV PXVW EH UHWXUQHG ODW�
HVW :HG ����� �� R
FORFN LQWR WKH ER[ LQ *�ZLQJ PDUNHG 6�������
([HUFLVHV � � � DUH GHPRQVWUDWHG �LQ )LQQLVK� GXULQJ H[HUFLVH FODVV E\ WKH
DVVLVWDQW� ([HUFLVHV � � � DUH KRPH H[HUFLVHV� (DFK KRPH H[HUFLVH LV ZRUWK ��
��SRLQWV� <RX PD\ UHFHLYH KHOS LQ VROYLQJ WKH KRPH H[HUFLVHV GXULQJ H[HUFLVH
FODVV DIWHU WKH DVVLVWDQW KDV H[SODLQHG H[HUFLVHV � � ��

�� /LWWOH
V IRUPXOD �'HPR�

/HW XV REVHUYH WKH V\VWHP DW KDQG DV D EODFN ER[� :H NQRZ WKDW
FXVWRPHUV DUULYH WR WKH V\VWHP ZLWK DYHUDJH LQWHQVLW\ �VSHHG� w� /HW
XV GHQRWH WKH DYHUDJH WLPH WKDW D FXVWRPHU VSHQGV LQ WKH V\VWHP E\ x7
DQG WKH DYHUDJH QXPEHU RI FXVWRPHUV LQVLGH WKH V\VWHP E\ x1 � /LWWOH
V
IRUPXOD VWDWHV WKDW

x1  w x7 �

3URYH WKH IRUPXOD XVLQJ WKH IROORZLQJ VHWWLQJ�

$VVXPH WKDW HDFK FXVWRPHU L LV ELOOHG WKH DPRXQW 0L� 7KH PDJQLWXGH
RI 0L LV SURSRUWLRQDO WR WKH WLPH VSHQW E\ WKH FXVWRPHU LQ WKH V\VWHP�
0L � 7L PN�PLQ� LQ RWKHU ZRUGV WKH FXVWRPHU LV ELOOHG IRU WKH WLPH
VSHQW LQ WKH V\VWHP� :KDW LV WKH DYHUDJH LQFRPH UDWH RI WKH V\VWHP �WKH
LQFRPH JDWKHUHG GXULQJ D WLPH SHULRG�OHQJWK RI WLPH SHULRG�" *LYH DQ
LQWHUSUHWDWLRQ RI WKH LQFRPH UDWH� LI HDFK FXVWRPHU L SD\V D IHH0L  7L�

�� %DVLFV RQ ORVV QHWZRUNV� �'HPR�

:H KDYH D ORVV V\VWHP ZLWK WKUHH VHUYHUV �FKDQQHOV�� &XVWRPHUV DUULYH
ZLWK LQWHQVLW\ w  � V DQG WKH DYHUDJH VHUYLFH WLPH LV �V�

D� &DOFXODWH WKH WLPH EORFNLQJ SUREDELOLW\ RI WKH V\VWHP�

E� +RZ PDQ\ FXVWRPHUV DUH RQ DYHUDJH EORFNHG GXULQJ DQ KRXU"

F� :KDW DUH WKH RmHUHG� FDUULHG� DQG EORFNHG WUDpF LQWHQVLWLHV RI WKH
V\VWHP"

�� 6WXG\ WKH PD[LPXP WKURXJKSXW RI WKH $/2+$ PXOWLSOH DFFHVV WHFK�
QLTXH LQ FRPSXWHU /RFDO $UHD 1HWZRUNV �/$1��

7KH FRPSXWHUV �VWDWLRQV� WKDW DUH FRQQHFWHG WR WKH /$1 VHQG SDFNHWV
WR HDFK RWKHU� :KHQ VHQGLQJ SDFNHWV� WKH VWDWLRQV FRPSHWH IRU WKH MRLQW
WUDQVPLVVLRQ PHGLXP� 7KH UHVRXUFH FDQ RQO\ EH XVHG E\ RQH VWDWLRQ DW
D WLPH� 7KH G\QDPLF FKDQQHO DVVLJQPHQW LV PDGH LQ D IXOO\ GLVWULEXWHG
PDQQHU E\ WKH VWDWLRQV WKHPVHOYHV�
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:H VWXG\ WKH $/2+$ UDQGRP DFFHVV WHFKQLTXH� 6WDWLRQV VHQG HDFK
RWKHU SDFNHWV LQGHSHQGHQWO\ ZLWK QR SULRU DFWLRQV WR DYRLG FROOLVLRQ� $V�
VXPH WKDW WKH VWDWLRQV JHQHUDWH n[HG OHQJWK SDFNHWV �WKH WLPH WR VHQG
D SDFNHW LV 7 � DFFRUGLQJ WR D 3RLVVRQ SURFHVV ZLWK LQWHQVLW\ y� 7KH
VWDELOLW\ UHTXLUHPHQW LV y � � 7 � 7ZR SDFNHWV FROOLGH LI WKHLU LQWHUDU�
ULYDO WLPH LV � 7 � &ROOLGHG SDFNHWV DUH UHWUDQVPLWWHG DIWHU D UDQGRP
LQWHUYDO DV ORQJ DV WKH WUDQVPLVVLRQ KDV VXFFHHGHG� :H DSSUR[LPDWH WKH
DJJUHJDWH SDFNHW VWUHDP E\ D 3RLVVRQ SURFHVV� ZLWK LQWHQVLW\ w ! y�
:KDW LV WKH PD[LPXP WKURXJKSXW RI WKH $/2+$ PHFKDQLVP"

�� 3HUIRUPDQFH PHDVXUHV IRU TXHXLQJ V\VWHPV �KRPHZRUN �S��

7KH0 0 � TXHXH LV XVHG WR PRGHO VLWXDWLRQV ZKHUH FXVWRPHUV DUULYH�
ZLWK H[SRQHQWLDOO\ GLVWULEXWHG LQWHUDUULYDO WLPHV �SDUDPHWHU w�� WR D
V\VWHP ZLWK RQH VHUYHU� 7KH FXVWRPHUV VHUYLFH WLPH LV H[SRQHQWLDOO\
GLVWULEXWHG �SDUDPHWHU x� DQG WKH QXPEHU RI ZDLWLQJ SODFHV LV LQnQLWH�
/HW XV GHQRWH WKH QXPEHU RI FXVWRPHUV LQ WKH V\VWHP E\ WKH UDQGRP
YDULDEOH ;� ,W FDQ EH VKRZQ WKDW� LQ HTXLOLEULXP� WKH VWDWH SUREDELOLWLHV
RI WKH V\VWHP {L  3 �;  L�� L�H� WKH SUREDELOLWLHV RI EHLQJ LQ VWDWH L�
DUH IURP WKH JHRPHWULFDO GLVWULEXWLRQ�
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D� &DOFXODWH WKH H[SHFWHG YDOXH RI WKH FXVWRPHUV �DYHUDJH QXPEHU RI
FXVWRPHUV� LQ WKH 0 0 � TXHXH�

E� 8VLQJ /LWWOH
V )RUPXOD� FDOFXODWH WKH DYHUDJH WLPH VSHQW E\ WKH
FXVWRPHU LQ WKH V\VWHP�

F� :KDW LV WKH DYHUDJH ZDLWLQJ WLPH RI D FXVWRPHU �ZDLWLQJ WLPH LV
WKH WLPH VSHQW LQ WKH EXmHU EHIRUH EHLQJ VHUYLFHG�"

'UDZ D SLFWXUH WR LOOXVWUDWH KRZ WKH DUULYDO LQWHQVLW\ w DmHFWV WKH
ZDLWLQJ WLPH� $VVXPH WKDW x  ��

�� 'LPHQVLRQLQJ �KRPHZRUN �S��

&RQVLGHU D PDLO RUGHU FRPSDQ\� ZLWK � SHUVRQV DQVZHULQJ RUGHU FDOOV�
7KH FDOOV DUULYH DV IURP D 3RLVVRQ SURFHVV ZLWK LQWHQVLW\ ��PLQ DQG WKH
DYHUDJH GXUDWLRQ RI D FDOO LV � PLQ�

D� &DOFXODWH WKH SUREDELOLW\ WKDW DQ DUULYLQJ FDOO LV EORFNHG� DVVXPLQJ
WKDW EORFNHG FDOOV DUH QRW UHQHZHG�
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E� 6KRXOG D IRXUWK SHUVRQ EH KLUHG WR DQVZHU WKH FDOOV� LI WKH FRVW RI
DQ H[WUD SHUVRQ LV ��� PN�K DQG WKH UHYHQXH SHU VXEVFULSWLRQ LV
RQ DYHUDJH �� PN"

�� 9LVXDOL]LQJ WKH WUDpF SURFHVV �KRPHZRUN �S��

&RQVLGHU WHOHSKRQH WUDpF LQ D OLQN EHWZHHQ WZR WHOHSKRQH H[FKDQJHV�
'XULQJ WKH WLPH LQWHUYDO >�� 7 @� ZKHUH 7  �� �WLPH XQLWV�� WKHUH DUH �
QHZ FDOOV DUULYLQJ DW WKH PRPHQWV

q �� �� �� �� �� � DQG �� �WLPH XQLWV��
7KH KROGLQJ WLPHV �LI WKH FDOOV DUH QRW EORFNHG� DUH UHVSHFWLYHO\

q �� �� �� �� �� � DQG � �WLPH XQLWV��
7KH OLQN FDSDFLW\ LV DVVXPHG WR EH Q  � FKDQQHOV� $VVXPH IXUWKHU
WKDW� DW WLPH W  �� WKH V\VWHP LV HPSW\ �WKDW LV� DOO WKH WKUHH FKDQQHOV
DUH IUHH��

'UDZ D SLFWXUH GHVFULELQJ WKH FDOO DUULYDO WLPHV� FKDQQHO RFFXSDWLRQ
�IRU HDFK FKDQQHO VHSDUDWHO\�� DQG WKH QXPEHU RI RFFXSLHG FKDQQHOV DV
D IXQFWLRQ RI WLPH W � >�� 7 @� +RZ PDQ\ RI WKH FDOOV RmHUHG DUH EORFNHG"
:KDW LV WKH FDOO EORFNLQJ SUREDELOLW\" :KDW LV WKH SURSRUWLRQ RI WLPH
WKDW WKH V\VWHP LV LQ WKH EORFNLQJ VWDWH" :KDW LV WKH WRWDO WUDpF
YROXPH LQ WKLV WLPH LQWHUYDO >�� 7 @"
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