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Abstract 
  
 3RZHU�HIILFLHQF\�LV�LQFUHDVLQJO\�EHFRPLQJ�DQ�LVVXH�LQ�ZLUHOHVV�PRELOH�QHWZRUNV��
5RXWLQJ�SURWRFROV�IRU�HIILFLHQW�FRPPXQLFDWLRQ�EHWZHHQ�QRGHV�DUH�FRPSOLFDWHG�DQG�UHTXLUH�
ODUJH�DPRXQWV�RI�HQHUJ\��VR�UHVHDUFK�DUHDV�DUH�QRZ�IRFXVLQJ�RQ�GHFUHDVLQJ�WKLV�HQHUJ\�
FRQVXPSWLRQ��+HUH��ZH�DSSOLHG�WLPHNHHSLQJ�PHWULFV�WR�WKH�GHVLJQ�RI�D�SRZHU�PRGHO�IRU�
PRELOH�QHWZRUNV���7KHVH�PHWULFV�KDG�SUHYLRXVO\�EHHQ�SURYHQ�WR�SUHGLFW�WKH�EHKDYLRU�DQG�
SHUIRUPDQFH�RI�URXWLQJ�SURWRFROV���8VLQJ�16����PXOWLSOH�VLPXODWLRQV�ZHUH�UXQ�WR�JDWKHU�
HQHUJ\�GDWD�IRU�GLIIHUHQW�PRELOLW\�VFHQDULRV��(YHQ�DIWHU�EUHDNLQJ�WKH�HQHUJ\�GRZQ�LQWR�
FRPSRQHQWV��QR�GLUHFW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�PHWULFV�DQG�HQHUJ\�FRQVXPSWLRQ��
+RZHYHU��VRPH�WUHQGV�VXJJHVW�WKDW�LQGLUHFWO\��ZLWK�WKH�LQFRUSRUDWLRQ�RI�D�IHZ�PRUH�IDFWRUV��
WKH�PHWULFV�FDQ�EH�DSSOLHG�WR�D�PRGHO�WKDW�DFFXUDWHO\�SUHGLFWV�WKH�SRZHU�FRQVXPSWLRQ�LQ�D�
QHWZRUN� 
 
Introduction & Background 
 

$V�PRELOH�GHYLFHV�EHFRPH�SUHYDOHQW�LQ�RXU�GD\�WR�GD\�OLYHV��PRUH�UHVHDUFKHUV�DUH�
IRFXVLQJ�RQ�HIILFLHQW�QHWZRUN�FRPPXQLFDWLRQ���:LUHOHVV�QRGHV�LQ�WKHVH�QHWZRUNV�DUH�
VFDWWHUHG�DFURVV�ZLGH�UDQJHV��DQG�PXVW�ILQG�ZD\V�WR�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�DV�ZHOO�
DV�D�FHQWUDO�KRVW���,Q�PRUH�UHFHQW�VWXGLHV��WKH�QRGHV�DV�ZHOO�DV�WKH�KRVW�DUH�DOO�PRELOH��
5RXWLQJ�SURWRFROV�VXFK�DV�'\QDPLF�6RXUFH�5RXWLQJ��'65��DQG�$G�KRF�2Q�'HPDQG�
'LVWDQFH�9HFWRU�5RXWLQJ��$2'9��DUH�MXVW�WZR�RI�PDQ\�DOJRULWKPV�GHVLJQHG�IRU�WLPH�
HIILFLHQW�G\QDPLF�URXWH�FRPSXWDWLRQ�EHWZHHQ�QRGHV��%XW�LW�LV�QRZ�EHFRPLQJ�LQFUHDVLQJO\�
LPSRUWDQW�WR�FRQFHQWUDWH�RQ�SRZHU�HIILFLHQF\��:LWK�VXFK�FRPSOLFDWHG�DOJRULWKPV�GHVLJQHG�
IRU�KLJKHU�VXFFHVV�UDWHV��WKH�HQHUJ\�FRQVXPSWLRQ�DOVR�EHJLQV�WR�ULVH��,W�LV�YLWDO�WKDW�WKH�HQHUJ\�
XVDJH�VWD\V�ORZ�WR�HQVXUH�WKDW�WKH�QRGHV�VWD\�LQ�RSHUDWLRQ�IRU�D�ORQJ�GXUDWLRQ�RI�WLPH���,Q�
RUGHU�WR�DSSURDFK�WKLV�SUREOHP��D�WKRURXJK�DQDO\VLV�LV�QHFHVVDU\�WR�SLQSRLQW�GLIIHUHQW�IDFWRUV�
LQ�DQ�DFWLYH�QHWZRUN�WKDW�PLJKW�DIIHFW�WKH�SRZHU�FRQVXPSWLRQ��)RU�WKH�SDVW�WZR�PRQWKV��,�
KDYH�EHHQ�ZRUNLQJ�ZLWK�3URIHVVRU�/L�6KLXDQ�3HK�DW�3ULQFHWRQ�8QLYHUVLW\�RQ�D�SURMHFW�WR�
DQDO\]H�WKH�SRZHU�FRQVXPSWLRQ�LQ�D�PRELOH�VHQVRU�QHWZRUN���

3UHYLRXVO\��3URIHVVRU�3HK�DQG�KHU�JUDGXDWH�VWXGHQW�<RQJ�:DQJ�ZRUNHG�RQ�D�PRGHO�
RI�WKH�VXFFHVVIXO�SDFNHW�GHOLYHU\�UDWH�LQ�PRELOH�VHQVRU�QHWZRUNV��7KH\�LGHQWLILHG�VRPH�NH\�
WLPHNHHSLQJ�PHWULFV�WKDW�GHVFULEHG�WKH�EHKDYLRU�RI�WKH�URXWLQJ�SURWRFROV���:LWK�WKHVH�
PHWULFV��WKH\�GHVLJQHG�D�PRGHO�WKDW�VHUYHG�WR�DQDO\]H�DQG�SUHGLFW�WKH�VXFFHVV�UDWH�RI�D�
SURWRFRO�LQ�D�VSHFLILHG�VFHQDULR���,Q�DSSURDFKLQJ�WKH�SRZHU�FRQVXPSWLRQ�SUREOHP��,�ORRNHG�
IRU�FRUUHODWLRQV�EHWZHHQ�WKHVH�VDPH�PHWULFV�DQG�HQHUJ\�GLVVLSDWLRQ���7KHUH�DUH�WKUHH�
FRPSRQHQWV�RI�SRZHU�LQ�D�PRELOH�QHWZRUN��WUDQVPLW��UHFHLYH��DQG�LGOH�SRZHU���7KHVH�YDOXHV�
ZHUH�VHW�WR������������DQG������:�UHVSHFWLYHO\��ZKLFK�DUH�WKH�GHIDXOW�YDOXHV�LQ�WKH�1HWZRUN�
6LPXODWRU�VRIWZDUH�IXUWKHU�GHWDLOHG�LQ�WKH�QH[W�VHFWLRQ���$IWHU�DVFHUWDLQLQJ�VRPH�GDWD�RI�WKH�
RYHUDOO�HQHUJ\�FRQVXPSWLRQ��,�EURNH�GRZQ�WKH�YDOXHV�LQWR�WKHVH�WKUHH�HQHUJ\�FRPSRQHQWV��
$IWHU�PRUH�DQDO\VLV��,�H[DPLQHG�WKH�HQHUJ\�FRQVXPSWLRQ�GLIIHUHQFHV�EHWZHHQ�GDWD�SDFNHWV�



DQG�FRQWURO�SDFNHWV��)XUWKHU�H[SODQDWLRQV�RI�WKHVH�VLPXODWLRQV�DQG�WKHLU�UHVXOWV�DUH�IRXQG�LQ�
WKH�QH[W�VHFWLRQ��
 
Experiments & Analysis�
�

$OO�RI�WKH�VLPXODWLRQV�ZHUH�UXQ�XVLQJ�WKH�1HWZRUN�6LPXODWRU��QV�����$PRQJ�D�YDULHW\�RI�
IXQFWLRQV��QV���SURYLGHV�VXSSRUW�IRU�VLPXODWLQJ�GLIIHUHQW�URXWLQJ�SURWRFROV�RYHU�ZLUHOHVV�
QHWZRUNV��$OO�P\�VLPXODWLRQV�ZHUH�UXQ�XVLQJ�'65���7KH�HQHUJ\�PRGHO�LQ�QV���LV�D�VLPSOH�RQH�
WKDW�GHFUHPHQWV�HDFK�RI�WKH�WKUHH�HQHUJ\�FRPSRQHQWV�DIWHU�FRUUHVSRQGLQJ�HYHQWV��)RU�
H[DPSOH��DIWHU�D�SDFNHW�KDV�EHHQ�WUDQVPLWWHG�E\�D�SDUWLFXODU�QRGH��WKH�WUDQVPLW�HQHUJ\�RI�WKDW�
QRGH�LV�GHFUHPHQWHG�E\�WKH�HQHUJ\�GLVVLSDWHG��7KLV�HQHUJ\�YDOXH�LV�WKH�SURGXFW�RI�WKH�
VSHFLILHG�SRZHU�������:��DQG�WKH�WLPH�WDNHQ�WR�WUDQVPLW�WKH�SDFNHW���

0\�LQLWLDO�VLPXODWLRQV�FRQVLVWHG�RI�VL[WHHQ�GLIIHUHQW�VFHQDULRV��,Q�WKH�PRELOLW\�PRGHO��
WKH�QRGHV�PRYH�WR�D�GHVWLQDWLRQ�DW�D�UDQGRP�VSHHG�EHWZHHQ���DQG�D�VSHFLILHG�PD[LPXP�
VSHHG��7KH�QRGH�WKHQ�VWD\V�DW�WKDW�GHVWLQDWLRQ�IRU�D�OHQJWK�RI�WLPH��FDOOHG�WKH�SDXVH�WLPH���,�
XVHG�PD[LPXP�VSHHGV�RI����������DQG�����DQG�SDXVH�WLPHV�RI�����������DQG������SDLUV�RI�WKHVH�
WZR�YDULDEOHV�PDGH�XS�WKH�VL[WHHQ�VFHQDULRV���7KH�VLPXODWLRQ�DUHD�FRYHUHG�����P;����P�
FRQWDLQLQJ����QRGHV��DQG�WKH�QHWZRUN�OLIHWLPH�ZDV����V���,�ILUVW�JDWKHUHG�GDWD�WR�VHH�WKH�
FRUUHODWLRQ�EHWZHHQ�WKHVH�WZR�YDULDEOHV�DQG�WKH�WRWDO�HQHUJ\�GLVVLSDWHG��7KHVH�UHVXOWV�FDQ�EH�
VHHQ�LQ�)LJXUH�����:H�DQDO\]HG�WKH�GDWD�DV�IROORZV��IRU�WKH�ORZHU�SDXVH�WLPHV��WKHUH�LV�D�
VWHDG\�LQFUHDVH�LQ�HQHUJ\�FRQVXPSWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�LQFUHDVLQJ�PD[LPXP�VSHHG���
$V�WKH�VSHHG�LQFUHDVHV��PRUH�OLQNV�DUH�EUHDNLQJ�EHWZHHQ�QRGHV��7KLV�FDOOV�IRU�PRUH�URXWH�
FRPSXWDWLRQV��WKH�QRGHV�DUH�DOVR�FRYHULQJ�PRUH�GLVWDQFH��VR�DV�WKH\�PRYH�LQWR�WKH�UDQJH�RI�
RWKHU�QRGHV��WKH\�UHFHLYH�PRUH�EURDGFDVW�SDFNHWV���,Q�WKH�FDVHV�ZLWK�KLJKHU�SDXVH�WLPHV��
WKHUH�LV�D�GHFUHDVH�LQ�WKH�HQHUJ\�FRQVXPSWLRQ�ZKHQ�WKH�PD[LPXP�VSHHG�UHDFKHV����DQG������
$W�WKLV�SRLQW��WKH�QRGHV�DUH�FRYHULQJ�ORQJ�GLVWDQFHV��DQG�PD\�UHPDLQ�RXW�RI�UDQJH�IRU�D�
ORQJHU�SHULRG�RI�WLPH��,Q�WKLV�FDVH��WKHUH�LV�OHVV�WUDIILF�EHWZHHQ�QRGHV����

DSR: Energy for Variable Pause Time
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Figure 1 



 
,Q�RUGHU�WR�IXUWKHU�WHVW�WKHVH�K\SRWKHVHV��,�DGGHG�VRPH�YDULDEOHV�LQ�WKH�QV���FRGH�WR�

WUDFN�WKH�VHSDUDWH�WUDQVPLW��UHFHLYH�DQG�LGOH�HQHUJ\�YDOXHV���7KH�UHVXOWV�IURP�WKHVH�FDVHV�DUH�
VHHQ�LQ�)LJXUH�����7KHVH�JUDSKV�VKRZ�WKH�DPRXQW�RI�HQHUJ\�GLVVLSDWHG��6XUSULVLQJO\��WKH�LGOH�
HQHUJ\�YDOXHV�UHPDLQHG�QHDUO\�FRQVWDQW�DFURVV�DOO�RI�WKH�FDVHV��DQG�FRYHUHG�WKH�EXON�RI�WKH�
HQHUJ\��,W�FRXOG�EH�WKDW�WKH�SDFNHW�WUDIILF�ZDV�UHODWLYHO\�ORZ��DQG�UHTXLUHG�OLWWOH�
FRPPXQLFDWLRQ�EHWZHHQ�QRGHV��,�GLG�QRW�IXUWKHU�LQYHVWLJDWH�WKLV�LVVXH��UDWKHU��,�FRQFHQWUDWHG�
RQ�WKH�UHFHLYH�DQG�WUDQVPLW�HQHUJ\�FRPSRQHQWV��7KH�UHFHLYH�HQHUJ\�ZDV�VLJQLILFDQWO\�KLJKHU�
WKDQ�WKH�WUDQVPLW���7KLV�PLJKW�EH�H[SODLQHG�E\�WZR�UHDVRQV��'65�XVHV�EURDGFDVW�PHVVDJHV�
IRU�URXWH�FRPSXWDWLRQV��2IWHQ��D�QRGH�UHFHLYHV�WKH�VDPH�PHVVDJH�IURP�PXOWLSOH�QRGHV��EXW�
RQO\�WUDQVPLWV�LW�RQFH���)XUWKHUPRUH��QRGHV�OLVWHQ�IRU�SDFNHWV�DQG�LQIRUPDWLRQ�WKDW�PLJKW�EH��
XVHIXO�WR�WKHP��7KH\�IRUZDUG�RQO\�WKH�FRQWURO�SDFNHWV��DQG�GURS�DQ\�GDWD�SDFNHWV��,Q�WKLV�
FDVH�DJDLQ��WKHUH�PD\�EH�D�VLJQLILFDQWO\�ODUJHU�QXPEHU�RI�UHFHLYHG�SDFNHWV�WKDQ�VHQW�SDFNHWV���
�
�

Figure 2 

 
Figure 2 

�
:LWK�WKLV�EDVLF�LQIRUPDWLRQ�DYDLODEOH��,�DSSURDFKHG�WKH�SUREOHP�RI�DSSO\LQJ�WKH�

WLPHNHHSLQJ�PHWULFV�WKDW�ZHUH�SUHYLRXVO\�FRUUHODWHG�WR�VXFFHVV�UDWH��WR�SRZHU�FRQVXPSWLRQ���
7KH�WKUHH�PHWULFV�XVHG�ZHUH�6LQJOH�3DWK�'XUDWLRQ��63'���0XOWLSOH�3DWK�'XUDWLRQ��03'��
DQG�0XOWLSOH�3DWK�,QWHUYDO��03,����63'�LV�GHILQHG�DV�WKH�PLQLPXP�GXUDWLRQ�RI�D�VLQJOH�OLQN�
DORQJ�D�SDWK���03'�LV�WKH�SHULRG�RI�WLPH�GXULQJ�ZKLFK�DW�OHDVW�RQH�SDWK�H[LVWV�EHWZHHQ�DQ\�
SDLU�RI�QRGHV��03,�LV�WKH�DYHUDJH�SHULRG�RI�WLPH�GXULQJ�ZKLFK�QR�SDWK�H[LVWV�EHWZHHQ�SDLUV�
RI�QRGHV�LQ�WKH�QHWZRUN��<RQJ�SURYLGHG�PH�ZLWK�YDOXHV�RI�63'��03'�DQG�03,�WKDW�
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FRUUHVSRQG�WR�WKH�PD[LPXP�VSHHGV�RI�������DQG�����DQG�SDXVH�WLPHV�RI�����������DQG������
7KHUHIRUH��DOO�IXUWKHU�GDWD�DUH�SORWWHG�DJDLQVW�WKH�WZHOYH�FRPELQDWLRQV�RI�WKHVH�YDOXHV��� 

+\SRWKHWLFDOO\��WKHVH�PHWULFV�VKRXOG�KDYH�VRPH�FRUUHODWLRQ�ZLWK�WKH�SRZHU�
FRQVXPSWLRQ�LQ�D�QHWZRUN��$�VKRUWHU�63'�ZRXOG�PHDQ�WKDW�OLQNV�EUHDN�RIWHQ�DQG�URXWHV�
PXVW�EH�IUHTXHQWO\�UHFRPSXWHG���7KLV�ZRXOG�UHVXOW�LQ�KLJKHU�FRQWURO�SDFNHW�WUDIILF��DQG�
WKHUHIRUH�KLJKHU�SRZHU�FRQVXPSWLRQ���$�VLPLODU�FRUUHODWLRQ�ZRXOG�EH�H[SHFWHG�IRU�03'���
03,�VKRXOG�SUREDEO\�KDYH�VRPHZKDW�RSSRVLWH�UHVXOWV��DV�ORQJHU�LQWHUYDOV�EHWZHHQ�SDWKV�

�
�
EHWZHHQ�SDWKV�ZRXOG�PHDQ�PRUH�FRPPXQLFDWLRQ�LV�QHFHVVDU\�WR�GHOLYHU�SDFNHWV��7KH�

UHVXOWV��KRZHYHU��VKRZQ�LQ�)LJXUH����GLG�QRW�H[KLELW�DQ\�RI�WKH�H[SHFWHG�WUHQGV��7KHLU�ODFN�RI�
DQ\�VRUW�RI�FRQVLVWHQW�SDWWHUQ�OHG�XV�WR�EHOLHYH�ZH�VKRXOG�IXUWKHU�GLYLGH�WKH�GDWD���$�VKRUW�
63'�PLJKW��
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Figure 3 
 
 

ZRXOG�PHDQ�PRUH�FRPPXQLFDWLRQ�LV�QHFHVVDU\�WR�GHOLYHU�SDFNHWV��7KH�UHVXOWV��KRZHYHU��
VKRZQ�LQ�)LJXUH����GLG�QRW�H[KLELW�DQ\�RI�WKH�H[SHFWHG�WUHQGV��7KHLU�ODFN�RI�DQ\�VRUW�RI�
FRQVLVWHQW�SDWWHUQ�OHG�XV�WR�EHOLHYH�ZH�VKRXOG�IXUWKHU�GLYLGH�WKH�GDWD���$�VKRUW�63'�PLJKW�
UHTXLUH�PRUH�FRQWURO�SDFNHWV�EXW�OHVV�GDWD�SDFNHWV��DQG�D�ORQJHU�63'�PLJKW�DOORZ�IRU�PRUH�
VXFFHVVIXO�GDWD�SDFNHW�GHOLYHULHV�ZLWK�IHZHU�FRQWURO�SDFNHWV��0HDVXULQJ�WKHVH�WZR�FRQIOLFWLQJ�
HYHQWV�WRJHWKHU�PLJKW�VNHZ�WKH�GDWD��7KH�VDPH�ZRXOG�EH�WKH�FDVH�IRU�03'��DQG�ZLWK�03,��
WKH�ORQJHU�LQWHUYDOV�ZRXOG�FRUUHVSRQG�WR�PRUH�FRQWURO�SDFNHWV�DQG�OHVV�GDWD�SDFNHWV����

)LJXUHV��D���E�DQG��F�VKRZ�WKH�WUDQVPLW�DQG�UHFHLYH�HQHUJ\�GDWD�GLYLGHG�LQWR�FRQWURO�
DQG�GDWD�SDFNHWV�IRU�HDFK�RI�WKH�WKUHH�PHWULFV���,�GHULYHG�WKHVH�YDOXHV�E\�SRVW�SURFHVVLQJ�WKH�
WUDFH�ILOHV�XVLQJ�D�JDZN�VFULSW��:H�H[SHFWHG�WR�VHH�RSSRVLWH�WUHQGV�LQ�WKH�HQHUJ\�FRQVXPHG�
E\�GDWD�DQG�FRQWURO�SDFNHWV���%XW�QR�GLUHFW�FRUUHODWLRQ�LV�DSSDUHQW�IURP�WKLV�GDWD����
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Figure 4c 
 

 
,�IXUWKHU�DQDO\]HG�WKH�63'�PHWULF�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�HQHUJ\�ZDV�HQWLUHO\�

LQGHSHQGHQW�RI�WKHVH�WLPHNHHSLQJ�PHWULFV���$FFRUGLQJ�WR�WKH�SUHYLRXV�K\SRWKHVLV��WKH�HQHUJ\�
WUHQGV�H[SHFWHG�ZHUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�DW�GLIIHUHQW�YDOXHV�RI�63'��
FRPPXQLFDWLRQ�EHWZHHQ�QRGHV�ZRXOG�YDU\���7KLV�LPSOLHG�WKDW�WKH�QXPEHU�RI�SDFNHWV�VHQW�
DQG�UHFHLYHG�ZRXOG�LQFUHDVH�DQG�GHFUHDVH�DFFRUGLQJ�WR�WKH�63'�RI�D�JLYHQ�VFHQDULR����,�
JDWKHUHG�GDWD�IRU�WKH�FRUUHVSRQGLQJ�QXPEHU�RI�SDFNHWV�EHLQJ�GHOLYHUHG�IRU�WKH�HQHUJ\�
FRQVXPHG�LQ�)LJXUH��D���7KLV�WLPH��WKH�UHVXOWV�GLG�FRUUHVSRQG�ORJLFDOO\�ZLWK�WKH�K\SRWKHVLV��
DV�VHHQ�LQ�)LJXUH������

7KH�QXPEHU�RI�GDWD�SDFNHWV�WUDQVPLWWHG�LV�VSHFLILHG�LQ�WKH�VFULSW��DQG�LV�WKHUHIRUH�DW�
D�FRQVWDQW�DYHUDJH�RI�DERXW����SDFNHWV���7KH�QXPEHU�RI�FRQWURO�SDFNHWV�VHQW�H[KLELWV�WKH�
GHVLUHG�WUHQG���$V�63'�YDOXHV�LQFUHDVH��WKH�QXPEHU�RI�FRQWURO�SDFNHWV�WUDQVPLWWHG�VWHDGLO\�
GHFUHDVHV���&OHDUO\��WKH�H[LVWHQFH�RI�D�SDWK�UHGXFHV�WKH�QHHG�WR�FRPSXWH�QHZ�URXWHV���7KH�
UHFHLYHG�SDFNHWV�VKRZ�D�PRUH�YDJXH�H[DPSOH�RI�WKLV�WUHQG���:H�FDQ�VHH�D�YHU\�VOLJKW�GHFUHDVH�
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Figure 6�
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Future Work & Conclusions�
�

)URP�WKH�H[SHULPHQWV�FRQGXFWHG��WKHUH�LV�QR�ZD\�WR�FRQFOXGH�WKDW�WKH�WLPHNHHSLQJ�
PHWULFV�DUH�GLUHFWO\�DSSOLFDEOH�WR�D�SRZHU�FRQVXPSWLRQ�PRGHO�IRU�D�QHWZRUN��+RZHYHU��WKHUH�
LV�QR�UHDVRQ�\HW�WR�GLVUHJDUG�WKHP��ZLWK�PRUH�WLPH��D�QXPEHU�RI�UHPDLQLQJ�K\SRWKHVHV�FDQ�
VWLOO�EH�WHVWHG���7KHUH�PD\�EH�DV�IHZ�DV�RQH�RWKHU�IDFWRU�WKDW�PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�
RUGHU�WR�KDYH�D�SURSHU�PRGHO���)RU�H[DPSOH��WKH�SRZHU�FRQVXPSWLRQ�PXVW�VXUHO\�GHSHQG�RQ�
WKH�QXPEHU�RI�KRSV�D�SDFNHW�PXVW�FRYHU��:KHQ�FRQVLGHULQJ�WKH�63'�PHWULF��D�VLQJOH�SDWK�
PD\�H[LVW��DOORZLQJ�IRU�LPPHGLDWH�WUDQVPLVVLRQ�RI�GDWD��EXW�WKH�HQHUJ\�FRQVXPHG�ZLOO�
GHSHQG�RQ�WKH�OHQJWK�RI�WKH�SDWK���$OVR��LW�PXVW�EH�QRWHG�WKDW�WKH�PHWULFV�ZHUH�SUHYLRXVO\�
SURYHQ�DSSOLFDEOH�WR�WKH�VXFFHVVIXO�GHOLYHU\�UDWH�RI�WKH�SDFNHWV���+RZHYHU��IDLOHG�DWWHPSWV�GR�
FRQVXPH�HQHUJ\�XQWLO�WKH�SDFNHW�LV�GURSSHG���7KHVH�FDVHV�DUH�LJQRUHG�E\�WKH�PHWULFV�DQG�
SUREDEO\�KDYH�D�JUHDW�LPSDFW�RQ�WKH�HQHUJ\���7KHUHIRUH��WKHUH�DUH�VWLOO�PXOWLSOH�IDFWRUV�WKDW�
SHUKDSV�DOVR�QHHG�WR�EH�LQFRUSRUDWHG�LQWR�WKH�HTXDWLRQV�LQ�RUGHU�WR�GHVLJQ�DQ�DFFXUDWH�
PRGHO���:H�FDQ�FRQFOXGH�WKDW�PRGHOLQJ�SRZHU�VROHO\�RQ�WLPHNHHSLQJ�PHWULFV�LV�QRW�
VXIILFLHQW�IRU�WKH�PXOWLIDFHWHG�SURWRFROV�GHVLJQHG�IRU�HIILFLHQW�QHWZRUN�FRPPXQLFDWLRQ���


