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1RWHERRN�FRPSXWHUV�KDYH�VKRZQ�WUHPHQGRXV�LPSURYHPHQWV�ZLWKLQ�WKH�ODVW�\HDUV��7RGD\
WKHUH�H[LVW�DQ�DPD]LQJ�YDULHW\�RI�PRGHOV��IURP�OLJKW�ZHLJKW�XOWUD�SRUWDEOHV�WR�GHVNWRS
UHSODFHPHQWV��1RWHERRNV�KDYH�LQFUHDVHG�SHUIRUPDQFH��ODUJHU�DQG�KLJKHU�UHVROXWLRQ
VFUHHQV��PRUH�PHPRU\�DQG�JUHDWHU�VWRUDJH�FDSDFLW\��XS�WR����*%�+''�DUH�DYDLODEOH
WRGD\��FRPSDUHG�ZLWK�D�IHZ�\HDUV�DJR��7KH\�DUH�DOVR�VSRUWLQJ�D�ODUJHU�QXPEHU�RI
SHULSKHUDOV��LQFOXGLQJ�KLJK�VSHHG�&'�520�GULYHV��'9'�GULYHV��LQWHJUDWHG�FRQQHFWLYLW\�
ID[�PRGHP�IXQFWLRQV�DQG�D�SOHWKRUD�RI�SOXJ�LQ�3&�FDUGV��2QFH�HVRWHULF�IXQFWLRQV�VXFK�DV
ZLUHOHVV�FRPPXQLFDWLRQV�DQG�*36�IXQFWLRQV�DUH�EHFRPLQJ�PRUH�ZLGHVSUHDG�

$OO�RI�WKHVH�ZRQGHUIXO�QHZ�FDSDELOLWLHV�KDYH�SODFHG�LQFUHDVLQJ�SUHVVXUH�RQ�V\VWHP�EDWWHU\
OLIH��$GYDQFHV�LQ�EDWWHU\�GHVLJQ�DQG�WKH�XVH�RI�PRUH�DGYDQFHG�SRZHU�VDYLQJ�WHFKQRORJ\
KDYH�DOORZHG�EDWWHU\�OLIHWLPH�WR�UHPDLQ�LQ�WKH���±���KRXU�UDQJH�XQGHU�QRUPDO�XVDJH
FRQGLWLRQV��+RZHYHU��HYHU\�V\VWHP�FRPSRQHQW�QHHGV�WR�LPSURYH�SRZHU�FRQVXPSWLRQ�MXVW
WR�VWD\�HYHQ�

,QFUHDVLQJ�V\VWHP�EDWWHU\�OLIH�WKHUHIRUH�UHTXLUHV�DQ�XQFRQYHQWLRQDO�DSSURDFK�WR�SRZHU
PDQDJHPHQW��,%0��WKH�OHDGHU�LQ�PRELOH�KDUG�GULYH�WHFKQRORJ\��ZDV�WKH�ILUVW�FRPSDQ\�WR
LQWURGXFH�DGDSWLYH�SRZHU�PDQDJHPHQW�IRU�KDUG�GULYHV�LQ�������,%0�FRQWLQXHV�WR
DGYDQFH�WKH�VWDWH�RI�WKH�DUW�LQ�ORZ�SRZHU�WHFKQRORJ\��WKURXJK�FRRSHUDWLRQ�EHWZHHQ�WKH
5HVHDUFK�DQG�6WRUDJH�6\VWHPV�'LYLVLRQV�

:KDW·V�1HZ"
$GDSWLYH�%DWWHU\�/LIH�([WHQGHU��YHUVLRQ���LQWURGXFHG�HQKDQFHG�LQWHOOLJHQFH�DQG�SDWWHUQ
UHFRJQLWLRQ��DQG�VHOI�PDQDJHPHQW�RI�6WDQGE\�PRGH��7KLV�LQWHOOLJHQFH�DOORZV�HDFK�PRGH
WR�H[DPLQH�RQO\�WKH�DSSURSULDWH�DFFHVVHV��7KLV�DOORZV�IRU�WKH�XVH�RI�HDFK�PRGH�WR�EH
LQGHSHQGHQWO\�RSWLPL]HG�IRU�WKH�FXUUHQW�DFWLYLW\��7KH�VHOI�PDQDJHG�6WDQGE\�IHDWXUH�FDQ
EH�HQDEOHG�DQG�WKH�EHKDYLRU�DGMXVWHG�YLD�$7$�$7$3,���FRPPDQGV��7KH�DFWLYLW\
PRQLWRULQJ�KDV�EHHQ�IXUWKHU�LPSURYHG�LQ�YHUVLRQ���WR�SURYLGH�EHWWHU�FKDUDFWHUL]DWLRQ�RI
WKH�DFFHVV�SDWWHUQV��7KH�SDWWHUQ�UHFRJQLWLRQ�KDV�EHHQ�HQKDQFHG�WR�LGHQWLI\�PRUH
FRPPRQ�W\SHV�RI�DFWLYLW\��VXFK�DV�ZRUG�SURFHVVLQJ��7KH�GULYH�FDQ�GHWHFW�FHUWDLQ
³VLJQDWXUHV´�ZKLFK�DUH�FKDUDFWHULVWLF�RI�VXFK�DSSOLFDWLRQV��DQG�FDQ�XVH�WKLV�LQIRUPDWLRQ�WR
DGMXVW�LWV�EHKDYLRU�

7KH�UHVXOW�LV�WKDW�,%0�RIIHUV�WKH�KLJKHVW�FDSDFLW\�PRELOH�KDUG�GULYHV�LQ�WKH�LQGXVWU\�ZLWK
WKH�ORZHVW�HQHUJ\�FRQVXPSWLRQ��SURYLGLQJ�WKH�ORQJHVW�V\VWHP�EDWWHU\�OLIHWLPHV�

�� ����	��
��������	�������	�	��
$OO�PRELOH�KDUG�GULYHV�WRGD\�VXSSRUW�VRPH�IRUP�RI�SRZHU�PDQDJHPHQW��0RVW�GULYHV
IROORZ�WKH�FRQYHQWLRQDO�DSSURDFK�RI�GHILQLQJ�D�QXPEHU�RI�VSHFLILF�SRZHU�PRGHV��7KH
SRZHU�PRGHV�VDYH�HQHUJ\�E\�UHGXFLQJ�SHUIRUPDQFH��$�W\SLFDO�PRGH�FRQILJXUDWLRQ�LV
VKRZQ�LQ�)LJXUH���
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)LJXUH����&RQYHQWLRQDO�KDUG�GULYH�SRZHU�PDQDJHPHQW��7KH�YHUWLFDO�D[LV�VKRZV�WKH�W\SLFDO�SRZHU�FRQVXPSWLRQ�LQ
ZDWWV��7KH�KRUL]RQWDO�D[LV�VKRZV�WKH�WLPH�HODSVHG�VLQFH�D�FRPPDQG�EXUVW�HQGV��DQG�WKH�WLPH�VFDOH�LV�FRPSUHVVHG
RQ�WKH�ULJKW��7KH�LQDFWLYH�LQWHUYDO�LQGLFDWHV�WKDW�WKH�GULYH�LV�QRW�UHFHLYLQJ�DQ\�FRPPDQGV�IURP�WKH�KRVW�V\VWHP�
7KH�DUHDV�RI�WKH�UHFWDQJOHV�UHSUHVHQW�WKH�HQHUJ\�FRQVXPHG�LQ�HDFK�PRGH�

3RZHU�PRGHV
7KH�W\SLFDO�KDUG�GULYH�RSHUDWHV�LQ�RQH�RI�IRXU�PRGHV�

$FWLYH�PRGH��,Q�$FWLYH�PRGH��WKH�KDUG�GULYH�UHDGV��ZULWHV��VHHNV�DQG�SURFHVVHV�KRVW
FRPPDQGV��7\SLFDO�KDUG�GULYHV�FRQVXPH���������ZDWWV�LQ�$FWLYH�PRGH�

,GOH�PRGH��,GOH�PRGH�UHGXFHV�SRZHU�FRQVXPSWLRQ�E\�WXUQLQJ�RII�VRPH�RI�WKH�GULYH
HOHFWURQLFV�DW�WKH�H[SHQVH�RI�D�VKRUW�UHFRYHU\�WLPH��,Q�RQH�FRPPRQ�LPSOHPHQWDWLRQ��WKH
KHDG�LV�PRYHG�WR�D�SDUNLQJ�SRVLWLRQ��DQG�WKH�VHUYR�WUDFNLQJ�IXQFWLRQ�HLWKHU�LV�WXUQHG�RII�
RU�RSHUDWHG�DW�D�UHGXFHG�OHYHO�RI�FRQWURO��7KH�GLVN�UHPDLQV�VSLQQLQJ��WKH�LQWHUIDFH
HOHFWURQLFV�UHPDLQ�UHDG\�WR�DFFHSW�FRPPDQGV��DQG�WKH�GULYH�ZLOO�UHWXUQ�WR�$FWLYH�PRGH
ZKHQ�D�QHZ�FRPPDQG�LV�UHFHLYHG��7KH�GULYH�SRZHU�LV�UHGXFH�WR�VOLJKWO\�OHVV�WKDQ���ZDWW�
7KH�GULYH�ZLOO�UHTXLUH�DERXW����PVHF�WR�UHWXUQ�WR�$FWLYH�PRGH�

6WDQGE\�PRGH��,Q�6WDQGE\�PRGH��WKH�VSLQGOH�PRWRU�LV�VWRSSHG��DQG�PRVW�RI�WKH
HOHFWURQLFV�DUH�SRZHUHG�RII��3RZHU�FRQVXPSWLRQ�LV�ORZHUHG�WR�WKH�UDQJH�RI�����ZDWWV��EXW
UHFRYHU\�WLPH�IURP�6WDQGE\�PRGH�WR�$FWLYH�PRGH�LV�LQFUHDVHG�WR�D�IHZ�VHFRQGV��7KH
LQWHUIDFH�HOHFWURQLFV�UHPDLQ�UHDG\�WR�DFFHSW�FRPPDQGV��DQG�WKH�GULYH�ZLOO�UHWXUQ�WR
$FWLYH�PRGH�ZKHQ�D�QHZ�FRPPDQG�LV�UHFHLYHG��7KH�GULYH�ZLOO�UHTXLUH�EHWZHHQ�����DQG��
VHFRQGV�UHWXUQLQJ�WR�$FWLYH�PRGH���'HVNWRS�DQG�VHUYHU�GULYHV�PD\�UHTXLUH�XS�WR���
VHFRQGV�UHFRYHULQJ�IURP�6WDQGE\�PRGH��

6OHHS�PRGH��6OHHS�PRGH�LV�HQWHUHG�E\�D�VSHFLILF�FRPPDQG��DQG�LV�XVHG�IRU�ORQJ�SHULRGV
�KRXUV��RI�V\VWHP�LQDFWLYLW\��$OO�HOHFWURQLFV�DUH�SRZHUHG�RII�H[FHSW�WKRVH�QHHGHG�WR
UHVSRQG�WR�D�ZDNH�XS�FRPPDQG��W\SLFDOO\�UHTXLULQJ�DERXW�����ZDWW��5HFRYHU\�WLPH�LV
VHYHUDO�VHFRQGV�

0RGH�FRQWURO
&RQYHQWLRQDO�KDUG�GULYHV�GRQ¶W�HQWHU�SRZHU�VDYH�PRGHV�LPPHGLDWHO\�IROORZLQJ�WKH
FRPSOHWLRQ�RI�D�FRPPDQG��5DWKHU��WKH\�ZDLW�D�ZKLOH�WR�VHH�LI�IXUWKHU�FRPPDQGV�DUH
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IRUWKFRPLQJ��7KH�W\SLFDO�DSSURDFK�LV�WR�ZDLW�IRU�D�IL[HG�SHULRG��0RVW�GULYHV�ZLOO�UHPDLQ�LQ
$FWLYH�PRGH�IRU���VHFRQGV�DIWHU�D�FRPPDQG�LV�UHFHLYHG�EHIRUH�HQWHULQJ�,GOH�PRGH��7KH\
DSSURDFK�IRU�HQWHULQJ�6WDQGE\�PRGH�LV�VLPLODU��EXW�WKH�ZDLWLQJ�WLPH�LV�PXFK�ORQJHU�
W\SLFDOO\���PLQXWHV��7KLV�ORQJ�WLPH�LV�GXH�WR�D�QXPEHU�RI�IDFWRUV��LQFOXGLQJ�WKH�XVHU�
SHUFHSWLEOH�VWDUWXS�GHOD\��DQG�WR�OLPLW�WKH�QXPEHU�RI�WLPHV�WKH�KHDGV�ODQG�RQ�WKH�GLVN�
7KH�KRVW�FRPSXWHU�RU�WKH�HQG�XVHU�PD\�DGMXVW�WKH�6WDQGE\�HQWU\�WLPH��ZKLOH�WKH�LGOH
HQWU\�WLPH�WHQGV�WR�EH�IL[HG��7KLV�SURYLVLRQ�DOORZV�IRU�VRPH�WDLORULQJ�RI�WKH�GULYH
EHKDYLRU�

:HDNQHVVHV
7KH�FRQYHQWLRQDO�DSSURDFK�FOHDUO\�OHDYHV�D�ORW�WR�EH�GHVLUHG��(YHQ�D�FXUVRU\�REVHUYDWLRQ
RI�KDUG�GULYH�DFWLYLW\�ZLOO�VKRZ�WKDW�WKH�IL[HG�HQWU\�WLPH�DSSURDFK�LV�QRW�RSWLPDO��7KH
FRQYHQWLRQDO�DSSURDFK�ZRUNV�RQ�WKH�DVVXPSWLRQ�WKDW�LI�WKHUH�LV�D�SHULRG�RI�LQDFWLYLW\�RI�DW
OHDVW�WKH�IL[HG�WLPH�VHWWLQJ��WKHQ�HQWHULQJ�,GOH�PRGH�RU�6WDQGE\�PRGH�ZLOO�VDYH�HQHUJ\�
+RZHYHU��WKLV�DVVXPSWLRQ�LV�YHU\�ZHDN��:KLOH�LW�FDQ�GHWHFW�WKDW�WKH�XVHU�KDV�OHIW�WR�JHW�D
FXS�RI�FRIIHH��LW�FDQ¶W�UHDOO\�GHWHUPLQH�DQ\WKLQJ�DERXW�WKH�DFFHVV�SDWWHUQV��,Q�IDFW��LW�FDQ
PDNH�VRPH�SUHWW\�HJUHJLRXV�HUURUV��LI�WKH�6WDQGE\�WLPH�LV�VHW�VOLJKWO\�VKRUWHU�WKDQ�DQ
DSSOLFDWLRQ�DXWRVDYH�WLPH��WKHQ�WKH�GULYH�ZLOO�ZDVWH�D�ORW�RI�HQHUJ\�MXPSLQJ�LQ�DQG�RXW�RI
6WDQGE\�PRGH���7KH�IL[HG�WLPH�PHWKRG�GRHVQ¶W�DFFRXQW�IRU�HQHUJ\�H[SHQGHG�LQ�VZLWFKLQJ
EHWZHHQ�PRGHV���,W�LV�YHU\�GLIILFXOW�WR�VDYH�HQHUJ\�ZLWKRXW�NQRZLQJ�WKLV�LQIRUPDWLRQ�
&OHDUO\��WKHUH�PXVW�EH�D�EHWWHU�ZD\�

�� �����
�	�����	����

	�	��	��	�{
7KH�JRDO�RI�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�LV�WR�UHGXFH�WKH�KDUG�GULYH�SRZHU�FRQVXPSWLRQ
GXULQJ�DFWXDO�XVHU�ZRUNORDGV��,W�LV�SRVVLEOH�WR�GUDPDWLFDOO\�UHGXFH�SRZHU�FRQVXPSWLRQ
ZLWK�DQ�DGDSWLYH�FRQWURO�GHVLJQ��ZKLOH�PDLQWDLQLQJ�+''�SHUIRUPDQFH��,%0¶V�$GDSWLYH
%DWWHU\�/LIH�([WHQGHU�WHFKQRORJ\�LPSURYHV�WKH�FRQYHQWLRQDO�DSSURDFK�LQ�WZR�LPSRUWDQW
ZD\V��)LUVW��$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�HPSOR\V�D�PRUH�VRSKLVWLFDWHG�VHW�RI�SRZHU
PRGHV��VHFRQG��LW�LQWHOOLJHQWO\�PDQDJHV�WKH�WUDQVLWLRQ�EHWZHHQ�WKHVH�PRGHV��7KLV
WHFKQRORJ\�DOVR�WDNHV�DGYDQWDJH�RI�,%0¶V�ORDG�XQORDG�GHVLJQ��ZKLFK�SUHYHQWV�WKH�KHDGV
IURP�ODQGLQJ�RQ�WKH�GLVN�VXUIDFHV��7KLV�UHSUHVHQWV�D�GUDPDWLF�GHSDUWXUH�IURP
FRQYHQWLRQDO�SRZHU�PDQDJHPHQW��ZKLFK�LV�XQDEOH�WR�HIIHFWLYHO\�XVH�WKH�SRZHU�VDYH
PRGHV�GXULQJ�XVHU�DFWLYLW\�

0RUH�SRZHU�OHYHOV
$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�GULYHV�RSHUDWH�XVLQJ�WKH�IROORZLQJ�PRGHV�

$FWLYH�PRGH��6DPH�DV�FRQYHQWLRQDO�

3HUIRUPDQFH�,GOH�PRGH��3HUIRUPDQFH�LGOH�PRGH�LV�HQWHUHG�LPPHGLDWHO\�IROORZLQJ�WKH
FRPSOHWLRQ�RI�FRPPDQG�SURFHVVLQJ�LQ�$FWLYH�PRGH��8QOLNH�FRQYHQWLRQDO�,GOH�PRGH��WKHUH
LV�QR�HQWU\�GHOD\��,Q�3HUIRUPDQFH�,GOH��IXOO�VHUYR�SHUIRUPDQFH�LV�PDLQWDLQHG��EXW�VRPH�RI
WKH�HOHFWURQLFV�DUH�SRZHUHG�GRZQ��6XEVHTXHQW�FRPPDQGV�DUH�SURFHVVHG�ZLWK�QR�GHOD\�
3HUIRUPDQFH�,GOH�SRZHU�FRQVXPSWLRQ�LV�DERXW�����±�����ZDWWV��7KH�GXUDWLRQ�RI�WKLV�PRGH
LV�VHOI�PDQDJHG��DV�GHVFULEHG�EHORZ�

)DVW�,GOH�PRGH��,Q�)DVW�LGOH�PRGH��SRZHU�FRQVXPSWLRQ�LV�VLPLODU�WR�FRQYHQWLRQDO�,GOH
PRGH��7KH�KHDG�LV�PRYHG�WR�SDUNLQJ�ORFDWLRQ�SDUNHG�DQG�WKH�VHUYR�FRQWURO�WXUQHG�RII�
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)DVW�LGOH�SRZHU�LV�LQ�WKH�����ZDWW�UDQJH��5HFRYHU\�WLPH�WR�$FWLYH�PRGH�LV�DERXW����PV�
7KH�HQWU\�DQG�GXUDWLRQ�RI�WKLV�PRGH�LV�VHOI�PDQDJHG�

/RZ�3RZHU��/3��,GOH�PRGH��,Q�/3�LGOH�PRGH��WKH�SRZHU�FRQVXPSWLRQ�LV�UHGXFHG�E\
����FRPSDUHG�ZLWK�)DVW�LGOH��7KH�KHDGV�DUH�XQORDGHG�IURP�WKH�GLVN��UHGXFLQJ�SRZHU
FRQVXPSWLRQ�WR�WKH�����ZDWW�UDQJH��,Q�/3�LGOH�PRGH��WKH�GULYH�KDV�LPSURYHG�VKRFN
WROHUDQFH�VLQFH�WKH�KHDGV�DUH�QRW�IO\LQJ�RYHU�WKH�GLVN�VXUIDFHV��5HFRYHU\�WLPH�WR�$FWLYH
PRGH�LV�DERXW�����PV��7KH�HQWU\�DQG�GXUDWLRQ�RI�WKLV�PRGH�LV�VHOI�PDQDJHG�

6WDQGE\�PRGH��6LPLODU�WR�FRQYHQWLRQDO��H[FHSW�HQWU\�PD\�EH�VHOI�PDQDJHG�DGDSWLYHO\
E\�WKH�GULYH��7KH�VSLQGOH�PRWRU�LV�VWRSSHG��DQG�PRVW�RI�WKH�HOHFWURQLFV�DUH�SRZHUHG�RII�
5HFRYHU\�WLPH�LV�OHVV�WKDQ���VHFRQGV�

6OHHS�PRGH��6DPH�DV�DERYH�

$GDSWLYH�6HOI�PDQDJHPHQW
$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�GHWHUPLQHV�WKH�DSSURSULDWH�PRGH�EDVHG�RQ�WKH�DFWXDO
DFFHVV�SDWWHUQ��DQG�WKH�LQWHUQDO�OHYHO�RI�GULYH�DFWLYLW\�

)LJXUH���LOOXVWUDWHV�D�W\SLFDO�SRZHU�VHTXHQFH�XVLQJ�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU
WHFKQRORJ\��2QFH�WKH�FRPPDQG�EXUVW�HQGV��WKH�GULYH�LPPHGLDWHO\�HQWHUV�3HUIRUPDQFH
,GOH�PRGH��$W�WKLV�SRLQW��WKH�GULYH�SHUIRUPV�FDOFXODWLRQV�WR�GHWHUPLQH�WKH�PRVW
DSSURSULDWH�SRZHU�VDYH�PRGH��EDVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�FRPPDQG�EXUVW��WKH
FRPPDQG�KLVWRU\��WKH�GHVLUHG�SHUIRUPDQFH�OHYHO��DQG�WKH�HQHUJ\�FRVWV�DVVRFLDWHG�ZLWK
HDFK�PRGH�
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$GDSWLYH

)LJXUH� ��� 7KH� SRZHU� FRQVXPSWLRQ� LV� VKRZQ� DV� D� IXQFWLRQ� RI� WLPH�� IRU� D� W\SLFDO� DFFHVV� SDWWHUQ�� 7KH� DFWLYH
UHFWDQJOH�VKRZV�WKH�SRZHU�FRQVXPSWLRQ�ZKLOH�DFWLYHO\�SURFHVVLQJ�FRPPDQGV��7LPH���LQGLFDWHV�WKH�FRPSOHWLRQ�RI
WKH�ODVW�FRPPDQG�LQ�D�VHTXHQFH��7KH�QH[W�UHFWDQJOHV�LOOXVWUDWH�D�SURJUHVVLRQ�WKURXJK�YDULRXV�SRZHU�OHYHOV��7KH
KRUL]RQWDO� WLPH� VFDOH� LV� VKRZQ� FRPSUHVVHG� RQ� WKH� ULJKW�� 7KH� PRGH� GXUDWLRQV� VKRZQ� DUH� H[DPSOHV�� $GDSWLYH
%DWWHU\�/LIH�([WHQGHU�GHWHUPLQHV� WKH�DSSURSULDWH�DPRXQW�RI� WLPH� WR�VSHQG� LQ�HDFK�PRGH� EDVHG�RQ� WKH�DFFHVV
DFWLYLW\�

7KH�GULYH�HQWHUV�ORZ�SRZHU�PRGHV�UDSLGO\�ZKHQ�LW�LV�FRQILGHQW�WKDW�WKH�FRPPDQG�EXUVW
KDV�HQGHG��DQG�PRUH�VORZO\��RU�QRW�DW�DOO���ZKHQ�LW�GHWHUPLQHV�WKDW�WKH�FRPPDQG�DFWLYLW\



$GDSWLYH�3RZHU�0DQDJHPHQW�)RU�0RELOH�+DUG�'ULYHV

�

KDV�QRW�FHDVHG��$V�VKRZQ�LQ�)LJXUH����RQ�DYHUDJH�WKH�GULYH�ZLOO�HQWHU�)DVW�,GOH�LQ�OHVV
WKDQ���VHFRQG��/RZ�3RZHU�,GOH�LV�W\SLFDOO\�HQWHUHG�LQ�D�IHZ�VHFRQGV��,I�HQDEOHG��6WDQGE\
ZLOO�EH�HQWHUHG�LQ�OHVV�WKDQ����VHFRQGV��7KH�VSHFLILF�VHTXHQFH�DQG�WLPHV�WR�HQWHU�WKH
PRGHV�ZLOO�YDU\�DFFRUGLQJ�WR�WKH�GULYH�DFWLYLW\��7KH�QHW�UHVXOW�LV�WKDW�GLVN�GULYHV
HPSOR\LQJ�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�ZLOO�JHQHUDOO\�HQWHU�SRZHU�VDYLQJ�VWDWHV�PXFK
PRUH�TXLFNO\�WKDQ�FRQYHQWLRQDO�GULYHV��UHGXFLQJ�SRZHU�FRQVXPSWLRQ�DQG�LQFUHDVLQJ
V\VWHP�EDWWHU\�OLIH�

7KH�NH\�WR�WKH�SRZHU�HIILFLHQF\�RI�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�LV�WKH�LQWHOOLJHQW
PDQDJHPHQW�RI�WUDQVLWLRQV�EHWZHHQ�WKH�YDULRXV�SRZHU�PRGHV��$GDSWLYH�%DWWHU\�/LIH
([WHQGHU�G\QDPLFDOO\�PDQDJHV�WKH�WUDQVLWLRQV�EDVHG�RQ�WKH�XVHU
V�UHFHQW�DFFHVV�SDWWHUQ�
LQVWHDG�RI�IL[HG�WLPHV�

6RIWZDUH�DSSOLFDWLRQV�JHQHUDOO\�JHQHUDWH�FRPPDQGV�LQ�EXUVWV�UDWKHU�WKDQ�UDQGRPO\��7KLV
HIIHFW�WHQGV�WR�EH�HQKDQFHG�E\�V\VWHP�FDFKH�DFWLYLW\��$GDSWLYH�%DWWHU\�/LIH�([WHQGHU
DFKLHYHV�SRZHU�VDYLQJV�E\�H[SORLWLQJ�WKH�FRPPDQG�EXUVW�SDWWHUQV��7KH�FRPPDQG
IUHTXHQF\�GLVWULEXWLRQ�LV�PHDVXUHG�WR�FKDUDFWHUL]H�WKH�DFWLYLW\��7KLV�LQIRUPDWLRQ�LV
PDLQWDLQHG�LQ�D�KLVWRU\�EXIIHU��DQG�LV�XVHG�WR�MXGJH�KRZ�ORQJ�WKH�FXUUHQW�EXUVW�RI
FRPPDQGV�ZLOO�FRQWLQXH��7KH�DOJRULWKP�FDOFXODWHV�WKH�SUREDELOLW\�WKDW�WKH�FXUUHQW�EXUVW�RI
FRPPDQGV�LV�FRPSOHWH�EDVHG�RQ�WKH�VWDWLVWLFV�RI�WKH�GLVWULEXWLRQ��7KLV�LQIRUPDWLRQ�LV
FRXSOHG�ZLWK�WKH�HQHUJ\�FKDUDFWHULVWLFV�RI�WKH�PRGHV�WR�GHWHUPLQH�ZKLFK�PRGH��LI�DQ\��LV
EHVW�VXLWHG�WR�WKH�FXUUHQW�FRQGLWLRQV�

(DFK�PRGH�LV�WUHDWHG�LQGHSHQGHQWO\��7KHUHIRUH��WKH�LQWHUPHGLDWH�PRGHV�PD\�EH�VNLSSHG
DW�WLPHV�

3RZHU���3HUIRUPDQFH�&RQWURO
5HGXFLQJ�WKH�SRZHU�FRQVXPSWLRQ�RI�WKH�KDUG�GULYH��RU�DQ\�RWKHU�V\VWHP�FRPSRQHQW��LV
XVHIXO�RQO\�ZKHQ�LW�LQFUHDVHV�WKH�DPRXQW�RI�ZRUN�WKDW�FDQ�EH�SHUIRUPHG��)RU�H[DPSOH��LI
WKH�SRZHU�FRQVXPSWLRQ�LV�UHGXFHG�E\�����ZKLOH�WKH�SHUIRUPDQFH�LV�DOVR�UHGXFHG�E\
�����WKHQ�QRWKLQJ�KDV�UHDOO\�EHHQ�JDLQHG��,Q�VXFK�D�FDVH��LW�MXVW�WDNHV�ORQJHU�WR�JHW�WKH
ZRUN�GRQH��EXW�WKH�DPRXQW�RI�ZRUN�FRPSOHWHG�UHPDLQV�XQFKDQJHG��7KHUHIRUH��D�ZHOO�
GHVLJQHG�V\VWHP�VKRXOG�UHGXFH�WKH�SRZHU�FRQVXPSWLRQ�IDVWHU�WKDQ�LW�UHGXFHV�WKH
SHUIRUPDQFH��$�XVHIXO�ILJXUH�RI�PHULW�LV�WKH�DPRXQW�RI�HQHUJ\�UHTXLUHG�WR�FRPSOHWH�D
WDVN��7KH�-RXOHV�XVHG�SHU�-RE��RU�-S-��LV�RQH�ZD\�WR�PHDVXUH�LW��7KHUHIRUH��LQ�D�ZHOO�
GHVLJQHG�V\VWHP��WKH�-S-�GHFUHDVHV�ZKHQ�WKH�SRZHU�FRQVXPSWLRQ�LV�UHGXFHG��,W�PD\�WDNH
ORQJHU�WR�SHUIRUP�D�WDVN��EXW�PRUH�WDVNV�ZLOO�EH�FRPSOHWHG�RQ�WKH�VDPH�EDWWHU\�

8QIRUWXQDWHO\��RSHUDWLQJ�DW�WKH�PLQLPXP�-S-�LVQ¶W�DOZD\V�VXLWDEOH��GXH�WR�WKH
SHUIRUPDQFH�LPSDFW��$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�DGGUHVVHV�WKLV�SUREOHP�E\�XVLQJ�D
SDUDPHWHU�WR�DGMXVW�EHKDYLRU�EHWZHHQ�PD[LPL]LQJ�SHUIRUPDQFH��DQG�PLQLPL]LQJ�SRZHU
FRQVXPSWLRQ��7KLV�LV�FDOOHG�WKH�SRZHU�SHUIRUPDQFH�FRQWURO�

7KH�$GYDQWDJHV�RI�6HOI�0DQDJHPHQW
6HOI�PDQDJHPHQW�RI�SRZHU�PRGHV�SURYLGHV�EHWWHU�SRZHU�VDYLQJV�WKDQ�FDQ�EH�DFKLHYHG
E\�H[WHUQDO�FRQWURO��7KLV�DULVHV�IURP�WKH�GHWDLOHG�NQRZOHGJH�RI�WKH�KDUG�GULYH�UHTXLUHG�WR
PDNH�D�PRGH�HQWU\�GHFLVLRQ��6XFK�D�GHFLVLRQ�FDQ¶W�EH�EDVHG�VLPSO\�RQ�WKH�SRZHU
FRQVXPSWLRQ�RI�D�PRGH��,W�DOVR�UHTXLUHV�NQRZOHGJH�RI�WKH�HQHUJ\�UHTXLUHG�WR�HQWHU�DQG
H[LW�D�PRGH��WKH�FXUUHQW�SRZHU�OHYHO�DQG�WKH�FXUUHQW�GULYH�DFWLYLW\��7KH�GULYH�DFWLYLW\�FDQ
LQFOXGH�GULYH�LQLWLDWHG�RSHUDWLRQV�DV�ZHOO��VXFK�DV�UHDG�DKHDG�DQG�ZULWH�EHKLQG�IXQFWLRQV�
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7KLV�LQIRUPDWLRQ�LV�RQO\�DYDLODEOH�WR�WKH�KDUG�GULYH�LWVHOI��7KHUHIRUH��WKH�GULYH�QHHGV�WR
PDQDJH�LWV�RZQ�SRZHU�VWDWH�WUDQVLWLRQV�

$�VHOI�PDQDJHG�KDUG�GULYH�FDQ�WUDGH�SRZHU�FRQVXPSWLRQ�IRU�SHUIRUPDQFH��VLQFH�LW�FDQ
PHDVXUH�ERWK�HIIHFWV��7KLV�LV�QRW�SRVVLEOH�XVLQJ�WKH�FRQYHQWLRQDO�DSSURDFK��DV�QHLWKHU�WKH
SHUIRUPDQFH�QRU�SRZHU�LPSDFWV�RI�D�IL[HG�WLPH�FDQ�EH�NQRZQ�LQ�DGYDQFH��$�VKRUWHU�WLPH
ZLOO�DFWXDOO\�LQFUHDVH�WKH�SRZHU�FRQVXPSWLRQ�DW�VRPH�SRLQW��ZKHQ�WKH�FRPPDQG�LQWHUYDOV
DUH�FORVH�WR�WKH�IL[HG�WLPH�YDOXH��+HUH��WKH�GULYH�ZLOO�XVH�PRUH�HQHUJ\�UHWXUQLQJ�WR�DFWLYH
WKDQ�LW�ZRXOG�KDYH�VDYHG�GXULQJ�WKH�ORZ�SRZHU�PRGH��:LWK�VHOI�PDQDJHPHQW��WKH�KRVW
V\VWHP�RU�XVHU�FDQ�VWLOO�FRQWURO�WKH�KDUG�GULYH�EHKDYLRU��EXW�LV�IUHHG�IURP�WKH�EXUGHQ�RI
WU\LQJ�WR�SUHGLFW�WKH�LPSDFW�RI�D�IL[HG�WLPH�VHWWLQJ�

6HOI�0DQDJHG�6WDQGE\
,%0�KDUG�GULYHV�XVLQJ�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�YHUVLRQ���DQG�KLJKHU�VXSSRUWV�VHOI�
PDQDJHG�6WDQGE\�PRGH��7KH�XVH�RI�6WDQGE\�PRGH�LV�YHU\�DGYDQWDJHRXV��VLQFH�LW�KDV
VXFK�ORZHVW�SRZHU�FRQVXPSWLRQ��DERXW�KDOI�WKDW�RI�/RZ�3RZHU�,GOH���+RZHYHU��DJJUHVVLYH
XVH�RI�6WDQGE\�LV�OLNHO\�WR�KDYH�VRPH�LPSDFW�RQ�XVHU�SHUIRUPDQFH��DV�UHFRYHULHV�IURP
VWDQGE\�EHFRPH�PRUH�FRPPRQ��,%0¶V�ORDG�XQORDG�WHFKQRORJ\�UHGXFHV�ZHDU�RQ�WKH�GLVNV
IURP�H[FHVVLYH�WDNHRIIV�DQG�ODQGLQJV�

�� �	�����

3RZHU�&RQVXPSWLRQ
%HQFKPDUN�VWXGLHV�FRQVLVWHQWO\�VKRZ�D�UHGXFWLRQ�LQ�KDUG�GULYH�SRZHU�FRQVXPSWLRQ��DQG�D
UHVXOWLQJ�LQFUHDVH�LQ�V\VWHP�EDWWHU\�OLIH�ZLWK�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU��6XFK�VWXGLHV
KDYH�VKRZQ�WKDW�WRWDO�GULYH�SRZHU�FRQVXPSWLRQ�FDQ�EH�UHGXFHG�����WR�����FRPSDUHG
WR�WKH�VDPH�KDUG�GULYH�ZLWKRXW�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�

7KH�SRZHU�FRQVXPHG�E\�WKH�GULYH�ZLOO�YDU\�ZLWK�XVHU��ZRUNORDG�DQG�WKH
SRZHU�SHUIRUPDQFH�VHWWLQJ��,Q�WKLV�VHFWLRQ��ZH�FRQVLGHU���SRZHU�OHYHOV��/HYHO���LV�WKH
PD[LPXP�SHUIRUPDQFH�VHWWLQJ��/HYHO���LV�DQ�LQWHUPHGLDWH�VHWWLQJ��ZLWK�PLQLPXP�SRZHU
FRQVXPSWLRQ�ZLWKRXW�DOORZLQJ�6WDQGE\�PRGH��/HYHO���LV�PLQLPXP�SRZHU�FRQVXPSWLRQ
DOORZLQJ�6WDQGE\�PRGH�

)LJXUH���VKRZV�WKH�UHVXOWV�RI�D�EHQFKPDUN�VWXG\�RI�WKH�GULYH�SRZHU�FRQVXPSWLRQ�XVLQJ
WKHVH�VHWWLQJV��7KH�GLIIHUHQFH�EHWZHHQ�OHYHO���DQG�OHYHO���LV�QRW�SURQRXQFHG�KHUH��7KLV�LV
SULPDULO\�GXH�WR�WKH�SRZHU�VDYLQJV�OHYHO���DFKLHYHV�ZLWKRXW�LPSDFWLQJ�SHUIRUPDQFH��7KH
SRZHU�FRQVXPSWLRQ�LV�UHGXFHG�E\�RYHU�����ZKHQ�6WDQGE\�PRGH�LV�XVHG�

%HQFKPDUN�WHVWLQJ�VKRZV�WKDW�V\VWHP�EDWWHU\�OLIH�LV�LQFUHDVHG�IURP����WR�PRUH�WKDQ
����)LJXUH���VKRZV�WKH�LPSDFW�RI�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�VHWWLQJV�RQ�V\VWHP
EDWWHU\�OLIH�
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)LJXUH����+DUG�GULYH�SRZHU�FRQVXPSWLRQ�YV��SRZHU�SHUIRUPDQFH�OHYHO��7KH�YHUWLFDO�D[LV�PHDVXUHV�WKH�SRZHU
FRQVXPSWLRQ�UHODWLYH�WR�OHYHO����ZKLFK�LV�PD[LPXP�SHUIRUPDQFH��7KH�SRZHU�FRQVXPSWLRQ�GHFUHDVHV�DV�WKH�OHYHO
LQFUHDVHV��7KH�SRZHU�FRQVXPSWLRQ�ZDV�PHDVXUHG�XVLQJ�=LII�'DYLV�%DWWHU\�0DUN����7KH�SRZHU�FRQVXPSWLRQ
GHFUHDVHV�GUDPDWLFDOO\�DW�OHYHO���

6\VWHP�%DWWHU\�/LIH
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)LJXUH����(IIHFW�RI�SRZHU�SHUIRUPDQFH�OHYHO�RQ�V\VWHP�EDWWHU\�OLIH��7KH�YHUWLFDO�D[LV�PHDVXUHV�WKH�EDWWHU\�OLIH�IRU
HDFK�GULYH�DW�OHYHO���UHODWLYH�WR�OHYHO����7KH�UHVXOWV�DUH�VKRZQ�IRU���GLIIHUHQW�GULYH�PRGHOV��7KHVH�WHVWV�ZHUH
PDGH�XVLQJ�=LII�'DYLV�%DWWHU\�0DUN����7KH�PHDVXUHG�OLIHWLPH�LQFUHDVH�LV�VLJQLILFDQW�LQ�HDFK�FDVH�
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3HUIRUPDQFH
%HQFKPDUN�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�SHUIRUPDQFH�RI�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�LQ
PRVW�FDVHV�LV�HTXDO�WR�RU�EHWWHU�WKDQ�WKH�VDPH�GULYH�XVLQJ�FRQYHQWLRQDO�SRZHU
PDQDJHPHQW��7KH�VWXGLHV�KDYH�VKRZQ�WKDW�DW�WKH�KLJK�SHUIRUPDQFH�VHWWLQJV�
SHUIRUPDQFH�LV�DOPRVW�DOZD\V�EHWWHU�WKDQ�FRQYHQWLRQDO�SRZHU�PDQDJHPHQW�

7KH�UHDO�WHVW�LV�KRZ�SHUIRUPDQFH�LV�LPSDFWHG�DW�WKH�PLQLPXP�SRZHU�VHWWLQJV��7KH�UHVXOWV
RI�VXFK�D�EHQFKPDUN�VWXG\�DUH�VKRZQ�LQ�)LJXUH����7KH�PHDVXUHG�SHUIRUPDQFH�LPSDFW�LV
OHVV�WKDQ����LQ�DOO�FDVHV��7KLV�LPSOLHV�WKDW�DW�OHYHO����WKH�-RXOHV�SHU�-RE�UDWLR�KDV
GHFUHDVHG��DQG�PRUH�FRPSXWLQJ�FDQ�EH�DFFRPSOLVKHG�RQ�D�IL[HG�EDWWHU\�

8VHU�([SHULHQFH
7KH�EHQFKPDUN�GDWD�PD\�QRW�UHIOHFW�DFWXDO�XVHU�H[SHULHQFH��VLQFH�WKH\�XVH�WKH�KDUG
GULYH�PRUH�LQWHQVLYHO\�WKDQ�D�W\SLFDO�XVHU�ZRUNORDG��,W�LV�DQWLFLSDWHG�WKDW�WKH�SRZHU
VDYLQJV�ZLOO�LQFUHDVH�XQGHU�UHDO�ZRUOG�FRQGLWLRQV��EXW�WKDW�WKH�SHUIRUPDQFH�LPSDFW�ZLOO
LQFUHDVH�DV�ZHOO��7KLV�EHKDYLRU�RFFXUV�VLQFH�SRZHU�VDYH�PRGHV�DUH�XVHG�PRUH�IUHTXHQWO\
LQ�UHDO�ZRUOG�DSSOLFDWLRQV�WKDQ�LQ�EHQFKPDUNV��(PSLULFDO�VWXGLHV�KDYH�VKRZQ�WKDW�DW�OHYHO
���WKH�GULYH�HQWHUV�6WDQGE\�PRGH�DQ�DYHUDJH�RI�RQFH�SHU�PLQXWH��)URP�D�ZRUVW�FDVH
SHUVSHFWLYH��WKH�GULYH�KDV�ORVW�������RU������RI�WKURXJKSXW��+RZHYHU��WKH�HQHUJ\
VDYLQJV�PRUH�WKDQ�PDNH�XS�IRU�WKLV�

'ULYH�3HUIRUPDQFH
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)LJXUH����+DUG�GULYH�SHUIRUPDQFH�LPSDFW�RI�SRZHU�SHUIRUPDQFH�OHYHO��7KH�YHUWLFDO�D[LV�PHDVXUHV�WKH�GULYH
SHUIRUPDQFH�DW�OHYHO���DQG���UHODWLYH�WR�OHYHO����7ZR�GLIIHUHQW�EHQFKPDUNV�ZHUH�XVHG��DV�LQGLFDWHG��7KH
PHDVXUHG�SHUIRUPDQFH�LPSDFW�LV�PLQLPDO�LQ�DOO�FDVHV�

�� ���
���
����
����	�������	�	��
,%0¶V�7UDYHO6WDU�SURGXFWV�ZLWK�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�YHUVLRQ���RU�JUHDWHU�VKLS
ZLWK�D�SRZHU�SHUIRUPDQFH�VHWWLQJ�RI�OHYHO����7KLV�VHWWLQJ�PD\�EH�DGMXVWHG�WKURXJK�WKH
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$7$�$7$3,���DGYDQFHG�SRZHU�PDQDJHPHQW�LQWHUIDFH������������7KLV�$7$�LQWHUIDFH
SURYLGHV�D�VOLGLQJ�VFDOH�EHWZHHQ�PD[LPXP�SHUIRUPDQFH�DQG�PLQLPXP�SRZHU�

&RQWURO�SURJUDP
,%0�KDV�GHYHORSHG�D�FRQWURO�SURJUDP�IRU�:LQGRZV����DQG����WKDW�DOORZV�WKH�XVHU�WR
DGMXVW�WKH�SRZHU�SHUIRUPDQFH�VHWWLQJ��7KLV�SURJUDP�LV�DYDLODEOH�IUHH�RQ�WKH�,%0
DOSKD:RUNV�ZHE�VLWH�DW�

KWWS���ZZZ�DOSKDZRUNV�LEP�FRP

:LWK�WKLV�SURJUDP��XVHUV�FDQ�DGMXVW�WKH�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU
SRZHU�SHUIRUPDQFH�EHKDYLRU��7KH�SURJUDP�FDQ�EH�VHW�WR�DXWRPDWLFDOO\�XVH�WKH�PD[LPXP
SHUIRUPDQFH�VHWWLQJ�ZKHQHYHU�WKH�FRPSXWHU�LV�SOXJJHG�LQ��1RWH��WKLV�SURJUDP�RQO\
IXQFWLRQV�ZLWK�GULYHV�VXSSRUWLQJ�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�YHUVLRQ���DQG�KLJKHU��7KH
XVHU�LQWHUIDFH�LV�VKRZQ�LQ�)LJXUH���

)LJXUH����3RZHU�PDQDJHPHQW�FRQWURO�SURJUDP�XVHU�LQWHUIDFH�

$&3,�DQG�'HYLFH�6WDWHV
,%0�PRELOH�KDUG�GULYHV�DUH�VKLSSHG�ZLWK�WKH�VHOI�PDQDJHG�6WDQGE\�IHDWXUH�WXUQHG�RII�
GXH�WR�D�FRQIOLFW�EHWZHHQ�WKH�$GYDQFHG�&RQILJXUDWLRQ�DQG�3RZHU�,QWHUIDFH��$&3,�
VSHFLILFDWLRQ�DQG�WKH�$7$�$7$3,���VSHFLILFDWLRQ��$&3,�ZDV�GHYHORSHG�ZLWK�FRQYHQWLRQDO
SRZHU�PDQDJHPHQW�LQ�PLQG��DQG�DVVXPHV�WKDW�WKH�RSHUDWLQJ�V\VWHP�ZLOO�FRQWURO�WKH
SRZHU�VWDWH�RI�WKH�GLVN�GULYH��VWDWH�EDVHG�FRQWURO���+RZHYHU��DV�ZH�KDYH�VKRZQ��WKHUH
LVQ¶W�HQRXJK�LQIRUPDWLRQ�DW�WKH�26�OHYHO�WR�SURYLGH�VLJQLILFDQW�HQHUJ\�VDYLQJV��:H�IHHO
WKDW�$&3,�VKRXOG�EH�PRGLILHG�WR�VXSSRUW�VHOI�PDQDJHG�GLVN�GULYHV��DQG�WR�FRQWURO�WKHP
WKURXJK�WKH�$7$�$7$3,���LQWHUIDFH��,%0�LV�ZRUNLQJ�WR�FKDQJH�WKH�$&3,�VSHFLILFDWLRQ�VR
WKDW�WKH�HQG�XVHU�LV�SURYLGHG�ZLWK�ORQJHVW�EDWWHU\�OLIH�SRVVLEOH�

5HDOL]DWLRQ
7KH�,%0�FRQWURO�SURJUDP�LV�RQH�H[DPSOH�RI�KRZ�DQ�2(0�PLJKW�LQWHJUDWH�VHOI�PDQDJHG
GHYLFHV�LQWR�D�V\VWHP��,W�PD\�EH�SUHIHUUHG�WR�LQWHJUDWH�WKLV�IXQFWLRQ�LQWR�WKH�H[LVWLQJ
FRQWURO�VWUXFWXUH��VXFK�DV�WKH�VWRUDJH�GHYLFH�GULYHU�

�� 
����	���
�	��
���
7KH�+''�SRUWLRQ�RI�RYHUDOO�V\VWHP�SRZHU�FRQVXPSWLRQ�KDV�EHHQ�VLJQLILFDQWO\�UHGXFHG�LQ
WKH�SDVW�IHZ�\HDUV��IURP�����WR�OHVV�WKDQ�����WRGD\��$W�WKH�VDPH�WLPH��GULYH�FDSDFLW\
DQG�SHUIRUPDQFH�KDYH�LPSURYHG�GUDPDWLFDOO\�

,%0�LV�ZRUNLQJ�FRQWLQXRXVO\�WR�IXUWKHU�LPSURYH�WKH�SRZHU�FRQVXPSWLRQ�RI�KDUG�GULYHV�
)RU�H[DPSOH�,%0¶V�QHZ�PLFURGULYH�XVHV����9�WHFKQRORJ\�

http://www.alphaworks.ibm.com/
http://www.alphaworks.ibm.com/
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0RUH�'HYLFH�6WDWHV
,%0�LV�UHVHDUFKLQJ�IXUWKHU�HQKDQFHPHQWV�WR�$GDSWLYH�%DWWHU\�/LIH�([WHQGHU��7KLV�LV�OLNHO\
WR�UHVXOW�LQ�WKH�DGGLWLRQ�RI�QHZ�ORZ�SRZHU�PRGHV��PRUH�DGYDQFHG�DOJRULWKPV�DQG
LPSURYHG�VHOI�WXQLQJ��2QH�UHVXOW�RI�WKLV�UHVHDUFK�LV�WKDW�WKH�RUGHU�RI�SRZHU�PRGH�HQWU\
FDQ�FKDQJH�XQGHU�FHUWDLQ�FRQGLWLRQV��7KLV�VLWXDWLRQ�FDQ�RFFXU�ZKHQ�RQH�SRZHU�PRGH
EHFRPHV�PRUH�HQHUJHWLFDOO\�IDYRUDEOH�WKDQ�DQRWKHU�PRGH��6LWXDWLRQV�VXFK�DV�WKLV�DUH
HDVLO\�KDQGOHG�LQ�D�VHOI�PDQDJHG�V\VWHP��EXW�SUHVHQW�VHULRXV�GLIILFXOWLHV�IRU�VWDWH�EDVHG
FRQWURO�V\VWHPV�

$GDSWLYH�%DWWHU\�/LIH�([WHQGHU�LV�D�WUDGHPDUN�RI�,QWHUQDWLRQDO�%XVLQHVV�0DFKLQHV�&RUSRUDWLRQ�

��

��&RS\ULJKW�,QWHUQDWLRQDO�%XVLQHVV�0DFKLQHV�&RUSRUDWLRQ�����

$OO�5LJKWV�5HVHUYHG
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