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1HXUR35 ��1RQ�IHHGIRUZDUG VROXWLRQV

+RSILHOG $SSURDFK

8QVXSHUYLVHG�/HDUQLQJ�LQ�1HXUR35

6HOI�2UJDQL]LQJ�)HDWXUH�0DSV

$57�EDVHG�DSSURDFKHV

,QWURGXFWLRQ
� )HHGIRUZDUG QHWZRUNV�DUH�QRW�WKH�RQO\�VROXWLRQ�WR�

VXSHUYLVHG 1HXUR35 SUREOHPV
� 7KHUH�DUH�RWKHU�QHWZRUN�WRSRORJLHV�ZKLFK�KDYH��

IHHGEDFNV�LQ�WKHLU�FRQQHFWLRQV�LQ�FRQWUDVW�WR
IHHGIRUZDUG�RQO\�VWUXFWXUHV
� +RSILHOG QHWV��

� 6RPH�1HXUR35 SUREOHPV�DUH�ODFN�RI�ODEHOHG�
�VXSHUYLVHG��WUDLQLQJ�GDWD

� )RU�WKRVH�FDVHV��WKH�QHXUDO�QHWZRUNV�DUH�XVHG�WR�
GHWHUPLQH�VRPH�QDWXUDO�FOXVWHUV�RU�IHDWXUHV�IURP�
XQODEHOHG�VDPSOHV�
� .RKRQHQ·V 6HOI�2UJDQL]LQJ�)HDWXUH�0DSV
� $GDSWLYH�5HVRQDQFH�7KHRU\��$57��EDVHG�VROXWLRQV
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+RSILHOG $SSURDFK�WR 1HXUR35 �����

� $VVXPH�D�QHWZRUN��ZLWK�G QXPEHU�RI�FHOOV��LQ�ZKLFK�HYHU\�FHOO�
�QHXURQ��KDV�FRQQHFWLRQV�ZLWK�DOO�RWKHU�FHOOV
� RL ��RXWSXW��VWDWH��RI�WKHLWK QHXURQ
� αL ��DFWLYDWLRQ�WKUHVKROG�RI�WKHLWK QHXURQ��XVXDOO\�αL LV�HTXDO�WR���
� ZLM ��LQWHUFRQQHFWLRQ�ZHLJKW�IURP�QHXURQ�M�WR�QHXURQ�L

� 7KHUH�DUH�G�G������SRVVLEO\�QRQ�]HUR�DQG�XQLTXH�ZHLJKWV
� $OO�FRQQHFWLRQV�DUH�WZR�ZD\�ZLWK�HTXDO�ZHLJKWV��L�H�ZLM  ZML

� 7KHUH�DUH�QR�VHOI�FRQQHFWLRQV��L�H�ZLL �
� $�VLPSOH�IRUP�IRU+RSILHOG QHXURQ�ILULQJ�FKDUDFWHULVWLF��
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+RSILHOG $SSURDFK�WR 1HXUR35 �����
� 'XH�WR�WKHLU�LQWHUFRQQHFWHG�VWUXFWXUH��EHJLQQLQJ�

IURP�DQ�LQLWLDO�VWDWH��RXWSXW��YHFWRU�+RSILHOG
QHWZRUNV�PD\�RVFLOODWH�LQGHILQLWHO\�DFFRUGLQJ�WR�
WKHLU�ZHLJKWV

� )RU +RSILHOG QHWZRUN��´OHDUQLQJµ�LV�VLPSO\�
FRQVWUXFWLQJ�VRPH�VWDEOH�VWDWHV�WKDW�GR�QRW�RVFLOODWH

� 7KLV�SUREOHP��ILQGLQJ�VWDEOH�VWDWHV��LV�HTXLYDOHQW�WR�
GHILQLQJ�DQ�HQHUJ\�IXQFWLRQ�WR�EH�PLQLPL]HG�ZKLOH�
VWDEOH�VWDWHV�DV�WKH�ORFDO�PLQLPD�RI�WKLV�HQHUJ\�
IXQFWLRQ
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� &RQVLGHU�D�VLPSOH�QHW��

� IRU�Z!�� L ����M ��Î L�����Æ��Æ������� M�����Æ��Æ���«��VWDEOH�

L ����M �� Î L�����Æ��Æ��« M�����Æ��Æ���«��XQVWDEOH�
L ����M �� Î L�����Æ��Æ��« M�����Æ��Æ���«��VWDEOH�

� IRU�Z��� L ����M ��Î L�����Æ��Æ������� M�����Æ��Æ���«��XQVWDEOH�
L ����M �� Î L�����Æ��Æ������� M�����Æ��Æ���«��VWDEOH�
L ����M �� Î L�����Æ��Æ��« M�����Æ��Æ���«��XQVWDEOH�

+RSILHOG $SSURDFK�WR 1HXUR35 �����
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� $�SRVVLEOH�HQHUJ\�IXQFWLRQ��HLM  ��ZLMRMRL

� )RU�Z!���VWDEOH�VWDWHV��������	��������JLYHV�PLQ^HLM̀
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� 7KLV�ZHLJKW�ILQGLQJ�VWUDWHJ\�LV�TXLWH�VLPLODU�WR�WKDW�
RI�FRUUHODWLRQ�EDVHG�IRUPXODWLRQ

� 'XH�WR QRQOLQHDULW\ RI�PXOWLSOH�FRQQHFWLRQV��LW�LV�
SRVVLEOH�WR�KDYH�ORFDO�PLQLPXPV�RWKHU�WKDQ�WKH�
SUHVFULEHG�RQHV

� 2QH�LPSRUWDQW�GHVLJQ�DVSHFW�LV�PD[LPL]LQJ�WKH�
GLVWDQFH�EHWZHHQ�GLIIHUHQW�ORFDO�PLQLPXPV

� 6LPXODWLRQV�VKRZ�WKDW�D�QHWZRUN�FRQVLVWLQJ�RI�Q�
QHXURQV�DOORZV�DSSUR[LPDWHO\�DERXW�����Q�VWDEOH�
VWDWHV

+RSILHOG $SSURDFK�WR 1HXUR35 �����
� )RU�Q�WUDLQLQJ�GDWD��ZHLJKW�GHWHUPLQLQJ�VWUDWHJ\���
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� $V�LWHUDWLRQV�JRHV�WR�LQILQLW\��VLQFH�RXWSXWV�	�(�DUH�ERXQGHG��
RXWSXW�VKRXOG�FRQYHUJH�WR�D�YDOXH�ZKLFK�UHSUHVHQWV�D�ORFDO�
PLQLPXP�LQ�(

+RSILHOG $SSURDFK�WR 1HXUR35 �����
� /HWV�DQDO\]H�WKH�SURSRVHG�HQHUJ\�IXQFWLRQ�LQ�WHUPV�RI�

VWDELOLW\�FRQFHUQV��
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([DPSOH�� +RSILHOG 1HW
� 3UREOHP ��6WRUH�VWDWH���������������WR�D +RSILHOG QHW
� )RU���VWDWHV��RXWSXW���WKHUH�DUH��
��� ��ZHLJKWV��
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([DPSOH���&KDUDFWHU�5HFRJQLWLRQ
� +RSILHOG QHWV�GR�QRW�KDYH�FODVVLILFDWLRQ�RXWSXWV�

Î PRVWO\�XVHG�IRU�SDWWHUQ�FRPSOHWLRQ�SUREOHPV

� &KDUDFWHU�5HFRJQLWLRQ��
� ��[���DUUD\�PDSSHG�WR�D�

QHWZRUN�RI�����QHXURQV
� PDWUL[�:������[���
� ��VWDWHV�DUH�VWRUHG�

� &RQYHUJHQFH�SURSHUWLHV��
� )RU�GLVWRUWHG�SDWWHUQV��

WKH�V\VWHP�UHDFKHV�WR�
RQH�RI�WKH�VWDEOH�VWDWHV

� 0XOWLOD\HU�IHHGIRUZDUG DQG +RSILHOG QHXUDO�
QHWV�DUH�ERWK�H[DPSOHV�IRU�VXSHUYLVHG�
OHDUQLQJ

� 7KHUH�DUH�DOVR�VRPH�QHWZRUNV�ZLWK�´FOXVWHU�
GLVFRYHU\µ�FDSDELOLW\�Î VHOI�RUJDQL]LQJ

� 3DWWHUQ�VLPLODULW\�LV�FUXFLDO�WR�PHDVXUH�WKH�
OHDUQLQJ�SURFHVV�LQ�XQVXSHUYLVHG�OHDUQLQJ

� 7ZR�PDLQ�GLUHFWLRQV�LQ�XQVXSHUYLVHG�OHDUQLQJ�
IRU 1HXUR35 �
� 6HOI�2UJDQL]LQJ�)HDWXUH�0DSV��
� $GDSWLYH�5HVRQDQFH�7KHRU\��$57��EDVHG�DUFKLWHFWXUHV

8QVXSHUYLVHG�/HDUQLQJ�LQ 1HXUR35
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6HOI�2UJDQL]LQJ�)HDWXUH�0DSV������
� 2QH�RI�WKH�ZD\V�RI�XQVXSHUYLVHG1HXUR35 LV�EDVHG�

RQ�GLPHQVLRQDOLW\�UHGXFWLRQ
� FRQYHUVLRQ�RI�KLJKHU�GLPHQVLRQDO�IHDWXUH�VSDFH�WR�ORZHU�

GLPHQVLRQDO��WRSRORJLFDOO\�UHODWHG��FOXVWHULQJ�GLDJUDPV�
�IHDWXUH�PDSV�

� 7KH�VHOHFWLRQ�RI�IHDWXUH�PDS�GLPHQVLRQ�UHTXLUHV�D�
JRRG�MXGJPHQW
� ��'�RU���'�WRSRORJLHV�KDYH�EHHQ�VXFFHVVIXO

� 7KH�PDLQ�LGHD�LV�WR�FODVVLI\�´VLPLODUµ�IHDWXUHV�WR�
´VLPLODUµ�ORFDWLRQV

6HOI�2UJDQL]LQJ�)HDWXUH�0DSV������

$OJRULWKP �
�� 'HILQH�DQ�HTXLYDOHQW�GLPHQVLRQ�

QHLJKERUKRRG��ΛL��DURXQG�HDFK�QHXURQ��\L
�HDFK�QHXURQ�KDV�D�ZHLJKW�YHFWRUZL�

�� %HIRUH�LWHUDWLRQV��LQLWLDOL]H�QHWZRUN�ZLWK�UDQGRP�ZHLJKWV�
�LWHUDWLRQ�LQGH[���N�

�� )LQG�QHXURQ��\
��ZKLFK�KDV�´PLQLPXP�GLVWDQFHµ�G�[�ZL��EHWZHHQ�
ZL�N��	�LQSXW�YHFWRU�[�N��

G�[�ZL����LQQHU�SURGXFW�RU�(XFOLGLDQ�GLVWDQFH
�� /HW�WKH�ZLQQHU�QHXURQ�LQGH[�EH�F��WKHQ�DOO�WKH�ZHLJKWV�RI�WKH�

XQLWV�LQVLGH�ΛF DUH�XSGDWHG�DFFRUGLQJ�WR�D�ZLQGRZ�IXQFWLRQ�
Λ�G��ZKLFK�DVVLJQV�VPDOOHU�YDOXHV�IRU�ODUJHU�G�

ZL�N���� ZL�N����η�N���Λ�_�\
� \L_���[�N����L∈ΛF��
�L�H��ZHLJKWV�EHFRPH�VLPLODU�WR�[�

�� 6KULQN�ΛF 	�QRUPDOL]H�_ZL_ � 	�GHFUHDVH�η�N��GXULQJ�LWHUDWLRQV



�

6HOI�2UJDQL]LQJ�)HDWXUH�0DSV������

� ([DPSOH ��$�VHW�RI���'�IHDWXUH�YHFWRUV�DUH�RUJDQL]HG�LQ���'
� ��'�PDS�LV�FKRVHQ�DV�KH[DJRQDO��[���XQLWV
� ,QSXW�YHFWRUV�DUH�UDQGRPO\�FKRVHQ
� 5DGLXV�RI�ΛL LV�GHFUHDVHG�IURP���WR����ZKLOH�N������
� 7RWDO�LWHUDWLRQV� ��������
� η�N��LV�GHFUHDVHG�OLQHDUO\�IURP�����WR�����

6HOI�2UJDQL]LQJ�)HDWXUH�0DSV������
� ([DPSOH ����'��VRXUFH�VSDFH��WR���'��WDUJHW�VSDFH��PDSSLQJ
�1RWH�WKDW�IRU�HYHU\�SRLQW�LQ���'��WKHUH�LV�D�VLQJOH�QHXURQ��\
��ZLWK�D�

PD[LPXP�DFWLYDWLRQ�YDOXH

� ([DPSOH ����'��VTXDUH�VRXUFH��WR���'��VTXDUH�JULG�VSDFH��PDSSLQJ

6RPH�LQLWLDO�UDQGRP�ZHLJKWV�DQG�D�SDUWLFXODU�VHTXHQFH�RI�
SDWWHUQV�PD\�QRW�\LHOG�FRUUHFW�PDSSLQJ
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� ,Q�RUGHU�WR�XQGHUVWDQG�$57�DUFKLWHFWXUHV��´RQ�OLQH�FOXVWHULQJµ�
VKRXOG�EH�XQGHUVWRRG
� 2Q�OLQH�FOXVWHULQJ���FOXVWHULQJ�ZLWKRXW�VWRULQJ�GDWD

$GDSWLYH�5HVRQDQFH�$UFKLWHFWXUHV������

� ,QSXW�LV�FKHFNHG�ZKHWKHU�WKHUH�LV�
D�PDWFK�ZLWK�FOXVWHUV�ZHLJKWV

� 2QO\�WKH�ZHLJKW�IRU�WKH�´PRVW�
DFWLYH�FOXVWHUµ�LV�PRGLILHG�
ZL�N���� ZL�N����η�N��[�N�

� ´0RVW�DFWLYH�FOXVWHUµ�LV�
GHWHUPLQHG�E\�D�´FRPSHWLWLRQµ�
EHWZHHQ�FOXVWHUV
Î &RPSHWLWLYH�OHDUQLQJ

� ,I�WKH�QXPEHU�RI�FOXVWHUV��F��LV�QRW�FRQVWDQW�DQG�D�GDWD�LV�TXLWH�
GLIIHUHQW�IURP�DOO�FOXVWHUV��WKHQ�D�QHZ�FOXVWHU�ZLOO�EH�IRUPHG�

� 7\SLFDO�$57�V\VWHP�FRQVLVWV�RI���QHXUDO�VXEV\VWHPV��
� )$�OD\HU���D�ERWWRP�OD\HU�KROGLQJ�ERWK�LQSXW�DQG��ZHLJKWHG��WLM��RXWSXWV�

RI�)%�OD\HU
� )%�OD\HU���IHG�ZLWK�ZHLJKWHG��ELM��RXWSXWV�RI�)$�OD\HU��)%�LV�D�IXOO\�

LQWHUFRQQHFWHG�WRS�OD\HU�ZLWK�FHOOV��HDFK�UHSUHVHQWLQJ�D�SDWWHUQ�FODVV�
� $IWHU�D�FRPSHWLWLRQ�DW�WKH�RXWSXW��WKH�ZLQQHU�FODVV�IHHGEDFNV�)$

WR�UHFHLYH�D�´FOHDQ�XSµ�YHUVLRQ�RI�WKH�LQSXW��
� $�´UHVRQDQFHµ�EHWZHHQ�WZR�OD\HUV�RFFXU�ZKHQ�WKH�HQFRGHG�DQG�

LQSXW�SDWWHUQV�DUH�PDWFKHG

$GDSWLYH�5HVRQDQFH�$UFKLWHFWXUHV������

1HXUDO�VXEV\VWHP�)%

1HXUDO�VXEV\VWHP�)$

LQSXW

FRQWURO W E

Z
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� ,Q�$57�QHWZRUN�WZR�SKDVHV�
H[LVW�ZKLFK�DUH�JRYHUQHG�E\�
FRQWURO�VLJQDOV��
� $WWHQWLRQDOSKDVH���LQSXW�GDWD
� 5HFRJQLWLRQ�SKDVH���ILQG�FODVV�

�RQO\�RQH�SDWWHUQ�FODVV�ZLQV��

$GDSWLYH�5HVRQDQFH�$UFKLWHFWXUHV������

� 7KH�UHFRJQLWLRQ�SKDVH�LV�D�F\FOLF�SURFHVV�IRU
� PRGLI\LQJ�ZHLJKWV�E�IURP�)$�WR�)%��IRU�VHOHFWLQJ�D�SDWWHUQ�

FODVV�LQ�)%��)%�RXWSXWV�KDYH�QHLJKERU�LQKLELWLQJ�VWUXFWXUH�
� PDSSLQJ��WKLV�UHVXOW�EDFN�WR�)$�XQWLO�D�FRQVLVWHQW�UHVXOW�DW�

)$�LV�DFKLHYHG��OHDUQHG�H[SHFWDWLRQV�
� &RQVLVWHQW�UHVXOW�EDFN�DW�)$�Æ UHVRQDQFH��

�6
�� �� ���6 �6

�6

WLM ELM

$GDSWLYH�5HVRQDQFH�$UFKLWHFWXUHV������
$OJRULWKP�
� ,QLWLDOL]H�LQWHUOD\HU�FRQQHFWLRQV�W�DQG�E
� 3UHVHQW�LQSXW��[ �[��«�[G���WR�)$�OD\HU
� 8VLQJ ELM��GHWHUPLQH�LQSXWV�IRU�)%�OD\HUV�
� )LQG�ZLQQHU�RXWSXW�DW�)%�OD\HU��LWHUDWLRQV�ZLWKLQ�)%�

XQWLO�RQH�ZLQQHU�LV�OHIW�
� 7KH�ZLQQHU�RXWSXW�LV�IHHGEDFN�WR�HDFK�)$�XQLW��WKH�

RXWSXWV�RI�WKHVH�XQLWV�DUH�FRPSDUHG�EDFN�WR�[
� ,I�FRPSDULVRQ�VKRZV�VLPLODULW\��XSGDWH E�DQG�W��,I�

WKH\�DUH�QRW�VXIILFLHQWO\�VLPLODU��WKH�FRUUHVSRQGLQJ�
RXWSXW�LV�OHIW�RXW�DQG�D�QHZ�ZLQQHU�LV�REWDLQHG�WR�
SHUIRUP�WKH�VDPH�VWHSV�
� 8SGDWH�SURFHVV�RQO\�WDNH�LQWR�DFFRXQW�ZLQQHU�RXWSXW
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)LQDO�:RUGV�RQ�1HXUR35

� 0DSSLQJ�RI�D�35�SUREOHP�LQWR�WKH�QHXUDO�GRPDLQ�LV�QRW�
VWUDLJKWIRUZDUG

� 6HOHFWLRQ�RI�QHWZRUN�WRSRORJ\�DQG�SDUDPHWHUV�LV�RQH�
PDMRU�SUREOHP

� 6RPH�RWKHU�SUREOHPV�WKDW�UHTXLUH�IXUWKHU�UHVHDUFK
� (QFRGLQJ�RI�UHODWLRQDO�LQIRUPDWLRQ�YLD�QHXUDO�QHWZRUNV
� 3UREOHPV�ZLWK�KLHUDUFKLFDO�VWUXFWXUHV
� )HDWXUH�H[WUDFWLRQ�DQG�UHFRJQLWLRQ�ZLWK�LQFRPSOHWH�IHDWXUHV
� &RQYHUJHQFH�DQDO\VLV�IRU�VRPH�QHWZRUNV
� /DFN�RI�IRUPDO�WRROV�IRU�WKH�GHVLJQ�RI�QHXUDO�QHWV
� ,PSOHPHQWDWLRQ�RI�QHXUDO�QHWV�LQ�KDUGZDUH�XVLQJ�PDVVLYHO\�

SDUDOOHO�DQDORJ�FLUFXLWV


