
,17(*5$7,21�RI�&3�DQG�25�IRU
&20%,1$725,$/�237,0,=$7,21

0LFKHOD�0LODQR
8QLYHUVLWj�GL�)HUUDUD���,7$/<

PPLODQR#GHLV�XQLER�LW
KWWS���ZZZ�OLD�GHLV�XQLER�LW�6WDII�0LFKHOD0LODQR�

7XWRULDO�3$&/3������0DQFKHVWHU��$SULO�����



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

29(59,(:
� 3UHOLPLQDULHV�

± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

&20%,1$725,$/�237,0,=$7,21
352%/(06

� :H�FRQVLGHU�GLVFUHWH�13�KDUG�SUREOHPV

� 0LQLPL]LQJ��0D[LPL]LQJ��D�IXQFWLRQ�RI�PDQ\�YDULDEOHV
VXEMHFW�WR
± 0DWKHPDWLFDO�FRQVWUDLQWV

± 6\PEROLF�FRQVWUDLQWV

± ,QWHJUDOLW\�UHVWULFWLRQV�RQ�VRPH�RU�DOO�YDULDEOHV

� 0DQ\�DSSOLFDWLRQ�DUHDV�
± UHVRXUFH�DOORFDWLRQ��VFKHGXOLQJ��SODQQLQJ��URXWLQJ��VHTXHQFLQJ�
GHVLJQ�FRQILJXUDWLRQ«�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

&3�$1'�25�7(&+1,48(6
� &RQVWUDLQW�3URJUDPPLQJ

± 'HFODUDWLYH�0RGHOOLQJ

± &RQVWUDLQW�3URSDJDWLRQ��/RFDO�&RQVLVWHQF\�

± 6HDUFK

� 2SHUDWLRQV�5HVHDUFK
± EUDQFK�	�ERXQG

� 5HOD[DWLRQ��H�J���/LQHDU�3URJUDPPLQJ

± EUDQFK�	�FXW
� &XWWLQJ�SODQHV

± FROXPQ�JHQHUDWLRQ

� :H�FRQVLGHU�RQO\�&203/(7(�PHWKRGV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

),1,7(�'20$,1�&3

� 3UREOHP�PRGHOOLQJ
± 9DULDEOHV�UDQJH�RQ�D�ILQLWH�GRPDLQ�RI�REMHFWV�RI�DUELWUDU\�W\SH

± &RQVWUDLQWV�DPRQJ�YDULDEOHV
� PDWKHPDWLFDO�FRQVWUDLQWV

� V\PEROLF�FRQVWUDLQWV

� 3UREOHP�VROYLQJ
± 3URSDJDWLRQ�DOJRULWKPV�HPEHGGHG�LQ�FRQVWUDLQWV

� $UF�FRQVLVWHQF\�DV�VWDQGDUG�SURSDJDWLRQ

� 0RUH�VRSKLVWLFDWHG�SURSDJDWLRQ�IRU�JOREDO�FRQVWUDLQWV

± 6HDUFK�VWUDWHJLHV

± %UDQFK�	�%RXQG�IRU�RSWLPL]DWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

&3��352%/(0�02'(//,1*

� $�SUREOHP�VKRXOG�EH�PRGHOOHG�LQ�WHUPV�RI
± 9DULDEOHV� 3UREOHP�HQWLWLHV

± 'RPDLQV 3RVVLEOH�9DOXHV

± &RQVWUDLQWV 5HODWLRQV�DPRQJ�YDULDEOHV

± 2EMHFWLYH�IXQFWLRQ��LI�DQ\� 2SWLPL]DWLRQ�&ULWHULD

� 0DS�FRORULQJ

YDULDEOHV��]RQHV�;��«�;�
GRPDLQV��FRORXUV�>UHG�\HOORZ�EOXH�JUHHQ@
FRQVWUDLQWV��;�¡;��;�¡;��;�¡;��;�¡;��

��;�¡;��;�¡;��;�¡;��;�¡;��;�¡;�

�

�

�

�

�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� �

&3��352%/(0�&21675$,176

� 0DWKHPDWLFDO�FRQVWUDLQWV�� ��!�����≠��≥��≤
± 3URSDJDWLRQ��DUF�FRQVLVWHQF\

� 6\PEROLF�&RQVWUDLQWV�>%HOGLFHDQX��&RQWHMHDQ��0DWK�&RPS�0RG����@

± (PEHG�PRUH�SRZHUIXO�SURSDJDWLRQ�DOJRULWKPV

± 0RUH�FRQFLVH�IRUPXODWLRQ
� DOOGLIIHUHQW�>;�����;P@�

� DOO�YDULDEOHV�KDYH�GLIIHUHQW�YDOXHV
� HOHPHQW�1�>;�����;P@�9DOXH�

� WKH�Q�WK�HOHPHQW�RI�WKH�OLVW�VKRXOG�EH�HTXDO�WR�9DOXH
� FXPXODWLYH�>6�����6P@�>'�����'Q@�>5�����5Q@�/�

� XVHG�IRU�FDSDFLW\�FRQVWUDLQWV�

� GLVMXQFWLYH�FRQVWUDLQWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&3��352%/(0�62/9,1*

� 1RWLRQ�RI�&RQVLVWHQF\�
± ,V�WKH�VHW�RI�FRQVWUDLQW�FRQVLVWHQW�"

± 'RHV�D�VROXWLRQ�H[LVW"

� &RQVWUDLQW�3URSDJDWLRQ��LQIHUHQFH�PHFKDQLVP
± 5HPRYH�IURP�GRPDLQV�LQFRQVLVWHQW�YDOXHV

± ,QIHU�QHZ�FRQVWUDLQWV

� 6HDUFK���EUDQFKLQJ�VWUDWHJLHV
± 9DULDEOH�VHOHFWLRQ

± 9DOXH�VHOHFWLRQ

± 2WKHUV��SUREOHP�GHSHQGHQW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����&3�237,0,=$7,21

� ,Q�VRPH�DSSOLFDWLRQV��ZH�DUH�QRW�LQWHUHVWHG�LQ�D�IHDVLEOH�VROXWLRQ
EXW�LQ�WKH�237,0$/�VROXWLRQ�DFFRUGLQJ�WR�D�JLYHQ�FULWHULRQ

� (180(5$7,21�� LQHIILFLHQW
± ILQG�DOO�IHDVLEOH�VROXWLRQV

± FKRVH�WKH�EHVW�RQH

� &RQVWUDLQW�3URJUDPPLQJ�WRROV�LQ�JHQHUDO�HPEHG�D�VLPSOH�IRUP
RI�%UDQFK�	�%RXQG
± HDFK�WLPH�D�VROXWLRQ�LV�IRXQG�ZKRVH�FRVW�LV�&
��LPSRVH�D�FRQVWUDLQW
RQ�WKH�UHPDLQLQJ�VHDUFK�WUHH��VWDWLQJ�WKDW�IXUWKHU�VROXWLRQV��ZKRVH
FRVW�LV�&��VKRXOG�EH�EHWWHU�WKDQ�WKH�EHVW�RQH�IRXQG�VR�IDU

� &���&




3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��%5$1&+��	�%281'

� 'LIIHUHQW�IURP�&3�%UDQFK�	�%RXQG

� 7ZR�VWHS�WUHH�VHDUFK�SURFHGXUH�
� VROYLQJ�D�UHOD[DWLRQ�RI�WKH�RULJLQDO�SUREOHP

� VSOLWWLQJ�WKH�SUREOHP�LQWR�VXESUREOHPV

� 5HOD[DWLRQ�
� FRQVLGHU�WKH�RULJLQDO�SUREOHP�3�DW�D�JLYHQ�QRGH

� UHOD[�VRPH�FRQVWUDLQWV�DQG�JHQHUDWH�3UHO�HDVLHU�WKDQ�3

� %UDQFKLQJ�
� VHOHFW�D�YDULDEOH�9DU

� LPSRVH�DGGLWLRQDO�FRQVWUDLQWV�RQ�9DU



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��%5$1&+��	�%281'

� 7KH�UHOD[DWLRQ�3UHO�RI�D�SUREOHP�3�SURYLGHV�D�ORZHU
ERXQG�IRU�3�LQ�PLQLPL]DWLRQ�SUREOHPV��DQ�XSSHU�ERXQG
IRU�3�LQ��PD[LPL]DWLRQ�SUREOHPV

� )RU�PLQLPL]DWLRQ�SUREOHPV
� =UHO
� �RSWLPDO�VROXWLRQ�RI�3UHO

� =
� �RSWLPDO�VROXWLRQ�RI�3

� $W�D�JLYHQ�QRGH��LI�WKH�ORZHU�ERXQG�LV�JUHDWHU�WKDQ�WKH
EHVW�VROXWLRQ�IRXQG�VR�IDU��WKH�FRUUHVSRQGLQJ�VXEWUHH
FDQ�EH�SUXQHG�

=UHO
�≤�=




3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��%5$1&+��	�%281'

� 8VH�RI�XSSHU�ERXQGV�LQ�PLQLPL]DWLRQ�SUREOHPV�
� ZH�QHHG�D�VROXWLRQ�=XS
� VROYH�WKH�SUREOHP�ZLWK�D�KHXULVWLF�DOJRULWKP

� )RU�PLQLPL]DWLRQ�SUREOHPV
� =XS
� �KHXULVWLF�VROXWLRQ�RI�3

� =
� �RSWLPDO�VROXWLRQ�RI�3

� $W�D�JLYHQ�QRGH��LI�WKH�ORZHU�ERXQG�LV�JUHDWHU�WKDQ�WKH
XSSHU�ERXQG��WKH�FRUUHVSRQGLQJ�VXEWUHH�FDQ�EH�SUXQHG�

� 8SSHU�ERXQG�XSGDWHG�GXULQJ�VHDUFK

=
�≤�=XS




3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����,17(*(5�352*5$00,1*

� 6WDQGDUG�IRUP�RI�&RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHP��,3�
>1HPKDXVHU�:ROVH\��,QWHJHU�DQG�&RPELQDWRULDO�2SWLPL]DWLRQ���@

±PLQ��]� �Σ��FM�[M
± VXEMHFW�WR

������Σ��DLM�[M� �EL�����L� ����P
������[M�≥����������������M� ����Q
������[M�LQWHJHU

� ,QHTXDOLW\�\�≥���UHFDVWHG�LQ�\���V� ��
� 0D[LPL]DWLRQ�H[SUHVVHG�E\�QHJDWLQJ�WKH�REMHFWLYH�IXQFWLRQ

M� �

M� �

Q

Q

0D\�PDNH�WKH�SUREOHP�13�FRPSOHWH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����/,1($5�5(/$;$7,21

� *HQHUDO�IRUP�RI�&RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHP��,3�

±PLQ��]� �Σ��FM�[M
± VXEMHFW�WR

������Σ��DLM�[M� �EL�����L� ����P
������[M�≥����������������M� ����Q
������[M�LQWHJHU

� 7KH�OLQHDU�UHOD[DWLRQ�LV�VROYDEOH�LQ�32/<120,$/�7,0(

� 7KH�6,03/(;�$/*25,7+0�LV�WKH�WHFKQLTXH�RI�FKRLFH
HYHQ�LI�LW�LV�H[SRQHQWLDO�LQ�WKH�ZRUVW�FDVH

M� �

M� �

Q

Q

5HPRYHG

/LQHDU�5HOD[DWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����*(20(75,&�3523(57,(6�2)�/3

� 7KH�VHW�RI�FRQVWUDLQWV�GHILQHV�D�SRO\WRSH

� 7KH�RSWLPDO�VROXWLRQ�LV�ORFDWHG�RQ�RQH�RI�LWV�YHUWLFHV

±PLQ��]� �Σ��FM�[M
± VXEMHFW�WR

������Σ��DLM�[M� �EL�����L� ����P
������[M�≥����������������M� ����Q

7KH�VLPSOH[�DOJRULWKP�VWDUWV�IURP

RQH�YHUWH[�DQG�PRYHV�WR�DQ�DGMDFHQW�RQH

ZLWK�D�EHWWHU�YDOXH�RI�WKH�REMHFWLYH�IXQFWLRQ

M� �

M� �

Q

Q

2SWLPDO�VROXWLRQ

2EMHFWLYH�IXQFWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

3523(57,(6�2)�/3�62/87,21

� 7KH�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[DWLRQ�LV�DQ�DVVLJQPHQW�RI
YDOXHV�WR�YDULDEOHV�VXFK�WKDW�DOO�OLQHDU�LQHTXDOLWLHV�DUH
VDWLVILHG�DQG�WKH�REMHFWLYH�IXQFWLRQ�LV�PLQLPL]HG

� 7KH�RSWLPDO�/3�VROXWLRQ�LV�LQ�JHQHUDO�IUDFWLRQDO��YLRODWHV
WKH�LQWHJUDOLW\�FRQVWUDLQW

� (DFK�/3��SULPDO��KDV�DQ�DVVRFLDWHG�GXDO�SUREOHP�ZKHUH
GXDO�YDULDEOHV�FRUUHVSRQG�WR�FRQVWUDLQWV�DQG�GXDO
FRQVWUDLQWV�FRUUHVSRQG�WR�SULPDO�YDULDEOHV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

'8$/�352%/(0

� 7KH�RSWLPDO�/3�VROXWLRQ�SURYLGHV�UHGXFHG�FRVWV��WKURXJK�GXDO
YDULDEOHV��UHSUHVHQWLQJ�WKH�FRVW�WR�EH�SDLG�LI�D�JLYHQ�YDOXH�LV
LQ�WKH�VROXWLRQ

PLQ��]� �F�[
V�W�

������DL�[� �EL����� ��L�∈�0

������DL�[�≥�EL� ��L�∈�0

������[M�≥����������������M�∈�1

������[M��������������������M�∈�1

PD[��]¶� �π�E
V�W��

����πL������ L�∈�0

����πL�≥��� L�∈�0

����π�$M�≤�FM�����������M�∈�1

����π�$M� �FM�����������M�∈�1�!�

�!�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

(;$03/(

� 3URGXFH�DQG�VHOO�WZR�NLQGV�RI�SURGXFWV��$�DQG�%

� %RWK�SURGXFWV�KDYH�WR�EH�SURFHVVHG�RQ�WZR�PDFKLQHV�0�
DQG�0�
� 3URGXFW�$�SURFHVV�ODVWV����PLQ��RQ�0��DQG�����PLQ��RQ�0�

� 3URGXFW�%�SURFHVV�ODVWV����PLQ��RQ�0��DQG�����PLQ��RQ�0�

� 7KH�UHVRXUFH�DYDLODELOLW\�RI�0��LV�����KRXUV�DQG�WKDW�RI�0��LV����
KRXUV

� 3URILW�RI�VHOOLQJ�SURGXFW�$�LV������DQG�IRU�SURGXFW�%�LV�����

� *RDO��SURGXFH�DW�OHDVW�����XQLWV�RI�HDFK�SURGXFW�DQG
PD[LPL]H�WKH�SURILW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

(;$03/(��02'(/

� 'HFLVLRQ�YDULDEOHV�SURG$�DQG�SURG%�UHSUHVHQWLQJ�WKH
TXDQWLW\�WR�EH�SURGXFHG��&RQYHUW�PLQXWHV�WR�KRXUV

PD[���
SURG$�����
SURG%��3URILW�WR�EH�PD[LPL]HG�
V�W�

���
SURG$������
SURG%��������$YDLODELOLW\�0��

���
SURG$������
SURG%��������$YDLODELOLW\�0��

SURG$������
SURG%������

����SURG$��SURG%�LQWHJHU

�PLQLPDO�TXDQWLW\�UHTXLUHG�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

(;$03/(��02'(/

SURG$

SURG%

����

���
SURG$������
SURG%������

���

���
SURG$������
SURG%������

SURG$������

SURG%������

PD[���
SURG$�����
SURG%

2SWLPDO�VROXWLRQ
SURG$ ����SURG% ���



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�%5$1&+��	�%281'�EDVHG�RQ�/3

3

3�3�

=83
=/3

;�ZLWK�IUDFWLRQDO
YDOXH�I

;�≥��I�;�≤��I�

,I�=/3�≥�=83�IDLO
��HOVH�EUDQFK

=83
=¶/3

,I�=¶/3�≥�=83�IDLO
��HOVH�EUDQFK

;¶�ZLWK�IUDFWLRQDO
YDOXH�I¶

3�¶3�¶

;¶�≥��I¶�;¶≤��I¶�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�%5$1&+��	�%281'�EDVHG�RQ�/3��(;$03/(

3

3�3�

=83
=/3

;� ����

;�≥��;�≤��

,I�=/3�≥�=83�IDLO
��HOVH�EUDQFK

=83
=¶/3

,I�=¶/3�≥�=83�IDLO
��HOVH�EUDQFK

;¶� ����

3�¶3�¶

;¶�≥��;¶≤��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��&877,1*�3/$1(6�$/*25,7+0

� ,WHUDWLYH�SURFHGXUH�
� VROYLQJ�D�OLQHDU�UHOD[DWLRQ�RI�WKH�SUREOHP�3��[
�RSWLPDO�VROXWLRQ

� DGG�FXWWLQJ�SODQHV�ZKHQ�WKH�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[DWLRQ�LV
QRW�LQWHJUDO

� &XWWLQJ�3ODQHV��>*RPRU\����@
� OLQHDU�LQHTXDOLWLHV��α�[�≤�α�

� VKRXOG�FXW�RII�WKH�RSWLPDO�VROXWLRQ�RI�WKH�/LQHDU�5HOD[DWLRQ

� α�[
�!�α�

� VKRXOG�QRW�UHPRYH�DQ\�LQWHJHU�VROXWLRQ���������YDOLG�FXW

� α�[�≤�α���∀[�∈�FRQY�3���ZKHUH�FRQY�3��LV�WKH�FRQYH[�KXOO�RI�3



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��&877,1*�3/$1(6�$/*25,7+0

� &XWWLQJ�3ODQHV��V\QWDFWLF�FXWV��GR�QRW�H[SORLW�WKH
SUREOHP�VWUXFWXUH

� &RQYHUJHQFH�LV�QRW�JXDUDQWHHG�LQ�JHQHUDO

� )RU�VRPH�FDVHV��L�H���*RPRU\�FXWV��WKH�SURFHVV
FRQYHUJHV�EXW�LW�FDQ�EH�WRR�H[SHQVLYH

2SWLPDO
IUDFWLRQDO
VROXWLRQ

FRQY�3�

9DOLG�&XW
2SWLPDO
IUDFWLRQDO
VROXWLRQ

FRQY�3�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����32/<+('5$/�&876

� 3UREOHP�VWUXFWXUH�GHSHQGHQW

� *LYHQ�DQ�,QWHJHU�3UREOHP��6�LV�WKH�VHW�RI�LWV�VROXWLRQV
� FRQY�6���FRQYH[�KXOO�RI�6

� LI�ZH�KDYH�D�FRQVWUDLQW�UHSUHVHQWDWLRQ�RI�WKH�FRQYH[�KXOO�ZH�FDQ
RSWLPDOO\�VROYH�WKH�,3�ZLWK�/LQHDU�3URJUDPPLQJ

� LPSRVVLEOH�WR�ILQG�WKH�FRQY�6��HIILFLHQWO\

� ,GHD��JHQHUDWH�FXWV�WKDW�DUH�IDFHWV�RI�WKH�FRQYH[�KXOO
2SWLPDO�IUDFWLRQDO�VROXWLRQ

&RQYH[�+XOO
9DOLG�&XW��IDFHW�RI
WKH�FRQYH[�KXOO



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��%5$1&+��	�&87

� ,QWHJUDWHV�%UDQFK�	�%RXQG�DQG�&XWWLQJ�3ODQHV

� 7ZR�VWHS�WUHH�VHDUFK�SURFHGXUH��DW�HDFK�QRGH
� VROYLQJ�D�UHOD[DWLRQ�RI�WKH�RULJLQDO�SUREOHP

� DGG�FXWV�ZKHQ�WKH�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[DWLRQ�LV�QRW
LQWHJUDO�LQ�RUGHU�WR�LPSURYH�WKH�ERXQG

� %UDQFK�ZKHQ�FXWV�DUH�QR�ORQJHU�HIIHFWLYH
� &XWV�YDOLG�ORFDOO\�WR�D�QRGH��WRR�PHPRU\�H[SHQVLYH

� ,Q�%UDQFK�	�&XW�LQ�JHQHUDO�ZH�KDYH�D�XQLTXH�SRRO�RI
FXWV�JOREDOO\�YDOLG



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��&2/801�*(1(5$7,21

� 0HWKRG�IRU�VROYLQJ�ODUJH�VFDOH�SUREOHPV�>'DQW]LJ�:ROIH
(FRQRPHWULFD���@�>*LOPRUH��*RPRU\�25��@

� $YRLG�FRQVLGHULQJ�DOO�YDULDEOHV��VD\�;��RI�WKH�SUREOHP��EXW
FRQVLGHU�RQO\�D�VXEVHW�;¶�⊂�; �������0$67(5�352%/(0

� 2QFH�WKH�PDVWHU�SUREOHP�LV�VROYHG��VHDUFK�IRU�QHZ�YDULDEOHV
LQ�;?;¶�ZKLFK�FDQ�LPSURYH�WKH�VROXWLRQ���������68%352%/(0

� )URP�GXDOLW\�WKHRU\�YDULDEOHV�ZLWK�QHJDWLYH�UHGXFHG�FRVWV
LPSURYH�WKH�VROXWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�����25��&2/801�*(1(5$7,21�(;$03/(
� 3DUWLWLRQ�D�'LUHFWHG�$F\FOLF�*UDSK�LQWR�WKH�PLQLPDO�QXPEHU�RI�SDWKV�

� 0$67(5�352%/(0�������������������&KRRVH�SDWKV

9��VHW�RI�YDULDEOHV��Q�QRGHV�2��Q��
[M¶^���`�[M� ���LI�3DWK�M�LV�FKRRVHQ

PLQ�S[M¶9�[M
S[M¶9�DLM�[M� ���HDFK�QRGH�EHORQJV�WR�RQH�SDWK

� 6ROYH�WKH�PDVWHU�SUREOHP�RQ�9¶�⊂�9��WKHQ�DGG�YDULDEOHV�E\�VROYLQJ�WKH
68%352%/(0����������ILQG�D�SDWK�ZLWK�QHJDWLYH�UHGXFHG�FRVWV

\M¶^���`�\M� ���LI�QRGH�L�LV�RQ�WKDW�SDWK
� ]�FRVW�RI�WKH�SDWK

]���SL¶9�lL�\L����

3URYLGHV�GXDO�
YDOXHV�lL�

3URYLGHV�QHZ
FROXPQV�[ML



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

63(&,$/�385326(�$/*25,7+06

� %HVLGH�WKH�JHQHUDO�PHWKRGV��EUDQFK�DQG�ERXQG�
EUDQFK�DQG�FXW��FROXPQ�JHQHUDWLRQ���ZH�KDYH�VSHFLDO
SXUSRVH�DOJRULWKPV�VXLWHG�IRU�VROYLQJ�D�SDUWLFXODU
VWUXFWXUHG�SUREOHP�
± QHWZRUN�IORZ�DOJRULWKPV

± SULPDO�GXDO�DOJRULWKPV

± HGJH�ILQGHU

± ���



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216

� 0DQ\�VWXGLHV�RQ�
± FRPSDULVRQV�RQ�WKH�VDPH�SUDFWLFDO�DSSOLFDWLRQ

� >6PLWK�HW�DO��&RQVWUDLQWV���@��>3XJHW��'H�%DFNHU�$302'¶��@�>'DUE\�
'RZPDQ�HW�DO��&RQVWUDLQWV���@��>3UROO��6PLWK�,1)2506�-2&��@��>'DUE\�
'RZPDQ��/LWWOH�,1)2506�-2&��@

± FRPSDULVRQV�IRU�GHILQLQJ�JHQHUDO�VLPLODULWLHV�DQG
GLIIHUHQFHV�LQ�DEVWUDFW�ZD\V
� >+HLSFNH�$QQDOV�RI�25��@�>'DUE\�'RZPDQ��/LWWOH�,1)2506�-2&��@�
>9DQ�+HQWHQU\FN��&3��@��>:LOOLDPV�7XW�(852�;9,@�

± ZRUNV�DLPHG�DW�GHILQLQJ�XQLI\LQJ�IUDPHZRUNV
� >%RFNPD\U��.DVSHU�,1)2506�-2&���@��>+HLSFNH�3K'��@



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��02'(/,1*

� 3UREOHP�GHILQLWLRQ�

&3�PRGHO��&63

YDULDEOHV�;��;���«�;Q

GRPDLQV��'��'���«�'Q

FRQVWUDLQWV�F�;��«�;N�

REMHFWLYH�IXQFWLRQ

I�;��;���«�;Q�

0,3�PRGHO

PLQ��]� �F7�[���K7\

VXEMHFW�WR

������$[���%\� �E

������[�≥����\�≥��

������[�∈=��\�∈�5



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��02'(/,1*

� 9DULDEOHV
± &3�YDULDEOHV�KDYH�D�QDPH�DQG�D�GRPDLQ��7\SH��UHDO��UDWLRQDO�
ERROHDQ��VHWV��LQWHJHU��V\PEROLF

± 0,3�YDULDEOHV��ELQDU\��LQWHJHU��UHDO��VHPL�FRQWLQXRXV���PHPEHU�RI
VHWV��QRQ�]HUR

� 'RPDLQV�
± ,Q�&3�)'��WKH�GRPDLQ�FRQWDLQV�YDOXHV�WKDW�FDQ�EH�DVVLJQHG�WR�WKH
YDULDEOH�DQG�WKDW�DUH�QRW�SURYHG�WR�EH�LQFRQVLVWHQW

± ,Q�0,3�YDULDEOHV�FDQ�KDYH�ERXQGV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��02'(/,1*

� &RQVWUDLQWV�
± ,Q�&3�D�FRQVWUDLQW�LV�D�UHODWLRQ��WUXH�RU�IDOVH��RYHU�D�VHW�RI�YDULDEOHV

� 'RPDLQ�FRQVWUDLQWV� ;����>�������@��<���>�����@

� 0DWKHPDWLFDO�FRQVWUDLQWV� ;� �<��;�≤�<��;�≠�<����
� 6\PEROLF�FRQVWUDLQWV DOOGLIIHUHQW�>;�<�=�.@�

± ,Q�0,3�FRQVWUDLQWV�DUH�HTXDOLWLHV�LQHTXDOLWLHV�EHWZHHQ�OLQHDU�WHUPV
SOXV�WKH�LQWHJUDOLW\�FRQVWUDLQW�ZKLFK�LV�UHOD[HG�LQ�WKH�FRUUHVSRQGHQW
/3

� 5HGXQGDQW�&RQVWUDLQWV��HQWDLOHG�E\�RWKHU�FRQVWUDLQWV
± ,Q�&3�WKH�DGGLWLRQ�RI�UHGXQGDQW�FRQVWUDLQWV�FDQ�KHOS�&3�VROXWLRQ
SURFHGXUHV

± ,Q�0,3�D�VLPLODU�FRQFHSW�LV�WKH�DGGLWLRQ�RI�YDOLG�FXWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��02'(/,1*

� 2EMHFWLYH�IXQFWLRQ��
± ,Q�WKH�WZR�IUDPHZRUNV�LW�KDV�WKH�VDPH�PHDQLQJ�

� )HDVLEOH�VROXWLRQ�
± ,Q�&3�D�IHDVLEOH�VROXWLRQ�LV�DQ�DVVLJQPHQW�RI�YDOXHV�WR�YDULDEOHV
WKDW�VDWLVILHV�DOO�WKH�FRQVWUDLQWV��6ROXWLRQ�PD\�DOVR�GHQRWH�WKH�UHVXOW
DIWHU�WKH�DSSOLFDWLRQ�RI�D��ORFDO��FRQVLVWHQF\�DOJRULWKP�

,I�VXFK�DQ�DVVLJQPHQW�H[LVWV��WKH�SUREOHP�LV�IHDVLEOH

± ,Q�0,3��WKH�VROXWLRQ�VSDFH�LV�GHQRWHG�E\�
� 6� �^�[�\����$[���%\� �E��[�≥���\�≥�`

,I�6�LV�QRW�HPSW\��WKH�SUREOHP�LV�IHDVLEOH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��02'(/,1*�JHQHUDO�UHPDUNV
� 0RGHO

± &3�KDV�D�PRUH�LQWXLWLYH��GHFODUDWLYH�DQG�IOH[LEOH�SUREOHP
IRUPXODWLRQ

± 0,3�UHTXLUHV�PRUH�H[SHUWLVH�LQ�RUGHU�WR�ZULWH�D�JRRG�PRGHO

± %RWK�DSSURDFKHV�FDQ�PRGHO�WKH�VDPH�SUREOHP�LQ�GLIIHUHQW�ZD\V�
2QH�PRGHO�FDQ�EH�EHWWHU�WKDQ�DQRWKHU�

� 5HOD[DWLRQV�
± ,Q�&3�HDFK�FRQVWUDLQW�UHSUHVHQWV�DQ�LQGHSHQGHQW�VXESUREOHP

� IHDVLELOLW\�SUREOHP

� DGGLQJ�FRQVWUDLQWV�LV�VWUDLJKWIRUZDUG

± ,Q�0,3�UHOD[�VRPH�FRQVWUDLQWV��VD\�WKH�LQWHJUDOLW\��
� 2SWLPL]DWLRQ�SUREOHP



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��62/9,1*

� 6ROXWLRQ�PHWKRG��WUHH�VHDUFK
± &3��HDFK�QRGH�LV�JHQHUDWHG�E\�D�ODEHOOLQJ�SURFHGXUH��$W�HDFK
QRGH�SURSDJDWLRQ�LV�SHUIRUPHG�XQWLO�D�IL[�SRLQW�LV�UHDFKHG�
&RQVWUDLQW�3URSDJDWLRQ�DFKLHYHV�D�FRQVLVWHQF\�SURSHUW\�
2SWLPDOLW\�LV�GHDOW�ZLWK�E\�LPSRVLQJ�D�FRVW�FRQVWUDLQW�WKDW��SRRUO\�
SURSDJDWHV�WR�YDULDEOHV

± 0,3��HDFK�QRGH�LV�JHQHUDWHG�E\�VHWWLQJ�YDULDEOH�ERXQGV��$W�HDFK
QRGH�WKH�/LQHDU�UHOD[DWLRQ�LV�VROYHG�WR�RSWLPDOLW\��,I�WKH�ORZHU
ERXQG�YDOXH�LV�ZRUVH�WKDQ�WKH�FXUUHQW�EHVW�VROXWLRQ��WKH�QRGH�LV
IDWKRPHG�DV�LWV�VXFFHVVRUV�FDQ�RQO\�EH�ZRUVH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��62/9,1*

� &RQVWUDLQW�3URSDJDWLRQ���&3�
± 3HUIRUPHG�DW�HDFK�QRGH

± &RQVLVWHQF\�DOJRULWKP�UHPRYH�YDOXHV�ZKLFK�FDQQRW�DSSHDU�LQ�D
FRQVLVWHQW�VROXWLRQ��,I�D�GRPDLQ�EHFRPHV�HPSW\��WKH
FRUUHVSRQGLQJ�SUREOHP�LV�LQIHDVLEOH�

± 1&��$&�$&�����>0DFNZRUWK�$,-��������@��>0RQWDQDUL�,QI�6FL��������@��$&�
>0RKU��+HQGHUVRQ�$,-��������@��$&��>9DQ�+HQWHQU\FN��'HYLOOH�DQG�7HQJ�$,-�����
��@���$&��>%HVVLHUH�$,-��������@��$&��>%HVVLHUH��)UHXGHU��5HJLQ�$,-���������@�
3&��>0DFNZRUWK�$,-��������@��3&��>0RKU��+HQGHUVRQ�$,-��������@�3&��>+DQ��/HH
$,-��������@���N�FRQVLVWHQF\�>)UHXGHU�&$&0���������@��>&RRSHU�$,-���������@�
*$&��IRU�QRQ�ELQDU\�FRQVWUDLQWV��>%HVVLHUH��5HJLQ�,-&$,���@�
VSHFLDOL]HG�SURFHGXUHG�

± 7UDGH�RII�EHWZHHQ�WLPH�VSHQW�DW�D�QRGH�DQG�WRWDO�QXPEHU�RI�QRGHV

± &RQVWUDLQWV�FDQ�EH�VHHQ�DV�LQWHUDFWLQJ�DJHQWV�WULJJHULQJ
SURSDJDWLRQ�HDFK�WLPH�DQ�HYHQW�LV�UDLVHG



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

� &RQVWDLQWV�LQWHUDFW�ZLWK�HDFK�RWKHU�WKURXJK�VKDUHG�YDULDEOHV��DQG�WKHLU
GRPDLQV��LQ�WKH�FRQVWUDLQW�VWRUH

� 7ULJJHU�SURSDJDWLRQ�HDFK�WLPH�DQ�HYHQW�LV�UDLVHG�RQ�RQH�YDULDEOH�;
± D�FKDQJH�LQ�WKH�GRPDLQ�RI�;

± D�FKDQJH�LQ�WKH�UDQJH�RI�WKH�GRPDLQ�RI�;

± DVVLJQPHQW�RI�YDULDEOH�;�WR�D�YDOXH

,17(5$&7,21��$021*�&21675$,176

9DULDEOHV�	�'RPDLQV

;���>������@
;���>�����@
;���>�������@
���
;Q��>���������@

DOOGLII�>;�����;N@� HOHPHQW�1�>;��;�@���

DOOGLII�>;�����;Q@�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��62/9,1*

� 3UH�SURFHVVLQJ���0,3�
± 3HUIRUPHG�DW�WKH�URRW�QRGH

± 9DULDEOH�IL[LQJ��YDULDEOH�UHPRYDO��PXOWLSOH��UHGXQGDQW�RU�GRPLQDWHG
URZ�UHPRYDO��YDULDEOH�ERXQG�WLJKWHQLQJ��PDWUL[�VFDOLQJ��SURELQJ
�DGGLWLRQ�RI�ORJLFDO�FRQVHTXHQFHV��

± 2QO\�VRPHWLPHV�DSSOLHG�DOVR�DW�RWKHU�QRGHV

� &XW�JHQHUDWLRQ���0,3�
± $GGLWLRQ�RI�YDOLG�LQHTXDOLWLHV

± *OREDO�FXWV�DUH�JOREDOO\�YDOLG��/RFDO�FXWV�DUH�YDOLG�LQ�D�VXEWUHH�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

&203$5,6216��62/9,1*

� 2SWLPL]DWLRQ�
± ,Q�&3�HDFK�WLPH�D�IHDVLEOH�VROXWLRQ�LV�IRXQG�=
��D�FRQVWUDLQW�LV
DGGHG�RQ�WKH�REMHFWLYH�IXQFWLRQ�YDULDEOH�=���=
��6LQFH�=�LV�OLQNHG
WR�SUREOHP�YDULDEOHV��SURSDJDWLRQ�LV�SHUIRUPHG��$W�HDFK�QRGH�
ZKHQ�YDULDEOHV�DUH�LQVWDQWLDWHG�DQG�SURSDJDWLRQ�LV�SHUIRUPHG�
ERXQGV�RI�=�DUH�XSGDWHG�

± ,Q�0,3��DW�HDFK�QRGH�WKH�/3�UHOD[DWLRQ�LV�VROYHG�SURYLGLQJ�D�ORZHU
ERXQG�RQ�WKH�SUREOHP��,I�WKH�ORZHU�ERXQG�LV�ZRUVH�WKDQ�WKH
FXUUHQW�XSSHU�ERXQG��WKH�QRGH�LV�IDWKRPHG��2WKHUZLVH��D�QRQ
LQWHJUDO�YDULDEOH�[�LV�VHOHFWHG�DQG�WKH�EUDQFKLQJ�LV�SHUIRUPHG�RQ
LWV�ERXQGV��$Q�LQLWLDO�XSSHU�ERXQG�FDQ�EH�LQ�JHQHUDO�FRPSXWHG�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�%5$1&+��	�%281'�LQ�&3

3

3�3�

&RQVWUDLQW�3URSDJDWLRQ
RQ�;��«�;Q

,I�GRP�=�
LV�HPSW\�IDLO
�HOVH�EUDQFK

3�¶3�¶

&RPSXWH�=PLQ�DQG�=PD[
RQ�WKH�EDVLV�RI�;��«�;Q

F�;N� ¤�F�;N�

&RQVWUDLQW�3URSDJDWLRQ
RQ�;��«�;Q

6ROXWLRQ�=


=���=




3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

�%5$1&+��	�%281'�EDVHG�RQ�/3

3

3�3�

=83
=/3

;�ZLWK�IUDFWLRQDO
YDOXH�I

;�≥��I�;�≤��I�

,I�=/3�≥�=83�IDLO
��HOVH�EUDQFK

=83
=¶/3

,I�=¶/3�≥�=83�IDLO
��HOVH�EUDQFK

;¶�ZLWK�IUDFWLRQDO
YDOXH�I¶

3�¶3�¶

;¶�≥��I¶�;¶≤��I¶�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

352%/(0�3523(57,(6����

� 7U\�WR�LGHQWLI\�WKH�EHVW�VROYLQJ�WHFKQLTXH�>'DUE\�'RZPDQ
/LWWOH�,1)2506�-R&��@

± FRPSDUH�&/3�DQG�,3�RQ�GLIIHUHQW�DSSOLFDWLRQV

± LGHQWLI\�JHQHUDO�JXLGHOLQHV

� 0RGHO�VL]H

� 6HDUFK�VSDFH�VL]H

� /LQHDU�PRGHO�VLPSO\�LGHQWLILHG



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

352%/(0�3523(57,(6����

� *HRPHWULFDO�PDWKHPDWLFDO�VWUXFWXUH
± /LQHDU�3UREOHP�KDV�D�WRWDOO\�XQLPRGXODU�PDWUL[

� /3�RSWLPDO�VROXWLRQ�LV�DOVR�LQWHJUDO

± 1HWZRUN�VWUXFWXUH

� 6\PPHWULHV�
± H[SORULQJ�SDUWV�RI�WKH�VHDUFK�VSDFH�OHDGLQJ�WR�V\PPHWULF�VROXWLRQV

± V\PPHWU\�H[FOXGLQJ�FRQVWUDLQWV�LQ�&3�PRGHOV

± V\PPHWU\�H[FOXGLQJ�FRQVWUDLQWV�GXULQJ�&3�VHDUFK

± V\PPHWU\�H[FOXGLQJ�FRQVWUDLQWV�LQ�,3�ZRXOG�LQFUHDVH�WKH�PRGHO
VL]H

(IIHFWLYH�LQ�,3



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

352%/(0�3523(57,(6����

� 3UREOHP�GHSHQGHQW�EUDQFKLQJ�KHXULVWLFV
± KHOS�LQ�ILQGLQJ�IHDVLEOH�VROXWLRQV�UDWKHU�TXLFNO\�LQ�&3

± PD\�IDLO�LQ�KHOSLQJ�SURYLQJ�RSWLPDOLW\

� *OREDO�LQFRQVLVWHQF\�GHWHFWHG�E\�/3��DEVHQW�LQ�&3
± &3�GHWHFWV�RQO\�ORFDO�LQFRQVLVWHQFLHV

� 2SWLPDOLW\���IHDVLELOLW\
± RSWLPDOLW\�SUHYDLOLQJ�RQ�IHDVLELOLW\�DVSHFWV��VHH�763�

± IRUP�RI�REMHFWLYH�IXQFWLRQ��H�J���VXP�RI�FRVWV�QRW�HIIHFWLYHO\
KDQGOHG�LQ�&3��YHU\�ZHOO�LQ�,3�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.6

� 3XUSRVH��GHILQH�JHQHUDO�FRQFHSWV�DLPHG�DW�FDSWXULQJ�WKH
EDVLF�FRQFHSWV�RI�&3�DQG�25�WHFKQLTXHV

� 'HILQH�EDVLV�IRU�XQGHUVWDQGLQJ�FRUUHVSRQGHQFHV�
VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�DSSURDFKHV

� 'HILQH�WKH�EDVLV�IRU�SRVVLEOH�LQWHJUDWLRQV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� %UDQFK�DQG�,QIHU�>%RFNPD\U�.DVSHU�,1)2506�-R&��@
± LGHQWLILHV�FRPPRQ�FRQFHSWV�WR�,/3�DQG�&3

� 3ULPLWLYH�DQG�QRQ�SULPLWLYH�FRQVWUDLQWV
± �&3�SULPLWLYH�FRQVWUDLQWV��^;�≤�X��;�≥�E��;�≠�Y��;� �<��LQWHJHU�;�`
± �,/3�SULPLWLYH�FRQVWUDLQWV��OLQHDU�HTXDOLWLHV�DQG�LQHTXDOLWLHV

� %UDQFK�DQG�,QIHU�EDVHG�RQ�WUDQVLWLRQ�UXOHV

� QDPHBUXOH��� LI�&RQG
��3�6! 3��GLVMXQFWLYH�VXESUREOHPV

�3¶�6¶! 6��IHDVLEOH�VROXWLRQ�VHW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� *RDO��GHULYH�SULPLWLYH�IURP�QRQ�SULPLWLYH�FRQVWUDLQWV

± ELBLQIHU��

� &3��JOREDO�FRQVWUDLQWV
± GHFODUDWLYH�DEVWUDFWLRQV�HPEHGGLQJ�SRZHUIXO�ILOWHULQJ�DOJRULWKPV�
GHULYH�SULPLWLYH�FRQVWUDLQWV�;�≤�X��;�≥�E��;�≠�Y

� 0,3��DGGLWLRQ�RI�FXWV
± FXWV�DUH�SULPLWLYH�FRQVWUDLQWV

�������F�∪�&��∪�3�6! S��SULPLWLYH��F��QRQ�SULPLWLYH

��S�∪��F�∪�&���∪�3�6!� 3ULP�&��→�S�������3ULP�&��∧�F�→�S



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� %UDQFKLQJ��VSOLWWLQJ�WKH�SUREOHP�LQWR�VXESUREOHPV

± ELBEUDQFK��

� %UDQFKLQJ�FDQ�EH�DYRLGHG�LI�D�VXESUREOHP�LV�LQIHDVLEOH

± ELBFODVK�

± 7KH�LQIHDVLELOLW\�WHVW�LV�SHUIRUPHG�RQO\�RQ�WKH�UHOD[DWLRQ�JHQHUDWHG
E\�SULPLWLYH�FRQVWUDLQWV

�������&�∪�3�6! &�≡�&�∧��∨�FL��

�^F�∪�&�«��FN∪�&`�∪�3�6!������LI�FL�SULPLWLYH�3ULP�&��→�FL

�������&�∪�3�6! �3ULP�&��→�

����������3�6!



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� 6ROYLQJ�&RPELQDWRULDO�3UREOHPV�

± ELBVRO��

� 6ROYLQJ�&RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV��%	%�D�OD�&3

± ELBFOLPE�

± H[WUDFW��UHVSRQVLEOH�RI�H[WUDFWLQJ�D�IHDVLEOH�VROXWLRQ�RI�WKH�UHOD[DWLRQ

�������&�∪�3�6! 6
� �H[WUDFW�3ULP�&��

������3�6�∪�6
!����� 6
�→�&

������������^&��«�&Q`��^V`!� ������������������V
� �H[WUDFW�3ULP�&���

��^F∪&�F∪&��«��F∪&Q`�^V
`!������I�V
�!I�V���F≡��I�[��!�I�V
��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� 6ROYLQJ�&RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV��%	%�D�OD�,3

± ELBERXQG��

± ELBRSW�

± WKH�OXE�VKRXOG�EH�FRPSXWHG�HIILFLHQWO\

�������&�∪�3�^V`! LI�PD[^I�[���[∈VRO�&�`�≤�OXE�≤�I�V�

��������3��^V`!����� &�LV�IDWKRPHG

���&�∪�3�^V`!� ��������������I�V
�� �PD[^I�[���[∈VRO�3ULP�&��`

����3��^V
`! �V∈VRO�&��������I�V
��!�I�V�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

81,)<,1*�)5$0(:25.

� &RPELQDWRULDO�3UREOHPV�LQ�&3�)'�
± ELBLQIHU��ELBEUDQFK��ELBFODVK��ELBVRO

� &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV�LQ�&3�)'�
± ELBLQIHU��ELBEUDQFK��ELBFODVK��ELBFOLPE

� &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV�LQ�,3�%	%
± ELBEUDQFK��ELBFODVK��ELBERXQG��ELBRSW

� &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV�LQ�,3�%	&
± ELBLQIHU��ELBEUDQFK��ELBFODVK��ELBERXQG��ELBRSW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

%$6,6�)25�,17(*5$7,21

� %UDQFK�DQG�,QIHU�DOORZV�WR�LGHQWLI\�SRVVLEOH�GLUHFWLRQV
IRU�WKH�LQWHJUDWLRQ�>.DVSHU�3K'��@
± )LUVW�GLUHFWLRQ

� 3ULPLWLYH�FRQVWUDLQWV��3ULP�,/3�

� 1RQ�SULPLWLYH�FRQVWUDLQWV��1B3ULP�,/3��DQG�1B3ULP�)'���UHVWULFW
WKH�LQIHUHQFH�RI�)'�FRQVWUDLQWV�WR�ERXQG�UHGXFWLRQV

± 6HFRQG�GLUHFWLRQ
� 3ULPLWLYH�FRQVWUDLQWV��3ULP�)'�
� 1RQ�SULPLWLYH�FRQVWUDLQWV��1B3ULP�)'��DQG�D�OLQHDU�FRQVWUDLQW
SURYLGLQJ�ERXQGV�DQG�YDULDEOH�IL[LQJ

± 7KLUG�GLUHFWLRQ
� 3ULPLWLYH�FRQVWUDLQWV��3ULP�,/3��DQG�3ULP�)'��H[FOXGLQJ�LQWHJHU

� 1RQ�SULPLWLYH�FRQVWUDLQWV��1B3ULP�,/3��DQG�1B3ULP�)'��LQFOXGLQJ
WKH�LQWHJHU�FRQVWUDLQW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

),1$/�5(0$5.6�RQ�&203$5,6216

� 7KHUH�DUH�QR�JHQHUDO�JXLGHOLQHV�WR�NQRZ�LQ�DGYDQFH
ZKLFK�WHFKQLTXH�LV�WKH�PRVW�DSSURSULDWH

� 8QLI\LQJ�IUDPHZRUNV�DQG�SUREOHP�FODVV�IHDWXUHV�FDQ
KHOS�LQ�GHFLGLQJ�WKH�EHVW�WHFKQLTXH

� 7KH�LQWHJUDWLRQ�FDQ�OHDG�WR�H[SORLW�DGYDQWDJHV�RI�ERWK
VLGHV�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��027,9$7,216

� 7KH�PDLQ�PRWLYDWLRQV�IRU�LQWHJUDWLQJ�PRGHOLQJ�DQG
VROYLQJ�WHFKQLTXHV�IURP�&3�DQG�0,3�DUH�
± &RPELQH�WKH�DGYDQWDJHV�RI�WKH�WZR�DSSURDFKHV

� &3��PRGHOOLQJ�FDSDELOLWLHV��LQWHUDFWLRQ�DPRQJ�FRQVWUDLQWV

� 0,3��JOREDO�UHDVRQLQJ�RQ�RSWLPDOLW\��VROXWLRQ�PHWKRGV

± 2YHUFRPH�WKH�OLPLWDWLRQV�RI�ERWK
� &3��SRRU�UHDVRQLQJ�RQ�WKH�REMHFWLYH�IXQFWLRQ

� 0,3��QRW�IOH[LEOH�PRGHOV��QR�V\PEROLF�FRQVWUDLQWV

� ,QWHJUDWLRQ�GLUHFWLRQV�
± 3UREOHP�PRGHOOLQJ

± 3UREOHP�VROYLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��02'(//,1*

� &3�SURYLGHV�IOH[LEOH��GHFODUDWLYH��HDVLO\�XQGHUVWDQGDEOH
PRGHOOLQJ�FDSDELOLWLHV
± 'LIIHUHQW�PRGHOV�IRU�WKH�VDPH�SUREOHP�OHDG�WR�GLIIHUHQW
SHUIRUPDQFHV�LQ�ILQGLQJ�VROXWLRQV��H[SHUWLVH�UHTXLUHG�

± *OREDO�FRQVWUDLQWV��SRZHUIXO�PRGHOOLQJ�DEVWUDFWLRQV

± 7KH�DGGLWLRQ�RI�QHZ�SUREOHP�FRQVWUDLQWV�VWUDLJKWIRUZDUG

� 0,3�SURYLGHV�OHVV�IOH[LEOH�PDWKHPDWLFDO�PRGHOV
VXLWDEOH�IRU�VRSKLVWLFDWHG�SUREOHP�VROYLQJ�WHFKQLTXHV
± 'LIIHUHQW�PRGHOV�IRU�WKH�VDPH�SUREOHP�OHDG�WR�GLIIHUHQW
SHUIRUPDQFHV�LQ�ILQGLQJ�VROXWLRQV��H[SHUWLVH�UHTXLUHG�

± 7KH�DGGLWLRQ�RI�QHZ�SUREOHP�FRQVWUDLQWV�UHTXLUHV�WKH�UH�
GHILQLWLRQ�RI�VROXWLRQ�VWUDWHJLHV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��02'(//,1*

&3�PRGHO

�YDULDEOHV

�GRPDLQV

�FRQVWUDLQWV

�REMHFWLYH�I

0,3�PRGHO

�YDULDEOHV

�FRHII�PDWULFHV

�FRVW�PDWUL[

�UKV�YHFWRU

�REMHFWLYH�I

PDSSLQJ

FRUUHVSRQGHQFH
EHWZHHQ�YDULDEOHV

YDOXHV�DQG�FRQVWUDLQWV
LQ�WKH�WZR�PRGHOV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��02'(//,1*

� &3�DQG�0,3�PRGHOV�VKRXOG�FRH[LVW��FRRSHUDWH�RU�HYHQ
PHUJH�LQ�D�VLQJOH�ODQJXDJH�

� 'LIIHUHQW�OHYHOV�RI�LQWHJUDWLRQ�FDQ�EH�DFKLHYHG�
± DSSURDFKHV�ZKLFK�SURYLGH�WKH�XVHU�RQO\�WKH�&3�ODQJXDJH�DQG
KLGH�WKH�25�PRGHO�DQG�D�PDSSLQJ�EHWZHHQ�WKH�&3�DQG�25
PRGHOV�ZKLFK�LV�WUDQVSDUHQW�WR�WKH�XVHU

± DSSURDFKHV�ZKLFK�SURYLGH�WKH�XVHU�ERWK�PRGHOV�DQG�DOORZ�WR
VWDWH�ERWK�FRQVWUDLQWV�RQ�WKH�&3�SDUW�DQG�WKH�25�SDUW

± DSSURDFKHV�ZKLFK�PHUJH�WKH�WZR�PRGHOV�LQ�RUGHU�WR�SURYLGH�D
XQLTXH�PRGHO�HPEHGGLQJ�ERWK�WKH�25�DQG�&3�VLGH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

75$163$5(17�02'(/�,17(*5$7,21

� 7KH�XVHU�ZRUNV�ZLWK�D�&3�ODQJXDJH

� 7KH�PDSSLQJ�DQG�WKH�0,3�PRGHO�DUH�KLGGHQ

� 1HHG�RI�D�WUDQVODWLRQ�RI�WKH�&3�PRGHO�LQ�WHUPV�RI�0,3
PRGHO�>5RGRVHN��:DOODFH�+DMLDQ�$QQDOV25����5HIDOR�&3$,25��@

± DXWRPDWLF�WUDQVIRUPDWLRQ�RI�&/3�SURJUDPV�LQ�QRQ�GLVMXQFWLYH�IRUP
WKURXJK�DX[LOLDU\�ELQDU\�YDULDEOHV
� RSWLPL]DWLRQ�RQ�WKH�QXPEHU�RI�ELQDU\�YDULDEOHV

± PDSSLQJ�RI�JOREDO�FRQVWUDLQWV

� $IWHU�WKH�WUDQVODWLRQ
± 0RGHO� ��&/3�VWRUH��0,3�VWRUH�

KDQGOHG�E\�WKH�&3�VROYHU KDQGOHG�E\�WKH�0,3�VROYHU

3RVVLEOH�GXSOLFDWLRQ��VDPH�
FRQVWUDLQW�WR�ERWK�VROYHUV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

� >5RGRVHN��:DOODFH�+DMLDQ���@�DXWRPDWLF�WUDQVIRUPDWLRQ�RI�&/3
SURJUDPV�LQ�QRQ�GLVMXQFWLYH�IRUP�WKURXJK�DX[LOLDU\�ELQDU\�YDULDEOHV

S�$UJV�����T���$UJV����«��T�N�$UJV�N��
«
S�$UJVU����TU��$UJVU���«��TUN�$UJVUN��

± WUDQVODWHG�LQ
S�$UJV�%����S��$UJV�%���«�SU�$UJV�%U��%��«�%U %�
S��$UJV��%�����T���$UJV����«�T�N�$UJV�N��ELQDU\�%���
���
SU�$UJVU�%U����TU��$UJVU���«�TUN�$UJVUN��ELQDU\�%U��

± ,I�RQH�TU��$UJVU���LV�D�OLQHDU�FRQVWUDLQW�;���<�LV�WUDQVODWHG�LQ
;���0
%���<���0��ZLWK�0�ODUJH�HQRXJK

75$163$5(17�02'(/�,17(*5$7,21



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

� $XWRPDWLF�WUDQVODWLQJ�FRQVWUDLQWV

9DU��>PLQ9��PD[9@ ELQDU\�%PLQ9��«�ELQDU\�%PD[9�
%PLQ9���������%PD[9� ��

LI�9DUL� �M�WKH�FRUUHVSRQGLQJ�%LM� ��

DOOGLIIHUHQW�>9��«�9Q@� ����%�����������%Q�����
��������««��
���������%�N���������%QN����

75$163$5(17�02'(/�,17(*5$7,21



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

� 'LVMXQFWLRQ�DQG�LQHTXDOLW\�FRQVWUDLQWV

;�¡�<
;��>PLQ[��PD[[@
<��>PLQ<��PD[<@

� RU�HTXLYDOHQWO\

;���<�Â�;�!�<
;��>PLQ[��PD[[@
<��>PLQ<��PD[<@

75$163$5(17�02'(/�,17(*5$7,21

;���%�0���<���0����
<���%�0���;���0����
%����%�� ��
PLQ<���<���PD[<
PLQ;���;���PD[;



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

+,''(1

,17(*5$7,21��02'(//,1*

&3�PRGHO

�YDULDEOHV

�GRPDLQV

�FRQVWUDLQWV

�REMHFWLYH�I

/3�PRGHO

�YDULDEOHV

�FRHII�PDWULFHV

�FRVW�PDWUL[

�UKV�YHFWRU

�REMHFWLYH�I

PDSSLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

75$163$5(17�75$16/$7,21
2)�*/2%$/�&21675$,176

� 7KH�XVHU�ZRUNV�ZLWK�D�&3�ODQJXDJH
± JOREDO�FRQVWUDLQWV�HPEHG�D�OLQHDU�PRGHO�>)RFDFFL�/RGL�0LODQR
&3����5HJLQ�&3��@�ZKLFK�DOORZV�WR�SHUIRUP�D�SURSDJDWLRQ
EDVHG�RQ�FRVWV

± VDPH�WUDQVODWLRQ�DV�EHIRUH��LQVLGH�WKH�FRQVWUDLQW�QRW�IRU�WKH
ZKROH�SUREOHP

9DU��>PLQ9��PD[9@ ��%PLQ9���������%PD[9� ��

LI�9DUL� �M�WKH�FRUUHVSRQGLQJ�%LM� ��

DOOGLIIHUHQW�>9��«�9N@� ����%�����������%Q�����
��������««��
���������%�N���������%QN����



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��02'(//,1*

&3�PRGHO

�YDULDEOHV

�GRPDLQV

�FRQVWUDLQWV

�REMHFWLYH�I

+,''(1

/3�PRGHO

�YDULDEOHV

�FRHII�PDWULFHV

�FRVW�PDWUL[

�UKV�YHFWRU

�REMHFWLYH�I

PDSSLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

(;3/,&,7�02'(/�&223(5$7,21
� 7KH�XVHU�H[SOLFLWO\�VWDWHV�FRQVWUDLQWV�WR�WKH�WZR�VROYHUV��0RUH
FRPSOH[�SURJUDPV��>%HULQJHU��'H�%DFNHU���@�>+HLSFNH�3K'��@

� 7KH�XVHU�GRHV�QRW�FRQWURO�WKH�PDSSLQJ�EHWZHHQ�WKH�WZR�PRGHOV
ZKLFK�LV�LQ�JHQHUDO�DFKLHYHG�WKURXJK�VKDUHG�YDULDEOHV

� ,Q�WKH�VDPH�SURJUDP�

9DUV��'RPDLQV� 9DUV�����
FRQVWUDLQWVB&3�9DUV�� OLQHDUBLQHTXDO�9DUV��
2EMHFWLYH����'RP2EM�
OLQN�2EMHFWLYH��9DUV� OLQN�2EMHFWLYH��9DUV�

6DPH�YDULDEOHV�LQYROYHG�LQ�
GLIIHUHQW�FRQVWUDLQWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

+,''(1

,17(*5$7,21��02'(//,1*

&3�PRGHO

�YDULDEOHV

�GRPDLQV

�FRQVWUDLQWV

�REMHFWLYH�I

/3�PRGHO

�YDULDEOHV

�FRHII�PDWULFHV

�FRVW�PDWUL[

�UKV�YHFWRU

�REMHFWLYH�I

PDSSLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

���81,48(�02'(/
� 7KH�XVHU�GHVLJQV�D�XQLTXH�PRGHO�VXLWDEOH�IRU�WKH�K\EULG�VROYHU�
0//3��0L[HG�/RJLFDO�/LQHDU�3URJUDPPLQJ�>+RRNHU�HW�DO��$$$,��@

� 0RUH�FRPSOH[�PRGHO�EXW�FORVHU�WR�WKH�K\EULG�DUFKLWHFWXUH

PLQ��]� ��F�[

± VXEMHFW�WR

����� �KL��\����→���$L�[�≤��EL

������ [L�∈�5Q������\�∈�)'

&RQVWUDLQWV�KDQGOHG�E\�
WKH�&3�ILQLWH�GRPDLQ�VROYHU

&RQVWUDLQWV�KDQGOHG�
E\�WKH�OLQHDU�VROYHU

/LQHDU�FRQVWUDLQWV�DGGHG�WR�
WKH�OLQHDU�VROYHU�ZKHQ�
WKH�ILQLWH�GRPDLQ�FRQVWUDLQW�
LV�HQWDLOHG�E\�WKH�)'�VWRUH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

���81,48(�02'(/��*/2%$/�&21675$,176
� *OREDO�FRQVWUDLQWV�FDQ�EH�LQWURGXFHG�LQ�0//3��H[DPSOH�RQ
9DULDEOH�6XEVFULSWV�LQ�/LQHDU�&RQVWUDLQWV�>2WWRVRQ�7KRUVWHLQVVRQ
&3$,25��@

� ]�≥�ΣM��FM�\M����VXP�RI�FRVWV�RI�DVVLJQLQJ�ZRUNHU�\M�WR�MRE�M

� FM�\M�FDQ�EH�VXEVWLWXWHG�E\�]M��� ]�≥�ΣM�]M

�\M� �N��→��]M� �FM�N�����∀�M�∈�^�«Q`��N�∈�^�«P`

RU�DOWHUQDWLYHO\� ]�≥�ΣM�]M
HOHPHQW�\�>F���«�F�Q@�]����HOHPHQW�\�>F���«�F�Q@�]���

���«««« ������������HOHPHQW�\�>FP��«�FPQ��]P��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��02'(//,1*

&3�PRGHO

�YDULDEOHV

�GRPDLQV

�FRQVWUDLQWV

�REMHFWLYH�I

/3�PRGHO

�YDULDEOHV

�FRHII�PDWULFHV

�FRVW�PDWUL[

�UKV�YHFWRU

�REMHFWLYH�I

PDSSLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��62/9,1*
� &3�VROYLQJ�LV�EDVHG�RQ�LQWHUOHDYHG�VHDUFK�DQG
LQIHUHQFH��FRQVWUDLQW�SURSDJDWLRQ�
± FRQVWUDLQW�SURSDJDWLRQ�UXOHV�LQ�JOREDO�FRQVWUDLQWV�H[SORLW�JOREDO
SUREOHP�GHSHQGHQW�NQRZOHGJH�WR�SHUIRUP�SUXQLQJ

± GLIIHUHQW�FRQVWUDLQWV�LQWHUDFW�WKURXJK�VKDUHG�YDULDEOHV

± SUREOHP�GHSHQGHQW�EUDQFKLQJ�VWUDWHJLHV

� 0,3�VROYLQJ�LV�EDVHG�RQ�LQWHUOHDYHG�VHDUFK�DQG�WKH
FRPSXWDWLRQ�RI�WKH�RSWLPDO�VROXWLRQ�RI�D�UHOD[DWLRQ
± SUXQLQJ�LV�SHUIRUPHG�RQ�QRGHV�IRU�ZKLFK�WKH�UHOD[DWLRQ�LV
LQIHDVLEOH�RU�SURYHQ�VXE�RSWLPDO

± EUDQFKLQJ�LV�JXLGHG�E\�UHOD[DWLRQ�LQIRUPDWLRQ��UHOD[DWLRQ
SURYLGHV�D�SRLQW�LQ�VSDFH�ZKHUH�VHDUFK�VKRXOG�EH�FHQWHUHG�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��62/9,1*
� ,QWHJUDWLRQ�RQ�VROYLQJ��WZR�DVSHFWV

± IHDVLELOLW\

± RSWLPDOLW\

� &RQFHUQLQJ�IHDVLELOLW\��JOREDO�FRQVWUDLQWV�HPEHG
SRZHUIXO�ILOWHULQJ�DOJRULWKPV�WKDW�SUXQH�WKH�VHDUFK
VSDFH

� 0DQ\�RI�WKHP�FRPLQJ�IURP�25
± (GJH�)LQGHU

± 1HWZRUN�IORZ�EDVHG�DOJRULWKPV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

('*(�),1'(5

� 8VHIXO�IRU�VFKHGXOLQJ�DSSOLFDWLRQ�>&DUOLHU�3LQVRQ���@�>%DSWLVWH�
/H�3DSH��1XLMWHQ��,-&$,��@

&RQVLGHU�D�XQDU\�UHVRXUFH�DQG�WKUHH�DFWLYLWLHV�

�

� ��

��

�

�

�
�

��

6�

6�

6�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

('*(�),1'(5

6�

6�

6�

:H�FDQ�GHGXFH�WKDW�HDUOLHVW�VWDUW�WLPH�RI�6��LV���

7KLV�LV�EDVHG�RQ�WKH�IDFW�WKDW�6��PXVW�EH�VFKHGXOHG�DIWHU�6��DQG�6��

*OREDO�UHDVRQLQJ��VXSSRVH�HLWKHU�6��RU�6��LV�VFKHGXOHG�DIWHU�6���7KHQ
WKH�PD[LPXP�RI�WKH�FRPSOHWLRQ�WLPHV�RI�6��DQG�6��LV�DW�OHDVW�����RXW�RI
WKH�GRPDLQ�RI�6��DQG�6���

�

� ��

��

�

�

�
�

��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

('*(�),1'(5

%DVLF�7KHRUHP��>&DUOLHU��3LQVRQ��0DQ�6FL���@

/HW�R�EH�DQ�DFWLYLW\�DQG�6�D�VHW�RI�DFWLYLWLHV�DOO�WR�EH�VFKHGXOHG�RQ�WKH
VDPH�XQDU\�UHVRXUFH��R�QRW�LQ�6���7KH�HDUOLHVW�VWDUW�WLPH�LV�H��WKH�VXP
RI�GXUDWLRQV�LV�'�DQG�WKH�ODWHVW�FRPSOHWLRQ�WLPH�&��,I

H�6�^R`����'�6�^R`��!�&�6�

WKHQ�QR�VFKHGXOH�H[LVWV�LQ�ZKLFK�R�SUHFHGHV�DQ\�RI�WKH�RSHUDWLRQV�LQ
6��7KLV�LPSOLHV�WKDW�WKH�HDUOLHVW�VWDUW�WLPH�RI�R�FDQ�EH�VHW�WR

PD[�^H�6¶����'�6¶�`�
�6¶�⊆�6�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

*/2%$/�&$5',1$/,7<�&21675$,17

� JFF�9DU�9DO�/%�8%��>5HJLQ�$$$,��@�9DU�DUH�YDULDEOHV��9DO
DUH�YDOXHV�DQG�/%�DQG�8%�DUH�WKH�PLQLPXP�DQG�WKH
PD[LPXP�QXPEHU�RI�RFFXUUHQFHV�RI�HDFK�YDOXH�LQ�9DO
DVVLJQHG�WR�9DU

� H[DPSOH�

SHWHU

SDXO
PDU\
MRKQ

ERE
PLNH
MXOLD

0�����

'�����

1�����

%�����

2�����

SHWHU

SDXO
PDU\
MRKQ

ERE
PLNH
MXOLD

0�����

'�����

1�����

%�����

2�����

$VVLJQHG�WRJHWKHU�WR�PD[���SHUVRQV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

*/2%$/�&$5',1$/,7<�&21675$,17

� 1RWLRQ�RI�FRQVLVWHQF\�EDVHG�RQ�QHWZRUN�PD[LPXP�IORZ
DOJRULWKP�RQ�WKH�YDOXH�QHWZRUN�1�&�

� JFF�RQ�N�YDULDEOHV�LV�FRQVLVWHQW
� WKHUH�LV�D�PD[�IORZ�IURP�V�WR�W�RI�YDOXH�N

SHWHU

SDXO
PDU\
MRKQ

ERE
PLNH
MXOLD

0�����

'�����

1�����

%�����

2�����

W V

�����
�����

�����

�����

�����

�����

�����

�����



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

*/2%$/�&$5',1$/,7<�&21675$,17

� )LOWHULQJ�DOJRULWKP�EDVHG�RQ�QHWZRUN�PD[LPXP�IORZ
DOJRULWKP�RQ�WKH�UHVLGXDO�JUDSK�5�Z�U�W��IORZ�I���5�I�
± LI�I�X�Y����XE�X�Y����WKHQ�UHV�X�Y�� �XE�X�Y����I�X�Y�

± LI�I�X�Y��!�OE�X�Y����WKHQ�UHV�Y�X�� �I�X�Y����OE�X�Y�

± WKH�UHVLGXDO�FDSDFLW\�RI�D�SDWK��PLQ�UHV�X�Y��LQ�SDWK

� /HW�&�D�FRQVLVWHQW�JFF�DQG�I�D�PD[LPXP�IORZ�RQ�1�&��IURP
V� WR� W��$�YDOXH�D� IRU�[� LV�QRW�FRQVLVWHQW�ZLWK�&� LII� I�D�[� �
DQG�D�DQG�[�GR�QRW�EHORQJ�WR�WKH�VDPH�VWURQJO\�FRQQHFWHG
FRPSRQHQW�LQ�5�I����^�V�W�`



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

*/2%$/�&21675$,176
� 5HIHUHQFHV�

± *OREDO�FRQVWUDLQWV�LQ�&+,3�>%HOGLFHDQX�&RQWHMHDQ��0DWK�&RPS�0RG���@

± 7DVN�,QWHUYDOV�>&DVHDX�/DEXUWKH�,&/3��@�>&DVHDX�/DEXUWKH�/1&6����@
>&DVHDX�/DEXUWKH�-,&6/3��@�>&DVHDX�/DEXUWKH�/1&6����@

± DOOGLIIHUHQW�>5HJLQ�$$$,��@�6\PPHWULF�DOOGLIIHUHQW�>5HJLQ�,-&$,��@

± (GJH�)LQGHU�>%DSWLVWH�/H�3DSH�1XLMWHQ��,-&$,��@��>1XLMWHQ�/H�3DSH
-R+��@>1XLMWHQ�$DUWV�(XU�-�25��@

± 6HTXHQFLQJ�>5HJLQ�3XJHW�&3��@

± &DUGLQDOLW\�>5HJLQ�$$$,��@

± 6RUWHGQHVV�>%OHX]HQ�&ROPHUDXHU�&RQVWUDLQWV�����@



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

,17(*5$7,21��62/9,1*

� 2SWLPL]DWLRQ�3UREOHPV

� &3�DQG�0,3�/3�VROYHUV�VKRXOG�LQWHUDFW�DQG�FRRSHUDWH
E\�H[FKDQJLQJ�LQIRUPDWLRQ

� 'LIIHUHQW�OHYHOV�RI�LQWHJUDWLRQ�FDQ�EH�DFKLHYHG�
± DSSURDFKHV�ZKLFK�NHHS�WKH�WZR�VROYHUV�VHSDUDWH�DQG
LQGHSHQGHQW�H[FKDQJLQJ�LQIRUPDWLRQ
� VHTXHQWLDO�FRPSXWDWLRQV

� LQWHUOHDYHG�FRPSXWDWLRQV

± DSSURDFKHV�ZKLFK�LQWHJUDWH�DQ�RSWLPL]DWLRQ�FRPSRQHQW��/3
VROYHU��LQ�JOREDO�FRQVWUDLQWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

/226(�,17(*5$7,21
6(48(17,$/�&20387$7,21

� &3�DQG�0,3�VROYHUV�DUH�XVHG�LQ�VHTXHQFH�
± WKH�&3�VROYHU�FRPSXWHV�WKH�ILUVW�IHDVLEOH�VROXWLRQ��UDWKHU
TXLFNO\�

± WKH�0,3�VROYHU�XVHV�WKLV�VROXWLRQ�DV�ZDUP�VWDUW�IRU�D�6LPSOH[
EDVHG�%UDQFK�	�%RXQG

� $SSURDFK�XVHG�LQ�WKH�%ULWLVK�$LUZD\V�)OHHW�$VVLJQPHQW
>+DMLDDQ�HW�DO��75��������@

&3�VROYHU 0,3�VROYHU

IHDVLEOH�VROXWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
,17(5/($9('�&20387$7,21

� &3�DQG�/3�VROYHUV�DUH�LQWHUOHDYHG�
± WKH�&3�VROYHU�SHUIRUPV�SURSDJDWLRQ

± /3�VROYHU�RSWLPDOO\�VROYHV�WKH�OLQHDU�UHOD[DWLRQ

� &3�DQG�/3�VROYHUV�H[FKDQJH�LQIRUPDWLRQ�
± YDULDEOH�ERXQGV

± YDULDEOH�IL[LQJ

± RSWLPDO�VROXWLRQ�RI�/3�UHGXFHG�FRVWV

� %UDQFKLQJ�SHUIRUPHG�RQ�WKH�&3�RU�RQ�WKH�0,3�VLGH
± &3�EUDQFKLQJ�EDVHG�RQ�SUREOHP�VWUXFWXUH�RU�RQ�YDU��GRPDLQV

± 0,3�EUDQFKLQJ�EDVHG�RQ�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[DWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
,17(5/($9('�&20387$7,21

� 6ROYLQJ�WHFKQLTXH�IRU�PRGHOOLQJ�DSSURDFKHV�ZKHUH�WKH
&3�DQG�WKH�/3�PRGHO�DUH�NHSW�VHSDUDWH

± WKH�XVHU�FDQ�H[SOLFLWO\�LPSRVH�ZKLFK�FRQVWUDLQWV�DUH�KDQGOHG�E\
WKH�&3�VROYHU�DQG�ZKLFK�RQHV�DUH�KDQGOHG�E\�WKH�/3�VROYHU
>%HULQJHU�'H�%DFNHU��@�>+HLSFNH�3K'��@

± WKH�DXWRPDWLF�OLQHDUL]DWLRQ�RI�JOREDO�FRQVWUDLQWV�LV�VHQW�WR�WKH
/3�VROYHU�ZKLOH�WKH�SURSDJDWLRQ�RI�JOREDO�FRQVWUDLQWV�LV
SHUIRUPHG�DV�XVXDO�E\�WKH�&3�VROYHU



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
,17(5/($9('�&20387$7,21

9DUV��'RPDLQV� 9DUV�����
FRQVWUDLQWVB&3�9DUV�� OLQHDUBLQHTXDO�9DUV��
2EMHFWLYH����'RP2EM�
OLQN�2EMHFWLYH��9DUV� OLQN�2EMHFWLYH��9DUV�

6DPH�YDULDEOHV�LQYROYHG�LQ�
GLIIHUHQW�FRQVWUDLQWV

(YHQWV�WULJJHU�SURSDJDWLRQ�UHFRPSXWDWLRQ

&3�VROYHU /3�VROYHU



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
,17(5/($9('�&20387$7,21

FXPXODWLYH

HOHPHQW

DOOGLII

FDUGLQDOLW\

F\FOH

)'�VWRUH

9DUV��'RPDLQV

/3�VWRUH

/LQHDU
LQHTXDOLWLHV

&3�VROYHU

���



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
%$6('�21�352%/(0�'(&20326,7,21

� ,I�D�SUREOHP�FDQ�EH�GHFRPSRVHG�LQ�VXESUREOHPV�FKRRVH
WKH�EHVW�WHFKQLTXH�VROYHU�WR�VROYH�LW��,QWHUDFWLRQ�DPRQJ
VXESUREOHPV�VKRXOG�EH�KDQGOHG
± &3��VXESUREOHPV�DUH�VLQJOH�FRQVWUDLQWV

� $SSOLFDWLRQ�WR�'\QDPLF�6FKHGXOLQJ�>(O�6DNNRXW��:DOODFH
&RQVWUDLQWV�����@

± 1RWLRQ�RI�GLVWDQFH�DPRQJ�VROXWLRQV��0LQLPL]H�WKH�GLVWDQFH

3UREOHP
VROYHU

6FKHGXOH
5HTXLUHG�FKDQJHV

1HZ�VFKHGXOH
PLQLPDO�SHUWXUEDWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
%$6('�21�352%/(0�'(&20326,7,21

� ([DPSOH�RQ�'\QDPLF�6FKHGXOLQJ�>(O�6DNNRXW��:DOODFH

&RQVWUDLQWV�����@��>(O�6DNNRXW�3K'��@��SRVVLEOH�FKDQJHV
± 7HPSRUDO�FRQVWUDLQWV��H�J���GLVWDQFH�EHWZHHQ�DFWLYLWLHV�

± $FWLYLW\�FRQVWUDLQWV��H�J���FKDQJLQJ�WKH�VHW�RI�DFWLYLWLHV��GXUDWLRQ�
UHTXLUHG�UHVRXUFHV�

± 5HVRXUFH�FRQVWUDLQWV��H�J��UHGXFWLRQV�LQ�UHVRXUFH�DYDLODELOLW\�

7HPSRUDO�VXESUREOHP��WRWDOO\�XQLPRGXODU��������/3�SURYLGHV�RSWLPDO
LQWHJHU�VROXWLRQV�VDWLVI\LQJ�WHPSRUDO�FRQVWUDLQWV�DQG�PLQLPL]LQJ�WKH
GLIIHUHQFHV�WR�WKH�JLYHQ��WHPSRUDOO\�LQFRQVLVWHQW�VROXWLRQ�

$FWLYLW\�VXESUREOHP��VDPH�IHDWXUH�DIWHU�D�WUDQVIRUPDWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
%$6('�21�352%/(0�'(&20326,7,21

� 7HPSRUDO�DQG�$FWLYLW\�VXEUSREOHP�DUH�VROYHG�YLD�/3

� 5HPDLQLQJ�YLRODWLRQV��UHVRXUFH�XWLOL]DWLRQ
± DLP��UHGXFH�FRQWHQWLRQ�LQ�WKH�FRQVWUDLQWV

± FRQWHQWLRQ�H[LVWV�ZKHQ�WKH�UHVRXUFH�XVHG�DW�D�JLYHQ�WLPH�SRLQW
H[FHHGV�WKH�OLPLWHG��PRGLILHG��FDSDFLW\

± GHJUHH�RI�FRQWHQWLRQ��WKH�GLIIHUHQFH

� 6HDUFK�LQWHUOHDYHG�ZLWK�/3�UH�RSWLPL]DWLRQ
± VHOHFW�D�VHW�RI�FRQVWUDLQWV�VXEMHFW�WR�FRQWHQWLRQ

± VHOHFW�D�GHFLVLRQ�ZLWK�PLQLPDO�LPSDFW

± «PRUH�RQ�WKLV�ODWHU



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
,1)250$7,21�(;&+$1*(6

� 5HVXOWV�RI�WKH�&3�VROYHU�LQIHUHQFH
± GRPDLQ�ERXQG�UHGXFWLRQ

± GRPDLQ�YDOXH�UHPRYDO

± YDULDEOH�LQVWDQWLDWLRQ

± VROXWLRQ�IRXQG

� 5HVXOWV�RI�WKH�/3�VROYHU�LQIHUHQFH
± YDULDEOH�IL[LQJ

± VROXWLRQ�IRXQG��UHOD[HG�SUREOHP�

± UHGXFHG�FRVWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

YDULDEOH�ERXQGV
YDULDEOH�IL[LQJ
VROXWLRQ�IRXQG
IDLOXUH

&3�VROYHU /3�0,3�VROYHU

UHGXFHG�FRVWV
YDULDEOH�IL[LQJ
VROXWLRQ�IRXQG
IDLOXUH

7,*+7(5�,17(*5$7,21
,1)250$7,21�(;&+$1*(6



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

7,*+7(5�,17(*5$7,21
(;3/2,7$7,21�2)�5(68/76

� :KHUH�UHVXOWV�RI�WKH�&3�VROYHU�FDQ�EH�XVHG
± GRPDLQ�ERXQG�UHGXFWLRQ�����������VHQW�WR�WKH�/3�VROYHU�ZKLFK
DGGV�WKH�QHZ�ERXQGV�WR�WKH�SUREOHP�IRUPXODWLRQ��FXW�

± GRPDLQ�YDOXH�UHPRYDO�����������WKH�FRUUHVSRQGLQJ�ELQDU\�YDULDEOH
IL[HG�WR��

± YDULDEOH�LQVWDQWLDWLRQ����������WKH�FRUUHVSRQGLQJ�ELQDU\�YDULDEOH
IL[HG�WR��

± VROXWLRQ�IRXQG���������XSSHU�ERXQG�DYDLODEOH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ��

� :KHUH�UHVXOWV�RI�WKH�/3�VROYHU�FDQ�EH�XVHG

��������WR�������������FRUUHVSRQGLQJ�YDOXH�UHPRYHG

± YDULDEOH�IL[LQJ

��� ��������WR�� FRUUHVSRQGLQJ�YDULDEOH�LQVWDQWLDWHG

± UHGXFHG�FRVWV������������GRPDLQ�ILOWHULQJ

± VROXWLRQ�IRXQG�����������ORZHU�ERXQG�RQ�WKH�REMHFWLYH�IXQFWLRQ�YDULDEOH

6XJJHVWLRQV�IRU
JXLGLQJ�WKH�VHDUFK
PRUH�RQ�WKLV�ODWHU���

7,*+7(5�,17(*5$7,21
(;3/2,7$7,21�2)�5(68/76



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(

� 7LPHWDEOLQJ�SUREOHP�IURP�>&DVHDX�/DEXUWKH�&3��@
± ��+RXUV�6ORWV�����WR���+RXUV�&RXUVHV

± 7ZR�FRXUVHV�FDQQRW�RYHUODS

± $�FRXUVH�PXVW�EH�FRQWDLQHG�LQ�D�VLQJOH�VORW

± 3UHIHUHQFHV�DUH�DVVRFLDWHG�ZLWK��&RXUVH�6ORW�DVVLJQPHQWV

± 0D[LPL]H�6XP�RI�3UHIHUHQFHV

GD\�

GD\�

GD\�

VORW� VORW� VORW� VORW� VORW� VORW�
FRXUVH

������������������������������������������������
WLPH

WLPH

WLPH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(

� 9DULDEOHV�DVVRFLDWHG�WR�HDFK�FRXUVH�ODVWLQJ�1K�KRXUV
± 6WDUW�WLPH�VW���GRPDLQ�FRQWDLQV�SRVVLEOH�VWDUWLQJ�WLPH�IRU�WKH�FRXUVH
± 6LQJOH�KRXUV�K>L@�L ���1K��GRPDLQ�FRQWDLQV�KRXUV�DORQJ�WKH�WLPH
OLQH

± &RXUVH�FRXUVH��GRPDLQ�FRQWDLQV�VORWV

� &RQVWUDLQWV�OLQN�WKH�GLIIHUHQW�YDULDEOHV

VW

K>�@ K>�@ K>�@ K>�@

FRXUVH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(

� &RXUVH�ODVWLQJ�1K ��KRXUV
± VW��>������������«@
± K>�@��>������������«@��K>�@��>�������������«@
± K>�@��>��������������«@
± FRXUVH��>GD\�VORW��GD\�VORW��«�GD\�VORW��«�GD\QVORWP@

GD\�

GD\�

GD\�

VORW� VORW� VORW� VORW� VORW� VORW�
FRXUVH

������������������������������������������������
WLPH

WLPH

WLPH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(

� &RQVWUDLQWV
± 7LPH7DEOH�VWDUW9DUV��GXUDWLRQV��
± ���UHOD[LQJ�WKH�FRQWLJXLW\�FRQVWUDLQW
± $OO'LII&RVW�VLQJOH+RXUV�REMHFWLYH�FRVWV0W[��
± ���VXESUREOHP�GHILQHG�E\���DQG���KRXU�FRXUVHV
± $OO'LII&RVW�FRXUVHV��+RXUV�REMHFWLYH��FRVWV0W[���

GD\�

GD\�

GD\�

VORW� VORW� VORW� VORW� VORW� VORW�
FRXUVH

������������������������������������������������
WLPH

WLPH

WLPH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

02'(/�0$33,1*

ILP-Model
PLQ�]� �Í�Í�FLM�[LM

Í�[LM� ���M� ����Q��$�

Í�[LM� ���L� ����Q��%�
[LM��LQWHJHU

Q Q

L �

Q

M �

Q

L � M �

$OO'LII&RVW�VLQJOH+RXUV�REMHFWLYH�FRVWV0W[��
± VLQJOH+RXUV��DUUD\�RI�6XP2I'XUDWLRQV�YDULDEOHV
ZKRVH�GRPDLQ�FRQWDLQV�VLQJOH�KRXUV

VLQJOH+RXUV>L@ M����[LM �
VLQJOH+RXUV>L@¡M����[LM �

FRVW0W[>L@>M@� ��FLM
FRVW0W[>L@>M@� ����LI�[LM �
FRVW0W[>L@>M@� �SUHI>L@>M@�GXU

/%����UHGXFHG�FRVWV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

,17(5$&7,216�$021*�62/9(56

��/%�EDVHG�3URSDJDWLRQ
IURP�/%�WRZDUGV�REMHFWLYH�IXQFWLRQ�=��>=PLQ��=PD[@

�/%���=

��5HGXFHG�&RVW�EDVHG�3URSDJDWLRQ
IURP�UHGXFHG�FRVWV�WRZDUGV�GHFLVLRQ�YDULDEOHV

;L��>L��L��«�LP@��HDFK�LM�KDV�D�JUDGLHQW�IXQFWLRQ
JUDG�;L�LM�PHDVXULQJ�WKH�FRVW�WR�SD\�LI�;L� �LM

LI�/%����JUDG�;L�LM���=PD[���WKHQ�;L�¡�LM



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

75,**(5,1*�(9(176

� ,Q�&3�FRQVWUDLQW�SURSDJDWLRQ�LV�WULJJHUHG�HDFK�WLPH�WKH
GRPDLQ�RI�RQH�YDULDEOH�DSSHDULQJ�LQ�LW�LV�PRGLILHG
± 9DULDEOH�GRPDLQV�DUH�FKDQJHG�ERWK�GXH�WR

� RWKHU�FRQVWUDLQW�SURSDJDWLRQ

� YDULDEOH�IL[LQJ�IURP�WKH�OLQHDU�VROYHU

� UHGXFHG�FRVW�EDVHG�SURSDJDWLRQ

± ,Q�SDUWLFXODU�UHGXFHG�FRVW�EDVHG�SURSDJDWLRQ�WULJJHUHG�ZKHQ�/3
FRPSXWHV�D�QHZ�VROXWLRQ�RU�ZKHQ�WKH�XSSHU�ERXQG�RI�WKH�REMHFWLYH
IXQFWLRQ�FKDQJHV

� /3�VROYHU�WULJJHUHG�HDFK�WLPH�D�YDOXH�LQ�WKH�VROXWLRQ�RI�WKH
/3�LV�GHOHWHG�IURP�WKH�YDULDEOH�GRPDLQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

$'9$17$*(6�2)�7+(�,17(*5$7,21

� 5HOD[DWLRQ�DQG�LQIHUHQFH�FRPELQHG
± &RQVWUDLQW�SURSDJDWLRQ�PHHWV�/LQHDU�3URJUDPPLQJ

� 5HOD[DWLRQ�RI�RYHUODSSLQJ�FRQVWUDLQW��\HW�DQRWKHU�FKDQQHO�RI
FRPPXQLFDWLRQ�DPRQJ�VXESUREOHPV
± H[DPSOH�RI�WLPHWDEOLQJ�WZR�DOOGLIIHUHQW�FRQVWUDLQW�SURYLGLQJ�WZR�/LQHDU
5HOD[DWLRQV�LQ�WKH�VDPH�SUREOHP

� /3�VWRUH�LV�D�VHSDUDWH�PHDQV�RI�LQWHUDFWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

63(&,$/�385326(�$/*25,7+06

� ,QVWHDG�RI�XVLQJ�DQ�/3�VROYHU��ZH�FDQ�HPEHG�LQ�JOREDO
FRQVWUDLQWV�VSHFLDO�SXUSRVH�DOJRULWKPV�ZKHQ�WKH�OLQHDU
UHOD[DWLRQ�RI�WKH�FRQVWUDLQW�UHSUHVHQWV�D�ZHOO�VWUXFWXUHG
SUREOHP

� &KDUDFWHULVWLFV�RI�WKH�DOJRULWKP
± SRO\QRPLDO�WLPH�FRPSOH[LW\

± LQFUHPHQWDO�EHKDYLRXU

± VKRXOG�SURYLGH�WKH�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[HG�SUREOHP

± VKRXOG��SRVVLEO\��SURYLGH�UHGXFHG�FRVWV�IRU�HQKDQFLQJ�SURSDJDWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

+81*$5,$1�$/*25,7+0�)25�7+(�$3

� 3ULPDO�GXDO�DOJRULWKP
± VWDUWV�ZLWK�DQ�LQLWLDO�VROXWLRQ�ZKHUH�DOO�YDULDEOHV�DUH�VHW�WR���ZKLFK�LV
RSWLPDO�DQG�QRW�IHDVLEOH�IRU�WKH�SULPDO

± DW�HDFK�LWHUDWLRQ��LW�ORRNV�IRU�DQ�DOWHUQDWLQJ��SRVVLEO\�DXJPHQWLQJ�
SDWK�RI�]HUR�FRVW��,I�LW�LV�DXJPHQWLQJ�D�QHZ�DVVLJQPHQW�LV�SHUIRUPHG�
RWKHUZLVH�WKH�YDOXH�RI�GXDO�YDULDEOHV�LV�FKDQJHG

� ,QFUHPHQWDOLW\
± HDFK�WLPH�DQ�DUF�LQ�WKH�FXUUHQW�$3�VROXWLRQ�LV�UHPRYHG��WKH
DOJRULWKPV�ORRNV�IRU�D�VLQJOH�DXJPHQWLQJ�SDWK�

� &RPSOH[LW\�Q�QRGHV��2�Q���WKH�ILUVW�WLPH�2�Q���LQFUHPHQWDOO\

� 5HGXFHG�FRVWV�SURYLGHG�ZLWK�QR�H[WUD�FRVW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

)/2:�$/*25,7+06�)25�&267�%$6('
),/7(5,1*

� &RQVLGHU�WKH�IORZ�DOJRULWKP�IRU�WKH�JOREDO�FDUGLQDOLW\
FRQVWUDLQW��([WHQVLRQ�ZLWK�FRVWV�>5HJLQ�&3��@

� JFF�9DU�9DO�/%�8%�&RVWV�+��VDPH�VHPDQWLFV�RI�WKH�JFF
EXW�ZLWK�WKH�VXP�RI�FRVWV�RI�DVVLJQPHQWV�OHVV�RU�HTXDO�WKDQ�+

� ,Q�WKH�YDOXH�QHWZRUN�
± F�V�YDO� ��DQG�F�YDU�W� �
± F�W�V� �

± F�YDO�YDU� FRVW�YDU�YDO�
SHWHU
SDXO
PDU\
MRKQ
ERE
PLNH
MXOLD

0�����

'�����

1�����

%�����

2�����

W V

�

�

FRVW�YDU�YDO�

�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

)/2:�$/*25,7+06�)25�&267�%$6('
),/7(5,1*

� 1RWLRQ�RI�FRQVLVWHQF\�EDVHG�RQ�QHWZRUN�PLQLPXP�FRVW
IORZ�DOJRULWKP�RQ�WKH�YDOXH�QHWZRUN�1�&�

� JFF&RVW�RQ�N�YDULDEOHV�LV�FRQVLVWHQW
� WKHUH�LV�D�PLQ�FRVW�IORZ�LQ�1�&��� �+



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

)/2:�$/*25,7+06�)25�&267�%$6('
),/7(5,1*

� )LOWHULQJ�DOJRULWKP�EDVHG�RQ�WKH�UHGLVXDO�JUDSK�5�Z�U�W��IORZ�I�

5�I��SOXV�FRVWV
± LI�I�X�Y��XE�X�Y��WKHQ�UHV�X�Y� XE�X�Y��I�X�Y��F�X�Y� FRVW�X�Y�

± LI�I�X�Y�!OE�X�Y��WKHQ�UHV�Y�X� I�X�Y��OE�X�Y��F�Y�X� FRVW�X�Y�

± [��RSWLPDO�VROXWLRQ�RI�PLQLPXP�IORZ�LQ�1�&�

± SRWHQWLDO�RI�HDFK�QRGH�π�L�
± UHGXFHG�FRVW�FLMπ F�L�M���π�L���π�M�
± GL�M�N��VKRUWHVW�SDWK�GLVWDQFH�IURP�L�WR�N�LQ�5�[���^�L�M�`

� /HW�&�D�FRQVLVWHQW�JFF���FRVWV��$�YDOXH�D�IRU�\� LV�QRW
FRQVLVWHQW�ZLWK�&�LII
± [��D�\�� ���25
± G\�D�D��!�+���FRVW�[����FD\

π



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

*/2%$/�&21675$,176�IRU�237,0,=$7,21

� 5HIHUHQFHV�
± *OREDO�FRQVWUDLQW�IRU�763�>&DVHDX�/DEXUWKH�,&/3��@�>)RFDFFL�/RGL
0LODQR�(OHFW�1RWHV�RQ�'0���@��7637:�>)RFDFFL�/RGL�0LODQR�,&/3��@

± 0DWFKLQJ�SUREOHPV�>&DVHDX�/DEXUWKH�&3��@�>)RFDFFL�/RGL�0LODQR

&3�$,�25���@

± 5HGXFHG�FRVW�IL[LQJ�LQ�JOREDO�FRQVWUDLQWV�>)RFDFFL�/RGL�0LODQR�&3��@

± &DUGLQDOLW\�FRQVWUDLQWV���FRVWV�>5HJLQ�&3��@



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&877,1*�3/$1(6�,1�&3

� :KHQ�WKH�/3�LV�XVHG��WKH�OLQHDU�UHOD[DWLRQ�RI�FRQVWUDLQWV�FDQ
EH�HQKDQFHG�ZLWK�WKH�DGGLWLRQ�RI�FXWWLQJ�SODQHV

� 1HZ�/3��FDOOHG�/3FXW�ZKLFK�SURYLGHV�
± PRUH�SUHFLVH�ERXQG��6RO�/3FXW��≥�6RO�/3�
± UHGXFHG�FRVWV

� 'LIIHUHQW�ZD\V�RI�DGGLQJ�FXWV�WR�/3�IRUPXODWLRQ�
± DW�WKH�URRW�QRGH�RQO\�LQ�RUGHU�WR�UHVWULFW�WKH�LQLWLDO�/3�IRUPXODWLRQ

± DW�WKH�URRW�QRGH�DUH�UHOD[HG�LQ�D�ODJUDQJLDQ�ZD\�LQ�RUGHU�WR�REWDLQ�D
VWUXFWXUHG�SUREOHP

± DW�HDFK�QRGH��JOREDO�RU�ORFDO�FXWV�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&877,1*�3/$1(6�,1�&3

FXPXODWLYH

HOHPHQW

DOOGLII

FDUGLQDOLW\

F\FOH

)'�VWRUH

9DUV��'RPDLQV

/3
FRQVWUDLQWV

&3�VROYHU

���

&XWV��

&XWV��

/3�VWRUH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� 5HOD[DWLRQ�RI�WKH�FRQVWUDLQW��$VVLJQPHQW�3UREOHP
± WKH�$3�ILQGV�D�VHW�RI��SRVVLEO\��GLVMRLQW�VXEWRXUV�WKDW�PLQLPL]HV�WKH
VXP�RI�FRVWV

± WKH�&3�RSWLPDO�VROXWLRQ�VDWLVILHV�WKH�LQWHJUDOLW\�FRQVWUDLQWV

� 6XE�WRXU�FRQVWUDLQWV�DUH�UHOD[HG

� 6XE�WRXU�HOLPLQDWLRQ�FXWV��6(&V��FDQ�EH�VHSDUDWHG�LQ
SRO\QRPLDO�WLPH�>3DGEHUJ��5LQDOGL���@
± ILQG�WKH�VXEWRXU�SRO\WRSH��LQ�JHQHUDO�SURYLGHV�D�IUDFWLRQDO�VROXWLRQ
ZKHUH�QR�VXEWRXU�DUH�SUHVHQW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

,/3�0RGHO
PLQ�]� �Í Í�FLM�[LM

Í [LM� ����M¶9��$�

Í [LM� ����L¶9��%�

Í   Í�[LM�����6´9�6¡®

[LM��LQWHJHU

&3�0RGHO�
;L��>L���L��«��LP@�L ���Q

F\FOH�>;��;������;Q@�

&L��>FL��FL��«�FLP@�L ���Q

&��«�&Q� �=

PLQLPL]H�=�

0DSSLQJ

;L� �LM
cycle ([X1, X2, ….., Xn])

Ci=cij

[LM �
�$�����%�
FLM�LQ�]

L∈9 M∈9

L∈9

M∈9

L∈6 M∈9?6

UHOD[HG�LQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� $GGLWLRQ�RI�FXWV�DW�WKH�URRW�QRGH
± FRPSXWHG�FXWV�DUH�DGGHG�WR�WKH�/3�DQG�WKH�QHZ�SUREOHP�LV�VROYHG
WKURXJK�WKH�OLQHDU�VROYHU�DORQJ�WKH�ZKROH�VHDUFK�WUHH

± FRPSXWDWLRQ�RI�FXWV�LV�HIILFLHQW

± GUDZEDFN��FXWV�FDQ�EH�QR�ORQJHU�HIIHFWLYH�GXULQJ�WKH�VHDUFK

± ([DPSOH��VXEWRXU�HOLPLQDWLRQ�FXW
[���[���[���[���[���[������ �

� �
�

�

�

�
�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

± ([DPSOH��VXEWRXU�HOLPLQDWLRQ�FXW
[���[���[���[���[���[������

ZKHQ�GXULQJ�VHDUFK�;��LV�DVVLJQHG�WR
���[�� ��[�� ��[�� ����IURP�;��YDOXHV
��DQG���DUH�UHPRYHG��[�� ���[�� ��
IURP�;��YDOXHV���LV�UHPRYHG��[�� ��
WKH�FXW�LV�VDWLVILHG���ZLWK����DQG�QR�ORQJHU�QHHGHG

7KH�QHZ�SUREOHP�LV�/3FXW

± 6RO�/3FXW��≤�6RO�/3�
± ZKHQ�DOO�FXWV�DUH�VDWLVILHG�6RO�/3FXW�� �6RO�/3�

�

� �
�

�

�

�
�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� $OWHUQDWLYH��JHQHUDWH�FXWV�GXULQJ�VHDUFK
± DW�HDFK�QRGH�FRPSXWH�YDOLG�FXWV�DQG�DGG�WR�WKH�/3

± VXEWRXU�HOLPLQDWLRQ�FXWV�DUH�JOREDOO\�YDOLG

± FDQ�EH�UHPRYHG�XSRQ�EDFNWUDFNLQJ

± ([DPSOH��VXEWRXU�HOLPLQDWLRQ�FXW
[���[���[���[���[���[������

ZKHQ�GXULQJ�VHDUFK�;��LV�DVVLJQHG�WR
��DQG�;��LV�DVVLJQHG�WR���WKH�FXW�LV
WULYLDOO\�VDWLVILHG�EXW�DQRWKHU�FDQ�EH�FRPSXWHG

[���[���[���[���[���[���[���[���[���[���[���[������

�

� �
�

�

�

�
�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� $GGLWLRQ�RI�FXWV�DW�WKH�URRW�QRGH�LQ�WKH�ODJUDQJLDQ�UHOD[DWLRQ
± PRWLYDWLRQ��LI�ZH�KDYH�D�VSHFLDO�SXUSRVH�DOJRULWKP�WR�VROYH�WKH�/3�
VD\�WKH�+XQJDULDQ�$OJRULWKP��ZH�FDQQRW�VLPSO\�DGG�FXWV�WR�WKH�/3
VLQFH�WKH�SUREOHP�VWUXFWXUH�ZRXOG�EH�ORVW

± FRPSXWHG�FXWV�DUH�DGGHG�WR�WKH�/3�ZKLFK�LV�RSWLPDOO\�VROYHG

± GXDO�YDOXHV�DVVRFLDWHG�WR�FXWV��RSWLPDO�/DJUDQJLDQ�PXOWLSOLHUV�λ
± UHOD[�FXWV�LQ�D�ODJUDQJLDQ�ZD\

/3FXW�KDV�WKH�VDPH�VWUXFWXUH�WKDQ�WKH�RULJLQDO�/3



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� *HQHUDWHG�FXW���α[�≤�α�

� ,QLWLDO�/LQHDU�3UREOHP�/3��VSHFLDO�VWUXFWXUH�
± PLQ��]� �S��FM�[M
± VXEMHFW�WR
������S��DLM�[M� �EL�����L� ����P

[M����������������M� ����Q
M �

Q

M �

Q
S��aPM�[M���a�P�����P� ����N &KDQJHV�WKH�

SUREOHP�VWUXFWXUH

'XDO�YDOXHV�FRUUHVSRQG�WR�RSWLPDO�ODJUDQJLDQ�PXOWLSOLHUV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� ,QLWLDO�/LQHDU�3UREOHP�/3��VSHFLDO�VWUXFWXUH�

± PLQ��]� �S��FM�[M

± VXEMHFW�WR
������S��DLM�[M� �EL�����L� ����P

[M����������������M� ����Q

� 'UDZEDFN��FXWV�WKDW�DUH�QR�ORQJHU�HIIHFWLYH�GXULQJ�WKH
VHDUFK�LQWURGXFH�D�SHQDOW\�WKDW�SURGXFHV�ZRUVW�ORZHU
ERXQGV

M �

Q

6DPH�
SUREOHP�VWUXFWXUH

M �

Q
S��aPM�[M���a�P����

M �

Q
��l���S�aPM�[M���a�P��

&RVW�0DWUL[
FKDQJHV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��F\FOH�&21675$,17

� /%�EHKDYLRXU�IRU�/3�DQG�/3FXW

� 3XUJLQJ�WHFKQLTXHV��UHPRYH�QRQ�QHHGHG�FXWV

/%�YDOXH

6HDUFK5227 /($9(6

/%�IURP�/3FXW

/%�IURP�/3



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

/2&$//<�9$/,'�&876

� &XWV�DGGHG�GXULQJ�VHDUFK�FDQ�H[SORLW�LQIRUPDWLRQ�RQ
YDULDEOH�GRPDLQV�

� 7LJKWHU�LQWHJUDWLRQ�RI�FXWWLQJ�SODQHV�LQ�&3�>5HIDOR&3��@
± 'HILQLWLRQ�RI�WKH�FRQYH[�KXOO�RI�WKH�/3���YDULDEOH�GRPDLQ�ERXQGV�

7� �FRQYH[BKXOO�';��∩�^�∩F∈3�FRQYH[BKXOO�6�F��`

7¶� �∩F∈3�FRQYH[BKXOO�6�F��∩�';�

&DUWHVLDQ�SURGXFW�RI�GRPDLQV 6ROXWLRQ�VHW�IRU�F

:KHQ�DGGHG�GXULQJ
VHDUFK�GHSHQG�RQ
FRQVWUDLQW�SURSDJDWLRQ
/2&$//<�9$/,'



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

(;$03/(��SLHFHZLVH�OLQHDU�IXQFWLRQ

[

\

PLQ�'[� PD[�'[�

PD[�'\�

PLQ�'\�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

� *HQHUDWHG�&XWV�DUH�IDFHWV�RI�WKH�FRQYH[�KXOO
± IURP��PLQ�'[��I�PLQ�'[���WR��X�I�X���X¶'[��I�X�¶'\
DQG�WKH�VORSH�V��LV�PD[LPDO

± IURP��PLQ�'[��I�PLQ�'[���WR��X�I�X���X¶'[��I�X�¶'\
DQG�WKH�VORSH�V��LV�PLQLPDO

± IURP��PD[�'[��I�PD[�'[���WR��X�I�X���X¶'[��I�X�¶'\
DQG�WKH�VORSH�V��LV�PD[LPDO

± IURP��PD[�'[��I�PD[�'[���WR��X�I�X���X¶'[��I�X�¶'\
DQG�WKH�VORSH�V��LV�PLQLPDO

� 2WKHU���FXWV�IRU�'\

� /RFDOO\�YDOLG�FXWV�PXVW�EH�UHPRYHG�LQ�EDFNWUDFNLQJ

(;$03/(��SLHFHZLVH�OLQHDU�IXQFWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

� +RRNHU�UHFRJQL]HG�WKH�HTXLYDOHQFH�RI�FXWWLQJ�SODQH
WHFKQLTXHV�ZLWK�UHVROXWLRQ�IRU�SURSRVLWLRQDO�ORJLF
± OLQHDU�LQHTXDOLWLHV�FDQ�EH�VHHQ�DV�FODXVHV

± YDOLG�FXWV�FDQ�EH�GHULYHG�E\�ORJLFDO�LQIHUHQFH��D�FXW�LV�QRWKLQJ�RWKHU
WKDQ�D�ORJLFDO�LPSOLFDWLRQ�RI�WKH�FRQVWUDLQW�VHW�

�[���[��[����� �[��Â�[��
[��[��[����9DOXH �[��Â�[�
������� ������
������� ������
������� ������
������� ������
������� ������
������� ������
������� ������
������� ������

/2*,&$/�&876

HTXLYDOHQW

,Q�IDFW�WKH�OLQHDU
LQHTXDOLW\�LV�VDWLVILHG
LII�[��LV�VHW�WR���RU�[�
DQG�[��DUH�ERWK��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

� 5HVROXWLRQ�SURYLGHV�ORJLFDO�FXWV�
[����[����[����� �[��Â�[��Â�[�
���[����[������[������ �À�[��Â�[��Â�À�[�

[����[������[������ � �[��Â�[��Â�À�[�

� &RQQHFWLRQV�EHWZHHQ�N�UHVROXWLRQ��N�UDQN�FXWV��DQG�N�
FRQVLVWHQF\
± N�UHVROXWLRQ�JHQHUDWHV�DOO�UHVROYHQW�RI�OHVV�WKDQ�N�OLWHUDOV�QRW�DOUHDG\
DEVRUEHG�E\�RWKHU�FODXVHV

/2*,&$/�&876

HTXLYDOHQW

5DQN���FXW 5HVROYHQW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

� ,QWHJUDWLRQ�RI�ORJLFDO�FXWV�LQ�&/3�3%��>%DUWK�%RFNPD\U�,&/3��@
ZKHUH�YDULDEOHV�DUH�ILQLWH�GRPDLQV�DQG�UDQJH�RQ�>���@
± LQWHUSUHW�D�&/3�3%��SURJUDP�DV�DQ�,QWHJHU�3UREOHP�LQ�WKH�IRUP

���$[�≤�E�����[∈^���`Q���7KHQ�FRQVLGHU�WKH�OLQHDU�UHOD[DWLRQ�/3
± DGG�YDOLG�LQHTXDOLWLHV

� $GYDQWDJHV�
± FRQVWUDLQWV�DUH�WUDQVODWHG�LQ�D�VROYHG�IRUP

± HQWDLOPHQW�GHFLGHG�HDUOLHU

± XQIHDVLELOLW\�FDQ�EH�GHWHFWHG�EHIRUH�HQXPHUDWLRQ

± XVH�RI�ORZHU�XSSHU�ERXQGV

/2*,&$/�&876�,1�&/3�3%�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&2/801�*(1(5$7,21�DQG�&3

� *HQHUDO�)UDPHZRUN�>-XQNHU�HW�DO��&3��@

� 0DVWHU�3UREOHP��0,3

� 6XESUREOHP��&63

&3�VROYHU /3�VROYHU

6ROXWLRQ��&2/8016

'XDO�YDOXHV
0,3�VROYHU

6ROXWLRQ

8VHV�D�1(*$7,9(
5('8&('�&267

FRQVWUDLQW



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&2/801�*(1(5$7,21�DQG�&3

� $SSOLHG�WR�FUHZ�URVWHULQJ�DSSOLFDWLRQ�>-XQNHU�HW�DO�&3��@
± 3DWK�FRQVWUDLQW�EDVHG�RQ�VHW�YDULDEOHV�XVHV�G\QDPLF�SURJUDPPLQJ
WHFKQLTXHV�IRU�SURSDJDWLRQ

± XVHV�VKRUWHVW�SDWK�DOJRULWKP�IRU�$F\FOLF�JUDSKV

� $GYDQWDJH�RI�XVLQJ�&3��WKH�VXESUREOHP�FDQ�EH�IRUPXODWHG
E\�FRQVLGHULQJ�PDQ\�SUREOHP�GHSHQGHQW�FRQVWUDLQWV

9¶� JHW,QLWLDO&ROXPQV��
UHSHDW
���l� VROYH/3�9¶�

^[M��«�[MN`� VROYH6XE3UREOHP�l�
9¶� �9¶° ^[M��«�[MN`

XQWLO�^[M��«�[MN`� �®



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

29(59,(:

� 3UHOLPLQDULHV�
± &RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV

± &3�DQG�25�WHFKQLTXHV

� &RPSDULVRQV

� ,QWHJUDWLRQ�
± SUREOHP�PRGHOOLQJ

± SUREOHP�VROYLQJ
� )HDVLELOLW\��*OREDO�&RQVWUDLQW�)LOWHULQJ�$OJRULWKPV

� 2SWLPDOLW\

± EUDQFK�	�ERXQG

± EUDQFK�	�FXW

± FROXPQ�JHQHUDWLRQ

� 6HDUFK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

*8,',1*�6($5&+

� ([SORLWLQJ�UHVXOWV�IURP�WKH�RSWLPDO�VROXWLRQ�RI�WKH�UHOD[DWLRQ
LQ�RUGHU�WR�JXLGH�WKH�VHDUFK
± WKH�VHDUFK�LV�IRFXVVHG�RQ�PRUH�³SURPLVLQJ´�YDOXHV

� ([DPSOH�RI�VHDUFK�VWUDWHJLHV�EDVHG�RQ�UHOD[DWLRQ�
± YLRODWHG�FRQVWUDLQWV

� VXEWRXU�HOLPLQDWLRQ�VWUDWHJ\

� EUDQFKLQJ�RQ�YDULDEOHV�ZLWK�IUDFWLRQDO�YDOXHV

± QRWLRQ�RI�UHJUHW

± SUREH�EDFNWUDFNLQJ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

68%7285�(/,0,1$7,21�675$7(*<

� ([DPSOH�RQ�763��>)RFDFFL�/RGL�0LODQR&3���:UN��RQ�/6&2@

± UHOD[DWLRQ��$VVLJQPHQW�3UREOHP

± RSWLPDO�VROXWLRQ�RI�$3�LV�LQWHJHU��EXW�SRVVLEO\�SUHVHQWV�VXEWRXU

± YLRODWLRQ�RI�VXEWRXU�FRQVWUDLQWV�LQ�763

� 6WDUW�IURP�WKH�RSWLPDO�$3�VROXWLRQ

� 6HOHFW�D�VXEWRXU�DQG�EUHDN�LW
± ([DPSOH��VXEWRXU��������

� 1H[W�≠��∨��1H[W� ���1H[W�≠���∨��1H[W� ���1H[W� ���1H[W�≠���∨��1H[W� ��
1H[W� ���1H[W� ���1H[W�≠��

� �!��∨��������!���∨�������������!���∨������������������!���PRUH�VXLWDEOH
IRU�&3

�
�

�
�

��



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

%5$1&+,1*�21�)5$&7,21$/�9$5V

� /3�SURYLGHV�D�VROXWLRQ�ZLWK�IUDFWLRQDO�YDOXHV

� 6HOHFW�YDULDEOHV�WKDW�DUH�DVVLJQHG�WR�IUDFWLRQDO�YDOXHV
± ([DPSOH��RSWLPDO�/3�VROXWLRQ�;L� ����

± %UDQFKLQJ
� ;L�≤���∨��;L�≥��

� 8VHG�LQ�25�%UDQFK�DQG�%RXQG



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

127,21�2)�5(*5(7

� 5HJUHW��GLIIHUHQFH�EHWZHHQ�WKH�EHVW�YDOXH�DQG�WKH�VHFRQG
EHVW

� 6HOHFW�WKH�YDULDEOH�ZLWK�PD[LPDO�UHJUHW
± VKRXOG�EH�DVVLJQHG�ILUVW�WR�LWV�EHVW�YDOXHV�RWKHUZLVH�WKH�VROXWLRQ
ZRXOG�EH�ZRUVHQHG�WRR�PXFK

� &RPSXWDWLRQ�RI�UHJUHW�RQ�WKH�FRVW�PDWUL[�>&DVHDX�/DEXUWKH�&3��@

� &RPSXWDWLRQ�RI�UHJUHW�RQ�UHGXFHG�FRVWV�>)RFDFFL�/RGL�0LODQR&3��@
± VHOHFW�WKH�YDULDEOH�ZLWK�KLJKHU�PLQLPDO�UHGXFHG�FRVW

± DVVLJQ�WKH�YDOXH�VXJJHVWHG�E\�WKH�UHOD[DWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

127,21�2)�5(*5(7

� &RPSXWDWLRQ�RI�UHJUHW�RQ�WKH�FRVW�PDWUL[�>&DVHDX/DEXUWKH�&3��@

� &RPSXWDWLRQ�RI�UHJUHW�RQ�UHGXFHG�FRVWV�>)RFDFFL�/RGL�0LODQR&3��@
± VHOHFW�WKH�YDULDEOH�ZLWK�KLJKHU�PLQLPDO�UHGXFHG�FRVW

± DVVLJQ�WKH�YDOXH�VXJJHVWHG�E\�WKH�UHOD[DWLRQ

5HJUHWL� �PLQ^FLN`
N ���Q
N¡RSW�L�

5HJUHWL� �FL�EHVW���FL�VHFRQG�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

352%(�%$&.75$&.,1*

� %DFNWUDFN�VHDUFK�VXSSRUWHG�E\�ORRNDKHDG�SURFHGXUHV
�SUREH�JHQHUDWRUV��ZKLFK�G\QDPLFDOO\�JHQHUDWH�SRWHQWLDOO\
JRRG�DVVLJQPHQWV��SUREHV���>(O�6DNNRXW��:DOODFH�&RQVWUDLQWV
����@�>3XUGRP�+DYHQ�6,$0�-��RQ�&RPSXWLQJ��@

± WKH�SUREH�JHQHUDWRU�DVVLJQ�HDFK�YDULDEOH�D�WHQWDWLYH�YDOXH

± IRFXV�WKH�EDFNWUDFN�VHDUFK�RQ�UHJLRQV�ZKHUH�WKH�SUREH�YLRODWHV
FRQVWUDLQWV

± SUREH�JHQHUDWRU�VKRXOG�SURYLGH�JRRG�VROXWLRQV��VXSHU�RSWLPDO�

� 8QLPRGXODU�3URELQJ�$OJRULWKP��WKH�/3�ILQGV�RSWLPDO�LQWHJHU
VROXWLRQV�RQ�XQLPRGXODU�VXESUREOHPV�ZKLFK�DUH�FRQVLGHUHG
DV�SUREHV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

,1&203/(7(�$3352$&+(6

� ,QWHJUDWLRQ�RI�&3�DQG�/RFDO�6HDUFK
± &3�JOREDO�VHDUFK�LV�XVHG�WR�ILQG�DQ�LQLWLDO��IHDVLEOH��VROXWLRQ�DQG�/6�LV
DSSOLHG�WR�LPSURYH�WKLV�VROXWLRQ�

± ZLWKLQ�D�&3�IUDPHZRUN��WKH�H[KDXVWLYH�H[SORUDWLRQ�LV�VWRSSHG�DW�D
FKRVHQ�OHYHO�RI�WKH�VHDUFK�WUHH�DQG�WKH�OHDIV�DUH�UHDFKHG�WKURXJK�/6�

± ZLWKLQ�D�/6��PHWDKHXULVWLF��IUDPHZRUN��&3�JOREDO�VHDUFK�LV�XVHG�WR
H[KDXVWLYHO\�H[SORUH�WKH�QHLJKERUKRRG��RU�WR�FRPSOHWH�LQ�RSWLPDO�ZD\��D
SDUWLDO�VROXWLRQ�

� 5HIHUHQFHV��>/L�HW�DO�³0RGHUQ�+HXULVWLF�6HDUFK�0HWKRGV´�-RKQ�:LOH\��@�
>6KDZ�&3��@�>3RWKRV��5LFKDUGV��&S���:NV�RQ�UHDOO\�KDUG�SUREOHPV@�
>0LFKHO��9DQ�+HQWHQU\FN�&3��@�>3VDUUDV�HW�DO��(XURSHDQ�-25��@�>3HVDQW�
*HQGUDX�&3��@�>1XLMWHQ�/H3DSH�-2+��@�>&DVHDX�HW�DO��&3��@�>'H%DFNHU�
)XUQRQ�6KDZ�&3$,25��@��>&DVHDX��/DEXUWKH�&3$,25��@



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

6<67(06
± 3URORJ�,,,�>&ROPHUDXHU�&$&0�������@�

± &+,3�>'LQFEDV�HW�DO���-,&6/3��@�
± �/3�>0F$ORRQ��7UHWNRII�33&3��@

± &/3�3%��DQG�&283(�>%DUWK�%RFNPD\U�,&/3��@�>.DVSHU�3K'��@�

± 223'%�>%DUWK�3K'���@

± (FOLSVH�>:DOODFH�HW�DO���@

± ,/2*�>3XJHW�63,&,6��@��>3XJHW��/HFRQWH�,/36��@
� 6ROYHU�3ODQQHU�'LVSDWFKHU�6FKHGXOHU

± 23/�>9DQ�+HQWHQU\FN�0,7�3UHVV��@

± 6&+('(QV�>&RORPEDQL�3K'��@

± &20(�>+HLSFNH�3$&7��@

± &/$,5(�>&DVHDX�/DEXUWKH�-,&6/3�:NV�RQ�0XOWL�3DUDGLJP�/RJLF��@�

± 6$/6$�>&DVHDX�/DEXUWKH�&3��@�

± /2&$/,=(5�>0LFKHO��9DQ�+HQWHQU\FN�&3��@

± PDQ\�RWKHUV«««�



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

72�.12:�025(���

� &RQIHUHQFHV�DQG�-RXUQDOV
± &RQIHUHQFHV�RQ�&RQVWUDLQWV��&3��3$&/3��&RQVWUDLQWV���

± &RQIHUHQFHV�RQ�$,��(&$,��,-&$,��$$$,��$,-���

± &RQIHUHQFHV�RQ�25��,)256��,1)2506��$QQDOV�RI�25

� ,1)2506�-RXUQDO�RQ�&RPSXWLQJ��6SHFLDO�LVVXH�YRO�����1R��������

� -RXUQDO�RI�+HXULVWLFV��6SHFLDO�LVVXH�RQ�&3�$,�25����WR�DSSHDU�

� &+,&��'HOLYHULHV

� :RUNVKRSV�RQ�WKH�VXEMHFW�
± &3���DQG�&3���:RUNVKRS�RQ�/DUJH�6FDOH�&RPELQDWRULDO�2SWLPLVDWLRQ�DQG�&RQVWUDLQWV

± &3�$,�25���DQG�&3�$,�25�����:RUNVKRS�RQ�LQWHJUDWLRQ�RI�$,�DQG�25�WHFKQLTXHV�LQ�&3
IRU�&RPELQDWRULDO�2SWLPL]DWLRQ

± &3�$,�25�����ZLOO�EH�KHOG�LQ�/RQGRQ�,&�3$5&

± $$$,�����:RUNVKRS�RQ�LQWHJUDWLRQ�RI�$,�DQG�25�WHFKQLTXHV�IRU�&RPELQDWRULDO
2SWLPL]DWLRQ



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&21&/86,21�	�)8785(�',5(&7,216

� &3�DGYDQWDJHV�
± HDV\�PRGHOLQJ��OHVV�EXJV�

± FRQVWUDLQW�SURSDJDWLRQ

± JXLGH�VHDUFK

± IOH[LELOLW\

� &3�GUDZEDFNV�
± QR�JOREDO�UHDVRQLQJ

± QR�RSWLPDOLW\�UHDVRQLQJ

� 25�DGYDQWDJHV�
± JOREDO�SUREOHP�YLHZ��/3�

± H[SORLWDWLRQ�RI�VWUXFWXUH

± RSWLPL]DWLRQ�SUREOHPV

� 25�GUDZEDFNV�
± PRGHOV�DUH�OHVV�IOH[LEOH

± VRIWZDUH�HQJLQHHULQJ�SRRU

,QWHJUDWLRQ�EHQHILWV�IURP
WKH�DGYDQWDJHV�RI�ERWK



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&21&/86,21�	�)8785(�',5(&7,216

� &3�3UREOHP�PRGHOOLQJ
± FRPSRVLWLRQ�RI�EDVLF�FRPSRQHQWV��FRQVWUDLQWV�

� &3�3UREOHP�VROYLQJ
± LQWHUDFWLRQ�RI�FRQVWUDLQW�SURSDJDWLRQ�DOJRULWKPV

� 25�SURYLGHV�QHZ�FRPSRQHQWV�DOJRULWKPV
± UHOD[DWLRQ��/3��VSHFLILF�DOJRULWKPV�

± FXW�JHQHUDWLRQ

± G\QDPLF�SURJUDPPLQJ

± ILOWHULQJ�DOJRULWKPV��H�J��(GJH�ILQGHU�

� &ROODERUDWLRQ�WKURXJK�WKH�FRQVWUDLQW�VWRUH



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&21&/86,21�	�)8785(�',5(&7,216

� 7ZR�H[WUHPHV

� 0RYH�DZD\�IURP�WKH�EODFN�ER[�DSSURDFK
± OHW�WKH�XVHU�FRPSRVH�WKH�EHVW�WHFKQLTXH�

� FRPSRVLWLRQ�RI�GLIIHUHQW�VROYHUV

� FRPSRVLWLRQ�RI�FRQVWUDLQW�SURSDJDWLRQ�DOJRULWKPV

� FRPSRVLWLRQ�RI�UHOD[DWLRQV

%UDQFK�	�&XW

&ORVH�WKH�SUREOHP
LQ�IHZ�QRGHV

3XUH�&3

1R�ERXQG��QRGHV
H[SORUHG�TXLFNO\

:KDW�EHWZHHQ"

&RPSRVLWLRQ�RI
WHFKQLTXHV�E\
SXWWLQJ�WRJHWKHU
EDVLF�EORFNV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&21&/86,21�	�)8785(�',5(&7,216

� ,QWHJUDWLRQ�FDQ�H[SORLW
± SUREOHP�GHFRPSRVLWLRQ

± SUREOHP�DEVWUDFWLRQ

± SUREOHP�VSHFLDO��VXE�VWUXFWXUH

± SUREOHP�SHUVSHFWLYH��FRRSHUDWLYH�VROYHUV�

± GLIIHUHQW�VROYHUV�FDSDELOLWLHV

± H[FKDQJH�UHVXOWV

� *XLGHOLQHV
± HDFK�VROYHU�PDQDJHV�WKH�VXE�SUREOHP�LW�LV�PRUH�VXLWDEOH�IRU

± FKHDS�VROYHUV�ILUVW��ORZHU�VROYHU�ODWHU

± GHILQH�HYHQWV�WULJJHULQJ�VROYHU�FRPSXWDWLRQV



3$&/3�����7XWRULDO���0DQFKHVWHU�$SULO����� ���

&21&/86,21�	�)8785(�',5(&7,216

� ,QWHJUDWLRQ��WKH�RWKHU�ZD\�URXQG
± &DQ�25�EHQHILW�IURP�WKH�&3�SDUDGLJP�"

� 6RIWZDUH�HQJLQHHULQJ��PRGHOOLQJ�WRROV

� &RQVWUDLQW�SURSDJDWLRQ�GXULQJ�VHDUFK

� *OREDO�FRQVWUDLQWV�LQ�,3�>%RFNPD\U�.DVSHU�,1)2506�-��&RPS���@
± 763�VWUXFWXUH

± $VVLJQPHQW�VWUXFWXUH


