
7KH�4XHVW�IRU��'

� &RQVWUXFW�D��'�KLHUDUFKLFDO�JHRPHWULF�PRGHO

� 'HILQH�D�YLUWXDO�FDPHUD

� 0DS�SRLQWV�LQ��'�VSDFH�WR�SRLQWV�LQ�DQ�LPDJH
² $QG�OLQHV�WRR�

� 6R�ZH�FRXOG�WDNH�D��'�SRO\JRQDO�PRGHO�DQG
SURGXFH�D�ZLUHIUDPH�GUDZLQJ�LQ��'

� 2I�FRXUVH��WKHUH·V�PRUH�ZRUN�WR�EH�GRQH«

:H�FDQ�DOUHDG\�GR�D�VLJQLILFDQW�SDUW�RI��'�JUDSKLFV�

KLGGHQ�VXUIDFHV

,QWURGXFWLRQ
� 1RW�HYHU\�SDUW�RI�HYHU\��'�REMHFW�LV�YLVLEOH�WR�D

SDUWLFXODU�YLHZHU���:H�QHHG�DQ�DOJRULWKP�WR
GHWHUPLQH�ZKDW�SDUWV�RI�HDFK�REMHFW�VKRXOG�JHW
GUDZQ�

� .QRZQ�DV�´KLGGHQ�VXUIDFH�HOLPLQDWLRQµ�RU�´YLVLEOH
VXUIDFH�GHWHUPLQDWLRQµ�

� +LGGHQ�VXUIDFH�HOLPLQDWLRQ�DOJRULWKPV�FDQ�EH
FDWHJRUL]HG�LQ�WKUHH�PDMRU�ZD\V�
² 2EMHFW�VSDFH�YV��LPDJH�VSDFH

² 2EMHFW�RUGHU�YV��LPDJH�RUGHU

² 6RUW�ILUVW�YV��VRUW�ODVW

� 6WLOO�D�YHU\�DFWLYH�UHVHDUFK�DUHD

� :KHUH�ZRXOG�ZH�XVH�D�KLGGHQ�VXUIDFH�DOJRULWKP"

2EMHFW�6SDFH�$OJRULWKPV
� 2SHUDWH�RQ�JHRPHWULF�SULPLWLYHV

² )RU�HDFK�REMHFW�LQ�WKH�VFHQH��FRPSXWH�WKH�SDUW�RI
LW�ZKLFK�LVQ·W�REVFXUHG�E\�DQ\�RWKHU�REMHFW��WKHQ
GUDZ�

² 0XVW�SHUIRUP�WHVWV�DW�KLJK�SUHFLVLRQ

² 5HVXOWLQJ�LQIRUPDWLRQ�LV�UHVROXWLRQ�LQGHSHQGHQW

� &RPSOH[LW\
² 0XVW�FRPSDUH�HYHU\�SDLU�RI�REMHFWV��VR�O(n2)�IRU�n

REMHFWV

² 2SWLPL]DWLRQV�FDQ�UHGXFH�WKLV�FRVW��EXW«

² %HVW�IRU�VFHQHV�ZLWK�IHZ�SRO\JRQV�RU�UHVROXWLRQ�
LQGHSHQGHQW�RXWSXW

� ,PSOHPHQWDWLRQ
² 'LIILFXOW�WR�LPSOHPHQW�

² 0XVW�FDUHIXOO\�FRQWURO�QXPHULFDO�HUURU



,PDJH�6SDFH�$OJRULWKPV
� 2SHUDWH�RQ�SL[HOV

² )RU�HDFK�SL[HO�LQ�WKH�VFHQH��ILQG�WKH�REMHFW�FORVHVW
WR�WKH�&23�ZKLFK�LQWHUVHFWV�WKH�SURMHFWRU�WKURXJK
WKDW�SL[HO��WKHQ�GUDZ�

² 3HUIRUP�WHVWV�DW�GHYLFH�UHVROXWLRQ��UHVXOW�ZRUNV
RQO\�IRU�WKDW�UHVROXWLRQ

� &RPSOH[LW\
² 0XVW�GR�VRPHWKLQJ�IRU�HYHU\�SL[HO�LQ�WKH�VFHQH��VR

DW�OHDVW�O(R)�

² (DVLHVW�VROXWLRQ�LV�VR�WHVW�SURMHFWRU�DJDLQVW�HYHU\
REMHFW��JLYLQJ�O(nR)�

² 0RUH�UHDVRQDEOH�YHUVLRQ�RQO\�GRHV�ZRUN�IRU�SL[HOV
EHORQJLQJ�WR�REMHFWV��O(nr)��r�LV�QXPEHU�RI�SL[HOV
SHU�REMHFW

² 2IWHQ��ZLWK�PRUH�REMHFWV��HDFK�LV�VPDOOHU��VR�ZH
HVWLPDWH�nr = O(R) LQ�SUDFWLFH

� ,PSOHPHQWDWLRQ
² 8VXDOO\�YHU\�VLPSOH�

2EMHFW�2UGHU�YV��,PDJH
2UGHU

� 2EMHFW�RUGHU
² &RQVLGHU�HDFK�REMHFW�RQO\�RQFH���GUDZ�LWV�SL[HOV

DQG�PRYH�RQ�WR�WKH�QH[W�REMHFW

² 0LJKW�GUDZ�WKH�VDPH�SL[HO�PXOWLSOH�WLPHV

� ,PDJH�RUGHU
² &RQVLGHU�HDFK�SL[HO�RQO\�RQFH���GUDZ�SDUW�RI�DQ

REMHFW�DQG�PRYH�RQ�WR�WKH�QH[W�SL[HO

² 0LJKW�FRPSXWH�UHODWLRQVKLSV�EHWZHHQ�REMHFWV
PXOWLSOH�WLPHV

6RUW�)LUVW�YV��6RUW�/DVW
� 6RUW�ILUVW

² )LQG�VRPH�GHSWK�EDVHG�RUGHULQJ�RI�WKH�REMHFWV
UHODWLYH�WR�WKH�FDPHUD��WKHQ�GUDZ�IURP�EDFN�WR
IURQW

² %XLOG�DQ�RUGHUHG�GDWD�VWUXFWXUH�WR�DYRLG
GXSOLFDWLQJ�ZRUN

� 6RUW�ODVW
² 6RUW�LPSOLFLWO\�DV�PRUH�LQIRUPDWLRQ�EHFRPHV

DYDLODEOH

,PSRUWDQW�$OJRULWKPV
� 5D\�FDVWLQJ

� =�EXIIHU

� %LQDU\�VSDFH�SDUWLWLRQLQJ

� %DFN�IDFH�FXOOLQJ



5D\�&DVWLQJ
� 3DUWLWLRQ�WKH�SURMHFWLRQ�SODQH�LQWR�SL[HOV�WR�PDWFK

VFUHHQ�UHVROXWLRQ

� )RU�HDFK�SL[HO�pi��FRQVWUXFW�UD\�IURP�&23�WKURXJK
33�DW�WKDW�SL[HO�DQG�LQWR�VFHQH

� ,QWHUVHFW�WKH�UD\�ZLWK�HYHU\�REMHFW�LQ�WKH�VFHQH�
FRORXU�WKH�SL[HO�DFFRUGLQJ�WR�WKH�REMHFW�ZLWK�WKH
FORVHVW�LQWHUVHFWLRQ

5D\�&DVWLQJ
,PSOHPHQWDWLRQ

� 3DUDPHWHUL]H�WKH�UD\�

� ,I�D�UD\�LQWHUVHFWV�VRPH�REMHFW�Oi��JHW�SDUDPHWHU�ti

VXFK�WKDW�ILUVW�LQWHUVHFWLRQ�ZLWK�Oi�RFFXUV�DW�R(ti)

� :KLFK�REMHFW�RZQV�WKH�SL[HO"

R(t) = (1-t)c + tpi

$VLGH��'HILQLWLRQV
� $Q�DOJRULWKP�H[KLELWV�FRKHUHQFH�LI�LW�XVHV

NQRZOHGJH�DERXW�WKH�FRQWLQXLW\�RI�WKH�REMHFWV�RQ
ZKLFK�LW�RSHUDWHV

� $Q�RQOLQH�DOJRULWKP�LV�RQH�WKDW�GRHVQ·W�QHHG�DOO
WKH�GDWD�WR�EH�SUHVHQW�ZKHQ�LW�VWDUWV�UXQQLQJ
² ([DPSOH��LQVHUWLRQ�VRUW

5D\�&DVWLQJ�$QDO\VLV
� &DWHJRUL]DWLRQ�

� (DV\�WR�LPSOHPHQW"

� +DUGZDUH�LPSOHPHQWDWLRQ"

� &RKHUHQFH"

� 0HPRU\�LQWHQVLYH"

� 3UH�SURFHVVLQJ�UHTXLUHG"

� 2QOLQH"

� +DQGOHV�WUDQVSDUHQF\"

� +DQGOHV�UHIUDFWLRQ"

� 3RO\JRQ�EDVHG"

� ([WUD�ZRUN�IRU�PRYLQJ�REMHFWV"

� ([WUD�ZRUN�IRU�PRYLQJ�YLHZHU"

� (IILFLHQW�VKDGLQJ"

� +DQGOHV�F\FOHV�DQG�VHOI�LQWHUVHFWLRQV"



=�EXIIHU
� ,GHD��DORQJ�ZLWK�D�SL[HO·V�UHG��JUHHQ�DQG�EOXH

YDOXHV��PDLQWDLQ�VRPH�QRWLRQ�RI�LWV�GHSWK
² $Q�DGGLWLRQDO�FKDQQHO�LQ�PHPRU\��OLNH�DOSKD

² &DOOHG�WKH�GHSWK�EXIIHU�RU�=�EXIIHU

� :KHQ�WKH�WLPH�FRPHV�WR�GUDZ�D�SL[HO��FRPSDUH
LWV�GHSWK�ZLWK�WKH�GHSWK�RI�ZKDW·V�DOUHDG\�LQ�WKH
IUDPHEXIIHU���5HSODFH�RQO\�LI�LW·V�FORVHU

� 9HU\�ZLGHO\�XVHG

� +LVWRU\
² 2ULJLQDOO\�GHVFULEHG�DV�´EUXWH�IRUFH�LPDJH�VSDFH

DOJRULWKPµ

² :ULWWHQ�RII�DV�LPSUDFWLFDO�DOJRULWKP�IRU�KXJH
PHPRULHV

² 7RGD\��GRQH�HDVLO\�LQ�KDUGZDUH

YRLG�GUDZBPRGHBVHWXS��YRLG���^
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=�EXIIHU�7ULFNV
� 7KH�VKDGH�RI�D�WULDQJOH�FDQ�EH�FRPSXWHG

LQFUHPHQWDOO\�IURP�WKH�VKDGHV�RI�LWV�YHUWLFHV

� &DQ�GR�WKH�VDPH�ZLWK�GHSWK

(R1,G1,B1,z1)

(R2,G2,B2,z2)

(R3,G3,B3,z3)

=�EXIIHU�$QDO\VLV
� &DWHJRUL]DWLRQ�

� (DV\�WR�LPSOHPHQW"

� +DUGZDUH�LPSOHPHQWDWLRQ"

� &RKHUHQFH"

� 0HPRU\�LQWHQVLYH"

� 3UH�SURFHVVLQJ�UHTXLUHG"

� 2QOLQH"

� +DQGOHV�WUDQVSDUHQF\"

� +DQGOHV�UHIUDFWLRQ"

� 3RO\JRQ�EDVHG"

� ([WUD�ZRUN�IRU�PRYLQJ�REMHFWV"

� ([WUD�ZRUN�IRU�PRYLQJ�YLHZHU"

� (IILFLHQW�VKDGLQJ"

� +DQGOHV�F\FOHV�DQG�VHOI�LQWHUVHFWLRQV"



%LQDU\�6SDFH�3DUWLWLRQLQJ
� *RDO��EXLOG�D�WUHH�WKDW�FDSWXUHV�VRPH�UHODWLYH

GHSWK�LQIRUPDWLRQ�EHWZHHQ�REMHFWV���8VH�LW�WR
GUDZ�REMHFWV�LQ�WKH�ULJKW�RUGHU�
² 7UHH�GRHVQ·W�GHSHQG�RQ�FDPHUD�SRVLWLRQ��VR�ZH

FDQ�FKDQJH�YLHZSRLQW�DQG�UHGUDZ�TXLFNO\

² &DOOHG�WKH�ELQDU\�VSDFH�SDUWLWLRQLQJ�WUHH��RU
%63�WUHH

� .H\�REVHUYDWLRQ��7KH�SRO\JRQV�LQ�WKH�VFHQH�DUH
SDLQWHG�LQ�WKH�FRUUHFW�RUGHU�LI�IRU�HDFK�SRO\JRQ�P�
² 3RO\JRQV�RQ�WKH�IDU�VLGH�RI�P�DUH�SDLQWHG�ILUVW

– P�LV�SDLQWHG�QH[W

² 3RO\JRQV�LQ�IURQW�RI�P�DUH�SDLQWHG�ODVW

%XLOGLQJ�D�%63�7UHH��LQ��'�

%63�7UHH�&RQVWUXFWLRQ
%63WUHH�PDNH%63��/��OLVW�RI�SRO\JRQV �

^

LI�/�LV�HPSW\

^

UHWXUQ�WKH�HPSW\�WUHH

`

&KRRVH�D�SRO\JRQ�3�IURP�/�WR�VHUYH�DV�URRW

6SOLW�DOO�SRO\JRQV�LQ�/�DFFRUGLQJ�WR�3

UHWXUQ�QHZ�7UHH1RGH�

3�

PDNH%63��SRO\JRQV�RQ�QHJDWLY ��

PDNH%63��SRO\JRQV�RQ�SRVLWLY ��

`

� 6SOLWWLQJ�SRO\JRQV�LV�H[SHQVLYH���,W�KHOSV�WR
FKRRVH�3�ZLVHO\�DW�HDFK�VWHS�
² ([DPSOH��FKRRVH�ILYH�FDQGLGDWHV��NHHS�WKH�RQH

WKDW�VSOLWV�WKH�IHZHVW�SRO\JRQV

%67�7UHH�'LVSOD\

VKRZ%63��Y��9LHZH � 7� 6 �

^

LI�7�LV�HPSW\�WKHQ�UHWXUQ

3�� �URRW�RI�7

LI�YLHZHU�LV�LQ�IURQW�RI�3

^

VKRZ%63��OHIW�VXEWUHH�RI 7 �

GUDZ�3
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`�HOVH�^
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`
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%63�7UHH�$QDO\VLV
� &DWHJRUL]DWLRQ�

� (DV\�WR�LPSOHPHQW"

� +DUGZDUH�LPSOHPHQWDWLRQ"

� &RKHUHQFH"

� 0HPRU\�LQWHQVLYH"

� 3UH�SURFHVVLQJ�UHTXLUHG"

� 2QOLQH"

� +DQGOHV�WUDQVSDUHQF\"

� +DQGOHV�UHIUDFWLRQ"

� 3RO\JRQ�EDVHG"

� ([WUD�ZRUN�IRU�PRYLQJ�REMHFWV"

� ([WUD�ZRUN�IRU�PRYLQJ�YLHZHU"

� (IILFLHQW�VKDGLQJ"

� +DQGOHV�F\FOHV�DQG�VHOI�LQWHUVHFWLRQV"

%DFN�)DFH�&XOOLQJ
� &DQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�SRO\JRQ�EDVHG

DOJRULWKPV

� 2IWHQ��ZH�GRQ·W�ZDQW�WR�GUDZ�SRO\JRQV�WKDW�IDFH
DZD\�IURP�WKH�YLHZHU���6R�WHVW�IRU�WKLV�DQG
HOLPLQDWH��FXOO��EDFN�IDFLQJ�SRO\JRQV�EHIRUH
GUDZLQJ

� +RZ�FDQ�ZH�WHVW�IRU�WKLV"

6XPPDU\
� &ODVVLILFDWLRQ�RI�KLGGHQ�VXUIDFH�DOJRULWKPV�DQG

TXHVWLRQV�ZH�PD\�DVN�DERXW�WKHP

� 8QGHUVWDQGLQJ�RI�=�EXIIHU�DQG�UD\�FDVWLQJ
DOJRULWKPV

� )DPLOLDULW\�ZLWK�%63�WUHHV�DQG�EDFN�IDFH�FXOOLQJ

5HDGLQJ

� $QJHO��VHFWLRQ����

� )ROH\�HW�DO��FKDSWHU���

5HTXLUHG�

2SWLRQDO�


