
6HDUFK

,QWURGXFWLRQ�WR

$UWLILFLDO�,QWHOOLJHQFH

&26���

0LFKDHO�/� /LWWPDQ

)DOO�����



$GPLQLVWUDWLRQ

6KRUW�ZULWWHQ�KRPHZRUNV HDFK�
ZHHN

)LUVW�RQH�WRGD\

:HE�SDJH�LV�XS�ZLWK�ILUVW�OHFWXUH

6HQG�PH��POLWWPDQ#FV��\RXU�HPDLO�
DGGUHVV�VR�,�FDQ�PDNH�D�PDLOLQJ�
OLVW

2IILFH�KRXUV«



:KDW·V�$,"��WR�PH�

&RPSXWHUV�PDNLQJ�GHFLVLRQV�LQ�

UHDO�ZRUOG�SUREOHPV

apply

formulate solve



6HDUFK�3UREOHPV

/HW�S EH�WKH�VHW�RI�VWDWHV��VWULQJV�
,QSXW�

� ,QLWLDO�VWDWH��V�

� 1HLJKERU�JHQHUDWRU��1��S → �S

� *RDO�IXQFWLRQ��*��S → ^���`



6HDUFK�$QVZHU

V��«�VQ VXFK�WKDW�

� V��«�VQ ∈ S
� IRU�DOO��≤L≤Q��VL ∈ 1�VL���

� *�VQ��= �



([DPSOHV

:H·UH�YHU\�LPSUHVVHG���0HDQLQJ"

� 5XVK�+RXU

� ��SX]]OH

� /RJLVWLFV

� ��TXHHQV�SUREOHP

� /RJLF�SX]]OHV

� -RE�VKRS�VFKHGXOLQJ



5XVK�+RXU

0RYH�FDUV�IRUZDUG�DQG�EDFNZDUG�

WR�´HVFDSHµ



6HDUFK�9HUVLRQ

6WDWHV��FRQILJXUDWLRQV�RI�FDUV

1�V���UHDFKDEOH

VWDWHV

*�V�����LI�UHG

FDU�DW�JDWH



��SX]]OH

6OLGH�WLOHV�LQWR�RUGHU

6WDWHV�

1�V��

*�V��
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/RJLVWLFV

9HU\�VRSKLVWLFDWHG���:KDW�JRHV�

ZKHUH�ZKHQ"

'HVHUW�6WRUP�ORJLVWLFV�´SDLG�IRU�$,�

UHVHDUFKµ



��4XHHQV�3X]]OH

1R�FDSWXUHV

6WDWHV�

1�V��

*�V��



/RJLF�3X]]OHV

�� -RG\��ZKR�LV�DQ�DSH��ZDVQ·W�WKH�DSH�
ZKR�UHWXUQHG�LPPHGLDWHO\�DIWHU�
7RP�DQG�LPPHGLDWHO\�EHIRUH�WKH�
DQLPDO�ZKR�DSSHDUHG�LQ�WKH�PRYLH�
ZLWK�QR�UDWLQJ�

�� 7KH�RQO\�OLRQV�WKDW�ZHUH�XVHG�LQ�WKH�
PRYLHV�ZHUH�WKH�RQH�ZKR�ZDV�WKH�
WKLUG�WR�UHWXUQ��WKH�RQH�ZKR�
DSSHDUHG�LQ�WKH�5�PRYLH��DQG�WKH�
RQH�ZKR�DSSHDUHG�LQ�´/XFNµ���«



-RE�6KRS�6FKHGXOLQJ

,QGXVWULDO�SUREOHP�

� $OORFDWH�PDFKLQHV�DQG�

PDFKLQLVWV�WR�WLPH�VORWV

� &RQVWUDLQWV�RQ�RUGHUV�LQ�ZKLFK�

SDUWV�DUH�VHUYLFHG



6HDUFK�7HPSODWH

� IULQJH� �^�V�����`������LQLWLDO�FRVW��

� PDUNYLVLWHG�V���

� :KLOH�����^
,I�HPSW\�IULQJH���UHWXUQ�IDLOXUH�

�V��F�� �UHPRYHPLQFRVW�IULQJH��

,I�*�V��UHWXUQ�V�

)RUHDFK�V·�LQ�1�V�

LI�XQYLVLWHG�V·�

IULQJH� �IULQJH�8�^�V·��FRVW�V·�`�

PDUNYLVLWHG�V���

`



'DWD�6WUXFWXUHV

+RZ�LPSOHPHQW�WKLV�HIILFLHQWO\"

� UHPRYHPLQFRVW�8�HPSW\"

� PDUNYLVLWHG�XQYLVLWHG"



9DU\�&RVW

+RZ�GRHV�VHDUFK�EHKDYLRU�FKDQJH�

ZLWK�FRVW"

� FRVW�V·�� �F����

� FRVW�V·�� �F�� �



*ULG�([DPSOH��%)6
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+RZ�(YDOXDWH"

:KDW�PDNHV�RQH�VHDUFK�VFKHPH�

EHWWHU�WKDQ�DQRWKHU"

² &RPSOHWHQHVV��)LQG�VROXWLRQ"

² 7LPH�FRPSOH[LW\��+RZ�ORQJ"

² 6SDFH�FRPSOH[LW\��0HPRU\"

² 2SWLPDOLW\��)LQG�VKRUWHVW�SDWK"



'HSWK�YV��%UHDGWK�ILUVW

/HW�_7�V�_�≤ E��EUDQFKLQJ�IDFWRU���
JRDO�DW�GHSWK�G

� +RZ�LPSOHPHQW�SULRULW\�TXHXH"

� &RPSOHWHQHVV"

� 7LPH�FRPSOH[LW\"

� 6SDFH�FRPSOH[LW\"

� 2SWLPDOLW\"



%)6

� &RPSOHWHQHVV"

² <HV

� 7LPH�FRPSOH[LW\"

² 2�EG�

� 6SDFH�FRPSOH[LW\"

² 2�EG��/

� 2SWLPDOLW\"

² \HV



')6

� &RPSOHWHQHVV"

² <HV��DVVXPLQJ�VWDWH�VSDFH�ILQLWH

� 7LPH�FRPSOH[LW\"

² 2�_S _���FDQ�GR�ZHOO�LI�ORWV�RI�JRDOV
� 6SDFH�FRPSOH[LW\"

² 2�Q���Q�GHHSHVW�SRLQW�RI�VHDUFK

� 2SWLPDOLW\"

² 1R�/



'HSWK�OLPLWHG�6HDUFK

')6��RQO\�H[SDQG�QRGHV�GHSWK�≤ O��
� &RPSOHWHQHVV"

² 1R��LI�O�≤ G��/
� 7LPH�FRPSOH[LW\"

² 2�EO�

� 6SDFH�FRPSOH[LW\"
² 2�O�

� 2SWLPDOLW\"
² 1R�/



,WHUDWLYH�'HHSHQLQJ

'HSWK�OLPLWHG��LQFUHDVLQJ�O��

� &RPSOHWHQHVV"
² <HV��-

� 7LPH�FRPSOH[LW\"
² 2�EG���HYHQ�ZLWK�UHSHDWHG�ZRUN��-

� 6SDFH�FRPSOH[LW\"
² 2�G��-

� 2SWLPDOLW\"
² <HV�-



%LGLUHFWLRQDO 6HDUFK

%)6�LQ�ERWK�GLUHFWLRQV

1HHG�1��

+RZ�FRXOG�WKLV�KHOS"

² EO YV��EO��

:KDW�PDNHV�WKLV�KDUG�WR�

LPSOHPHQW"



:KLFK�GR�\RX�FKRRVH"

� ��TXHHQV��QHLJKERUV�RI�V�DGG�RQH�

TXHHQ�WR�ERDUG



:KLFK�GR�\RX�FKRRVH"

� %LJ�JULG��JRDO�QHDUE\



:KDW�WR�/HDUQ

+RZ�WR�H[SUHVV�SUREOHPV�LQ�WKH�

VHDUFK�IUDPHZRUN

7KH�EDVLF�DOJRULWKPV�IRU�VHDUFK

6WUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�

EDVLF�DOJRULWKPV



+RPHZRUN����GXH������

���6HQG�\RXU�HPDLO�DGGUHVV��ULJKW�DZD\��WR�OLWWPDQ#FV�

���/HW�%)6·�DQG�')6·�EH�YHUVLRQV�RI�%)6�DQG�')6�WKDW�
GRQ·W�FKHFN�ZKHWKHU�D�VWDWH�KDV�EHHQ�SUHYLRXVO\�
YLVLWHG���(YDOXDWH�%)6·�DQG�')6·�RQ�WKH�IRXU�
FRPSDULVRQ�FULWHULD�ZH�GLVFXVVHG�

���&RQVLGHU�WKH�5XVK�+RXU�ERDUG�IURP�WKHVH�QRWHV���
$VVXPH�D�VLQJOH�PRYH�FRQVLVWV�RI�VOLGLQJ�D�FDU�
IRUZDUG�RU�EDFNZDUG�VRPH�QXPEHU�RI�VSDFHV����D��
*LYH�DQ�XSSHU�ERXQG�RQ�WKH�EUDQFKLQJ�IDFWRU����E��
$VVXPLQJ�WKH�VROXWLRQ�LV�DW�GHSWK�����KRZ�PDQ\�
QRGHV�ZLOO�EH�VHDUFKHG"���F��,JQRULQJ�WKH�VHDUFK��
KRZ�PDQ\�VWDWHV�DUH�LQ�WKH�VHDUFK�VSDFH"��*LYH�DV�
WLJKW�DQ�XSSHU�ERXQG�DV�\RX�FDQ�


