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9DOLGDWLRQ��PXVW�FKRRVH�QRZ�

������3URMHFW���%LEOLRJUDSKLFDO�VWXG\�RI�D�VXEMHFW�RI�\RXU�LQWHUHVW��

�� 7KLQN�D�VXEMHFW
�� &KHFN�ZLWK�PH�LI�LW�LV�IHDVLEOH��PXVW�LQFOXGH�VRPH�FRGLQJ�
�� 'R�LW��
�� :ULWH�D�UHSRUW���SUHVHQWDWLRQ

2U����PLQL�SURMHFWV��SURSRVHG�E\�PH��ZLWK�FRGH��H[SHULPHQWV�DQG�UHSRUW�



3ODQ
Ɣ 7KH�LPDJH�FODVVLILFDWLRQ�SUREOHP
Ɣ )HHGIRUZDUG�QHXUDO�QHWZRUNV�

ż 3HUFHSWURQ
ż 'HHS�PXOWLOD\HU�QHWZRUNV
ż 7\SHV�RI�OD\HUV
ż 7KH�SRZHU�RI�GHHS�DUFKLWHFWXUHV�

Ɣ 7UDLQLQJ
ż 'DWD�
ż /RVV�DQG�RSWLPL]DWLRQ�
ż %DFNSURSDJDWLRQ�
ż :HLJKW�LQLWLDOL]DWLRQ�DQG�HYROXWLRQ

Ɣ (DVLQJ�WKH�OHDUQLQJ
ż %DWFK�1RUPDOL]DWLRQ�
ż 5HJXODUL]DWLRQ
ż 6NLS�FRQQHFWLRQV���5HVLGXDO�OHDUQLQJ



,PDJH�
FODVVLILFDWLRQ�



,PDJH�FODVVLILFDWLRQ

Ɣ ,PDJH�FODVVLILFDWLRQ�LV�WKH�SURWRW\SLFDO�FRPSXWHU�YLVLRQ�SUREOHP
Ɣ $�QRQWULYLDO�SUREOHP�

Ɣ 'LIILFXOW�WR�FUDIW�D�SURJUDP�WR�VROYH�LW�LQ�DQ�XQUHVWULFWHG�VHWWLQJ���



,PDJH�FODVVLILFDWLRQ�LV�KDUG
&KDQJHV�LQ�LOOXPLQDWLRQ



,PDJH�FODVVLILFDWLRQ�LV�KDUG
3RVH�DQG�VKDSH�FKDQJHV



,PDJH�FODVVLILFDWLRQ�LV�KDUG
,QWUD�FODVV�YDULDELOLW\



,PDJH�FODVVLILFDWLRQ�LV�KDUG
2FFOXVLRQV



'DWD�GULYHQ�DSSURDFKHV
�� $VVHPEOH�D�GDWDVHW�RI�ODEHOHG�LPDJHV

�� 7UDLQ�D�FODVVLILHU�XVLQJ�WKH�ODEHOHG�H[DPSOHV

�� (YDOXDWH�WKH�FODVVLILHU�RQ�QHZ�LPDJHV



&ODVVLF�DSSURDFKHV
Ɣ )LUVW�H[WUDFW�IHDWXUHV��6,)7��+2*������WKHQ�IHHG�WKHP�WR�D�FODVVLILHU
Ɣ $OORZV�WR�UHGXFH�WKH�GLPHQVLRQ�RI�WKH�FODVVLILHU
Ɣ )HDWXUHV�DUH�LQYDULDQW��WR�URWDWLRQ��WUDQVODWLRQ��VFDOH��DQG�LOOXPLQDWLRQ�

FKDQJHV��DQG�DOORZ�WR�UREXVWO\�FODVVLI\



6,)7�LQ�D�QXWVKHOO

���.H\SRLQW�ORFDOL]DWLRQ

���.H\SRLQW�GHVFULSWRUV���.H\SRLQW�PDWFKHV



(GJH�EDVHG�IHDWXUHV�DUH�SK\VLRORJLFDOO\�SODXVLEOH
Ɣ +XEHO�	�:LHVHO�µ����YLVXDO�FRUWH[�QHXURQV�

KDYH�D�UHVWULFWHG�UHFHSWLYH�ILHOG��7KHVH�
FHOOV�DUH�VHQVLWLYH�WR�VSHFLILF�RULHQWDWLRQV�
LQ�WKH�UHFHSWLYH�ILHOG��OLNH�OLQHDU�ILOWHUV�

Ɣ -RQHV�	�3DOPHU�µ���FRQFOXGHG�
WKDW�*DERU�ILOWHUV�ILW�ZHOO�WKHVH�
DFWLYDWLRQV



*DERU�ILOWHUV�GHFRPSRVH�LPDJHV�LQ�XVHIXO�IHDWXUHV



*DERU�ILOWHUV�GHFRPSRVH�LPDJHV�LQ�XVHIXO�IHDWXUHV



&ODVVLF�FRPSXWHU�YLVLRQ�DSSURDFKHV
Ɣ )LUVW�H[WUDFW�IHDWXUHV��6,)7��+2*������WKHQ�IHHG�WKHP�WR�D�FODVVLILHU
Ɣ $OORZV�WR�UHGXFH�WKH�GLPHQVLRQ�RI�WKH�FODVVLILHU
Ɣ )HDWXUHV�DUH�LQYDULDQW��WR�URWDWLRQ��WUDQVODWLRQ��VFDOH��DQG�LOOXPLQDWLRQ�

FKDQJHV��DQG�DOORZ�WR�UREXVWO\�FODVVLI\



'HHS�OHDUQLQJ�DSSURDFK
Ɣ /HDUQ�WKH�IHDWXUHV�DW�WKH�VDPH�WLPH�DV�WKH�FODVVLILHU

Ɣ )HDWXUHV�DQG�FODVVLILHU�DUH�FRGHG�LQ�WKH�OD\HUV�RI�D�'11�

Ɣ 7KH�QHWZRUN�LV�XVXDOO\�WUDLQHG�LQ�DQ�HQG�WR�HQG�ZD\



&ODVVLILFDWLRQ�YV�5HJUHVVLRQ

Ɣ &ODVVLILFDWLRQ
ż 2XWSXWV�D�GLVFUHWH�ODEHO
ż )LQGV�GHFLVLRQ�ERXQGDU\

Ɣ 5HJUHVVLRQ
ż 2XWSXWV�FRQWLQXRXV�YDULDEOH
ż )LQGV�D�IXQFWLRQ



1HXUDO�QHWZRUNV



)HHGIRUZDUG�1HXUDO�1HWZRUNV

Ɣ 1HXUDO�QHWZRUNV�DUH�YDJXHO\�LQVSLUHG�RQ�ELRORJLFDO�QHXURQV
Ɣ $�QHXURQ�XQLW�LV�PRGHOHG�DV�D�FRPSRVLWLRQ�RI�DQ�DIILQH�WUDQVIRUPDWLRQ�

RI�LWV�LQSXWV�[��Z�[���E�DQG�D�QRQ�OLQHDULW\�J��DFWLYDWLRQ�IXQFWLRQ�

Ɣ 2IWHQ�DUH�JURXSHG�LQ�OD\HUV��ZKHUH�HDFK�XQLW�LV�FRQQHFWHG�WR�DOO�XQLWV�
IURP�WKH�SUHYLRXV�OD\HU�



3HUFHSWURQ
Ɣ %LQDU\�YDOXHG�IXQFWLRQ�RI�LWV�

LQSXWV�SURSRVHG�LQ�WKH�����¶V

Ɣ 7KH�GLVFRQWLQXRXV�+HDYLVLGH�IXQFWLRQ�PDNHV�LW�KDUG�WR�WUDLQ�E\�JUDGLHQW�
GHVFHQW�PHWKRGV��

Ɣ 6LJPRLG�DFWLYDWLRQ�LV�D�VPRRWK�DSSUR[LPDWLRQ�RI�+HDYLVLGH�



$FWLYDWLRQ�)XQFWLRQV
Ɣ 5H/8��WKH�PRVW�IUHTXHQWO\�

XVHG�WKH�DFWLYDWLRQ�WRGD\

Ɣ (DV\�WR�GLIIHUHQWLDWH�

Ɣ (QDEOH�EHWWHU�WUDLQLQJ�
RI�GHHSHU�QHWZRUNV



)HHGIRUZDUG�1HXUDO�1HWZRUN�DUFKLWHFWXUH
Ɣ )HHGIRUZDUG�QHWZRUNV�DUH�RIWHQ�RUJDQL]HG�LQ�³OD\HUV´
Ɣ 7KH�DUFKLWHFWXUH�FDQ�EH�VSHFLILHG�E\�DQ�DF\FOLF�JUDSK�RI�OD\HUV��H�J�

Ɣ ,Q�LPDJH�SURFHVVLQJ�DQG�FRPSXWHU�YLVLRQ�DSSOLFDWLRQV�WKH�LQSXW�YHFWRU�
KDV�VKDSH�+�[�:�[�&��KHLJKW��ZLGWK��FKDQQHO��

Ɣ &RQY1HWV�LQWHUSUHW�D�OD\HU�RI�QHXURQV�DV�D�YROXPH�ZLWK�GLPHQVLRQV�
�+�:�'HSWK����ZKLFK�SUHVHUYHV�WKH�VSDWLDO�VWUXFWXUH�RI�WKH�LPDJH�



1HWZRUN�OD\HUV
Ɣ $�OD\HU�LV�D�PDS

�
Ɣ ,W�LV�FXVWRPDU\�WR�GHILQH�D�OD\HU�RI�QHXURQV�DV�WKH�DIILQH�WUDQVIRUPDWLRQ�

WRJHWKHU�ZLWK�WKH�DFWLYDWLRQ�IXQFWLRQ��+RZHYHU��LW�LV�RIWHQ�FRQYHQLHQW�WR�
VSOLW�WKH�DFWLYDWLRQ�IXQFWLRQ�LQ�DQ�LQGHSHQGHQW�OD\HU

Ɣ 6RPH�FRPPRQ�³OD\HUV´�
Ɣ $FWLYDWLRQ��DSSOLHV�WKH�VDPH�QRQOLQHDU�IXQFWLRQ�J�WR�DOO�LWV�LQSXWV
Ɣ )XOO\�FRQQHFWHG
Ɣ &RQYROXWLRQDO
Ɣ 7UDQVSRVHG�FRQYROXWLRQ
Ɣ 3RROLQJ
Ɣ %DWFK�1RUPDOL]DWLRQ��ODWHU��



/D\HUV��IXOO\�FRQQHFWHG��)&�
Ɣ &RPSXWH�DQ�DIILQH�WUDQVIRUPDWLRQ�RI�LWV�LQSXW��LQ�PDWUL[�QRWDWLRQ�

Ɣ $OO�SRVVLEOH�FRQQHFWLRQV�EHWZHHQ�OD\HU�
QHXURQV�HDFK�FRQQHFWLRQ�ZLWK�LWV�RZQ�ZHLJKW

Ɣ &RQWDLQV���F��G��������SDUDPHWHUV�

$Q�)&�OD\HU�ZLWK�
LWV�QRQOLQHDULW\



/D\HUV��FRQYROXWLRQ��&RQY�
Ɣ $�SDUWLFXODU�FDVH�RI�)&�OD\HU

Ɣ (DFK�RXWSXW�PDS�LV�UHVXOW�RI�FRQYROYLQJ�WKH�LQSXW�ZLWK�D�NHUQHO�ZO
Ɣ &RQY�OD\HUV�LQYROYH�PDQ\�PRUH�FRQQHFWLRQV�WKDQ�XQLTXH�ZHLJKWV�

L�H��PDQ\�FRQQHFWLRQV�VKDUH�WKH�VDPH�ZHLJKW
Ɣ &RQY�OD\HUV�DUH�WUDQVODWLRQ�HTXLYDULDQW



/HW¶V�FRXQW�VRPH�SDUDPHWHUV
+RZ�PDQ\�SDUDPHWHUV�DUH�WKHUH�LQ�WKLV�&RQY�'�OD\HU"�

\� �:�[���E

.� ��[�
,Q� ���
2XW� ����

3DUDPV�����[��[��[����������������



$ERXW�FRQYROXWLRQDO�QHWZRUNV��&RQY1HWV�

&RQYQHWV�DUH�LQVSLUHG�E\�WKH�RUJDQL]DWLRQ�RI�WKH�DQLPDO�YLVXDO�FRUWH[��
,QGLYLGXDO�FRUWLFDO�QHXURQV�UHVSRQG�WR�VWLPXOL�RQO\�LQ�D�UHVWULFWHG�UHJLRQ�RI�
WKH�YLVXDO�ILHOG�NQRZQ�DV�WKH�UHFHSWLYH�ILHOG��
'LIIHUHQW�QHXURQV�UHVSRQG�VLPLODUO\�ZKHQ�SUHVHQWHG�WR�WKH�VDPH�
VWLPXOXV��ZKLFK�LPSOLHV�WKDW�WUDQVODWLRQV�GR�QRW�DIIHFW�WKH�DQDO\VLV��
7KH�UHFHSWLYH�ILHOGV�RI�GLIIHUHQW�QHXURQV�SDUWLDOO\�RYHUODS�VXFK�WKDW�WKH\�FRYHU�
WKH�HQWLUH�YLVXDO�ILHOG��7KLV�SDUWLFXODU�NLQG�RI�QHXUDO�QHWZRUN�DVVXPHV�WKDW�ZH�
ZLVK�WR�OHDUQ�ILOWHUV��LQ�D�GDWD�GULYHQ�IDVKLRQ��DV�D�PHDQV�WR�H[WUDFW�IHDWXUHV�
GHVFULELQJ�WKH�LQSXWV�



/D\HUV��WUDQVSRVHG�FRQYROXWLRQ

Ɣ ³6SODWV´�WKH�NHUQHO�RQ�WKH�RXWSXW�OD\HU��VLPLODU�WR�DJJUHJDWLRQ��
ż (TXLYDOHQW�WR�D�FRQYROXWLRQ�ZLWK�WKH�URWDWHG�NHUQHO�LI�VWULGH �

Ɣ ,W�LV�WKH�WUDQVSRVH�RI�WKH�FRQYROXWLRQ�PDWUL[�

7UDQVSRVHG�&RQY&RQY



/D\HU��3RROLQJ��322/�

Ɣ 6SDWLDO�VXEVDPSOLQJ�E\�ELQQLQJ�RI�WKH�LQSXW�IHDWXUHV�
Ɣ 0D[�3RROLQJ�LV�WKH�PRVW�FRPPRQ�EXW�DYHUDJH�SRROLQJ�DOVR�IHDVLEOH�
Ɣ 3URYLGHV�PRUH�WUDQVODWLRQ�LQYDULDQFH�LQ�WKH�IHDWXUH�PDSV
Ɣ 7KH�FXUUHQW�WUHQG�LV�WR�XVH�VWULGHG�FRQYROXWLRQ�LQVWHDG�RI�SRRO



1RWHV�RQ�WKH�&RQY1HW�DUFKLWHFWXUHV
Ɣ &RQY1HW�DUFKLWHFWXUHV�YDU\�GHSHQGLQJ

RQ�WKH�DSSOLFDWLRQ��(QFRGHUV��+RXUJODVV
)XOO\�FRQYROXWLRQDO�����

Ɣ 'HSWK��KHQFH�GHHS��LV�D�FRPPRQ�WUDLW�

Ɣ 'LDJUDPV�RIWHQ�RPLW�QRQOLQHDULWLHV�
�

7KLV�LV�WKH�VKDSH�RI�
WKH�RXWSXW�RI�WKH�OD\HU



7KH�KLHUDUFKLFDO�OD\HU�VWUXFWXUH�DOORZV�WR�OHDUQ�
KLHUDUFKLFDO�ILOWHUV��IHDWXUHV�



5HSUHVHQWDWLRQ�3RZHU�RI�11V
8QLYHUVDO�$SSUR[LPDWLRQ�WKHRUHPV

Ɣ 11�ZLWK�RQH�KLGGHQ�OD\HU��DUELWUDU�ZLGWK��FDQ�UHSUHVHQW�>&\EHQNR�����@
ż $Q\�ERXQGHG�FRQWLQXRXV�IXQFWLRQ��WR�DUELWUDU\�HUURU����
ż $Q\�%RROHDQ�IXQFWLRQ�H[DFWO\�

Ɣ $UELWUDU\�GHSWK�>=KRX�/X�HW�DO��LQ�����@

?

Ɣ ���

�



$SSUR[LPDWLRQ�SRZHU�RI�GHHS�DUFKLWHFWXUHV
:K\�GHHS�DUFKLWHFWXUHV"�
Ɣ 7KH�XQLYHUVDO�DSSUR[LPDWLRQ�WKHRUHP�VWDWHV�WKDW�D�QHWZRUN�ZLWK�RQH�

KLGGHQ�OD\HU�FDQ�UHSUHVHQW�DQ\�IXQFWLRQ�
ż %XW�WKH�QXPEHU�RI�QHXURQV�UHTXLUHG�PD\�EH�XQIHDVLEO\�ODUJH

Ɣ 8VLQJ�GHHSHU�PRGHOV�FDQ�H[SRQHQWLDOO\�UHGXFH�WKH�QXPEHU�RI�XQLWV�
UHTXLUHG�WR�UHSUHVHQW�WKH�GHVLUHG�IXQFWLRQ
ż $Q�LQWXLWLYH�JHRPHWULF�H[SODQDWLRQ�RI�WKLV��XVLQJ�WKH�DEVROXWH�YDOXH�QRQOLQHDULW\��LV�

)LJXUH��0RQWXIDU�HW�DO��2Q�WKH�1XPEHU�RI�/LQHDU�5HJLRQV�RI�'HHS�1HXUDO�1HWZRUNV������

Ɣ +RZ�GR�ZH�ILQG�WKHVH�PRGHOV"�
Ɣ &DQ�ZH�HYHQ�ILQG�WKHP"



https://playground.tensorflow.org/
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7UDLQLQJ�

Ɣ *LYHQ�D�ODUJH�QXPEHU�RI�VDPSOH�LQSXW�RXWSXW�SDLUV��[�\��RI�WKH�SUREOHP
Ɣ :H¶G�OLNH�WR�RSWLPL]H�WKH�SDUDPHWHUV�ș�RI�WKH�PRGHO�WR�PLQLPL]H�WKH�ULVN�

�H[SHFWHG�YDOXH�RI�WKH�ORVV��

Ɣ 6LQFH�WKH�GHQVLW\�RI�GDWD�S�[�\��LV�XQNQRZQ��HPSLULFDO�ULVN�LV�XVHG�LQVWHDG

Ɣ 7KH�FKDOOHQJH�LV�WKDW�WKH�OHDUQHG�PRGHO�JHQHUDOL]HV�ZHOO�WR�XQVHHQ�GDWD�
ż $WWHQWLRQ��7KH�GLVWULEXWLRQ�RI�WKH�WUDLQLQJ�GDWD�PXVW�EH�UHSUHVHQWDWLYH�RI�WKH�UHDO�GHQVLW\

HOVH�ZH�KDYH�ZKDW�LV�FDOOHG�GDWDVHW�ELDV���
ż $QG�WKH�WUDLQLQJ�GDWDVHW�PXVW�EH�ODUJH�HQRXJK



7UDLQLQJ
6XSHUYLVHG�OHDUQLQJ�FKHFNOLVW��

Ɣ /DEHOHG�WUDLQLQJ�GDWD��PDQ\�SDLUV�RI�QRLV\�DQG�QRLVHOHVV�LPDJHV

Ɣ $�PRGHO��WKH�SDUDPHWULF�IXQFWLRQ�

Ɣ $�ORVV�IXQFWLRQ��GHILQHV�WKH�JRDO�RI�WKH�DOJRULWKP��XVXDOO\�D�/��RU�/��
QRUP�EHWZHHQ�RXWSXW�DQG�ODEHO

Ɣ $Q�RSWLPL]HU��XSGDWHV�WKH�PRGHO�SDUDPHWHUV�VR�DV�WR�PLQLPL]H�WKH�
HPSLULFDO�ORVV�FRPSXWHG�RQ�WKH�WUDLQLQJ�GDWD�



2YHUILWWLQJ�DQG�YDOLGDWLRQ
Ɣ 7KH�REMHFWLYH�RI�WUDLQLQJ�LV�WR�ILW�WKH�SDUDPHWHUV�RI�WKH�PRGHO�WR�PLQLPL]H�WKH�HPSLULFDO�ULVN�

ZKLOH�EHLQJ�DEOH�WR�JHQHUDOL]H�WR�XQREVHUYHG�GDWD�

Ɣ 7KH�SUREOHP�ZRXOG�EH�WR�WUDLQ�D�PRGHO�WKDW�RYHUILWV�WR�WKH�WUDLQLQJ�VHW�

Ɣ 7KH�FDSDFLW\�RI�WKH�PRGHO��DELOLW\�WR�OHDUQ�RYHUILW��LV�FRQWUROOHG�E\��IXQFWLRQ�VSDFH��L�H��
SRO\QRPLDOV�RI�GHJUHH�Q���UHJXODUL]DWLRQ��DQG�QXPEHU�RI�SDUDPHWHUV

,PDJH�IURP�WKH�RQOLQH�GHPR�E\�$QGUHM�.DUSDWK\�
KWWS���FV�VWDQIRUG�HGX�SHRSOH�NDUSDWK\�FRQYQHWMV�GHPR�FODVVLI\�G�KWPO

http://cs.stanford.edu/people/karpathy/convnetjs/demo/classify2d.html


2YHUILWWLQJ�DQG�YDOLGDWLRQ
Ɣ 'HILQLQJ�DQG�HVWLPDWLQJ�WKH�FDSDFLW\�RI�D�11�LV�VWLOO�DQ�DFWLYH�UHVHDUFK�

WRSLF��%XW�ZH�FDQ�GHWHFW�WKH�V\PSWRPV�RI�RYHUILWWLQJ�
Ɣ 7KH�GDWDVHW�LV�VSOLW�LQ�WUDLQLQJ��YDOLGDWLRQ��DQG�WHVW�VHWV�

ż 7HVW�LV�XVHG�WR�HYDOXDWH�WKH�ILQDO�QHWZRUN��6KRXOG�RQO\�EH�XVHG�RQFH�IRU�WKH�ILQDO�
DVVHVVPHQW�RI�WKH�SHUIRUPDQFH�RI�WKH�PRGHO��

ż 9DOLGDWLRQ�LV�XVHG�WR�PRQLWRU�WKH�JHQHUDOL]DWLRQ�SHUIRUPDQFH�GXULQJ�WUDLQLQJ��DOORZLQJ�WR�
VSRW�RYHUILWWLQJ��DQG�WXQH�K\SHUSDUDPHWHUV

ż :KHQ�WUDLQ�DQG�YDOLGDWLRQ�HUURUV�GLYHUJH�WRR�PXFK�LW�LV�SUREDEO\�GXH�WR�RYHUILWWLQJ



2SWLPL]DWLRQ�
Ɣ 6WRFKDVWLF�JUDGLHQW�GHVFHQW�LV�VLPSOH

ż $SSUR[LPDWHV�WKH�JUDGLHQW�RI�WKH�ULVN�ZLWK�D�VPDOO�VHW�RI�WUDLQLQJ�VDPSOHV��PLQL�EDWFK��
ż &RPSXWHV�WKH�JUDGLHQW�RI�WKH�PLQL�EDWFK�ULVN�ZUW�DOO�WKH�SDUDPHWHUV�DQG�XSGDWHV�WKHP�
ż /HDUQLQJ�UDWH�Ĳ��FRQWUROV�WKH�VWHS�VL]H��,W�LV�D�YHU\�GHOLFDWH�K\SHUSDUDPHWHU

Ɣ ,Q�SUDFWLFH�XVH�DGDSWLYH�JUDGLHQW�
PHWKRGV�ZLWK�PRPHQWXP�
ż :H�ZLOO�XVH�$'$0��$GDSWLYH�0RPHQW�

2SWLPL]DWLRQ��>.LQJPD��%D�����@

Ɣ 6HFRQG�RUGHU�PHWKRGV�DOVR�H[LVW����
,PDJH�FUHGLW��$OHF�5DGIRUG



&RPSXWDWLRQ�RI�WKH�GHULYDWLYHV�XVLQJ�WKH�FKDLQ�UXOH
Ɣ &RPSXWH�WKH�GLIIHUHQWLDO�RI�D�FRPSRVLWH�IXQFWLRQ

Ɣ &KDLQ�UXOH�VD\V�����������������������������ZKHUH�DOO�WHUPV�DUH�-DFRELDQ�PDWULFHV

Ɣ )RU�VFDODU�IXQFWLRQV�WKDW�LV

Ɣ /HW¶V�FRPSRVH�I�ZLWK�N�
�
6HH�DQ\�SDWWHUQ"��



%DFNSURSDJDWLRQ�E\�H[DPSOH



%DFNSURSDJDWLRQ�E\�H[DPSOH

)RUZDUG�SDVV

1RWH�WKDW�WKHVH�DUH�DFWXDO�
QXPEHUV�QRW�V\PEROV



%DFNSURSDJDWLRQ�E\�H[DPSOH

)RUZDUG�SDVV



%DFNSURSDJDWLRQ�E\�H[DPSOH

)RUZDUG�SDVV



%DFNSURSDJDWLRQ�E\�H[DPSOH

%DFNSURSDJDWLRQ�SDVV



%DFNSURSDJDWLRQ�E\�H[DPSOH

%DFNSURSDJDWLRQ�SDVV



%DFNSURSDJDWLRQ�E\�H[DPSOH



%DFNSURSDJDWLRQ�H[DPSOH



7KH�SUREOHP�ZLWK�%DFNSURSDJDWLRQ�LV�WKDW�LW�LV�D�OHDN\�DEVWUDFWLRQ��
«�LW¶V�HDV\�WR�EHOLHYH�WKDW�\RX�FDQ�VLPSO\�VWDFN�DUELWUDU\�OD\HUV�WRJHWKHU�DQG�
EDFNSURS�ZLOO�³PDJLFDOO\�PDNH�WKHP�ZRUN´�RQ�\RXU�GDWD�



,Q�GHHS�QHWZRUNV�WKH�JUDGLHQW�YDQLVKHV�GXULQJ�EDFNSURS

9DQLVKLQJ�JUDGLHQWV

,I�RQH�RI�WKHVH�WHUPV�EHFRPHV�WRR�VPDOO�
WKHQ�WKH�JUDGLHQW�ZUW�Z��ZLOO�YDQLVK



9DQLVKLQJ�JUDGLHQWV
:KHQ�XVLQJ�VLJPRLG�RU�WDQK�QRQOLQHDULWLHV��

]� ��������QS�H[S��QS�GRW�:��[������IRUZDUG�SDVV�VLJPRLG

G[� �QS�GRW�:�7��]
���]�����EDFNZDUG�SDVV��ORFDO�JUDGLHQW�IRU�[
G:� �QS�RXWHU�]
���]���[����EDFNZDUG�SDVV��ORFDO�JUDGLHQW�IRU�:

Ɣ ,I�ZHLJKWV�:�DUH�LQLWLDOL]HG�WRR�ODUJH�WKH�RXWSXW�]�DOVR�EHFRPHV�ODUJH��
ZKLFK�QXOOV�DOO�WKH�JUDGLHQWV�RQ�WKH�UHVW�RI�WKH�EDFNZDUG�SDVV

Ɣ 7KH�VLJPRLG�ORFDO�JUDGLHQW��]
���]���DFKLHYHV�D�PD[LPXP�DW������
VR�VWDFNLQJ�PDQ\�VLJPRLGV�OHDGV�WR�D�JUDGLHQW�WKDW�YDQLVKHV�ZLWK�GHSWK



'\LQJ�5H/8V
,I�D�5H/8�QHXURQ�LQLWLDOL]HG�VXFK�WKDW�LW�QHYHU�ILUHV�WKHQ�LW�ZLOO�QHYHU�FKDQJH�

]� �QS�PD[LPXP����QS�GRW�:��[�����IRUZDUG�SDVV
G:� �QS�RXWHU�]�!����[����EDFNZDUG�SDVV��ORFDO�JUDGLHQW�IRU�:



:HLJKW�LQLWLDOL]DWLRQ
Ɣ ,QLWLDOL]H�ZHLJKWV�VR�WKDW�RXWSXWV�RI�WKH�DIILQH�OD\HUV�DUH�FORVH�WR����

ZKHUH�WKH�QRQOLQHDULW\�RI�WKH�DFWLYDWLRQ�IXQFWLRQ�WDNHV�SODFH
ż 7\SLFDOO\�LQLWLDOL]HG�IROORZLQJ�D�*DXVVLDQ�GLVWULEXWLRQ�RI�D�VPDOO�VWDQGDUG�GHYLDWLRQ

Ɣ 1RWH�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�RXWSXWV�IURP�D�UDQGRPO\�LQLWLDOL]HG�QHXURQ�
KDV�D�YDULDQFH�WKDW�JURZV�ZLWK�WKH�QXPEHU�RI�LQSXWV

ż 7KLV�LV�D�SUREOHP�IRU�GHHS�QHWZRUNV�
ż 7R�HQVXUH�WKDW�WKH�YDULDQFH�RI�WKH�RXWSXW�LV�WKH�VDPH�DV�WKH�LQSXW�WKH�

VWDQGDUG�GHYLDWLRQ�RI�WKH�LQLWLDO�ZHLJKWV�FRXOG�EH�VHW�WR��
ż $�UHILQHG�DQDO\VLV�RI�WKH�HIIHFW�RI�WKH�5H/8�DFWLYDWLRQ�OHDGV�WR�VWG�

Ɣ ,QLWLDOL]DWLRQ�KDV�EHFRPH�OHVV�FULWLFDO�ZLWK�WKH�LQWURGXFWLRQ�RI�%DWFK1RUP�



(DVLQJ�WKH�OHDUQLQJ



%DWFK�QRUPDOL]DWLRQ��%1�
&RQWUROV�WKH�PHDQ�DQG�YDULDQFH�RI�WKH�GLVWULEXWLRQ�RI�LQSXWV�WR�DQ�DFWLYDWLRQ�IXQFWLRQ
Ɣ 'XULQJ�WKH�WUDLQLQJ�RI�D�GHHS�QHWZRUN�WKH�GLVWULEXWLRQ�RI�LQSXWV�WR�D�QHXURQ�FDQ�GULIW�DZD\�IURP�

WKH�QRQOLQHDULW\��WKLV�LV�WKH�³LQWHUQDO�FRYDULDQFH�VKLIW´��
Ɣ %1�FHQWHUV�WKHVH�YDOXHV�RQ�WKH�UHOHYDQW�]RQH�RI�WKH�DFWLYDWLRQ�IXQFWLRQ�
Ɣ ,W�DOORZV�WR�WUDLQ�GHHSHU�QHWZRUN�DQG�DOOHYLDWHV�WKH�YDQLVKLQJ�JUDGLHQW�



6NLS�FRQQHFWLRQV���UHVLGXDO�OHDUQLQJ
Ɣ 6NLS�FRQQHFWLRQV�DLP�DW�IDFLOLWDWLQJ�WKH�WUDLQLQJ�RI�GHHSHU�QHWZRUNV�E\�

DWWHQXDWLQJ�YDQLVKLQJ�JUDGLHQW

Ɣ 5HVLGXDO�OHDUQLQJ�DPRXQWV�WR�FUHDWLQJ�D�VNLS�FRQQHFWLRQ�IURP�WKH�LQSXW�WR�
WKH�RXWSXW�RI�WKH�QHWZRUN���L�H������)�[�� �[���1HW�[��

ż 7KH�LQWXLWLRQ�LV�WKDW�LI�WKH�PDSSLQJ�)�[��LV�FORVH�WR�WKH�LGHQWLW\��WKHQ�LW�LV�HDVLHU�WR�OHDUQ�WKH�
UHVLGXDO�PDSSLQJ�1HW�[�



5HJXODUL]DWLRQ
$LPV�DW�LPSURYLQJ�JHQHUDOL]DWLRQ��SUHYHQW�RYHUILWWLQJ��E\�LQGLUHFWO\�FRQWUROOLQJ�
WKH�FDSDFLW\�RI�WKH�PRGHO

Ɣ /��RU�ZHLJKW�GHFD\�
ż $GGV�D�WHUP���Ȝ�__:__��WR�WKH�HPSLULFDO�ULVN�IXQFWLRQ

,WV�JUDGLHQW�LV��:�ZKLFK�UHGXFHV�WKH�ZHLJKWV�WRZDUGV���DW�HDFK�LWHUDWLRQ

Ɣ /��UHJXODUL]DWLRQ�
ż $GGV�D�WHUP���Ȝ�__:__��WR�WKH�HPSLULFDO�ULVN�IXQFWLRQ

,WV�PLQLPL]DWLRQ�HQIRUFHV�VSDUVLW\�RI�WKH�ZHLJKWV

Ɣ 'URSRXW�
ż 5DQGRPO\�UHPRYHV�QHXURQV�GXULQJ�D�EDWFK�XSGDWH
ż 7KH�DLP�LV�WR�HQIRUFH�WKDW�DOO�QHXURQV�DUH�XVHG



+RZ�11V�HYHQ�ZRUN"



'HHS�WKRXJKWV�DERXW�GHHS�QHWZRUNV�
Ɣ :H�KDYH�VHHQ�WKDW�GHHS�QHXUDO�QHWZRUNV�FDQ�UHSUHVHQW�DQ\�IXQFWLRQ�

�UHSUHVHQWDWLRQ�WKHRUHP�
ż %XW�WKH�RSWLPDO�QHWZRUN�FRQILJXUDWLRQ�PD\�EH�YHU\�KDUG�WR�ILQG�ZLWK�D�6*'�DOJRULWKP

Ɣ +RZHYHU��D�6*'�WUDLQLQJ�LV�PRUH�OLNHO\�WR�ILQG�D�³JRRG�PLQLPXP´�LQ�D�
ELJJHU�QHWZRUN��PDQ\�JRRG�PLQLPD��
ż 8VH�UHJXODUL]DWLRQ�WR�DYRLG�RYHUILWWLQJ

+LVWRJUDPV� RI� ORVV� YDOXHV� IRU� ����� WUDLQLQJV� ZLWK� 6*'� YDU\LQJ�
WKH� QXPEHU� RI� KLGGHQ� XQLWV� LQ� D� QHWZRUN� ZLWK� D� VLQJOH� KLGGHQ�
OD\HU��>&KRURPDQVND�HW�DO�����@



7KH�ELDV�YDULDQFH�WUDGHRII
Ɣ 0/�WULHV�WR�DSSUR[LPDWH�DQ�LGHDO�WDUJHW�IXQFWLRQ�I�ZLWK�D�PRGHO
Ɣ +\SRWKHVLV�VHW�+��VHW�RI�DOO�SRVVLEOH�PRGHOV�ZH�FRQVLGHU��H�J�

ż +RZ�JRRG�LV�P\�K\SRWKHVLV�WR�DSSUR[LPDWH�WKH�WDUJHW"
ż ,V�LW�KDUG�WR�ILQG�D�VROXWLRQ�LQ�WKH�VHW�WKDW�DSSUR[LPDWHV�P\�WDUJHW�IXQFWLRQ"



7KH�ELDV�YDULDQFH�WUDGHRII
Ɣ 6XSSRVH�WKDW�WKH�LGHDO�PRGHO�I��H[SODLQV�WKH�GDWD����

WKH�QRLVH�HSV�KDV�YDULDQFH�
Ɣ :H�ZDQW�WR�ILQG�D�IXQFWLRQ������������������RI�WKH�WUDLQLQJ�GDWD�'�WKDW�

DSSUR[LPDWHV�I�DV�ZHOO�DV�SRVVLEOH��LQ�WKH�06(�VHQVH��

Ɣ 7KH�H[SHFWHG�HUURU�RQ�DQ�XQVHHQ�VDPSOH�FDQ�EH�GHFRPSRVHG�DV

������ZLWK�



%LDV�YDULDQFH�WUDGHRII�DQG�11V

Ɣ 11V�KDYH�PLOOLRQV�RI�SDUDPHWHU�EXW�WKH\�JHQHUDOL]H�H[WUHPHO\�ZHOO�
Ɣ 2EVHUYHV�D�³GRXEOH�GHVFHQW´�SKHQRPHQRQ��L�H��WHVW�ULVN�UH�GHVFHQGV�IRU�

RYHU�SDUDPHWUL]HG�PRGHOV

Ɣ 1R�JRRG�H[SODQDWLRQ�\HW�«�
Ɣ 2QH�SRVVLELOLW\�PD\�EH�UHODWHG�WR�WKH�ORWWHU\�WLFNHW�K\SRWKHVLV�DV�LQ�

ODUJHU�QHWZRUNV�LW�LV�HDVLHU�WR�ILQG�D�ZLQQLQJ�ORWWHU\�WLFNHW



7KH�/RWWHU\�7LFNHW�+\SRWKHVLV�>)UDQNOH�	�&DUELQJ�����@

Ɣ 7KH�SUXQHG�VXE�QHWZRUN�
DWWDLQV�DW�OHDVW�WKH�VDPH�
DFFXUDF\�DV�WKH�RULJLQDO

Ɣ $WWDLQV�LW�LQ�DW�PRVW�WKH�
VDPH�LWHUDWLRQV

7KH�/RWWHU\�7LFNHW�+\SRWKHVLV��)LQGLQJ�6SDUVH��7UDLQDEOH�1HXUDO�1HWZRUNV��>)UDQNOH�	�&DUELQJ�,&/5����@



&ODVVLILFDWLRQ�ZLWK�&11V



$�FODVVLILFDWLRQ�QHWZRUN

0DQ\�DUFKLWHFWXUHV��GLIIHUHQW�SURSHUWLHV��



$�FODVVLILFDWLRQ�QHWZRUN
9**�>6LPRQ\DQ��=LVVHUPDQ��������9HU\�GHHS�FRQYROXWLRQDO�QHWZRUNV�IRU�ODUJH�VFDOH�LPDJH�UHFRJQLWLRQ�@

Ɣ (QFRGHU�W\SH�DUFKLWHFWXUH
Ɣ )LQDO�OD\HUV�SURGXFH�D�YHFWRU�RI�SUREDELOLWLHV�E\�DSSO\LQJ�VRIWPD[

�

&RQY�DQG�SRRO�OD\HUV� )&�OD\HUV



$�FODVVLILFDWLRQ�QHWZRUN
9**�>6LPRQ\DQ��=LVVHUPDQ��������9HU\�GHHS�FRQYROXWLRQDO�QHWZRUNV�IRU�ODUJH�VFDOH�LPDJH�UHFRJQLWLRQ�@

Ɣ (QFRGHU�W\SH�DUFKLWHFWXUH
Ɣ )LQDO�OD\HUV�SURGXFH�D�YHFWRU�RI�SUREDELOLWLHV�E\�DSSO\LQJ�VRIWPD[

�

&RQY�DQG�SRRO�OD\HUV� )&�OD\HUV



&ODVVLILFDWLRQ�/RVV��&URVV�(QWURS\�/RVV
7KH�RSWLPL]HU�ZLOO�PLQLPL]H�WKH�ORVV�RYHU�DOO�WKH�WUDLQLQJ�H[DPSOHV

7KH�FURVV�HQWURS\�ORVV�LV�GHILQHG�DV

�

LW�DPRXQWV�WR�PD[LPL]LQJ�WKH�SUHGLFWHG�SUREDELOLW\�IRU�WKH�FRUUHFW�FODVV��



6WLOO�LPSHUIHFW�VROXWLRQ��DGYHUVDULDO�DWWDFNV��



6XPPDU\

Ɣ 11V�DUH�SRZHUIXO�HQG�WR�HQG�WUDLQDEOH�IXQFWLRQV

Ɣ $OORZ�WR�VROYH�FRPSOH[�SUREOHPV�EHWWHU�WKDQ�KDQG�PDGH�SURJUDPV

Ɣ 2QO\�UHTXLUH�GDWD�WR�EH�WUDLQHG
ż $OVR�GHSHQG�RQ�WKH�FKRLFH�RI�PRGHO��GHVLJQ�RI�ORVV��DQG�RSWLPL]DWLRQ�DOJRULWKP

Ɣ 6WLOO�PDQ\�RSHQ�TXHVWLRQV�


