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2YHUYLHZ
Ɣ +RZ�WR�EXLOG�\RXU�RZQ�1HXUDO�1HWZRUN"
Ɣ .HUDV�/LEUDULHV�
Ɣ )LUVW�H[DPSOH�
Ɣ ([HUFLVH��5HFRJQLWLRQ�RI�KDQGZULWWHQ�GLJLWV�



7XQH�K\SHUSDUDPHWHUV
/HDUQLQJ�UDWH��EDWFK�VL]H����RI�
HSRFKV��WKH�ORVV�IXQFWLRQ���

7KH�WDVN
UHJUHVVLRQ��FODVVLILFDWLRQ�������
DQG�WKHUHIRUH��\RXU�ORVV�
IXQFWLRQ�

$UFKLWHFWXUH
7\SH�RI�OD\HUV����RI�OD\HUV��
NHUQHOV�VL]H������

+RZ�WR�EXLOG�\RXU�RZQ�11"
ΖQSXW�;�	�2XWSXW�<�
QDWXUH��IL[HG��VHTXHQWLDO�������
W\SH��VKDSH



6SHFLI\�,QSXW��;��	�2XWSXW��<�
Ɣ ΖQSXW��

ż 9HFWRU��
ż Q�'�PDWUL[��
ż VHTXHQWLDO�GDWD��
ż 0XOWLPRGDO�LQSXW��Ȑ

Ɣ 2XWSXW��
ż GLVFUHWH�VFDODU��
ż YHFWRU��
ż Q�'�PDWUL[��
ż VHTXHQWLDO�RXWSXW��Ȑ



'HILQH�WKH�WDVN
&ODVVLILFDWLRQ�SUHGLFWLYH�PRGHOLQJ�LV�WKH�WDVN�RI�DSSUR[LPDWLQJ�D�PDSSLQJ�IXQFWLRQ��I��IURP�LQSXW�
YDULDEOHV��;��WR�GLVFUHWH�RXWSXW�YDULDEOHV��\���7KH�RXWSXW�YDULDEOHV�DUH�RIWHQ�FDOOHG�ODEHOV�RU�
FDWHJRULHV��7KH�PDSSLQJ�IXQFWLRQ�SUHGLFWV�WKH�FODVV�RU�FDWHJRU\�IRU�D�JLYHQ�REVHUYDWLRQ�

Ɣ $�FODVVLILFDWLRQ�SUREOHP�UHTXLUHV�WKDW�H[DPSOHV�EH�FODVVLILHG�LQWR�RQH�RI�WZR�RU�PRUH�FODVVHV�
Ɣ $�FODVVLILFDWLRQ�FDQ�KDYH�UHDO�YDOXHG�RU�GLVFUHWH�LQSXW�YDULDEOHV�
Ɣ $�SUREOHP�ZLWK�WZR�FODVVHV�LV�RIWHQ�FDOOHG�D�WZR�FODVV�RU�ELQDU\�FODVVLILFDWLRQ�SUREOHP�
Ɣ $�SUREOHP�ZLWK�PRUH�WKDQ�WZR�FODVVHV�LV�RIWHQ�FDOOHG�D�PXOWL�FODVV�FODVVLILFDWLRQ�SUREOHP�
Ɣ $�SUREOHP�ZKHUH�DQ�H[DPSOH�LV�DVVLJQHG�PXOWLSOH�FODVVHV�LV�FDOOHG�D�PXOWL�ODEHO�FODVVLILFDWLRQ�

SUREOHP�

7KHUH�DUH�PDQ\�ZD\V�WR�HYDOXDWH�D�FODVVLILFDWLRQ�SUHGLFWLYH�PRGHO��EXW�SHUKDSV�WKH�PRVW�FRPPRQ�LV�
WR�FDOFXODWH�WKH�FODVVLILFDWLRQ�DFFXUDF\�



'HILQH�WKH�WDVN
5HJUHVVLRQ�SUHGLFWLYH�PRGHOLQJ�LV�WKH�WDVN�RI�DSSUR[LPDWLQJ�D�PDSSLQJ�IXQFWLRQ��I��IURP�LQSXW�
YDULDEOHV��;��WR�D�FRQWLQXRXV�RXWSXW�YDULDEOH��\���$�FRQWLQXRXV�RXWSXW�YDULDEOH�LV�D�UHDO�YDOXH��VXFK�DV�
DQ�LQWHJHU�RU�IORDWLQJ�SRLQW�YDOXH��7KHVH�DUH�RIWHQ�TXDQWLWLHV��VXFK�DV�DPRXQWV�DQG�VL]HV�

Ɣ $�UHJUHVVLRQ�SUREOHP�UHTXLUHV�WKH�SUHGLFWLRQ�RI�D�TXDQWLW\�
Ɣ $�UHJUHVVLRQ�FDQ�KDYH�UHDO�YDOXHG�RU�GLVFUHWH�LQSXW�YDULDEOHV�
Ɣ $�SUREOHP�ZLWK�PXOWLSOH�LQSXW�YDULDEOHV�LV�RIWHQ�FDOOHG�D�PXOWLYDULDWH�UHJUHVVLRQ�SUREOHP�
Ɣ $�UHJUHVVLRQ�SUREOHP�ZKHUH�LQSXW�YDULDEOHV�DUH�RUGHUHG�E\�WLPH�LV�FDOOHG�D�WLPH�VHULHV�

IRUHFDVWLQJ�SUREOHP�

$�UHJUHVVLRQ�SUHGLFWLYH�PRGHO�SUHGLFWV�D�TXDQWLW\��WKHUHIRUH�WR�HYDOXDWH�WKH�PRGHO�ZH�UHSRUW�DQ�
HUURU�LQ�WKRVH�SUHGLFWLRQV�



.HUDV�LV�D�KLJK�OHYHO�QHXUDO�QHWZRUNV�$3,��
ZULWWHQ�LQ�3\WKRQ�DQG�FDSDEOH�RI�UXQQLQJ�RQ�
WRS�RI�7HQVRU)ORZ��&17.��RU�7KHDQR��,W�ZDV�
GHYHORSHG�ZLWK�D�IRFXV�RQ�HQDEOLQJ�IDVW�
H[SHULPHQWDWLRQ��

Ɣ $OORZV�IRU�HDV\�DQG�IDVW�SURWRW\SLQJ�
�WKURXJK�XVHU�IULHQGOLQHVV��PRGXODULW\��
DQG�H[WHQVLELOLW\��

Ɣ 6XSSRUWV�ERWK�FRQYROXWLRQDO�QHWZRUNV�
DQG�UHFXUUHQW�QHWZRUNV��DV�ZHOO�DV�
FRPELQDWLRQV�RI�WKH�WZR�

>NHUDV�LR@

https://github.com/tensorflow/tensorflow
https://github.com/Microsoft/cntk
https://github.com/Theano/Theano


7KH�6HTXHQWLDO�PRGHO�LV�D�OLQHDU�VWDFN�RI�OD\HUV�

<RX�FDQ�FUHDWH�D�6HTXHQWLDO�PRGHO�E\�SDVVLQJ�D�OLVW�RI�OD\HU�LQVWDQFHV�WR�WKH�
FRQVWUXFWRU�

6HTXHQWLDO�0RGHO

IURP�NHUDV�PRGHOV�LPSRUW�6HTXHQWLDO
PRGHO� �6HTXHQWLDO��

IURP�NHUDV�PRGHOV�LPSRUW�6HTXHQWLDO
IURP�NHUDV�OD\HUV�LPSRUW�'HQVH

PRGHO� �6HTXHQWLDO�>
����'HQVH�����LQSXWBVKDSH ��������DFWLYDWLRQ ¶UHOX
��
����'HQVH������DFWLYDWLRQ 
VRIWPD[
�
@�



Ɣ &RUH�OD\HUV�
ż 'HQVH�OD\HU��IXOO\�FRQQHFWHG�OD\HU

IURP�NHUDV�LPSRUW�OD\HUV

PRGHO�DGG�'HQVH�����DFWLYDWLRQ 
VRIWPD[
��



Ɣ &RQYROXWLRQDO�OD\HUV�
ż &RQY�'��&RQY�'��&RQY�'
ż 8S6DPSOLQJ�'���8S6DPSOLQJ�'���

IURP�NHUDV�LPSRUW�OD\HUV

PRGHO�DGG�&RQY�'�ILOWHUV ���NHUQHOBVL]H �������DFWLYDWLRQ 
VLJPRLG
��



Ɣ 3RROLQJ�/D\HUV�
ż 0D[3RROLQJ�'��0D[3RROLQJ�'�����
ż $YHUDJH3RROLQJ�'��$YHUDJH3RROLQJ�'�����

IURP�NHUDV�LPSRUW�OD\HUV

PRGHO�DGG�0D[3RROLQJ�'�SRROBVL]H �������



IURP�NHUDV�OD\HUV�LPSRUW�DFWLYDWLRQV
$FWLYDWLRQ�OD\HUV�LQ�QHXUDO�QHWZRUNV��WDNHV�D�YDOXH�WKDW�LV�SDVVHG�WKURXJK�D�
IXQFWLRQ�ZKLFK�VTXDVKHV�WKH�YDOXH�LQWR�D�UDQJH�



6RIWPD[

Ɣ FDOFXODWHV�WKH�SUREDELOLWLHV�RI�HDFK�WDUJHW�
FODVV�RYHU�DOO�SRVVLEOH�WDUJHW�FODVVHV�

Ɣ LV�RIWHQ�XVHG�LQ�WKH�ILQDO�OD\HU�RI�D�QHXUDO�
QHWZRUN�EDVHG�FODVVLILHU��

IURP�NHUDV�OD\HUV�LPSRUW�DFWLYDWLRQV

PRGHO�DGG�$FWLYDWLRQ�
VRIWPD[
��

6LJPRLG

Ɣ UHWXUQV�D�UHDO�YDOXHG�RXWSXW�
Ɣ LV�RIWHQ�XVHG�DV�WKH�DFWLYDWLRQ�IXQFWLRQ�IRU�

DUWLILFLDO�QHXURQV�

PRGHO�DGG�$FWLYDWLRQ�
VLJPRLG
��



IURP�NHUDV�LPSRUW�ORVVHV
$�ORVV�IXQFWLRQ�RU�FRVW�IXQFWLRQ�LV�D�IXQFWLRQ�WKDW�PDSV�YDOXHV�RI�RQH�RU�PRUH�
YDULDEOHV�RQWR�D�UHDO�QXPEHU�LQWXLWLYHO\�UHSUHVHQWLQJ�VRPH�DVVRFLDWHG��FRVW���$Q�
RSWLPL]DWLRQ�SUREOHP�VHHNV�WR�PLQLPL]H�D�ORVV�IXQFWLRQ��

7KH�ORVV�IXQFWLRQ�OHWV�XV�TXDQWLI\�WKH�TXDOLW\�RI�DQ\�SDUWLFXODU�VHW�RI�SDUDPHWHUV��ZHLJKWV�:�
DQG�ELDVHV�%���6RPH�DYDLODEOH�ORVV�IXQFWLRQV�

Ɣ PHDQBVTXDUHGBHUURU
Ɣ PHDQBDEVROXWHBHUURU
Ɣ ���
Ɣ FDWHJRULFDOBFURVVHQWURS\
Ɣ ELQDU\BFURVVHQWURS\
Ɣ ���



IURP�NHUDV�LPSRUW�RSWLPL]HUV
7KH�JRDO�RI�RSWLPL]DWLRQ�LV�WR�ILQG�WKH�VHW�RI�SDUDPHWHUV��:�DQG�%��WKDW�
PLQLPL]HV�WKH�ORVV�IXQFWLRQ�

6RPH�DYDLODEOH�RSWLPL]HU�

Ɣ 6*'��6WRFKDVWLF�JUDGLHQW�GHVFHQW�RSWLPL]HU�
Ɣ $GDJUDG��$GDSWLYH�JUDGLHQW�GHVFHQW�RSWLPL]HU
Ɣ $GDGHOWD��$GDSWLYH�OHDUQLQJ�UDWH�RSWLPL]HU
Ɣ $GDP
Ɣ ���



IURP�NHUDV�LPSRUW�DSSOLFDWLRQV
.HUDV�$SSOLFDWLRQV�DUH�GHHS�OHDUQLQJ�PRGHOV�WKDW�DUH�PDGH�DYDLODEOH�
DORQJVLGH�SUH�WUDLQHG�ZHLJKWV��7KHVH�PRGHOV�FDQ�EH�XVHG�IRU�SUHGLFWLRQ��
IHDWXUH�H[WUDFWLRQ��DQG�ILQH�WXQLQJ�

Ɣ ;FHSWLRQ
Ɣ 9**��
Ɣ 9**��
Ɣ 5HV1HW��
Ɣ ,QFHSWLRQ9�

IURP�NHUDV�DSSOLFDWLRQV�YJJ���LPSRUW�9**��

PRGHO� �9**���ZHLJKWV 
LPDJHQHW
��LQFOXGHBWRS 7UXH�

Ɣ ,QFHSWLRQ5HV1HW9�
Ɣ 0RELOH1HW
Ɣ 'HQVH1HW
Ɣ 1$61HW



IURP�NHUDV�LPSRUW�GDWD�DXJPHQWDWLRQ
ΖPDJH�$XJPHQWDWLRQ�LV�WKH�
SURFHVV�RI�WDNLQJ�LPDJHV�WKDW�DUH�
DOUHDG\�LQ�D�WUDLQLQJ�GDWDVHW�DQG�
PDQLSXODWLQJ�WKHP�WR�FUHDWH�
PDQ\�DOWHUHG�YHUVLRQV�RI�WKH�
VDPH�LPDJH��



IURP�NHUDV�LPSRUW�GDWD�DXJPHQWDWLRQ
*HQHUDWH�EDWFKHV�RI�WHQVRU�LPDJH�GDWD�ZLWK�UHDO�WLPH�GDWD�DXJPHQWDWLRQ��7KH�
GDWD�ZLOO�EH�ORRSHG�RYHU��LQ�EDWFKHV��LQGHILQLWHO\�

GDWDJHQ� �,PDJH'DWD*HQHUDWRU�
����IHDWXUHZLVHBVWGBQRUPDOL]DWLRQ 7UXH�
����URWDWLRQBUDQJH ���
����ZLGWKBVKLIWBUDQJH ����
����KHLJKWBVKLIWBUDQJH ����
����KRUL]RQWDOBIOLS 7UXH�

GDWDJHQ�ILW�[BWUDLQ�

IRU�[��\�LQ�GDWDJHQ�IORZ�[BWUDLQ��\BWUDLQ��EDWFKBVL]H ����
�������



IURP�NHUDV�LPSRUW�ZUDS�XS�

PRGHO� �6HTXHQWLDO��
PRGHO�DGG�'HQVH�����LQSXWBGLP �����
PRGHO�DGG�$FWLYDWLRQ�VLJPRLG��

RSW� � $GDP�OU �����
PRGHO�FRPSLOH�ORVV 
FDWHJRULFDOBFURVVHQWURS\
�
��������������RSWLPL]HU RSW�
��������������PHWULFV >
DFFXUDF\
@�

PRGHO�ILW�[BWUDLQ��\BWUDLQ�
����������HSRFKV ���
����������EDWFKBVL]H ���
VFRUH� �PRGHO�HYDOXDWH�[BWHVW��\BWHVW��EDWFKBVL]H ���



([HUFLVH��KDQGZULWWHQ�GLJLWV



([HUFLVH��KDQGZULWWHQ�GLJLWV



([HUFLVH��KDQGZULWWHQ�GLJLWV

https://docs.google.com/file/d/1g6aiTbRX2J-QOAuu2Ehvvm98DpjeVi2e/preview


([HUFLVH��KDQGZULWWHQ�GLJLWV

https://docs.google.com/file/d/1jPXFu8ZnDKYKVm9xgfbvOT7KPJrclSkD/preview

