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

ż 8GEVQT��
ż P�'�OCVTKZ��
ż UGSWGPVKCN�FCVC��
ż /WNVKOQFCN�KPRWV��Ȁ

Ɣ 1WVRWV��
ż FKUETGVG�UECNCT��
ż XGEVQT��
ż P�'�OCVTKZ��
ż UGSWGPVKCN�QWVRWV��Ȁ



���'HˋQH�WKH�WDVN
$� &NCUUKȤECVKQP�RTGFKEVKXG�OQFGNKPI�

KU�VJG�VCUM�QH�CRRTQZKOCVKPI�C�OCRRKPI�HWPEVKQP��H��HTQO�KPRWV�XCTKCDNGU��:��VQ�FKUETGVG�QWVRWV�
XCTKCDNGU��[���6JG�QWVRWV�XCTKCDNGU�CTG�QHVGP�ECNNGF�NCDGNU�QT�ECVGIQTKGU��6JG�OCRRKPI�HWPEVKQP�
RTGFKEVU�VJG�ENCUU�QT�ECVGIQT[�HQT�C�IKXGP�QDUGTXCVKQP�



���'HˋQH�WKH�WDVN
Ɣ $�ENCUUKȤECVKQP�RTQDNGO�TGSWKTGU�VJCV�GZCORNGU�DG�

ENCUUKȤGF�KPVQ�QPG�QH�VYQ�QT�OQTG�ENCUUGU�
Ɣ $�RTQDNGO�YKVJ�VYQ�ENCUUGU�KU�QHVGP�ECNNGF�C�VYQ�ENCUU�

QT�DKPCT[�ENCUUKȤECVKQP�RTQDNGO�
Ɣ $�RTQDNGO�YKVJ�OQTG�VJCP�VYQ�ENCUUGU�KU�QHVGP�ECNNGF�

C�OWNVK�ENCUU�ENCUUKȤECVKQP�RTQDNGO�
Ɣ $�RTQDNGO�YJGTG�CP�GZCORNG�KU�CUUKIPGF�VQ�OWNVKRNG�

ENCUUGU�KU�ECNNGF�C�OWNVK�NCDGN�ENCUUKȤECVKQP�
RTQDNGO�

6JGTG�CTG�OCP[�YC[U�VQ�GXCNWCVG�C�ENCUUKȤECVKQP�RTGFKEVKXG�
OQFGN��DWV�RGTJCRU�VJG�OQUV�EQOOQP�KU�VQ�ECNEWNCVG�VJG�
ENCUUKȤECVKQP�CEEWTCE[�



���'HˋQH�WKH�WDVN
%��4GITGUUKQP�RTGFKEVKXG�OQFGNKPI�

KU�VJG�VCUM�QH�CRRTQZKOCVKPI�C�OCRRKPI�HWPEVKQP��H��HTQO�KPRWV�XCTKCDNGU��:��VQ�C�EQPVKPWQWU�QWVRWV�
XCTKCDNG��[���$�EQPVKPWQWU�QWVRWV�XCTKCDNG�KU�C�TGCN�XCNWG��UWEJ�CU�CP�KPVGIGT�QT�ȥQCVKPI�RQKPV�XCNWG��
6JGUG�CTG�QHVGP�SWCPVKVKGU��UWEJ�CU�COQWPVU�CPF�UK\GU��$�TGITGUUKQP�RTGFKEVKXG�OQFGN�RTGFKEVU�C�
SWCPVKV[��VJGTGHQTG�VQ�GXCNWCVG�VJG�OQFGN�YG�TGRQTV�CP�GTTQT�KP�VJQUG�RTGFKEVKQPU�



���'HˋQH�WKH�WDVN
&QORWVGT�8KUKQP�6CUMU



���&KRRVH�\RXU�1HWZRUN�$UFKLWHFWXUH�
Ɣ ͲOCIG�TGNCVGF�VCUMU�

ż &QPXQNWVKQPCN�0GWTCN�0GVYQTMU��&00�

Ɣ 6KOG�UGTKGU�VCUMU��
ż 4GEWTTGPV�0GWTCN�0GVYQTMU��400�

Ɣ 8KFGQ�$WFKQ�TGNCVGF�VCUMU��
ż �"�



���&KRRVH�\RXU�1HWZRUN�$UFKLWHFWXUH�
Ɣ ͲOCIG�TGNCVGF�VCUMU�

ż &QPXQNWVKQPCN�0GWTCN�0GVYQTMU��&00�

Ɣ 6KOG�UGTKGU�VCUMU��
ż 4GEWTTGPV�0GWTCN�0GVYQTMU��400�

Ɣ 8KFGQ�$WFKQ�TGNCVGF�VCUMU��
ż �"�

0DQ\�DUFKLWHFWXUHV�KDYH�EHHQ�
SURSRVHG�LQ�WKH�OLWHUDWXUH��

/RRN�IRU�ZKDW�VXLWV�\RXU�SUREOHP



���&KRRVH�\RXU�1HWZRUN�$UFKLWHFWXUH
Ɣ 'GUKIP�EJQKEGU�
Ɣ 6TCPUHGT�.GCTPKPI�KU�C�OCEJKPG�

NGCTPKPI�VGEJPKSWG�YJGTG�C�OQFGN�
VTCKPGF�QP�QPG�VCUM�KU�TG�RWTRQUGF�QP�C�
UGEQPF�TGNCVGF�VCUM�

Ɣ 'CVC�$WIOGPVCVKQP�KU�VJG�VGEJPKSWG�QH�
KPETGCUKPI�VJG�UK\G�QH�FCVC�WUGF�HQT�
VTCKPKPI�C�OQFGN��



���6WDUW�WUDLQLQJ�����
Ɣ 1DUGTXG�VJG�RTQITGUU�QH�[QWT�VTCKPKPI�
Ɣ 6WPG�+[RGTRCTCOGVGTU��

ż .GCTPKPI�4CVG
ż 0WODGT�QH�GRQEJU

Ɣ 6GUV�CPF�GXCNWCVG�[QWT�OQFGN�
Ɣ 'QPǷV�HCNN�KPVQ�CP�QXGTȤVVKPI�ECUG��



([LVWLQJ�3ODWIRUPV



.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


6JG�5GSWGPVKCN�OQFGN�KU�C�NKPGCT�UVCEM�QH�NC[GTU�

;QW�ECP�ETGCVG�C�5GSWGPVKCN�OQFGN�D[�RCUUKPI�C�NKUV�QH�NC[GT�KPUVCPEGU�VQ�VJG�
EQPUVTWEVQT�

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 &QTG�NC[GTU�
ż 'GPUG�NC[GT��HWNN[�EQPPGEVGF�NC[GT

IURP�NHUDV�LPSRUW�OD\HUV

PRGHO�DGG�'HQVH�����DFWLYDWLRQ 
VRIWPD[
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Ɣ &QPXQNWVKQPCN�NC[GTU�
ż &RQY�'��&RQY�'��&RQY�'
ż 8S6DPSOLQJ�'���8S6DPSOLQJ�'���

IURP�NHUDV�LPSRUW�OD\HUV

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



Ɣ 2QQNKPI�.C[GTU�
ż /CZ2QQNKPI�'��/CZ2QQNKPI�'�����
ż $XGTCIG2QQNKPI�'��$XGTCIG2QQNKPI�'�����

IURP�NHUDV�LPSRUW�OD\HUV

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



IURP�NHUDV�OD\HUV�LPSRUW�DFWLYDWLRQV
$EVKXCVKQP�NC[GTU�KP�PGWTCN�PGVYQTMU��VCMGU�C�XCNWG�VJCV�KU�RCUUGF�VJTQWIJ�C�
HWPEVKQP�YJKEJ�USWCUJGU�VJG�XCNWG�KPVQ�C�TCPIG�



5QHVOCZ

Ɣ ECNEWNCVGU�VJG�RTQDCDKNKVKGU�QH�GCEJ�VCTIGV�
ENCUU�QXGT�CNN�RQUUKDNG�VCTIGV�ENCUUGU�

Ɣ KU�QHVGP�WUGF�KP�VJG�ȤPCN�NC[GT�QH�C�PGWTCN�
PGVYQTM�DCUGF�ENCUUKȤGT��

IURP�NHUDV�OD\HUV�LPSRUW�DFWLYDWLRQV

PRGHO�DGG�$FWLYDWLRQ�
VRIWPD[
��

5KIOQKF

Ɣ TGVWTPU�C�TGCN�XCNWGF�QWVRWV�
Ɣ KU�QHVGP�WUGF�CU�VJG�CEVKXCVKQP�HWPEVKQP�HQT�

CTVKȤEKCN�PGWTQPU�

PRGHO�DGG�$FWLYDWLRQ�
VLJPRLG
��



IURP�NHUDV�LPSRUW�ORVVHV
$�NQUU�HWPEVKQP�QT�EQUV�HWPEVKQP�KU�C�HWPEVKQP�VJCV�OCRU�XCNWGU�QH�QPG�QT�OQTG�
XCTKCDNGU�QPVQ�C�TGCN�PWODGT�KPVWKVKXGN[�TGRTGUGPVKPI�UQOG�CUUQEKCVGF��EQUV���$P�
QRVKOK\CVKQP�RTQDNGO�UGGMU�VQ�OKPKOK\G�C�NQUU�HWPEVKQP��

7KH�ORVV�IXQFWLRQ�OHWV�XV�TXDQWLI\�WKH�TXDOLW\�RI�DQ\�SDUWLFXODU�VHW�RI�SDUDPHWHUV��ZHLJKWV�:�
DQG�ELDVHV�%���5QOG�CXCKNCDNG�NQUU�HWPEVKQPU�

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



IURP�NHUDV�LPSRUW�RSWLPL]HUV
6JG�IQCN�QH�QRVKOK\CVKQP�KU�VQ�ȤPF�VJG�UGV�QH�RCTCOGVGTU��9�CPF�%��VJCV�
OKPKOK\GU�VJG�NQUU�HWPEVKQP�

5QOG�CXCKNCDNG�QRVKOK\GT�

Ɣ 6*'��6WRFKDVWLF�JUDGLHQW�GHVFHQW�RSWLPL]HU�
Ɣ $GD*UDG��$GDSWLYH�JUDGLHQW�GHVFHQW�RSWLPL]HU
Ɣ 5063URS
Ɣ $GDP��DGDSWLYH�PRPHQW�HVWLPDWLRQ
Ɣ ���

5QWTEG��'Q\CV��6KOQVJ[���ͲPEQTRQTCVKPI�PGUVGTQX�OQOGPVWO�KPVQ�CFCO����������
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Ɣ $GDP��DGDSWLYH�PRPHQW�HVWLPDWLRQ
Ɣ ���
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IURP�NHUDV�LPSRUW�RSWLPL]HUV
6JG�IQCN�QH�QRVKOK\CVKQP�KU�VQ�ȤPF�VJG�UGV�QH�RCTCOGVGTU��9�CPF�%��VJCV�
OKPKOK\GU�VJG�NQUU�HWPEVKQP�

5QOG�CXCKNCDNG�QRVKOK\GT�

Ɣ 6*'��6WRFKDVWLF�JUDGLHQW�GHVFHQW�RSWLPL]HU�
Ɣ $GD*UDG��$GDSWLYH�JUDGLHQW�GHVFHQW�RSWLPL]HU
Ɣ 5063URS
Ɣ $GDP��DGDSWLYH�PRPHQW�HVWLPDWLRQ
Ɣ ���

5QWTEG��'Q\CV��6KOQVJ[���ͲPEQTRQTCVKPI�PGUVGTQX�OQOGPVWO�KPVQ�CFCO����������



IURP�NHUDV�LPSRUW�RSWLPL]HUV
6JG�IQCN�QH�QRVKOK\CVKQP�KU�VQ�ȤPF�VJG�UGV�QH�RCTCOGVGTU��9�CPF�%��VJCV�
OKPKOK\GU�VJG�NQUU�HWPEVKQP�

5QOG�CXCKNCDNG�QRVKOK\GT�

Ɣ 6*'��6WRFKDVWLF�JUDGLHQW�GHVFHQW�RSWLPL]HU�
Ɣ $GD*UDG��$GDSWLYH�JUDGLHQW�GHVFHQW�RSWLPL]HU
Ɣ 5063URS
Ɣ $GDP��DGDSWLYH�PRPHQW�HVWLPDWLRQ
Ɣ ���

5QWTEG��'Q\CV��6KOQVJ[���ͲPEQTRQTCVKPI�PGUVGTQX�OQOGPVWO�KPVQ�CFCO����������



IURP�NHUDV�LPSRUW�RSWLPL]HUV
6JG�IQCN�QH�QRVKOK\CVKQP�KU�VQ�ȤPF�VJG�UGV�QH�RCTCOGVGTU��9�CPF�%��VJCV�
OKPKOK\GU�VJG�NQUU�HWPEVKQP�

5QOG�CXCKNCDNG�QRVKOK\GT�

Ɣ 6*'��6WRFKDVWLF�JUDGLHQW�GHVFHQW�RSWLPL]HU�
Ɣ $GD*UDG��$GDSWLYH�JUDGLHQW�GHVFHQW�RSWLPL]HU
Ɣ 5063URS
Ɣ $GDP��DGDSWLYH�PRPHQW�HVWLPDWLRQ
Ɣ ���

5QWTEG��'Q\CV��6KOQVJ[���ͲPEQTRQTCVKPI�PGUVGTQX�OQOGPVWO�KPVQ�CFCO����������



IURP�NHUDV�LPSRUW�DSSOLFDWLRQV
-GTCU�$RRNKECVKQPU�CTG�FGGR�NGCTPKPI�OQFGNU�VJCV�CTG�OCFG�CXCKNCDNG�
CNQPIUKFG�RTG�VTCKPGF�YGKIJVU��6JGUG�OQFGNU�ECP�DG�WUGF�HQT�RTGFKEVKQP��
HGCVWTG�GZVTCEVKQP��CPF�ȤPG�VWPKPI�

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
ͲOCIG�$WIOGPVCVKQP�KU�VJG�
RTQEGUU�QH�VCMKPI�KOCIGU�VJCV�CTG�
CNTGCF[�KP�C�VTCKPKPI�FCVCUGV�CPF�
OCPKRWNCVKPI�VJGO�VQ�ETGCVG�
OCP[�CNVGTGF�XGTUKQPU�QH�VJG�
UCOG�KOCIG��



IURP�NHUDV�LPSRUW�GDWD�DXJPHQWDWLRQ
*GPGTCVG�DCVEJGU�QH�VGPUQT�KOCIG�FCVC�YKVJ�TGCN�VKOG�FCVC�CWIOGPVCVKQP��6JG�
FCVC�YKNN�DG�NQQRGF�QXGT��KP�DCVEJGU��KPFGȤPKVGN[�

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/1jPXFu8ZnDKYKVm9xgfbvOT7KPJrclSkD/preview


8VHIXO�OLQNV�
&QPFC��JVVRU���FQEU�EQPFC�KQ�GP�NCVGUV�OKPKEQPFC�JVON

ͲPUVCNN�MGTCU��JVVRU���CPCEQPFC�QTI�EQPFC�HQTIG�MGTCU

-GTCU�'QEU��JVVRU���MGTCU�KQ�

/0Ͳ56�FCVCUGV��JVVR���[CPP�NGEWP�EQO�GZFD�OPKUV��

ͲH�[QW�JCXG�CP[�SWGUVKQP��HGGN�HTGG�VQ�EQPVCEV�OG

Ɣ PCEJYC�CDQWDCMT#KPTKC�HT

https://docs.conda.io/en/latest/miniconda.html
https://anaconda.org/conda-forge/keras
https://keras.io/
http://yann.lecun.com/exdb/mnist/

