
$3$&+(�63$5.
+ROGHQ�.DUDX��ZLWK�WKDQNV�WR�3DW��
0DNLQJ�,QWHUDFWLYH�%LJ�'DWD�$SSOLFDWLRQV�)DVW�$1'�(DV\



6SDUN�2YHUYLHZ

*RDO��HDVLO\�ZRUN�ZLWK�ODUJH�VFDOH�GDWD�LQ�WHUPV�RI�
WUDQVIRUPDWLRQV�RQ�GLVWULEXWHG�GDWD
Ɣ 7UDGLWLRQDO�GLVWULEXWHG�FRPSXWLQJ�SODWIRUPV�VFDOH�ZHOO�EXW�KDYH�OLPLWHG�$3,V�

�PDS�UHGXFH�
Ɣ 6SDUN�OHWV�XV�WDFNOH�SUREOHPV�WRR�ELJ�IRU�D�VLQJOH�PDFKLQH
Ɣ 6SDUN�KDV�DQ�H[SUHVVLYH�GDWD�IRFXVHG�$3,�ZKLFK�PDNHV�ZULWLQJ�ODUJH�VFDOH�

SURJUDPV�HDV\



6FDOD�YV�-DYD�$3,�YV�3\WKRQ

6SDUN�ZDV�RULJLQDOO\�ZULWWHQ�LQ�6FDOD��ZKLFK�
DOORZV�FRQFLVH�IXQFWLRQ�V\QWD[�DQG�
LQWHUDFWLYH�XVH

-DYD�$3,�DGGHG�IRU�VWDQGDORQH�DSSOLFDWLRQV

3\WKRQ�$3,�DGGHG�PRUH�UHFHQWO\�DORQJ�ZLWK�DQ�
LQWHUDFWLYH�VKHOO�

7KLV�FRXUVH��PRVWO\�6FDOD��VRPH�WUDQVODWLRQV�VKRZQ�WR�-DYD�	�3\WKRQ



2XWOLQH

,QWURGXFWLRQ�WR�6FDOD�	�IXQFWLRQDO�SURJUDPPLQJ

6SDUN�&RQFHSWV

6SDUN�$3,�7RXU

6WDQG�DORQH�DSSOLFDWLRQ

$�SLFWXUH�RI�D�FDW



,QWURGXFWLRQ�WR�6FDOD

:KDW�LV�6FDOD"

)XQFWLRQV�LQ�6FDOD

2SHUDWLQJ�RQ�FROOHFWLRQV�LQ�6FDOD



$ERXW�6FDOD

+LJK�OHYHO�ODQJXDJH�IRU�WKH�-90
Ɣ 2EMHFW�RULHQWHG���IXQFWLRQDO�SURJUDPPLQJ

6WDWLFDOO\�W\SHG
Ɣ &RPSDUDEOH�LQ�VSHHG�WR�-DYD
Ɣ 7\SH�LQIHUHQFH�VDYHV�XV�IURP�KDYLQJ�WR�ZULWH�

H[SOLFLW�W\SHV�PRVW�RI�WKH�WLPH

,QWHURSHUDWHV�ZLWK�-DYD
Ɣ &DQ�XVH�DQ\�-DYD�FODVV��LQKHULW�IURP��HWF��
Ɣ &DQ�EH�FDOOHG�IURP�-DYD�FRGH



%HVW�ZD\�WR�/HDUQ�6FDOD

,QWHUDFWLYH�VFDOD�VKHOO��MXVW�W\SH�VFDOD�

6XSSRUWV�LPSRUWLQJ�OLEUDULHV��WDE�FRPSOHWLQJ��DQG�DOO�
RI�WKH�FRQVWUXFWV�LQ�WKH�ODQJXDJH

KWWS���ZZZ�VFDOD�ODQJ�RUJ��
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4XLFN�7RXU�RI�6FDOD

'HFODULQJ�YDULDEOHV�
YDU�[��,QW� ��
YDU�[� ������W\SH�LQIHUUHG
YDO�\� �ȊKLȋ����UHDG�RQO\

)XQFWLRQV�
GHI�VTXDUH�[��,QW���,QW� �[[
GHI�VTXDUH�[��,QW���,QW� �^
��[[
`
GHI�DQQRXQFH�WH[W��6WULQJ�� �
^
��SULQWOQ�WH[W�
`

-DYD�HTXLYDOHQW�
LQW�[� ���

ILQDO�6WULQJ�\� �ȊKLȋ�

-DYD�HTXLYDOHQW�
LQW�VTXDUH�LQW�[��^
��UHWXUQ�[[�
`

YRLG�DQQRXQFH�6WULQJ�WH[W��^
��6\VWHP�RXW�SULQWOQ�WH[W��
`



6FDOD�IXQFWLRQV��FORVXUHV�

�[��,QW�� !�[��������IXOO�YHUVLRQ



6FDOD�IXQFWLRQV��FORVXUHV�

�[��,QW�� !�[��������IXOO�YHUVLRQ

[� !�[��������W\SH�LQIHUUHG



6FDOD�IXQFWLRQV��FORVXUHV�

�[��,QW�� !�[��������IXOO�YHUVLRQ

[� !�[��������W\SH�LQIHUUHG

B��������SODFHKROGHU�V\QWD[��HDFK�DUJXPHQW�PXVW�EH�XVHG�
H[DFWO\�RQFH�



6FDOD�IXQFWLRQV��FORVXUHV�

�[��,QW�� !�[��������IXOO�YHUVLRQ

[� !�[��������W\SH�LQIHUUHG

B��������SODFHKROGHU�V\QWD[��HDFK�DUJXPHQW�PXVW�EH�XVHG�
H[DFWO\�RQFH�

[� !�^����ERG\�LV�D�EORFN�RI�FRGH
YDO�QXPEHU7R$GG� ��
[���QXPEHU7R$GG

`



6FDOD�IXQFWLRQV��FORVXUHV�

�[��,QW�� !�[��������IXOO�YHUVLRQ

[� !�[��������W\SH�LQIHUUHG

B��������SODFHKROGHU�V\QWD[��HDFK�DUJXPHQW�PXVW�EH�XVHG�
H[DFWO\�RQFH�

[� !�^����ERG\�LV�D�EORFN�RI�FRGH
YDO�QXPEHU7R$GG� ��
[���QXPEHU7R$GG

`

���5HJXODU�IXQFWLRQV
GHI�DGG7ZR�[��,QW���,QW� �[����



4XLFN�7RXU�RI�6FDOD�3DUW��
��HOHFWULF�ERRJDORR�

3URFHVVLQJ�FROOHFWLRQV�ZLWK�IXQFWLRQDO�SURJUDPPLQJ
YDO�OVW� �/LVW���������
OLVW�IRUHDFK�[� !�SULQWOQ�[������SULQWV��������
OLVW�IRUHDFK�SULQWOQ�������������VDPH

OLVW�PDS�[� !�[������������UHWXUQV�D�QHZ�/LVW���������
OLVW�PDS�B�����������������VDPH

OLVW�ILOWHU�[� !�[�����  ������UHWXUQV�D�QHZ�/LVW������
OLVW�ILOWHU�B�����  �����������VDPH

OLVW�UHGXFH��[��\�� !�[���\����� !��
OLVW�UHGXFH�B���B���������������VDPH

$OO�RI�WKHVH�OHDYH�WKH�OLVW�XQFKDQJHG�DV�LW�LV�LPPXWDEOH�



)XQFWLRQDO�PHWKRGV�RQ�FROOHFWLRQV

0HWKRG�RQ�6HT>7@ ([SODQDWLRQ

PDS�I��7� !�8���6HT>8@ (DFK�HOHPHQW�LV�UHVXOW�RI�I

IODW0DS�I��7� !�6HT>8@���6HT>8@ 2QH�WR�PDQ\�PDS

ILOWHU�I��7� !�%RROHDQ���6HT>7@ .HHS�HOHPHQWV�SDVVLQJ�I

H[LVWV�I��7� !�%RROHDQ���%RROHDQ 7UXH�LI�RQH�HOHPHQW�SDVVHV�I

IRUDOO�I��7� !�%RROHDQ���%RROHDQ 7UXH�LI�DOO�HOHPHQWV�SDVV

UHGXFH�I���7��7�� !�7���7 0HUJH�HOHPHQWV�XVLQJ�I

JURXS%\�I��7� !�.���0DS>.��/LVW>7@@ *URXS�HOHPHQWV�E\�I

VRUW%\�I��7� !�.���6HT>7@ 6RUW�HOHPHQWV

«��

7KHUH�DUH�D�ORW�RI�PHWKRGV�RQ�6FDOD�FROOHFWLRQV��MXVW�JRRJOH�6FDOD�6HT�RU�KWWS���ZZZ�VFDOD�ODQJ�RUJ�DSL���
�����LQGH[�KWPO�VFDOD�FROOHFWLRQ�6HT�
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&DW�SLFWXUH�IURP�KWWS���JDODWR����GHYLDQWDUW�FRP�DUW�&DW�RQ�:RUN�%UHDN����������



6SDUN

5HVLOLHQW�'LVWULEXWHG�'DWD�6HWV��WKH�FRUH�EXLOGLQJ�
EORFN�
/RJ�0LQLQJ�H[DPSOH
)DXOW�5HFRYHU\



6SDUN

5HVLOLHQW�'LVWULEXWHG�'DWDVHWV
� ,PPXWDEOH��SDUWLWLRQHG�
FROOHFWLRQV�RI�REMHFWV�VSUHDG�
DFURVV�D�FOXVWHU��VWRUHG�LQ�5$0�
RU�RQ�'LVN

� %XLOW�WKURXJK�OD]\�SDUDOOHO�
WUDQVIRUPDWLRQV

� $XWRPDWLFDOO\�UHEXLOW�RQ�IDLOXUH

2SHUDWLRQV
� 7UDQVIRUPDWLRQV
�H�J��PDS��ILOWHU��
JURXS%\�

� $FWLRQV
�H�J��FRXQW��FROOHFW��
VDYH�

:ULWH�SURJUDPV�LQ�WHUPV�RI�WUDQVIRUPDWLRQV�RQ�
GLVWULEXWHG�GDWDVHWV



5''V��'LVWULEXWHG

&DW�SLFWXUH�E\�$GDP�-RQHV�IURP�.HORZQD��%&��&DQDGD



5''V��'LVWULEXWHG

Ɣ 'DWD�GRHV�QRW�KDYH�WR�ILW�RQ�D�VLQJOH�PDFKLQH
Ɣ 'DWD�LV�VHSDUDWHG�LQWR�SDUWLWLRQV

ż ,I�ZH�QHHG�ZH�FDQ�RSHUDWH�RQ�RXU�GDWD�SDUWLWLRQ�DW�D�WLPH
:RUNHU

:RUNHU

:RUNHU

'ULYHU %ORFN��

%ORFN��

%ORFN��



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

³&$7´�SLFWXUH�E\�6KDXQ�*UHLQHU



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

:RUNHU

:RUNHU

:RUNHU

'ULYHU



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

:RUNHU

:RUNHU

:RUNHU

'ULYHU

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

:RUNHU

:RUNHU

:RUNHU

'ULYHU

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�

%DVH�5''



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��

:RUNHU

:RUNHU

:RUNHU

'ULYHU



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��

:RUNHU

:RUNHU

:RUNHU

'ULYHU

7UDQVIRUPHG�5''



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����

:RUNHU

:RUNHU

:RUNHU

'ULYHU

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU

'ULYHU

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

&DFKH�WKH�5''



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU

'ULYHU

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW�� $FWLRQ



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU

'ULYHU

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

'ULYHU
WDVNV

WDVNV

WDVNV



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

'ULYHU

5HDG
+')6
%ORFN

5HDG
+')6
%ORFN

5HDG
+')6
%ORFN



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

'ULYHU

&DFKH��

&DFKH��

&DFKH��

3URFHVV
	�&DFKH
'DWD

3URFHVV
	�&DFKH
'DWD

3URFHVV
	�&DFKH
'DWD



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

'ULYHU

&DFKH��

&DFKH��

&DFKH��

UHVXOWV

UHVXOWV

UHVXOWV



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

'ULYHU

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊSKSȋ���FRXQW��



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊSKSȋ���FRXQW��

WDVNV

WDVNV

WDVNV

'ULYHU



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊSKSȋ���FRXQW��

'ULYHU

3URFHVV
IURP
&DFKH

3URFHVV
IURP
&DFKH

3URFHVV
IURP
&DFKH



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊSKSȋ���FRXQW��

'ULYHU
UHVXOWV

UHVXOWV

UHVXOWV



([DPSOH��/RJ�0LQLQJ
/RDG�HUURU�PHVVDJHV�IURP�D�ORJ�LQWR�PHPRU\��WKHQ�

LQWHUDFWLYHO\�VHDUFK�IRU�YDULRXV�SDWWHUQV

YDO�OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
YDO�HUURUV� �OLQHV�ILOWHU�B�VWDUWV:LWK�Ȋ(5525ȋ��
YDO�PHVVDJHV� �HUURUV�PDS�B�VSOLW�Ȇ?Wȇ�����
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊP\VTOȋ���FRXQW��

%ORFN��

%ORFN��

%ORFN��

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�B�FRQWDLQV�ȊSKSȋ���FRXQW��

'ULYHU

&DFKH�\RXU�GDWD�䚉�)DVWHU�5HVXOWV
��7%�RI�ORJ�GDWD�GDWD�
� ����VHF�IURP�FDFKH�YV�����V�IRU�RQ�GLVN



([DPSOH��/RJ�0LQLQJ
3UHWW\�PXFK�WKH�VDPH�LQ�3\WKRQ

OLQHV� �VSDUN�WH[W)LOH�ȊKGIV������ȋ�
HUURUV� �OLQHV�ILOWHU�ODPEGD�V��V�VWDUWVZLWK�Ȋ(5525ȋ��
PHVVDJHV� �HUURUV�PDS�ODPEGD�V��V�VSOLW�Ȋ?Wȋ�>�@�
PHVVDJHV�FDFKH��

:RUNHU

:RUNHU

:RUNHU
PHVVDJHV�ILOWHU�ODPEGD�V��ȊP\VTOȋ�LQ�V��FRXQW��

%ORFN��

%ORFN��

%ORFN��

&DFKH��

&DFKH��

&DFKH��

PHVVDJHV�ILOWHU�ODPEGD�V��ȊSKSȋ�LQ�V��FRXQW��

'ULYHU

&DFKH�\RXU�GDWD�䚉�)DVWHU�5HVXOWV
��7%�RI�ORJ�GDWD�GDWD�
� ����VHF�IURP�FDFKH�YV�����V�IRU�RQ�GLVN



)DVW��8VLQJ�5$0��2SHUDWRU�*UDSKV
,Q�PHPRU\�&DFKLQJ
� 'DWD�3DUWLWLRQV�UHDG�IURP�
5$0�LQVWHDG�RI�GLVN

2SHUDWRU�*UDSKV
� 6FKHGXOLQJ�2SWLPL]DWLRQV
� )DXOW�7ROHUDQFH

 �FDFKHG�SDUWLWLRQ

 �5''

MRLQ

ILOWHU

JURXS%\

6WDJH��

6WDJH��

6WDJH��

$
�

%
�

&
�

'
�

(
�

)
�

PDS



)DXOW�5HFRYHU\
5''V�WUDFN�OLQHDJH�LQIRUPDWLRQ�WKDW�FDQ�EH�XVHG�WR�
HIILFLHQWO\�UHFRPSXWH�ORVW�GDWD

PVJV� �WH[W)LOH�ILOWHU�B�FRQWDLQV�Ȋ(5525ȋ��
����������������PDS�B�VSOLW�Ȇ?Wȇ�����

+')6�)LOH )LOWHUHG�5'' 0DSSHG�5''
ILOWHU

�IXQF� �VWDUWV:LWK�Ŵ��
PDS

�IXQF� �VSOLW������



7RXU�RI�6SDUN�RSHUDWLRQV

$3,�IRU�ZRUNLQJ�ZLWK�5''V
%DVLF�RSHUDWLRQV
.H\��9DOXH�SDLUV



(DV\��([SUHVVLYH�$3,

PDS
ILOWHU
JURXS%\
VRUW
XQLRQ
MRLQ
OHIW2XWHU-RLQ
ULJKW2XWHU-RLQ

UHGXFH
FRXQW
IROG
UHGXFH%\.H\
JURXS%\.H\
FRJURXS
FURVV
]LS

VDPSOH

WDNH

ILUVW

SDUWLWLRQ%\

PDS:LWK

SLSH

VDYH�������

0RUH�RSHUDWLRQV�OLVWHG�LQ�RQOLQH�$3,�GRFV�DW�KWWS���VSDUN�DSDFKH�RUJ�GRFV�ODWHVW�DSL�FRUH�LQGH[�
KWPO�RUJ�DSDFKH�VSDUN�UGG�5''�

http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.RDD
http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.RDD
http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.RDD


&UHDWLQJ�5''V

��7XUQ�D�3\WKRQ�FROOHFWLRQ�LQWR�DQ�5''
!VF�SDUDOOHOL]H�>�������@�

��7XUQ�D�6FDOD�FROOHFWLRQ�LQWR�DQ�5''
!VF�SDUDOOHOL]H�/LVW����������

��/RDG�WH[W�ILOH�IURP�ORFDO�)6��+')6��RU�6�
!VF�WH[W)LOH�ȊILOH�W[Wȋ�
!VF�WH[W)LOH�ȊGLUHFWRU\��W[Wȋ�
!VF�WH[W)LOH�ȊKGIV���QDPHQRGH������SDWK�ILOHȋ�

��8VH�H[LVWLQJ�+DGRRS�,QSXW)RUPDW��-DYD�6FDOD�RQO\�
!VF�KDGRRS)LOH�NH\&ODVV��YDO&ODVV��LQSXW)PW��FRQI�



%DVLF�7UDQVIRUPDWLRQV��VFDOD�

!YDO�QXPV� �VF�SDUDOOHOL]H�/LVW����������

���3DVV�HDFK�HOHPHQW�WKURXJK�D�IXQFWLRQ
!YDO�VTXDUHV� �QXPV�PDS�[��[[�������^�������`

���.HHS�HOHPHQWV�SDVVLQJ�D�SUHGLFDWH
!YDO�HYHQ� �VTXDUHV�ILOWHU�[� !�[�����  �������^�`

���0DS�HDFK�HOHPHQW�WR�]HUR�RU�PRUH�RWKHUV
!QXPV�IODW0DS�[� !���WR�[���
�� !�^�������������������������`



/HVV�%DVLF�7UDQVIRUPDWLRQV��VFDOD�

���3DVV�HDFK�SDUWLWLRQ�WKURXJK�D�IXQFWLRQ
!YDO�VTXDUHV� �QXPV�PDS3DUWLWLRQ�[�PDS�[��[��������^���
����`



6HW�RSHUDWLRQV

� WKLV�XQLRQ�UGG����3URGXFH�D�QHZ�5''�ZLWK�HOHPHQWV�IURP�
ERWK�UGGV��IDVW��

� WKLV�LQWHUVHFW�UGG����VXUSULVLQJO\�VORZ
� WKLV�FDUWHVLDQ�UGG����3URGXFH�DQ�5''�ZLWK�WKH�FDUWHVLDQ�
SURGXFW�IURP�ERWK�5''V��SRVVLEO\�QRW�YHU\�IDVW�



%DVLF�$FWLRQV��VFDOD�
!YDO�QXPV� �VF�SDUDOOHOL]H�/LVW����������

���5HWULHYH�5''�FRQWHQWV�DV�D�ORFDO�FROOHFWLRQ
!QXPV�FROOHFW����� !�/LVW���������

���5HWXUQ�ILUVW�.�HOHPHQWV
!QXPV�WDNH�������� !�/LVW������

���&RXQW�QXPEHU�RI�HOHPHQWV
!QXPV�FRXQW������� !��

���0HUJH�HOHPHQWV�ZLWK�DQ�DVVRFLDWLYH�IXQFWLRQ
!QXPV�UHGXFH^FDVH��[��\�� !�[���\`���� !��

���:ULWH�HOHPHQWV�WR�D�WH[W�ILOH
!QXPV�VDYH$V7H[W)LOH�ȊKGIV���ILOH�W[Wȋ�



%DVLF�7UDQVIRUPDWLRQV��S\WKRQ�

!QXPV� �VF�SDUDOOHOL]H�>�������@�

��3DVV�HDFK�HOHPHQW�WKURXJK�D�IXQFWLRQ
!VTXDUHV� �QXPV�PDS�ODPEGD�[��[[�������^�������`

��.HHS�HOHPHQWV�SDVVLQJ�D�SUHGLFDWH
!HYHQ� �VTXDUHV�ILOWHU�ODPEGD�[��[�����  �������^�`

��0DS�HDFK�HOHPHQW�WR�]HUR�RU�PRUH�RWKHUV
!QXPV�IODW0DS�ODPEGD�[�� !�UDQJH�[��

! �� !�^����������������`



%DVLF�$FWLRQV��S\WKRQ�
!QXPV� �VF�SDUDOOHOL]H�>�������@�

��5HWULHYH�5''�FRQWHQWV�DV�D�ORFDO�FROOHFWLRQ
!QXPV�FROOHFW����� !�>�������@

��5HWXUQ�ILUVW�.�HOHPHQWV
!QXPV�WDNH�������� !�>����@

��&RXQW�QXPEHU�RI�HOHPHQWV
!QXPV�FRXQW������� !��

��0HUJH�HOHPHQWV�ZLWK�DQ�DVVRFLDWLYH�IXQFWLRQ
!QXPV�UHGXFH�ODPEGD�[��\��[���\����� !��

��:ULWH�HOHPHQWV�WR�D�WH[W�ILOH
!QXPV�VDYH$V7H[W)LOH�ȊKGIV���ILOH�W[Wȋ�



:RUNLQJ�ZLWK�.H\�9DOXH�3DLUV
6SDUN¶V�³GLVWULEXWHG�UHGXFH´�WUDQVIRUPDWLRQV�RSHUDWH�RQ�
5''V�RI�NH\�YDOXH�SDLUV

3\WKRQ�� K<DM�Ó��<��= 
������������ K<DM¡»¢�º�ÓÕ�<�

K<DM¡¼¢�º�ÓÕ�=

6FDOD�� Q<G�K<DM�Ó��<��= 
K<DM�¼����ÓÕ�<
K<DM�½����ÓÕ�=

-DYD� �PKG@½�K<DM�Ó�I@R��PKG@½�<��= ��
K<DM�¼����ÓÕ�<
K<DM�½����ÓÕ�=



6RPH�.H\�9DOXH�2SHUDWLRQV

!SHWV� �VF�SDUDOOHOL]H�
��/LVW���FDW���������GRJ���������FDW�������
!SHWV�UHGXFH%\.H\�B���B�
�������������������� !���FDW�������GRJ�����
!SHWV�JURXS%\.H\����� !�^�FDW��>����@����GRJ��>�@�`
!SHWV�VRUW%\.H\������ !�^�FDW�������FDW�������GRJ����`

UHGXFH%\.H\�DOVR�DXWRPDWLFDOO\�LPSOHPHQWV�
FRPELQHUV�RQ�WKH�PDS�VLGH

0RUH�3DLU5''�IXQFWLRQV�DW�KWWS���VSDUN�DSDFKH�RUJ�GRFV�ODWHVW�DSL�FRUH�LQGH[�KWPO�RUJ�DSDFKH�VSDUN�
UGG�3DLU5'')XQFWLRQV�

http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.PairRDDFunctions
http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.PairRDDFunctions
http://spark.apache.org/docs/latest/api/core/index.html#org.apache.spark.rdd.PairRDDFunctions


6RPH�.H\�9DOXH�2SHUDWLRQV
�S\WKRQ�

!SHWV� �VF�SDUDOOHOL]H�
��>�ȊFDWȋ�������ȊGRJȋ�������ȊFDWȋ����@�
!SHWV�UHGXFH%\.H\�ODPEGD�[��\��[���\�
�������������������� !�^�FDW�������GRJ����`
!SHWV�JURXS%\.H\����� !�^�FDW��>����@����GRJ��>�@�`
!SHWV�VRUW%\.H\������ !�^�FDW�������FDW�������GRJ����`

UHGXFH%\.H\�DOVR�DXWRPDWLFDOO\�LPSOHPHQWV�
FRPELQHUV�RQ�WKH�PDS�VLGH



2WKHU�.H\�9DOXH�2SHUDWLRQV
!YLVLWV� �VF�SDUDOOHOL]H�/LVW���ȊLQGH[�KWPOȋ��Ȋ�������ȋ��
���������������������������ȊDERXW�KWPOȋ��Ȋ�������ȋ��
���������������������������ȊLQGH[�KWPOȋ��Ȋ�������ȋ����

!SDJH1DPHV� �VF�SDUDOOHOL]H�/LVW���ȊLQGH[�KWPOȋ��Ȋ+RPHȋ��
������������������������������ȊDERXW�KWPOȋ��Ȋ$ERXWȋ����

!YLVLWV�MRLQ�SDJH1DPHV��
����ȊLQGH[�KWPOȋ���Ȋ�������ȋ��Ȋ+RPHȋ��
����ȊLQGH[�KWPOȋ���Ȋ�������ȋ��Ȋ+RPHȋ��
����ȊDERXW�KWPOȋ���Ȋ�������ȋ��Ȋ$ERXWȋ��

!YLVLWV�FRJURXS�SDJH1DPHV��
����ȊLQGH[�KWPOȋ���6HT�Ȋ�������ȋ��Ȋ�������ȋ���6HT�Ȋ+RPHȋ���
����ȊDERXW�KWPOȋ���6HT�Ȋ�������ȋ���6HT�Ȋ$ERXWȋ���



6HWWLQJ�WKH�/HYHO�RI�3DUDOOHOLVP

$OO�WKH�SDLU�5''�RSHUDWLRQV�WDNH�DQ�RSWLRQDO�VHFRQG�
SDUDPHWHU�IRU�QXPEHU�RI�WDVNV

! ZRUGV�UHGXFH%\.H\�B���B����
! ZRUGV�JURXS%\.H\���
! YLVLWV�MRLQ�SDJH9LHZV����

&DQ�DOVR�VHW�WKH�CVSDUN�GHIDXOW�SDUDOOHOLVPC�SURSHUW\



8VLQJ�/RFDO�9DULDEOHV

$Q\�H[WHUQDO�YDULDEOHV�\RX�XVH�LQ�D�FORVXUH�ZLOO�DXWRPDWLFDOO\�EH�
VKLSSHG�WR�WKH�FOXVWHU�

! YDO�TXHU\� �ȊSDQGDVȋ
! SDJHV�ILOWHU�B�FRQWDLQV�TXHU\��

������FRXQW��

6RPH�FDYHDWV�
(DFK�WDVN�JHWV�D�QHZ�FRS\��XSGDWHV�DUHQ¶W�VHQW�EDFN�
9DULDEOH�PXVW�EH�6HULDOL]DEOH���3LFNOH�DEOH
'RQ¶W�XVH�ILHOGV�RI�DQ�RXWHU�REMHFW��VKLSV�DOO�RI�LW��



LPSRUW�RUJ�DSDFKH�VSDUN�B
LPSRUW�RUJ�DSDFKH�VSDUN�6SDUN&RQWH[W�B

REMHFW�:RUG&RXQW�^
����GHI�PDLQ�DUJV��$UUD\>6WULQJ@��^
������YDO�VF� �QHZ�6SDUN&RQWH[W�DUJV������%DVLF0DS��
��������������������������������6\VWHP�JHWHQY��63$5.B+20(���
������YDO�LQSXW� �VF�WH[W)LOH�DUJV����
������YDO�FRXQWV� �LQSXW�IODW0DS�B�VSOLW������
�������������������������PDS��B������UHGXFH%\.H\�B���B�
������FRXQWV�VDYH$V7H[W)LOH�DUJV����
����`
`

&RPSOHWH�$SS��6FDOD�



*HWWLQJ�6SDUN

'RZQORDG��KWWS���VSDUN�DSDFKH�RUJ�GRZQORDGV�KWPO

/LQN�ZLWK�6SDUN�LQ�\RXU�VEW�PDYHQ�SURMHFW�
JURXS,G��RUJ�DSDFKH�VSDUN
DUWLIDFW,G��VSDUN�FRUHB����
YHUVLRQ��������LQFXEDWLQJ

http://spark.apache.org/downloads.html


8VLQJ�WKH�6KHOO

/DXQFKLQJ�

0RGHV�

0$67(5 ORFDO������VSDUN�VKHOO�����ORFDO����WKUHDG
0$67(5 ORFDO>�@���VSDUN�VKHOO�����ORFDO����WKUHDGV
0$67(5 VSDUN���KRVW�SRUW���VSDUN�VKHOO����FOXVWHU

VSDUN�VKHOO
S\VSDUN��,3<7+21 ��



&DW�SKRWR�IURP�KWWSV���ZZZ�IOLFNU�FRP�SKRWRV�GHHUZRRGXN�����������LQ�SKRWROLVW��*&F�]��*&E$9��/V�����HY+6��8%Q-Y�7HT0*��L11Q���Z�V���
�*0/<6��+�4:<��D-/87�WTIUI��P-�/U���N*;��P-�*%�Y9T1��G<�DM��\�M.��&�3�=�D](WG�



!YDO�OLQHV� �VF�WH[W)LOH�ȊKDPOHW�W[Wȋ�
!YDO�FRXQWV� �OLQHV�IODW0DS�B�VSOLW�Ȋ�ȋ��
���������������PDS��B�����
���������������UHGXFH%\.H\�B���B�

([DPSOH��:RUG�&RXQW

ŭWR�EH�RUŮ

ŭQRW�WR�EHŮ

ŭWRŮ
ŭEHŮ
ŭRUŮ

ŭQRWŮ
ŭWRŮ
ŭEHŮ

�WR����
�EH����
�RU����

�QRW����
�WR����
�EH����

�EH����
�QRW����

�RU����
�WR����



!OLQHV� �VF�WH[W)LOH�ȊKDPOHW�W[Wȋ�
!FRXQWV� �OLQHV�IODW0DS�ODPEGD�OLQH��OLQH�VSOLW�Ȋ�ȋ��
���������������PDS�ODPEGD�ZRUG� !��ZRUG�����
���������������UHGXFH%\.H\�ODPEGD�[��\��[���\�

([DPSOH��:RUG�&RXQW

ŭWR�EH�RUŮ

ŭQRW�WR�EHŮ

ŭWRŮ
ŭEHŮ
ŭRUŮ

ŭQRWŮ
ŭWRŮ
ŭEHŮ

�WR����
�EH����
�RU����

�QRW����
�WR����
�EH����

�EH����
�QRW����

�RU����
�WR����


