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([HUFLVH ���

&KDSWHU����3UHGLFWLQJ�2QOLQH�$G�&OLFN�7KURXJK�ZLWK�/RJLVWLF
5HJUHVVLRQ ���

&RQYHUWLQJ�FDWHJRULFDO�IHDWXUHV�WR�QXPHULFDO�c�RQH�KRW�HQFRGLQJ
DQG�RUGLQDO�HQFRGLQJ ���
&ODVVLI\LQJ�GDWD�ZLWK�ORJLVWLF�UHJUHVVLRQ ���
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*HWWLQJ�VWDUWHG�ZLWK�WKH�ORJLVWLF�IXQFWLRQ ���
-XPSLQJ�IURP�WKH�ORJLVWLF�IXQFWLRQ�WR�ORJLVWLF�UHJUHVVLRQ ���

7UDLQLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO ���
7UDLQLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�XVLQJ�JUDGLHQW�GHVFHQW ���
3UHGLFWLQJ�DG�FOLFN�WKURXJK�ZLWK�ORJLVWLF�UHJUHVVLRQ�XVLQJ�JUDGLHQW�GHVFHQW ���
7UDLQLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�XVLQJ�VWRFKDVWLF�JUDGLHQW�GHVFHQW ���
7UDLQLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�ZLWK�UHJXODUL]DWLRQ ���

7UDLQLQJ�RQ�ODUJH�GDWDVHWV�ZLWK�RQOLQH�OHDUQLQJ ���
+DQGOLQJ�PXOWLFODVV�FODVVLILFDWLRQ ���
,PSOHPHQWLQJ�ORJLVWLF�UHJUHVVLRQ�XVLQJ�7HQVRU)ORZ ���
)HDWXUH�VHOHFWLRQ�XVLQJ�UDQGRP�IRUHVW ���
6XPPDU\ ���
([HUFLVHV ���

&KDSWHU����6FDOLQJ�8S�3UHGLFWLRQ�WR�7HUDE\WH�&OLFN�/RJV ���
/HDUQLQJ�WKH�HVVHQWLDOV�RI�$SDFKH�6SDUN ���

%UHDNLQJ�GRZQ�6SDUN ���
,QVWDOOLQJ�6SDUN ���
/DXQFKLQJ�DQG�GHSOR\LQJ�6SDUN�SURJUDPV ���

3URJUDPPLQJ�LQ�3\6SDUN ���
/HDUQLQJ�RQ�PDVVLYH�FOLFN�ORJV�ZLWK�6SDUN ���

/RDGLQJ�FOLFN�ORJV ���
6SOLWWLQJ�DQG�FDFKLQJ�WKH�GDWD ���
2QH�KRW�HQFRGLQJ�FDWHJRULFDO�IHDWXUHV ���
7UDLQLQJ�DQG�WHVWLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO ���

)HDWXUH�HQJLQHHULQJ�RQ�FDWHJRULFDO�YDULDEOHV�ZLWK�6SDUN ���
+DVKLQJ�FDWHJRULFDO�IHDWXUHV ���
&RPELQLQJ�PXOWLSOH�YDULDEOHV�c�IHDWXUH�LQWHUDFWLRQ ���

6XPPDU\ ���
([HUFLVHV ���

&KDSWHU����6WRFN�3ULFH�3UHGLFWLRQ�ZLWK�5HJUHVVLRQ�$OJRULWKPV ���
%ULHI�RYHUYLHZ�RI�WKH�VWRFN�PDUNHW�DQG�VWRFN�SULFHV ���
:KDW�LV�UHJUHVVLRQ" ���
0LQLQJ�VWRFN�SULFH�GDWD ���

*HWWLQJ�VWDUWHG�ZLWK�IHDWXUH�HQJLQHHULQJ ���
$FTXLULQJ�GDWD�DQG�JHQHUDWLQJ�IHDWXUHV ���

(VWLPDWLQJ�ZLWK�OLQHDU�UHJUHVVLRQ ���
+RZ�GRHV�OLQHDU�UHJUHVVLRQ�ZRUN" ���
,PSOHPHQWLQJ�OLQHDU�UHJUHVVLRQ ���

(VWLPDWLQJ�ZLWK�GHFLVLRQ�WUHH�UHJUHVVLRQ ���
7UDQVLWLRQLQJ�IURP�FODVVLILFDWLRQ�WUHHV�WR�UHJUHVVLRQ�WUHHV ���
,PSOHPHQWLQJ�GHFLVLRQ�WUHH�UHJUHVVLRQ ���
,PSOHPHQWLQJ�UHJUHVVLRQ�IRUHVW ���

(VWLPDWLQJ�ZLWK�VXSSRUW�YHFWRU�UHJUHVVLRQ ���
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,PSOHPHQWLQJ�695 ���
(VWLPDWLQJ�ZLWK�QHXUDO�QHWZRUNV ���

'HP\VWLI\LQJ�QHXUDO�QHWZRUNV ���
,PSOHPHQWLQJ�QHXUDO�QHWZRUNV ���

(YDOXDWLQJ�UHJUHVVLRQ�SHUIRUPDQFH ���
3UHGLFWLQJ�VWRFN�SULFH�ZLWK�IRXU�UHJUHVVLRQ�DOJRULWKPV ���
6XPPDU\ ���
([HUFLVH ���

6HFWLRQ����3\WKRQ�0DFKLQH�/HDUQLQJ�%HVW�3UDFWLFHV
&KDSWHU�����0DFKLQH�/HDUQLQJ�%HVW�3UDFWLFHV ���

0DFKLQH�OHDUQLQJ�VROXWLRQ�ZRUNIORZ ���
%HVW�SUDFWLFHV�LQ�WKH�GDWD�SUHSDUDWLRQ�VWDJH ���

%HVW�SUDFWLFH���c�FRPSOHWHO\�XQGHUVWDQGLQJ�WKH�SURMHFW�JRDO ���
%HVW�SUDFWLFH���c�FROOHFWLQJ�DOO�ILHOGV�WKDW�DUH�UHOHYDQW ���
%HVW�SUDFWLFH���c�PDLQWDLQLQJ�WKH�FRQVLVWHQF\�RI�ILHOG�YDOXHV ���
%HVW�SUDFWLFH���c�GHDOLQJ�ZLWK�PLVVLQJ�GDWD ���
%HVW�SUDFWLFH���c�VWRULQJ�ODUJH�VFDOH�GDWD ���

%HVW�SUDFWLFHV�LQ�WKH�WUDLQLQJ�VHWV�JHQHUDWLRQ�VWDJH ���
%HVW�SUDFWLFH���c�LGHQWLI\LQJ�FDWHJRULFDO�IHDWXUHV�ZLWK�QXPHULFDO�YDOXHV ���
%HVW�SUDFWLFH���c�GHFLGLQJ�RQ�ZKHWKHU�RU�QRW�WR�HQFRGH�FDWHJRULFDO�IHDWXUHV ���
%HVW�SUDFWLFH���c�GHFLGLQJ�RQ�ZKHWKHU�RU�QRW�WR�VHOHFW�IHDWXUHV��DQG�LI�VR�
KRZ�WR�GR�VR ���
%HVW�SUDFWLFH���c�GHFLGLQJ�RQ�ZKHWKHU�RU�QRW�WR�UHGXFH�GLPHQVLRQDOLW\��DQG�LI
VR��KRZ�WR�GR�VR ���
%HVW�SUDFWLFH����c�GHFLGLQJ�RQ�ZKHWKHU�RU�QRW�WR�UHVFDOH�IHDWXUHV ���
%HVW�SUDFWLFH����c�SHUIRUPLQJ�IHDWXUH�HQJLQHHULQJ�ZLWK�GRPDLQ�H[SHUWLVH ���
%HVW�SUDFWLFH����c�SHUIRUPLQJ�IHDWXUH�HQJLQHHULQJ�ZLWKRXW�GRPDLQ�H[SHUWLVH ���
%HVW�SUDFWLFH����c�GRFXPHQWLQJ�KRZ�HDFK�IHDWXUH�LV�JHQHUDWHG ���
%HVW�SUDFWLFH����c�H[WUDFWLQJ�IHDWXUHV�IURP�WH[W�GDWD ���

%HVW�SUDFWLFHV�LQ�WKH�PRGHO�WUDLQLQJ��HYDOXDWLRQ��DQG�VHOHFWLRQ�VWDJH ���
%HVW�SUDFWLFH����c�FKRRVLQJ�WKH�ULJKW�DOJRULWKP�V��WR�VWDUW�ZLWK ���

1DbYH�%D\HV ���
/RJLVWLF�UHJUHVVLRQ ���
690 ���
5DQGRP�IRUHVW��RU�GHFLVLRQ�WUHH� ���
1HXUDO�QHWZRUNV ���

%HVW�SUDFWLFH����c�UHGXFLQJ�RYHUILWWLQJ ���
%HVW�SUDFWLFH����c�GLDJQRVLQJ�RYHUILWWLQJ�DQG�XQGHUILWWLQJ ���
%HVW�SUDFWLFH����c�PRGHOLQJ�RQ�ODUJH�VFDOH�GDWDVHWV ���

%HVW�SUDFWLFHV�LQ�WKH�GHSOR\PHQW�DQG�PRQLWRULQJ�VWDJH ���
%HVW�SUDFWLFH����c�VDYLQJ��ORDGLQJ��DQG�UHXVLQJ�PRGHOV ���
%HVW�SUDFWLFH����c�PRQLWRULQJ�PRGHO�SHUIRUPDQFH ���
%HVW�SUDFWLFH����c�XSGDWLQJ�PRGHOV�UHJXODUO\ ���

6XPPDU\ ���



���(!`+"`�+*0!*0/

S`2%`T

([HUFLVHV ���

2WKHU�%RRNV�<RX�0D\�(QMR\ ���

,QGH[ ���



3UHIDFH
�$!`/1.#!`%*`%*0!.!/0`%*`)��$%*!`(!�.*%*#`%/` 1!`0+`0$!`"��0`0$�0`%0`.!2+(10%+*%6!/`�10+)�0%+*
�5`(!�.*%*#`,�00!.*/`%*` �0�`�* `1/%*#`0$!)`0+`)�'!`,.! %�0%+*/`�* ` !�%/%+*/K`�"`5+1W.!
%*0!.!/0! `%*`)��$%*!`(!�.*%*#L`0$%/`�++'`3%((`/!.2!`�/`5+1.`!*0.5`,+%*0K

�$%/`! %0%+*`+"`�50$+*`���$%*!`�!�.*%*#`�5`�4�),(!`�!#%*/`3%0$`�*`%*0.+ 1�0%+*`0+
%),+.0�*0`�+*�!,0/`�* `%),(!)!*0�0%+*/`1/%*#`�50$+*`(%�.�.%!/K`���$`�$�,0!.`+"`0$!`�++'
3�('/`5+1`0$.+1#$`�*`%* 1/0.5_� +,0! `�,,(%��0%+*K`�+1W((`%),(!)!*0`)��$%*!`(!�.*%*#
0!�$*%-1!/`%*`�.!�/`/1�$`�/`!4,(+.�0+.5` �0�`�*�(5/%/L`"!�01.!`!*#%*!!.%*#L`�* `*�01.�(
(�*#1�#!`,.+�!//%*#`Q���R`%*`�`�(!�.`�* `!�/5_0+_"+((+3`3�5K

�%0$`0$!`$!(,`+"`0$%/`!40!* ! `�* `1, �0! `! %0%+*L`5+1W((`(!�.*`$+3`0+`0��'(!` �0�_ .%2!*
,.+�(!)/`�* `%),(!)!*0`5+1.`/+(10%+*/`3%0$`0$!`,+3!."1(`5!0`/%),(!`�50$+*`(�*#1�#!L
�* `,+,1(�.`�50$+*`,��'�#!/`�* `0++(/`/1�$`�/`�!*/+.�(+3L`/�%'%0_(!�.*L`	!*/%)L`�* 
!.�/K`�+`�% `5+1.`1* !./0�* %*#`+"`,+,1(�.`)��$%*!`(!�.*%*#`�(#+.%0$)/L`0$%/`�++'`�+2!./
%*0!.!/0%*#`�* `!�/5_0+_"+((+3`!4�),(!/`/1�$`�/`*!3/`0+,%�`)+ !(%*#`�* `�(�//%"%��0%+*L
/,�)`!)�%(` !0!�0%+*L`�* `/0+�'`,.%�!`"+.!��/0%*#K

�5`0$!`!* `+"`0$!`�++'L`5+1W((`$�2!`,10`0+#!0$!.`�`�.+� `,%�01.!`+"`0$!`)��$%*!`(!�.*%*#
!�+/5/0!)`�* `3%((`�!`3!((_2!./! `3%0$`0$!`�!/0`,.��0%�!/`+"`�,,(5%*#`)��$%*!`(!�.*%*#
0!�$*%-1!/`0+`)�'!`0$!`)+/0`+10`+"`*!3`+,,+.01*%0%!/K

:KR�WKLV�ERRN�LV�IRU
�"`5+1W.!`�`)��$%*!`(!�.*%*#`�/,%.�*0L` �0�`�*�(5/0L`+.`�` �0�`!*#%*!!.`3$+W/`$%#$(5
,�//%+*�0!`��+10`)��$%*!`(!�.*%*#`�* `3�*0/`0+`�!#%*`3+.'%*#`+*`)��$%*!`(!�.*%*#
�//%#*)!*0/L`0$%/`�++'`%/`"+.`5+1K`�.%+.`'*+3(! #!`+"`�50$+*`�+ %*#`%/`�//1)! L`�* `��/%�
"�)%(%�.%05`3%0$`/0�0%/0%��(`�+*�!,0/`3%((`�!`�!*!"%�%�(L`�(0$+1#$`*+0`*!�!//�.5K

:KDW�WKLV�ERRN�FRYHUV
Chapter 1L`	!00%*#`�0�.0! `3%0$`���$%*!`�!�.*%*#`�* `�50$+*L`3%((`�!`0$!`/0�.0%*#`,+%*0`"+.
.!� !./`3$+`�.!`(++'%*#`"+.3�. `0+`!*0!.%*#`0$!`"%!( `+"`)��$%*!`(!�.*%*#`3%0$`�50$+*K`�0
3%((`%*0.+ 1�!`0$!`!//!*0%�(`�+*�!,0/`+"`)��$%*!`(!�.*%*#L`3$%�$`3!`3%((` %#` !!,!.`%*0+
0$.+1#$+10`0$!`.!/0`+"`0$!`�++'K`�*`�  %0%+*L`%0`3%((` %/�1//`0$!`��/%�/`+"`�50$+*`"+.`)��$%*!
(!�.*%*#`�* `!4,(�%*`$+3`0+`/!0`%0`1,`,.+,!.(5`"+.`0$!`1,�+)%*#`!4�),(!/`�* `,.+&!�0/K



�.!"��!

S`9`T

Chapter 2L`�4,(+.%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�!40`�*�(5/%/`�!�$*%-1!/L`3%((`/0�.0
 !2!(+,%*#`0$!`"%./0`,.+&!�0`+"`0$!`�++'L`!4,(+.%*#`�* `)%*%*#`0$!`97`*!3/#.+1,/` �0�/!0L
3$%�$`3%((`�!`/,(%0`%*0+`03+`,�.0/—Chapter 2L`�4,(+.%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�!40
�*�(5/%/`�!�$*%-1!/L`�* `Chapter 3L`�%*%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�(1/0!.%*#`�* 
�+,%�`�+ !(%*#`�(#+.%0$)/K`�*`0$%/`�$�,0!.L`.!� !./`3%((`#!0`"�)%(%�.`3%0$`���`�* `2�.%+1/
���`(%�.�.%!/`0$�0`3%((`�!`1/! `"+.`0$%/`,.+&!�0K`�!`3%((`!4,(�%*`/!2!.�(`%),+.0�*0`���
0!�$*%-1!/`%),(!)!*0%*#`0$!)`%*`���K`�!`3%((`�(/+`�+2!.`0$!` %)!*/%+*`.! 1�0%+*
0!�$*%-1!L`!/,!�%�((5`0_���`�* `%0/`1/!`%*`0!40` �0�`2%/1�(%6�0%+*K

Chapter 3L`�%*%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�(1/0!.%*#`�* `�+,%�`�+ !(%*#`�(#+.%0$)/L
3%((`�+*0%*1!`+1.`*!3/#.+1,/`,.+&!�0`�"0!.`!4,(+.%*#`0$!`97`*!3/#.+1,/` �0�/!0K`�*`0$%/
�$�,0!.L`.!� !./`3%((`(!�.*`��+10`1*/1,!.2%/! `(!�.*%*#`�* `�(1/0!.%*#`�(#+.%0$)/L`�/`3!((
�/`/+)!`� 2�*�! `���`0!�$*%-1!/L`/1�$`�/`���`�* `3+. `!)�!  %*#K`�!`3%((`�(1/0!.`0$!
*!3/#.+1,/` �0�`1/%*#`0$!`'_)!�*/`�(#+.%0$)L`�* ` !0!�0`0+,%�/`1/%*#`���`�* `���K

Chapter 4L`�!0!�0%*#`�,�)`�)�%(/`3%0$`��%2!`��5!/L`3%((`/0�.0`+1.`/1,!.2%/! `(!�.*%*#
&+1.*!5K`�*`0$%/`�$�,0!.L`3!`"+�1/`+*`�(�//%"%��0%+*`3%0$`��ï2!`��5!/L`�* `3!W((`(++'`�0`�*`%*_
 !,0$`%),(!)!*0�0%+*K`�!`3%((`�(/+`�+2!.`+0$!.`%),+.0�*0`)��$%*!`(!�.*%*#`�+*�!,0/L`/1�$
�/`�(�//%"%��0%+*`,!."+.)�*�!`!2�(1�0%+*L`)+ !(`/!(!�0%+*`�* `01*%*#L`�* `�.+//_2�(% �0%+*K
�4�),(!/`%*�(1 %*#`/,�)`!)�%(` !0!�0%+*`3%((`�!` !)+*/0.�0! K

Chapter 5L`�(�//%"5%*#`�!3/#.+1,`�+,%�/`3%0$`�`�1,,+.0`�!�0+.`���$%*!L`3%((`.!1/!`0$!
*!3/#.+1,/` �0�/!0`3!`1/! `%*`Chapter 2L`�4,(+.%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�!40
�*�(5/%/`�!�$*%-1!/L`�* `Chapter 3L`�%*%*#`0$!`97`�!3/#.+1,/`��0�/!0`3%0$`�(1/0!.%*#`�* 
�+,%�`�+ !(%*#`�(#+.%0$)/K`�!`3%((`�+2!.`)1(0%�(�//`�(�//%"%��0%+*L`�/`3!((`�/`���`�* `$+3
0$!5`�.!`�,,(%! `%*`0+,%�`�(�//%"%��0%+*K`�0$!.`%),+.0�*0`�+*�!,0/L`/1�$`�/`'!.*!(`)��$%*!/L
+2!."%00%*#L`�* `.!#1(�.%6�0%+*L`3%((`�!` %/�1//! `�/`3!((K

Chapter 6L`�.! %�0%*#`�*(%*!`� `�(%�'_�$.+1#$`3%0$`�.!!_��/! `�(#+.%0$)/L`3%((`%*0.+ 1�!`�* 
!4,(�%*` !�%/%+*`0.!!/`�* `.�* +)`"+.!/0/`%*` !,0$`0$.+1#$+10`0$!`�+1./!`+"`/+(2%*#`0$!
� 2!.0%/%*#`�(%�'_0$.+1#$`.�0!`,.+�(!)K`�),+.0�*0`�+*�!,0/`+"`0.!!_��/! `)+ !(/`/1�$`�/
!*/!)�(!L`"!�01.!`%),+.0�*�!L`�* `"!�01.!`/!(!�0%+*`3%((`�(/+`�!`�+2!.! K

Chapter 7L`�.! %�0%*#`�*(%*!`� /`�(%�'_�$.+1#$`3%0$`�+#%/0%�`�!#.!//%+*L`3%((`%*0.+ 1�!`�* 
!4,(�%*`(+#%/0%�`.!#.!//%+*`�(�//%"%!./`+*`0$!`/�)!`,.+&!�0`".+)`0$!`,.!2%+1/`�$�,0!./K`�!
3%((`�(/+`�+2!.`+0$!.`�+*�!,0/L`/1�$`�/`��0!#+.%��(`2�.%��(!`!*�+ %*#L`�8`�* `�9
.!#1(�.%6�0%+*L`"!�01.!`/!(!�0%+*L`+*(%*!`(!�.*%*#`�* `/0+�$�/0%�`#.� %!*0` !/�!*0L`�* L`+"
�+1./!L`$+3`0+`3+.'`3%0$`(�.#!` �0�/!0/K



�.!"��!

S`:`T

Chapter 8L`���(%*#`�,`�.! %�0%+*`0+`�!.��50!`�(%�'`�+#/L`�+2!./`+*(%*!`� 2!.0%/%*#`�(%�'_
0$.+1#$`,.! %�0%+*L`3$!.!`3!`$�2!`)%((%+*/`+"`(��!(! `/�),(!/`%*`�`05,%��(`(�.#!_/��(!
)��$%*!`(!�.*%*#`,.+�(!)K`�*`0$%/`�$�,0!.L`3!`3%((`!4,(+.!`�`)+.!`/��(��(!`/+(10%+*`0$�*
0$!`,.!2%+1/`�$�,0!./L`10%(%6%*#`,+3!."1(`,�.�((!(`�+),10%*#`0++(/`/1�$`�/`�,��$!`
� ++,
�* `�,�.'K`�!`3%((`�+2!.`0$!`!//!*0%�(`�+*�!,0/`+"`�,�.'L`/1�$`%*/0�((�0%+*L`���L`�* `�+.!
,.+#.�))%*#L`�/`3!((`�/`%0/`)��$%*!`(!�.*%*#`�+),+*!*0/K`�!`3%((`3+.'`3%0$`0$!`!*0%.!
 �0�/!0`+"`)%((%+*/`+"`/�),(!/L`!4,(+.!`0$!` �0�L`�1%( `�(�//%"%��0%+*`)+ !(/L`,!."+.)`"!�01.!
!*#%*!!.%*#L`�* `,!."+.)�*�!`!2�(1�0%+*`1/%*#`�,�.'L`3$%�$`/��(!/`1,`0$!`�+),10�0%+*K

Chapter 9L`�0+�'`�.%�!`�.! %�0%+*`3%0$`�!#.!//%+*`�(#+.%0$)/L`%*0.+ 1�!/`0$!`�%)`+"`0$%/
,.+&!�0L`3$%�$`%/`0+`�*�(56!`�* `,.! %�0`/0+�'`)�.'!0`,.%�!/`1/%*#`0$!`��$++\	++#(!
�%*�*�!` �0�L`�* `)�5�!`�  %0%+*�(` �0�K

�!`3%((`/0�.0`0$!`�$�,0!.`�5`�+2!.%*#`0$!`�$�((!*#!/`%*`"%*�*�!`�* `(++'%*#`�0`�`�.%!"
!4,(�*�0%+*`+"`0$!`.!(�0! `�+*�!,0/K`�$!`*!40`/0!,`%/`0+`+�0�%*`�* `!4,(+.!`0$!` �0�/!0`�* 
/0�.0`"!�01.!`!*#%*!!.%*#`�"0!.`!4,(+.�0+.5` �0�`�*�(5/%/K`�$!`�+.!`/!�0%+*L`(++'%*#`�0
.!#.!//%+*`�* `.!#.!//%+*`�(#+.%0$)/L`(%*!�.`.!#.!//%+*L` !�%/%+*`0.!!`.!#.!//%+*L`���L`�* 
*!1.�(`*!03+.'/L`3%((`"+((+3K`�!� !./`3%((`�(/+`,.��0%�!`/+(2%*#`.!#.!//%+*`,.+�(!)/`1/%*#
/�%'%0_(!�.*`�* `0$!`�!*/+.�(+3`���K

Chapter 10L`���$%*!`�!�.*%*#`�!/0`�.��0%�!/L`�+2!./`�!/0`,.��0%�!/`%*`)��$%*!`(!�.*%*#K`�"0!.
�+2!.%*#`)1(0%,(!`,.+&!�0/`%*`0$%/`�++'L`5+1`3%((`$�2!`#�0$!.! `�`�.+� `,%�01.!`+"`0$!
)��$%*!`(!�.*%*#`!�+/5/0!)`1/%*#`�50$+*K`
+3!2!.L`0$!.!`3%((`�!`%//1!/`+*�!`5+1`/0�.0
3+.'%*#`+*`,.+&!�0/`%*`0$!`.!�(`3+.( K`�$%/`�$�,0!.`�%)/`0+`"++(,.++"`5+1.`(!�.*%*#`�* `#!0
5+1`.!� 5`"+.`,.+ 1�0%+*`�5`,.+2% %*#`98`�!/0`,.��0%�!/`0$.+1#$+10`0$!`!*0%.!`)��$%*!
(!�.*%*#`3+.'"(+3K

7R�JHW�WKH�PRVW�RXW�RI�WKLV�ERRN
�+1`�.!`!4,!�0! `0+`$�2!`��/%�`'*+3(! #!`+"`�50$+*L`0$!`��/%�`)��$%*!`(!�.*%*#
�(#+.%0$)/L`�* `/+)!`��/%�`�50$+*`(%�.�.%!/L`/1�$`�/`�!*/+.�(+3`�* `!.�/L`0+`�.!�0!`/)�.0
�+#*%0%2!`��0%+*/`"+.`5+1.`,.+&!�0/K

'RZQORDG�WKH�H[DPSOH�FRGH�ILOHV
�+1`��*` +3*(+� `0$!`!4�),(!`�+ !`"%(!/`"+.`0$%/`�++'`".+)`5+1.`���+1*0`�0
www.packt.comK`�"`5+1`,1.�$�/! `0$%/`�++'`!(/!3$!.!L`5+1`��*`2%/%0
www.packt.com/support`�* `.!#%/0!.`0+`$�2!`0$!`"%(!/`!)�%(! ` %.!�0(5`0+`5+1K



�.!"��!

S`;`T

�+1`��*` +3*(+� `0$!`�+ !`"%(!/`�5`"+((+3%*#`0$!/!`/0!,/M

�+#`%*`+.`.!#%/0!.`�0`www.packt.comK8K
�!(!�0`0$!`�������`0��K9K
�(%�'`+*`�+ !`�+3*(+� /`J`�..�0�K:K
�*0!.`0$!`*�)!`+"`0$!`�++'`%*`0$!`�!�.�$`�+4`�* `"+((+3`0$!`+*/�.!!*;K
%*/0.1�0%+*/K

�*�!`0$!`"%(!`%/` +3*(+� ! L`,(!�/!`)�'!`/1.!`0$�0`5+1`1*6%,`+.`!40.��0`0$!`"+( !.`1/%*#`0$!
(�0!/0`2!./%+*`+"M

�%*���\>_�%,`"+.`�%* +3/
�%,!#\%�%,\�*��.�`"+.`���
>_�%,\�!��%,`"+.`�%*14

�$!`�+ !`�1* (!`"+.`0$!`�++'`%/`�(/+`$+/0! `+*`	%0
1�`�0`https:/ d/dgithub. dcom/
PacktPublishing/dPython- dMachine- dLearning- dBy- dExample- dSecond- dEditionK`�*`��/!`0$!.!W/
�*`1, �0!`0+`0$!`�+ !L`%0`3%((`�!`1, �0! `+*`0$!`!4%/0%*#`	%0
1�`.!,+/%0+.5K

�!`�(/+`$�2!`+0$!.`�+ !`�1* (!/`".+)`+1.`.%�$`��0�(+#`+"`�++'/`�* `2% !+/`�2�%(��(!
�0`https:/d/dgithub. dcom/ dPacktPublishing/ dK`�$!�'`0$!)`+10P

'RZQORDG�WKH�FRORU�LPDJHV
�!`�(/+`,.+2% !`�`���`"%(!`0$�0`$�/`�+(+.`%)�#!/`+"`0$!`/�.!!*/$+0/\ %�#.�)/`1/! `%*`0$%/
�++'K`�+1`��*` +3*(+� `%0`$!.!M`https:/ d/dwww. dpacktpub. dcom/ dsites/ ddefault/ dfiles/
downloads/d9781789616729_ dColorImages. dpdfK

&RQYHQWLRQV�XVHG
�$!.!`�.!`�`*1)�!.`+"`0!40`�+*2!*0%+*/`1/! `0$.+1#$+10`0$%/`�++'K

CodeInTextM`�* %��0!/`�+ !`3+. /`%*`0!40L` �0���/!`0��(!`*�)!/L`"+( !.`*�)!/L`"%(!*�)!/L
"%(!`!40!*/%+*/L`,�0$*�)!/L` 1))5`���/L`1/!.`%*,10L`�* `�3%00!.`$�* (!/K`
!.!`%/`�*
!4�),(!M`X�$!*L`3!W((`(+� `0$!`en_core_web_sm`)+ !(`�* `,�./!`0$!`/!*0!*�!`1/%*#`0$%/
)+ !(KX



�.!"��!

S`<`T

�$!*`3!`3%/$`0+` .�3`5+1.`�00!*0%+*`0+`�`,�.0%�1(�.`,�.0`+"`�`�+ !`�(+�'L`0$!`.!(!2�*0`(%*!/
+.`%0!)/`�.!`/!0`%*`�+( M

[default]
exten => s,1,Dial(Zap/1|30)
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