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+\SHUSDUDPHWHU�WXQLQJ�DQG�JULG�VHDUFK ��

6XPPDU\ ��

&KDSWHU����'HHS�/HDUQLQJ�IRU�,R7 ��
'HHS�OHDUQLQJ���� ��

'HHS�OHDUQLQJbZK\�QRZ" ��
$UWLILFLDO�QHXURQ ��
0RGHOOLQJ�VLQJOH�QHXURQ�LQ�7HQVRU)ORZ ��

0XOWLOD\HUHG�SHUFHSWURQV�IRU�UHJUHVVLRQ�DQG�FODVVLILFDWLRQ ��
%DFNSURSDJDWLRQ�DOJRULWKP ���
(QHUJ\�RXWSXW�SUHGLFWLRQ�XVLQJ�0/3V�LQ�7HQVRU)ORZ ���
:LQH�TXDOLW\�FODVVLILFDWLRQ�XVLQJ�0/3V�LQ�7HQVRU)ORZ ���

&RQYROXWLRQDO�QHXUDO�QHWZRUNV ���
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'LIIHUHQW�OD\HUV�RI�&11 ���
7KH�FRQYROXWLRQ�OD\HU ���
3RROLQJ�OD\HU ���

6RPH�SRSXODU�&11�PRGHO ���
/H1HW�WR�UHFRJQL]H�KDQGZULWWHQ�GLJLWV ���

5HFXUUHQW�QHXUDO�QHWZRUNV ���
/RQJ�VKRUW�WHUP�PHPRU\ ���
*DWHG�UHFXUUHQW�XQLW ���

$XWRHQFRGHUV ���
'HQRLVLQJ�DXWRHQFRGHUV ���
9DULDWLRQDO�DXWRHQFRGHUV ���

6XPPDU\ ���

&KDSWHU����*HQHWLF�$OJRULWKPV�IRU�,R7 ���
2SWLPL]DWLRQ ���

'HWHUPLQLVWLF�DQG�DQDO\WLF�PHWKRGV ���
*UDGLHQW�GHVFHQW�PHWKRG ���
1HZWRQ�5DSKVRQ�PHWKRG ���

1DWXUDO�RSWLPL]DWLRQ�PHWKRGV ���
6LPXODWHG�DQQHDOLQJ ���
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ ���
*HQHWLF�DOJRULWKPV ���

,QWURGXFWLRQ�WR�JHQHWLF�DOJRULWKPV ���
7KH�JHQHWLF�DOJRULWKP ���

&URVVRYHU ���
0XWDWLRQ ���

3URV�DQG�FRQV ���
$GYDQWDJHV ���
'LVDGYDQWDJHV ���

&RGLQJ�JHQHWLF�DOJRULWKPV�XVLQJ�'LVWULEXWHG�(YROXWLRQDU\
$OJRULWKPV�LQ�3\WKRQ ���

*XHVV�WKH�ZRUG ���
*HQHWLF�DOJRULWKP�IRU�&11�DUFKLWHFWXUH ���
*HQHWLF�DOJRULWKP�IRU�/670�RSWLPL]DWLRQ ���

6XPPDU\ ���

&KDSWHU����5HLQIRUFHPHQW�/HDUQLQJ�IRU�,R7 ���
,QWURGXFWLRQ ���

5/�WHUPLQRORJ\ ���
'HHS�UHLQIRUFHPHQW�OHDUQLQJ ���

6RPH�VXFFHVVIXO�DSSOLFDWLRQV ���
6LPXODWHG�HQYLURQPHQWV ���

2SHQ$,�J\P ���
4�OHDUQLQJ ���

7D[L�GURS�RII�XVLQJ�4�WDEOHV ���
4�1HWZRUN ���

7D[L�GURS�RII�XVLQJ�4�1HWZRUN ���
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'41�WR�SOD\�DQ�$WDUL�JDPH ���
'RXEOH�'41 ���
'XHOOLQJ�'41 ���

3ROLF\�JUDGLHQWV ���
:K\�SROLF\�JUDGLHQWV" ���
3RQJ�XVLQJ�SROLF\�JUDGLHQWV ���
7KH�DFWRU�FULWLF�DOJRULWKP ���

6XPPDU\ ���

&KDSWHU����*HQHUDWLYH�0RGHOV�IRU�,R7 ���
,QWURGXFWLRQ ���
*HQHUDWLQJ�LPDJHV�XVLQJ�9$(V ���

9$(V�LQ�7HQVRU)ORZ ���
*$1V ���

,PSOHPHQWLQJ�YDQLOOD�*$1�LQ�7HQVRU)ORZ ���
'HHS�&RQYROXWLRQDO�*$1V� ���
9DULDQWV�RI�*$1�DQG�LWV�FRRO�DSSOLFDWLRQV ���

&\FOH�*$1 ���
$SSOLFDWLRQV�RI�*$1V ���

6XPPDU\ ���

&KDSWHU����'LVWULEXWHG�$,�IRU�,R7 ���
,QWURGXFWLRQ ���

6SDUN�FRPSRQHQWV�DQG�LWV�ZRUNLQJ ���
$SDFKH�0/OLE ���

5HJUHVVLRQ�LQ�0/OLE ���
&ODVVLILFDWLRQ�LQ�0/OLE ���
7UDQVIHU�OHDUQLQJ�XVLQJ�6SDUN'/ ���

,QWURGXFLQJ�+�2�DL ���
+�2�$XWR0/ ���
5HJUHVVLRQ�LQ�+�2 ���
&ODVVLILFDWLRQ�LQ�+�� ���

6XPPDU\ ���

&KDSWHU����3HUVRQDO�DQG�+RPH�,R7 ���
3HUVRQDO�,R7 ���

6XSHU6KRHV�E\�0,7 ���
&RQWLQXRXV�JOXFRVH�PRQLWRULQJ ���

+\SRJO\FHPLD�SUHGLFWLRQ�XVLQJ�&*0�GDWD ���
+HDUW�PRQLWRU ���
'LJLWDO�DVVLVWDQWV ���

,R7�DQG�VPDUW�KRPHV ���
+XPDQ�DFWLYLW\�UHFRJQLWLRQ ���

+$5�XVLQJ�ZHDUDEOH�VHQVRUV ���
+$5�IURP�YLGHRV ���

6PDUW�OLJKWLQJ ���
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+RPH�VXUYHLOODQFH� ���
6XPPDU\ ���

&KDSWHU�����$,�IRU�WKH�,QGXVWULDO�,R7 ���
,QWURGXFWLRQ�WR�$,�SRZHUHG�,QGXVWULDO�,R7 ���

6RPH�LQWHUHVWLQJ�XVH�FDVHV ���
3UHGLFWLYH�PDLQWHQDQFH�XVLQJ�$, ���

3UHGLFWLYH�PDLQWHQDQFH�XVLQJ�/RQJ�6KRUW�7HUP�0HPRU\ ���
3UHGLFWLYH�PDLQWHQDQFH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV ���

(OHFWULFDO�ORDG�IRUHFDVWLQJ�LQ�LQGXVWU\ ���
67/)�XVLQJ�/670 ���

6XPPDU\ ���

&KDSWHU�����$,�IRU�6PDUW�&LWLHV�,R7 ���
:K\�ZH�QHHG�VPDUW�FLWLHV" ���
&RPSRQHQWV�RI�D�VPDUW�FLW\ ���

6PDUW�WUDIILF�PDQDJHPHQW ���
6PDUW�SDUNLQJ ���
6PDUW�ZDVWH�PDQDJHPHQW ���
6PDUW�SROLFLQJ ���
6PDUW�OLJKWLQJ ���
6PDUW�JRYHUQDQFH ���

$GDSWLQJ�,R7�IRU�VPDUW�FLWLHV�DQG�WKH�QHFHVVDU\�VWHSV ���
&LWLHV�ZLWK�RSHQ�GDWD ���

$WODQWD�FLW\�0HWURSROLWDQ�$WODQWD�5DSLG�7UDQVLW�$XWKRULW\�GDWD ���
&KLFDJR�$UUD\�RI�7KLQJV�GDWD ���

'HWHFWLQJ�FULPH�XVLQJ�6DQ�)UDQFLVFR�FULPH�GDWD ���
&KDOOHQJHV�DQG�EHQHILWV ���
6XPPDU\ ���

&KDSWHU�����&RPELQLQJ�,W�$OO�7RJHWKHU ���
3URFHVVLQJ�GLIIHUHQW�W\SHV�RI�GDWD ���

7LPH�VHULHV�PRGHOLQJ ���
3UHSURFHVVLQJ�WH[WXDO�GDWD ���
'DWD�DXJPHQWDWLRQ�IRU�LPDJHV ���
+DQGOLQJ�YLGHRV�ILOHV ���
$XGLR�ILOHV�DV�LQSXW�GDWD ���

&RPSXWLQJ�LQ�FORXG ���
$:6 ���
*RRJOH�&ORXG�SODWIRUP ���
0LFURVRIW�$]XUH ���

6XPPDU\ ���

,QGH[ ���
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# Declare placeholders for the two matrices
A = tf.placeholder(tf.float32, None, name='A')
B = tf.placeholder(tf.float32, None, name='B')
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 New dimension introduced in IoT (adapted from b-ITU-T Y.2060 report)
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IoT layers
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 AI, ML, and DL
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 Services that different AI/IoT platforms support

�!0W/`�.%!"(5`"%* `+10`��+10`/+)!`,+,1(�.`�(+1 `,(�0"+.)/K`�*`Chapter 9L`�!./+*�(`�* `
+)!
�+�L`3!W((`(!�.*`$+3`0+`1/!`0$!`)+/0`,+,1(�.`+*!/K`�+((+3%*#`%/`�`(%/0`+"`/+)!`+"`0$!`,+,1(�.
�(+1 `,(�0"+.)/M

���`��0/+*`�+�`�(�0"+.)M`
+/0! `�5`���L`0$!`,(�0"+.)`,.+2% !/` !2%�!
)�*�#!)!*0N`%0`1/!/`����`,.+0+�+(`0+`�+**!�0`3%0$`�+�` !2%�!/`�* 
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�,,(%��0%+*/K`�0`,.+2% !/`.!�(_0%)!`/��(��(!`�+**!�0%2%05K`�$!` �0�`��*`�!`/0+.! 
"+.`�`,!.%+ `�* `���!//! `%*`.!�(`0%)!K`���`��0/+*`�(/+`,.+2% !/`�(1!)%4
�(�0"+.)_�/_�_�!.2%�!`Q����R`"+.`�*�(50%�/`�* `2%/1�(%6�0%+*/K`�!`��*`3.%0!`�+ !
0+`�1%( `�* `)�*�#!`�,,(%��0%+*/`0$�0`%*0!.��0`3%0$`0$!` �0�`�* `�+**!�0! 
 !2%�!/K`�0`/1,,+.0/`�50$+*`�(+*#`3%0$`�HL`��2�L`�* `�+ !K&/K`
�%�.+/+"0`�+�_�61.!`�+�`/1%0!M`�0`,.+2% !/`�`�+((!�0%+*`+"`,.!�+*"%#1.! 
/+(10%+*/`�1%(0`+*`�61.!`����K`�0`!*��(!/`�`.!(%��(!`�* `/!�1.!`�% %.!�0%+*�(
�+))1*%��0%+*`�!03!!*`�+�` !2%�!/`�* `�(+1 K`�$!`,.!�+*"%#1.! `/+(10%+*/
%*�(1 !` �0�`2%/1�(%6�0%+*L`.!)+0!`)+*%0+.%*#L`�* `�+*"%#1.%*#`.1(!/`�* `�(�.)/
+2!.`(%2!`�+�`0!(!)!0.5K`�0`�(/+`,.+2% !/`�61.!`�0.!�)`�*�(50%�/`0+`,.+�!//`0$!
 �0�`%*`.!�(`0%)!K`�$!`�61.!`�0.!�)`�*�(50%�/`�((+3/`1/`0+`1/!`�%/1�(`�01 %+K`�0
/1,,+.0/`�50$+*L`�+ !K&/L`�L`�* `�. 1%*+L` !,!* %*#`1,+*`0$!`�+�` !2%�!/K
	++#(!`�(+1 `�+�M`�$!`	++#(!`�(+1 `�+�`,.+2% !/`�`"1((5`)�*�#! `/!.2%�!`"+.
/!�1.!(5`�+**!�0%*#`�* `)�*�#%*#`�+�` !2%�!/K`�0`/1,,+.0/`�+0$`����`�* 

���`,.+0+�+(/K`�0`�(/+`,.+2% !/`�% %.!�0%+*�(`�+))1*%��0%+*`�!03!!*`�+�
 !2%�!/`�* `0$!`�(+1 K`�0`,.+2% !/`/1,,+.0`"+.`	+L`�
�L`�1�5L`��L`K���L`��2�L
��&!�0%2!_�L`�* `�50$+*K`�0`�(/+`$�/`�%#�1!.5L`3$%�$`�((+3/`1/!./`0+`,!."+.)
 �0�`�*�(50%�/`�* `2%/1�(%6�0%+*K`
�)�6+*`���`�+�M`�$!`�)�6+*`���`�+�`�((+3/`�+�` !2%�!/`0+`�+))1*%��0!
2%�`����L`
���L`�* `�!��+�'!0/K`�0`,.+2% !/`/!�1.!L`�%_ %.!�0%+*�(
�+))1*%��0%+*`�!03!!*`�+�` !2%�!/`�* `0$!`�(+1 K`�0`�(/+`$�/`�`.1(!/`!*#%*!`0$�0
��*`�!`1/! `0+`%*0!#.�0!` �0�`3%0$`+0$!.`���`/!.2%�!/`�* `0.�*/"+.)`0$!` �0�K
�1(!/`��*`�!` !"%*! `0$�0`0.%##!.`0$!`!4!�10%+*`+"`1/!.`�+ !`%*`��2�L`�50$+*L`+.
�+ !K&/K`���`��)� �`�((+3/`1/`0+`1/!`+1.`+3*`�1/0+)`0.�%*! `)+ !(/K

7RROV�XVHG�LQ�WKLV�ERRN
�+.`0$!`%),(!)!*0�0%+*`+"`�+�_��/! `/!.2%�!/L`3!`*!! `0+`"+((+3`�`�+00+)_1,`�,,.+��$K`�+.
!��$`�+�`2!.0%��(L`3!`*!! `0+`"%* `0$!`�*�(50%�/`�* `0$!` �0�`�* L`"%*�((5L`%),(!)!*0`%0`%*
�+ !K`

�1!`0+`%0/`�2�%(��%(%05`%*`�()+/0`�((`��`�* `�+�`,(�0"+.)/L`�50$+*`3%((`�!`1/! `"+.`�+ %*#`%*
0$%/`�++'K`�(+*#`3%0$`�50$+*L`/+)!`$!(,%*#`(%�.�.%!/`/1�$`�/`�1)�5L`,�* �/L`��%�5L`
!.�/L
�* `�!*/+.�(+3`3%((`�!`1/! `0+`,!."+.)`��\��`�*�(50%�/`+*`0$!` �0�K`�+.`2%/1�(%6�0%+*L`3!
3+1( `�!`1/%*#`��0,(+0(%�`�* `�!��+.*K
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7HQVRU)ORZ
�!*/+.�(+3`%/`�*`+,!*`/+1.�!`/+"03�.!`(%�.�.5` !2!(+,! `�5`0$!`	++#(!`�.�%*`0!�)N`%0`$�/
"1*�0%+*/`�* `���/`"+.`%),(!)!*0%*#` !!,`*!1.�(`*!03+.'/K`�0`3+.'/`3%0$`�50$+*L`�BBL
��2�L`�L`�* `	+K`�0`��*`�!`1/! `0+`3+.'`+*`)1(0%,(!`,(�0"+.)/L`���L`	��L`)+�%(!L`�* `!2!*
 %/0.%�10! K`�!*/+.�(+3`�((+3/`"+.`)+ !(` !,(+5)!*0`�* `!�/!`+"`1/!`%*`,.+ 1�0%+*K`�$!
+,0%)%6!.`%*`�!*/+.�(+3`)�'!/`0$!`0�/'`+"`0.�%*%*#` !!,`*!1.�(`*!03+.'/`!�/%!.`�5
�10+)�0%��((5`��(�1(�0%*#`#.� %!*0/`�* `�,,(5%*#`0$!)`0+`1, �0!`3!%#$0/`�* `�%�/!/K

�*`�!*/+.�(+3L`�`,.+#.�)`$�/`03+` %/0%*�0`�+),+*!*0/M

�+),10�0%+*`#.�,$`%/`�`*!03+.'`+"`*+ !/`�* `! #!/K`
!.!`�((`+"`0$!` �0�L
2�.%��(!/L`,(��!$+( !./L`�* `0$!`�+),10�0%+*/`0+`�!`,!."+.)! `�.!` !"%*! K
�!*/+.�(+3`/1,,+.0/`0$.!!`05,!/`+"` �0�`+�&!�0/M`�+*/0�*0/L`2�.%��(!/L`�* 
,(��!$+( !./K`
�4!�10%+*`#.�,$`��01�((5`�+),10!/`0$!`*!03+.'`1/%*#`�`Session`+�&!�0K`��01�(
��(�1(�0%+*/`�* `0.�*/"!.`+"`%*"+.)�0%+*`".+)`+*!`(�5!.`0+`�*+0$!.`0�'!/`,(��!`%*
0$!`Session`+�&!�0K

�!0W/`/!!`0$!`�+ !`0+`,!."+.)`)�0.%4`)1(0%,(%��0%+*`%*`�!*/+.�(+3K`�$!`3$+(!`�+ !`��*`�!
���!//! `".+)`0$!`	%0
1�`.!,+/%0+.5`Qhttps:/ c/cgithub. ccom/ cPacktPublishing/ cHands- cOn-
Artificial-cIntelligence- cfor- cIoTR`"%(!*�)!L`matrix_multiplication.ipynbM`

import tensorflow as tf
import numpy as np

�$%/`,�.0`%),+.0/`0$!`�!*/+.�(+3`)+ 1(!K`�!40L`3!` !"%*!`0$!`�+),10�0%+*`#.�,$K`mat1
�* `mat2`�.!`03+`)�0.%�!/`3!`*!! `0+`)1(0%,(5M

# A random matrix of size [3,5]
mat1 = np.random.rand(3,5)
# A random matrix of size [5,2]
mat2 = np.random.rand(5,2)

�!` !�(�.!`03+`,(��!$+( !./L`A`�* `BL`/+`0$�0`3!`��*`,�//`0$!%.`2�(1!/`�0`.1*0%)!K`�*`0$!
�+),10�0%+*`#.�,$L`3!` !�(�.!`�((`+"`0$!` �0�`�* `�+),10�0%+*`+�&!�0/M

# Declare placeholders for the two matrices
A = tf.placeholder(tf.float32, None, name='A')
B = tf.placeholder(tf.float32, None, name='B')

�$%/` !�(�.!/`03+`,(��!$+( !./`3%0$`0$!`*�)!/`A`�* `BN`0$!`�.#1)!*0/`0+`0$!
tf.placeholder`)!0$+ `/,!�%"5`0$�0`0$!`,(��!$+( !./`�.!`+"`0$!`float32` �0�05,!K`�%*�!
0$!`/$�,!`/,!�%"%! `%/`NoneL`3!`��*`"!! `%0`�`0!*/+.`+"`�*5`/$�,!`�* `�*`+,0%+*�(`*�)!`"+.
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0$!`+,!.�0%+*K`�!40L`3!` !"%*!`0$!`+,!.�0%+*`0+`�!`,!."+.)! `1/%*#`0$!`)�0.%4
)1(0%,(%��0%+*`)!0$+ L`tf.matmulM

C = tf.matmul(A,B)

�$!`!4!�10%+*`#.�,$`%/` !�(�.! `�/`�`Session`+�&!�0L`3$%�$`%/`"! `0$!`03+`)�0.%�!/L`mat1
�* `mat2L`"+.`0$!`,(��!$+( !./L`A`�* `BL`.!/,!�0%2!(5M

with tf.Session() as sess:
    result = sess.run(C, feed_dict={A: mat1, B:mat2})
    print(result)

.HUDV

!.�/`%/`�`$%#$_(!2!(`���`0$�0`.1*/`+*`0+,`+"`�!*/+.�(+3K`�0`�((+3/`"+.`"�/0`�* `!�/5
,.+0+05,%*#K`�0`/1,,+.0/`�+0$`�+*2+(10%+*�(`�* `.!�1..!*0`*!1.�(`*!03+.'/`�* `!2!*`�
�+)�%*�0%+*`+"`0$!`03+K`�0`��*`.1*`+*`�+0$`���`�* `	��K`�$!`"+((+3%*#`�+ !`,!."+.)/
)�0.%4`)1(0%,(%��0%+*`1/%*#`
!.�/M

# Import the libraries
import keras.backend as K
import numpy as np

# Declare the data
A = np.random.rand(20,500)
B = np.random.rand(500,3000)

#Create Variable
x = K.variable(value=A)
y = K.variable(value=B)
z = K.dot(x,y)
print(K.eval(z))

'DWDVHWV
�*`0$!`�+)%*#`�$�,0!./L`3!W((`�!`(!�.*%*#` %""!.!*0`��`)+ !(/`�* `��`)!0$+ /K`�$!5`�((
3+.'`+*` �0�N`3$%(!`�`(�.#!`*1)�!.`+"` �0�/!0/`�.!`�2�%(��(!`0+` !)+*/0.�0!`$+3`0$!/!
)+ !(/`3+.'L`%*`0$%/`�++'L`3!W((`1/!` �0�/!0/`�2�%(��(!`".!!(5`0$.+1#$`3%.!(!//`/!*/+./`�* 
+0$!.`�+�` !2%�!/K`�+((+3%*#`�.!`/+)!`+"`0$!` �0�/!0/`1/! `%*`0$%/`�++'`�* `0$!%.`/+1.�!/K
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&RPELQHG�F\FOH�SRZHU�SODQW�
�$%/` �0�/!0`�+*0�%*/`@L<=?` �0�`,+%*0/`�+((!�0! `".+)`�`�+)�%*! `�5�(!`,+3!.`,(�*0
Q����R`%*`�`�+1./!`+"`/%4`5!�./`Q977=_9788RK`����`1/!/`03+`01.�%*!/`0+`#!*!.�0!`,+3!.L`0$!
#�/`01.�%*!`�* `0$!`/0!�)`01.�%*!K`�$!.!W.!`0$.!!`)�%*`�+),+*!*0/`+"`0$!`����`,(�*0M`#�/
01.�%*!L`$!�0`.!�+2!.5`/5/0!)L`�* `/0!�)`01.�%*!K`�$!` �0�/!0`�2�%(��(!`�0`���`��`Qhttp:/c/
archive.cics.cuci. cedu/ cml/ cdatasets/ ccombined+cycle+power+plantR`3�/`�+((!�0! `�5`�%*�.
�1"!'�%`".+)`��)%'`
!)�(`�*%2!./%05`�* `
!5/!)`
�5�`".+)`�+#�6%�%`�*%2!./%05K`�$!
 �0�`�+*/%/0/`+"`"+1.`"!�01.!/` !0!.)%*%*#`0$!`�2!.�#!`�)�%!*0`2�.%��(!/K`�$!`�2!.�#!/`�.!
0�'!*`".+)`2�.%+1/`/!*/+./`(+��0! `�.+1* `0$!`,(�*0`0$�0`.!�+. `�)�%!*0`2�.%��(!/`,!.
/!�+* K`�$!`�%)`%/`0+`,.! %�0`0$!`*!0`$+1.(5`!(!�0.%��(`!*!.#5`+10,10K`�$!` �0�`%/`�2�%(��(!`%*
�+0$`xls`�* `ods`"+.)�0K`

�$!`"!�01.!/`%*`0$!` �0�/!0`�.!`�/`"+((+3/M

�$!`�)�%!*0`�!),!.�01.!`Q��R`%/`%*`0$!`.�*#!`8K?8°�`�* `:>K88°�
�$!`�)�%!*0`�.!//1.!`Q��R`%/`%*`0$!`.�*#!`@@9K?@—87::K:7`)%((%��.
�!(�0%2!`
1)% %05`Q�
R`%/`%*`0$!`.�*#!`9<K<=A`0+`877K8=A
�4$�1/0`���11)`Q�R`%/`%*`0$!`.�*#!`9<K:=`0+`?8K<=`�)`
#
�!0`$+1.(5`!(!�0.%��(`!*!.#5`+10,10`Q��R`%/`%*`0$!`.�*#!`;97K9=`0+`;@<K>=`��

�1.0$!.` !0�%(/`��+10`0$!` �0�`�* `0$!`,.+�(!)`��*`�!`.!� `".+)`0$!
"+((+3%*#M`

�ı*�.`�ü"!'�%L`�.! %�0%+*`+"`"1((`(+� `!(!�0.%��(`,+3!.`+10,10`+"`�
��/!(+� `+,!.�0! `�+)�%*! `�5�(!`,+3!.`,(�*0`1/%*#`)��$%*!`(!�.*%*#
)!0$+ /L`�*0!.*�0%+*�(`�+1.*�(`+"`�(!�0.%��(`�+3!.`J`�*!.#5
�5/0!)/L`�+(1)!`=7L`�!,0!)�!.`978;L`��#!/`89=_8;7L`����
78;9_7=8<K

!5/!)`
�5�L`�ı*�.`�ü"!'�%L`�� ı'`�%'.!0`	ü.#!*M`�+��(`�* 
	(+��(�!�.*%*#`�!0$+ /`"+.`�.! %�0%*#`�+3!.`+"`�`�+)�%*! `	�/`J
�0!�)`�1.�%*!L`�.+�!! %*#/`+"`0$!`�*0!.*�0%+*�(`�+*"!.!*�!`+*
�)!.#%*#`�.!* /`%*`�+),10!.`�* `�(!�0.+*%�/`�*#%*!!.%*#
�������`9789L`,,K`8:_8?`Q��.K`9789L`�1��%RK

:LQH�TXDOLW\�GDWDVHW
�%*!.%!/`�.+1* `0$!`3+.( `$�2!`0+`1* !.#+`3%*!`�!.0%"%��0%+*/`�* `-1�(%05`�//!//)!*0/`0+
/�"!#1�. `$1)�*`$!�(0$K`�$!`3%*!`�!.0%"%��0%+*`%/`,!."+.)! `3%0$`0$!`$!(,`+"
,$5/%�+�$!)%��(`�*�(5/%/`�* `/!*/+.5`0!/0/K`�%0$`0$!`� 2�*�!)!*0`+"`0!�$*+(+#5L`0$!
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,$5/%�+�$!)%��(`�*�(5/%/`��*`�!`,!."+.)! `.+10%*!(5`2%�`%*_2%0.+`!-1%,)!*0K`

�!`1/!`0$%/` �0�/!0`"+.`�(�//%"%��0%+*`!4�),(!/`%*`0$%/`�++'K`�$!` �0�/!0`��*`�!` +3*(+� ! 
".+)`0$!`���_��`.!,+/%0+.5`Qhttps:/ c/carchive. cics. cuci. cedu/cml/ cdatasets/ cWine+QualityRK
�$!`3%*!`-1�(%05` �0�/!0`�+*0�%*/`.!/1(0/`+"`,$5/%�+�$!)%��(`0!/0/`+*` %""!.!*0`/�),(!/`+"
.! `�* `3$%0!`3%*!K`���$`/�),(!`3�/`"1.0$!.`.�0! `�5`�*`!4,!.0`3%*!`0�/0!.`"+.`-1�(%05`+*`�
/��(!`+"`7—87K`

�$!` �0�/!0`�+*0�%*/`%*`0+0�(`;L?@?`%*/0�*�!/N`%0`$�/`%*`0+0�(`89`�00.%�10!/K`�$!`89`�00.%�10!/
�.!`�/`"+((+3/M

�%4! `��% %05
�+(�0%(!`��% %05
�%0.%�`��% 
�!/% 1�(`/1#�.
�$(+.% !/
�.!!`/1("1.` %+4% !
�+0�(`/1("1.` %+4% !
�!*/%05
,

�1("�0!/
�(�+$+(
�1�(%05

�$!` �0�/!0`%/`�2�%(��(!`%*`0$!`csv`"+.)�0K`

�!0�%(/`��+10`0$!` �0�/!0`��*`�!`.!� `".+)`0$%/`,�,!.M`�+.0!6L`��1(+L`!0`�(K
�+ !(%*#`3%*!`,.!"!.!*�!/`�5` �0�`)%*%*#`".+)`,$5/%�+�$!)%��(`,.+,!.0%!/K
�!�%/%+*`�1,,+.0`�5/0!)/`;>K;`Q977@RM`<;>_<<:`Qhttps:/ c/crepositorium.
sdum. cuminho. cpt/ cbitstream/ c1822/ c10029/ c1/cwine5. cpdfRK

$LU�TXDOLW\�GDWD
�%.`,+((10%+*`,+/!/`�`)�&+.`!*2%.+*)!*0�(`.%/'`0+`$1)�*`$!�(0$K`�0W/`"+1* `0$�0`0$!.!`!4%/0/
�`�+..!(�0%+*`�!03!!*`%),.+2! `�%.`-1�(%05`�* `�)!(%+.�0%+*`+"` %""!.!*0`$!�(0$`,.+�(!)/
/1�$`�/`.!/,%.�0+.5`%*"!�0%+*/L`��. %+2�/�1(�.` %/!�/!/L`�* `(1*#`��*�!.K`�$!`!40!*/%2!
/!*/+.`*!03+.'/`0$.+1#$+10`0$!`3+.( `�5`�!0!+.+(+#%��(`�.#�*%6�0%+*/`+"`0$!`.!/,!�0%2!
�+1*0.5`,.+2% !`1/`3%0$`.!�(_0%)!`�%.`-1�(%05` �0�K`�$%/` �0�`��*`�!`���!//! `0$.+1#$`0$!
.!/,!�0%2!`3!�`���/`+"`0$!/!`+.#�*%6�0%+*/K`
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�*`0$%/`�++'L`3!W((`1/!`0$!`$%/0+.%��(`�%.`-1�(%05` �0�`0+`0.�%*`+1.`*!03+.'`�* `,.! %�0`0$!
)+.0�(%05`.�0!K`�$!`$%/0+.%��(` �0�`"+.`�*#(�* `%/`�2�%(��(!`".!!(5`�0`
�##(!`Qhttps:/ c/cwww.
kaggle.ccom/cc/cpredict- cimpact- cof- cair- cquality- con-cdeath- cratesRL`�* `0$!`�%.`-1�(%05` �0�
�+*/%/0/`+"` �%(5`)!�*/`+"`+6+*!`Q�:RL`�%0.+#!*` %+4% !`Q��9RL`,�.0%�1(�0!`)�00!.`3%0$`�
 %�)!0!.`(!//`0$�*`+.`!-1�(`0+`87`)%�.+)!0!./`Q��87R`�* `��9<`Q9K<`)%�.+)!0!./`+.`(!//RL
�* `0!),!.�01.!K`�$!`)+.0�(%05`.�0!`Q*1)�!.`+"` !�0$/`,!.`877L777`,!+,(!R`"+.`�*#(�* 
.!#%+*`%/`+�0�%*! `�5`0$!` �0�`,.+2% ! `�5`0$!`�
`�""%�!`"+.`��0%+*�(`�0�0%/0%�/K`

6XPPDU\
�*`0$%/`�$�,0!.L`3!`(!�.*! `��+10`�+�L`�%#` �0�L`�* `��K`�$%/`�$�,0!.`%*0.+ 1�! `0$!
�+))+*`0!.)%*+(+#%!/`1/! `%*`�+�K`�!`(!�.*! `��+10`0$!`�+�`�.�$%0!�01.!`"+.` �0�
)�*�#!)!*0`�* ` �0�`�*�(5/%/K`�$!`!*+.)+1/` �0�`#!*!.�0! `�5`�+�` !2%�!/`*!�!//%0�0!/
/,!�%�(`3�5/`0+`$�* (!`%0K

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

�$!`*!40`�$�,0!.`3%((`�+2!.`$+3`0+`���!//`0$!` �0�/!0/`�2�%(��(!`%*`2�.%! `"+.)�0/K`
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��0�`%/`!2!.53$!.!M`%)�#!/L`/,!!�$L`0!40L`3!�0$!.`%*"+.)�0%+*L`0$!`/,!! `+"`5+1.`��.L`5+1.
(�/0`���L`�$�*#%*#`/0+�'`,.%�!/K`�%0$`0$!`%*0!#.�0%+*`+"`�*0!.*!0`+"`�$%*#/`Q�+�R`/5/0!)/L
0$!`�)+1*0`+"` �0�`,.+ 1�! `$�/`%*�.!�/! `)�*5`"+( N`�*`!4�),(!`%/`/!*/+.`.!� %*#/L
3$%�$`�+1( `�!`0�'!*`"+.`.++)`0!),!.�01.!L`/+%(`�('�(%*%05L`�* `)+.!K`�$%/` �0�`%/`/0+.! 
�* `)� !`�2�%(��(!`%*`2�.%+1/`"+.)�0/K`�*`0$%/`�$�,0!.L`3!`3%((`(!�.*`$+3`0+`.!� L`/�2!L`�* 
,.+�!//` �0�`%*`/+)!`,+,1(�.`"+.)�0/K`�,!�%"%��((5L`5+1`3%((` +`0$!`"+((+3%*#M

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

�* (!`���` �0���/!/`1/%*#`���%0!`�* `�5���

�* (!`�+���`1/%*#`�+*#+��
�+.'`3%0$`
� ++,W/`�%/0.%�10! `�%(!`�5/0!)

7;7�IRUPDW
�*!`+"`0$!`/%),(!/0`�* `�+))+*`"+.)�0/`"+.`/0+.%*#` �0�`%/`0$!`���`"+.)�0N`)�*5`�+�
/!*/+./`(+#`/!*/+.`.!� %*#/`3%0$` %""!.!*0`0%)!/0�),/`%*`0$!`/%),(!`.txt`"%(!`"+.)�0K
�50$+*`,.+2% !/`%*�1%(0`"1*�0%+*/`"+.`�.!�0%*#L`.!� %*#L`�* `3.%0%*#`%*0+`���`"%(!/K`

`�!`��*`���!//`���`"%(!/`%*`�50$+*`%0/!("`3%0$+10`1/%*#`�*5`)+ 1(!N`0$!` �0�L`%*`0$%/`��/!L`%/
+"`0$!`/0.%*#`05,!L`�* `5+1`3%((`*!! `0+`0.�*/"+.)`%0`0+`+0$!.`05,!/`0+`1/!`%0K`�(0!.*�0%2!(5L
3!`��*`1/!`�1)�5`+.`,�* �/K
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8VLQJ�7;7�ILOHV�LQ�3\WKRQ
�50$+*`$�/`%*�1%(0`"1*�0%+*/`0$�0`.!� `�* `3.%0!`%*0+`���`"%(!/K`�$!`�+),(!0!`"1*�0%+*�(%05
%/`,.+2% ! `1/%*#`"+1.`/!0/`+"`"1*�0%+*/M`open()L`read()L`write()L`�* `close()K`�/`0$!
*�)!/`/1##!/0L`0$!5`�.!`1/! `0+`+,!*`�`"%(!L`.!� `".+)`�`"%(!L`3.%0!`%*0+`�`"%(!L`�* `"%*�((5
�(+/!`%0K`�"`5+1`�.!` !�(%*#`3%0$`/0.%*#` �0�`Q0!40RL`0$%/`%/`0$!`�!/0`�$+%�!K`�*`0$%/`/!�0%+*L`3!
3%((`1/!`Shakespeare`,(�5/`%*`���`"+.)N`0$!`"%(!`��*`�!` +3*(+� ! `".+)`0$!`���
/%0!M`https:/c/cocw. cmit. cedu/ cans7870/ c6/c6.c006/ cs08/ clecturenotes/ cfiles/ ct8. cshakespeare.
txtK`

�!` !"%*!`0$!`"+((+3%*#`2�.%��(!/`0+`���!//`0$!` �0�M

data_folder = '../../data/Shakespeare'
data_file = 'alllines.txt'

�$!`"%./0`/0!,`$!.!`%/`0+`+,!*`0$!`"%(!M

f = open(data_file)

�!40L`3!`.!� `0$!`3$+(!`"%(!N`3!`��*`1/!`0$!`read "1*�0%+*L`3$%�$`3%((`.!� `0$!`3$+(!`"%(!
�/`+*!`/%*#(!`/0.%*#M

contents = f.read()

�$%/`.!� /`0$!`3$+(!`"%(!`Q�+*/%/0%*#`+"`;L<?:L>@?`�$�.��0!./R`%*0+
0$!`contents`2�.%��(!K`�!0W/`!4,(+.!`0$!`�+*0!*0/`+"`0$!`contents`2�.%��(!L`3$%�$`3%((
,.%*0`0$!`"%./0`1000`�$�.��0!./M

print(contents[:1000])

�$!`,.!�! %*#`�+ !`3%((`,.%*0`0$!`+10,10`�/`"+((+3/M

"ACT I"
"SCENE I. London. The palace."
"Enter KING HENRY, LORD JOHN OF LANCASTER, the EARL of WESTMORELAND, SIR
WALTER BLUNT, and others"
"So shaken as we are, so wan with care,"
"Find we a time for frighted peace to pant,"
"And breathe short-winded accents of new broils"
"To be commenced in strands afar remote."
"No more the thirsty entrance of this soil"
"will daub her lips with her own children's blood,"
"Nor more will trenching war channel her fields,"
"Nor bruise her flowerets with the armed hoofs"
"Of hostile paces: those opposed eyes,"
"Which, like the meteors of a troubled heaven,"
"All of one nature, of one substance bred,"
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"Did lately meet in the intestine shock"
"And furious close of civil butchery"
"will now, in mutual well-beseeming ranks,"
"March all one way and be no more opposed"
"Against acquaintance, kindred and allies:"
"The edge of war, like an ill-sheathed knife,"
"No more will cut his master. Therefore, friends,"
"As far as to the sepulchre of Christ,"
"Whose

�"`0$!`���`"%(!/`�+*0�%*`*1)!.%�` �0�L`%0`%/`�!00!.`0+`1/!`�1)�5N`%"` �0�`%/`)%4! L`,�* �/`%/
0$!`�!/0`�$+%�!K

&69�IRUPDW
�+))�_/!,�.�0! `2�(1!`Q���R`"%(!/`�.!`0$!`)+/0`,+,1(�.`"+.)�0/`"+.`/0+.%*#`0��1(�.` �0�
#!*!.�0! `�5`�+�`/5/0!)/K`�*`�`.csv "%(!L`0$!`2�(1!/`+"`0$!`.!�+. /`�.!`/0+.! `%*`,(�%*_0!40
.+3/L`3%0$`!��$`.+3`�+*0�%*%*#`0$!`2�(1!/`+"`0$!`"%!( /`/!,�.�0! `�5`�`/!,�.�0+.K`�$!
/!,�.�0+.`%/`�`�+))�`�5` !"�1(0`�10`��*`�!`�+*"%#1.! `0+`�!`�*5`+0$!.`�$�.��0!.K`�*`0$%/
/!�0%+*L`3!`3%((`(!�.*`$+3`0+`1/!` �0�`".+)`���`"%(!/`3%0$`�50$+*W/`csvL`numpyL`�* 
pandas`)+ 1(!/K`�!`3%((`1/!`0$!`household_power_consumption` �0�`"%(!K`�$!`"%(!`��*
�!` +3*(+� ! `".+)`0$!`"+((+3%*#`	%0
1�`(%*'M`https:/ c/cgithub. ccom/ cahanse/
machlearning/cblob/ cmaster/ chousehold_ cpower_ cconsumption. ccsvK`�+`���!//`0$!` �0�`"%(!/L
3!` !"%*!`0$!`"+((+3%*#`2�.%��(!/M

data_folder = '../../data/household_power_consumption'
data_file = 'household_power_consumption.csv'

	!*!.�((5L`0+`-1%�'(5`.!� `0$!` �0�`".+)`���`"%(!/L`1/!`0$!`�50$+*`csv`)+ 1(!N`$+3!2!.L`%"
0$!` �0�`*!! /`0+`�!`%*0!.,.!0! `�/`�`)%4`+"` �0!L`0!40L`�* `*1)!.%�` �0�`"%!( /L`%0W/`�!00!.`1/!
0$!`,�* �/`,��'�#!K`�"`0$!` �0�`%/`+*(5`*1)!.%�L`�1)�5`%/`0$!`)+/0`�,,.+,.%�0!`,��'�#!K

:RUNLQJ�ZLWK�&69�ILOHV�ZLWK�WKH�FVY�PRGXOH
�*`�50$+*L`0$!`csv`)+ 1(!`,.+2% !/`�(�//!/`�* `)!0$+ /`"+.`.!� %*#`�* `3.%0%*#`���`"%(!/K
�$!`csv.reader`)!0$+ `�.!�0!/`�`.!� !.`+�&!�0`".+)`3$%�$`.+3/`��*`�!`.!� `%0!.�0%2!(5K
���$`0%)!`�`.+3`%/`.!� `".+)`0$!`"%(!L`0$!`.!� !.`+�&!�0`.!01.*/`�`(%/0`+"`"%!( /K`�+.`!4�),(!L
0$!`"+((+3%*#`�+ !` !)+*/0.�0!/`.!� %*#`0$!` �0�`"%(!`�* `,.%*0%*#`.+3/M

import csv
import os
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with open(os.path.join(data_folder,data_file),newline='') as csvfile:
    csvreader = csv.reader(csvfile)
    for row in csvreader:
        print(row)

�$!`.+3/`�.!`,.%*0! `�/`�`(%/0`+"`"%!( `2�(1!/M

['date', 'time', 'global_active_power', 'global_reactive_power', 'voltage',
'global_intensity', 'sub_metering_1', 'sub_metering_2', 'sub_metering_3']
['0007-01-01', '00:00:00', '2.58', '0.136', '241.97', '10.6', '0', '0',
'0'] ['0007-01-01', '00:01:00', '2.552', '0.1', '241.75', '10.4', '0', '0',
'0'] ['0007-01-01', '00:02:00', '2.55', '0.1', '241.64', '10.4', '0', '0',
'0']

�$!`csv.writer`)!0$+ `.!01.*/`�*`+�&!�0`0$�0`��*`�!`1/! `0+`3.%0!`.+3/`0+`�`"%(!K`�/`�*
!4�),(!L`0$!`"+((+3%*#`�+ !`3.%0!/`0$!`"%./0`87`.+3/`+"`0$!`"%(!`0+`�`0!),+.�.5`"%(!`�* `0$!*
,.%*0/`%0M

# read the file and write first ten rows
with open(os.path.join(data_folder, data_file), newline='') as csvfile, \
        open(os.path.join(data_folder, 'temp.csv'), 'w', newline='') as
tempfile:
    csvreader = csv.reader(csvfile)
    csvwriter = csv.writer(tempfile)
    for row, i in zip(csvreader, range(10)):
        csvwriter.writerow(row)
# read and print the newly written file
with open(os.path.join(data_folder, 'temp.csv'), newline='') as tempfile:
    csvreader = csv.reader(tempfile)
    for row in csvreader:
        print(row)

�$!`delimiter`"%!( `�* `0$!`quoting "%!( `�$�.��0!./`�.!`%),+.0�*0`�00.%�10!/`0$�0`5+1
��*`/!0`3$%(!`�.!�0%*#`reader`�* `writer`+�&!�0/K

�5` !"�1(0L`0$!`delimiter`"%!( `%/`,`�* `0$!`+0$!.` !(%)%0!./`�.!`/,!�%"%! `3%0$`0$!
delimiter`�.#1)!*0`0+`0$!`reader`+.`writer`"1*�0%+*/K`�+.`!4�),(!L`0$!`"+((+3%*#`�+ !
/�2!/`0$!`"%(!`3%0$`|`�/`delimiterM

    # read the file and write first ten rows with '|' delimiter
with open(os.path.join(data_folder, data_file), newline='') as csvfile, \
        open(os.path.join(data_folder, 'temp.csv'), 'w', newline='') as
tempfile:
    csvreader = csv.reader(csvfile)
    csvwriter = csv.writer(tempfile, delimiter='|')
    for row, i in zip(csvreader, range(10)):
        csvwriter.writerow(row)
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# read and print the newly written file
with open(os.path.join(data_folder, 'temp.csv'), newline='') as tempfile:
    csvreader = csv.reader(tempfile, delimiter='|')
    for row in csvreader:
        print(row)

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

['0007-01-01|00:00:00|2.58|0.136|241.97|10.6|0|0|0']

quotechar`/,!�%"%!/`�`�$�.��0!.`3%0$`3$%�$`0+`/1..+1* `"%!( /K`�$!`quoting`�.#1)!*0
/,!�%"%!/`3$�0`'%* `+"`"%!( /`��*`�!`/1..+1* ! `3%0$`quotecharK`�$!`quoting`�.#1)!*0
��*`$�2!`+*!`+"`0$!`"+((+3%*#`2�(1!/M

csv.QUOTE_ALLM`�((`0$!`"%!( /`�.!`-1+0! 
csv.QUOTE_MINIMALM`�*(5`"%!( /`�+*0�%*%*#`/,!�%�(`�$�.��0!./`�.!`-1+0! 
csv.QUOTE_NONNUMERICM`�((`*+*_*1)!.%�`"%!( /`�.!`-1+0! 
csv.QUOTE_NONEM`�+*!`+"`0$!`"%!( /`�.!`-1+0! 

�/`�*`!4�),(!L`(!0W/`,.%*0`0$!`0!),`"%(!`"%./0M

0007-01-01|00:00:00|2.58|0.136|241.97|10.6|0|0|0
0007-01-01|00:01:00|2.552|0.1|241.75|10.4|0|0|0
0007-01-01|00:02:00|2.55|0.1|241.64|10.4|0|0|0
0007-01-01|00:03:00|2.55|0.1|241.71|10.4|0|0|0
0007-01-01|00:04:00|2.554|0.1|241.98|10.4|0|0|0
0007-01-01|00:05:00|2.55|0.1|241.83|10.4|0|0|0
0007-01-01|00:06:00|2.534|0.096|241.07|10.4|0|0|0
0007-01-01|00:07:00|2.484|0|241.29|10.2|0|0|0
0007-01-01|00:08:00|2.468|0|241.23|10.2|0|0|0

�+3`(!0W/`/�2!`%0`3%0$`�((`"%!( /`-1+0! M

# read the file and write first ten rows with '|' delimiter, all quoting
and * as a quote charachetr.
with open(os.path.join(data_folder, data_file), newline='') as csvfile, \
        open('temp.csv', 'w', newline='') as tempfile:
    csvreader = csv.reader(csvfile)
    csvwriter = csv.writer(tempfile, delimiter='|',
quotechar='*',quoting=csv.QUOTE_ALL)
    for row, i in zip(csvreader, range(10)):
        csvwriter.writerow(row)

�$!`"%(!`#!0/`/�2! `3%0$`0$!`/,!�%"%! `-1+0!`�$�.��0!.M

*0007-01-01*|*00:00:00*|*2.58*|*0.136*|*241.97*|*10.6*|*0*|*0*|*0*
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*0007-01-01*|*00:01:00*|*2.552*|*0.1*|*241.75*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:02:00*|*2.55*|*0.1*|*241.64*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:03:00*|*2.55*|*0.1*|*241.71*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:04:00*|*2.554*|*0.1*|*241.98*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:05:00*|*2.55*|*0.1*|*241.83*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:06:00*|*2.534*|*0.096*|*241.07*|*10.4*|*0*|*0*|*0*
*0007-01-01*|*00:07:00*|*2.484*|*0*|*241.29*|*10.2*|*0*|*0*|*0*
*0007-01-01*|*00:08:00*|*2.468*|*0*|*241.23*|*10.2*|*0*|*0*|*0*

�!)!)�!.`0+`.!� `0$!`"%(!`3%0$`0$!`/�)!`�.#1)!*0/N`+0$!.3%/!L`0$!`*`-1+0!`�$�.��0!.`3%((
�!`0.!�0! `�/`,�.0`+"`0$!`"%!( `2�(1!/`�* `,.%*0! `�/`"+((+3/M

['*0007-01-01*', '*00:00:00*', '*2.58*', '*0.136*', '*241.97*', '*10.6*',
'*0*', '*0*', '*0*']

�/%*#`0$!`�+..!�0`�.#1)!*0/`3%0$`0$!`reader`+�&!�0`,.%*0/`0$!`"+((+3%*#M

['0007-01-01', '00:00:00', '2.58', '0.136', '241.97', '10.6', '0', '0',
'0']

�+3`(!0W/`/!!`$+3`3!`��*`.!� `���`"%(!/`3%0$`,�* �/L`�*+0$!.`,+,1(�.`�50$+*`(%�.�.5K

:RUNLQJ�ZLWK�&69�ILOHV�ZLWK�WKH�SDQGDV�PRGXOH
�*`,�* �/L`0$!`read_csv()`"1*�0%+*`.!01.*/`�`��0��.�)!`�"0!.`.!� %*#`0$!`���`"%(!M

df = pd.read_csv('temp.csv')
print(df)

�$!`��0��.�)!`%/`,.%*0! `�/`"+((+3/M

         date      time  global_active_power  global_reactive_power
voltage  \
0  0007-01-01  00:00:00                2.580                  0.136
241.97
1  0007-01-01  00:01:00                2.552                  0.100
241.75
2  0007-01-01  00:02:00                2.550                  0.100
241.64
3  0007-01-01  00:03:00                2.550                  0.100
241.71
4  0007-01-01  00:04:00                2.554                  0.100
241.98
5  0007-01-01  00:05:00                2.550                  0.100
241.83
6  0007-01-01  00:06:00                2.534                  0.096
241.07
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7  0007-01-01  00:07:00                2.484                  0.000
241.29
8  0007-01-01  00:08:00                2.468                  0.000
241.23

   global_intensity  sub_metering_1  sub_metering_2  sub_metering_3
0              10.6               0               0               0
1              10.4               0               0               0
2              10.4               0               0               0
3              10.4               0               0               0
4              10.4               0               0               0
5              10.4               0               0               0
6              10.4               0               0               0
7              10.2               0               0               0
8              10.2               0               0               0

�!`/!!`%*`0$!`,.!�! %*#`+10,10`0$�0`,�* �/`�10+)�0%��((5`%*0!.,.!0! `0$!`date`�* `time
�+(1)*/`�/`0$!%.`.!/,!�0%2!` �0�`05,!/K`�$!`,�* �/`��0��.�)!`��*`�!`/�2! `0+`�`���`"%(!
3%0$`0$!`to_csv()`"1*�0%+*M

df.to_csv('temp1.cvs')

,�* �/L`3$!*`%0`�+)!/`0+`.!� %*#`�* `3.%0%*#`���`"%(!/L`+""!./`,(!*05`+"`�.#1)!*0/K`�+)!
+"`0$!/!`�.!`�/`"+((+3/L`�+),(!0!`3%0$`$+3`0$!5W.!`1/! M

headerM`�!"%*!/`0$!`.+3`*1)�!.`0+`�!`1/! `�/`�`$!� !.L`+.`*+*!`%"`0$!`"%(!` +!/
*+0`�+*0�%*`�*5`$!� !./K
sepM`�!"%*!/`0$!`�$�.��0!.`0$�0`/!,�.�0!/`"%!( /`%*`.+3/K`�5` !"�1(0L`0$!`2�(1!`+"
sep`%/`/!0`0+`,K
namesM`�!"%*!/`�+(1)*`*�)!/`"+.`!��$`�+(1)*`%*`0$!`"%(!K
usecolsM`�!"%*!/`�+(1)*/`0$�0`*!! `0+`�!`!40.��0! `".+)`0$!`���`"%(!K`�+(1)*/
0$�0`�.!`*+0`)!*0%+*! `%*`0$%/`�.#1)!*0`�.!`*+0`.!� K
dtypeM`�!"%*!/`0$!` �0�`05,!/`"+.`�+(1)*/`%*`0$!`��0��.�)!K

��*5`+0$!.`�2�%(��(!`+,0%+*/`�.!` +�1)!*0! `�0`0$!`"+((+3%*#
(%*'/M`https:/ c/cpandas. cpydata. corg/ cpandas- cdocs/ cstable/ cgenerated/
pandas. cread_ ccsv. chtml`�* `https:/ c/cpandas. cpydata. corg/ cpandas- cdocs/
stable/ cgenerated/ cpandas. cDataFrame. cto_ ccsv. chtmlK

�+3`(!0W/`/!!`$+3`0+`.!� ` �0�`".+)`���`"%(!/`3%0$`0$!`�1)�5`)+ 1(!K
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:RUNLQJ�ZLWK�&69�ILOHV�ZLWK�WKH�1XP3\�PRGXOH
�$!`�1)�5`)+ 1(!`,.+2% !/`03+`"1*�0%+*/`"+.`.!� %*#`2�(1!/`".+)`���`"%(!/M
np.loadtxt()`�* `np.genfromtxt()K

�*`!4�),(!`+"`np.loadtxt`%/`�/`"+((+3/M

arr = np.loadtxt('temp.csv', skiprows=1, usecols=(2,3), delimiter=',')
arr

�$!`,.!�! %*#`�+ !`.!� /`�+(1)*/`3`�* `4`".+)`0$!`"%(!`0$�0`3!`�.!�0! `!�.(%!.L`�* `/�2!/
0$!)`%*`�`@`×`9`�..�5`�/`"+((+3/M

array([[2.58 , 0.136],
       [2.552, 0.1  ],
       [2.55 , 0.1  ],
       [2.55 , 0.1  ],
       [2.554, 0.1  ],
       [2.55 , 0.1  ],
       [2.534, 0.096],
       [2.484, 0.   ],
       [2.468, 0.   ]])

�$!`np.loadtxt()`"1*�0%+*`��**+0`$�* (!`���`"%(!/`3%0$`)%//%*#` �0�K`�+.`%*/0�*�!/
3$!.!` �0�`%/`)%//%*#L`np.genfromtxt()`��*`�!`1/! K`�+0$`+"`0$!/!`"1*�0%+*/`+""!.`)�*5
)+.!`�.#1)!*0/N` !0�%(/`��*`�!`"+1* `%*`0$!`�1)�5` +�1)!*0�0%+*K`�$!`,.!�! %*#`�+ !
��*`�!`3.%00!*`1/%*#`np.genfromtxt()`�/`"+((+3/M

arr = np.genfromtxt('temp.csv', skip_header=1, usecols=(2,3),
delimiter=',')

�1)�5`�..�5/`,.+ 1�! `�/`�`.!/1(0`+"`�,,(5%*#`��`0+`�+�` �0�`��*`�!`/�2! `3%0$
np.savetxt()K`�+.`!4�),(!L`0$!`�..�5`3!`(+� ! `,.!2%+1/(5`��*`�!`/�2! `�/`"+((+3/M

np.savetxt('temp.csv', arr, delimiter=',')

�$!`np.savetxt()`"1*�0%+*`�(/+`���!,0/`2�.%+1/`+0$!.`1/!"1(`�.#1)!*0/L`/1�$`�/`0$!`
"+.)�0`"+.`/�2! `"%!( /`�* `$!� !./K`�$!�'`0$!`�1)�5` +�1)!*0�0%+*`"+.`)+.!` !0�%(/`+*
0$%/`"1*�0%+*K

���`%/`0$!`)+/0`,+,1(�.` �0�`"+.)�0`+*`�+�`,(�0"+.)/`�* ` !2%�!/K`�*`0$%/`/!�0%+*L`3!
(!�.*! `$+3`0+`.!� `���` �0�`1/%*#`0$.!!` %""!.!*0`,��'�#!/`%*`�50$+*K`�!0W/`(!�.*`��+10
����L`�*+0$!.`,+,1(�.`"+.)�0L`%*`0$!`*!40`/!�0%+*K
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;/6;�IRUPDW
�4�!(L`�`�+),+*!*0`+"`0$!`�%�.+/+"0`�""%�!`,��'L`%/`+*!`+"`0$!`,+,1(�.`"+.)�0/`%*`3$%�$
 �0�`%/`/0+.! `�* `2%/1�(%6! K`�%*�!`9787L`�""%�!`$�/`/1,,+.0! `0$!`.xlsx`"+.)�0K`�!`��*
.!� `����`"%(!/`1/%*#`0$!`�,!*�5�(`�* `,�* �/`"1*�0%+*/K

8VLQJ�2SHQ3\;O�IRU�;/6;�ILOHV
�,!*�5�(`%/`�`�50$+*`(%�.�.5`"+.`.!� %*#`�* `3.%0%*#`�4�!(`"%(!/K`�0`%/`�*`+,!*_/+1.�!
,.+&!�0K`�`*!3`workbook`%/`�.!�0! `1/%*#`0$!`"+((+3%*#`�+))�* M

wb = Workbook()

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

ws = wb.active()

�+`�$�*#!`0$!`/$!!0`*�)!L`1/!`0$!`title`�+))�* M

ws.title = "Demo Name"

�`/%*#(!`.+3`��*`�!`�  ! `0+`0$!`/$!!0`1/%*#`0$!`append`)!0$+ M

ws.append()

�`*!3`/$!!0`��*`�!`�.!�0! `1/%*#`0$!`create_sheet()`)!0$+ K`�*`%* %2% 1�(`�!((`%*`0$!
��0%2!`/$!!0`��*`�!`�.!�0! `1/%*#`0$!`column`�* `row`2�(1!/M

# Assigns the cell corresponding to
# column A and row 10 a value of 5
ws.['A10'] = 5
#or
ws.cell(column=1, row=10, value=5)

�`3+.'�++'`��*`�!`/�2! `1/%*#`0$!`save`)!0$+ K`�+`(+� `�*`!4%/0%*#`3+.'�++'L`3!`��*
1/!`0$!`load_workbook`)!0$+ K`�$!`*�)!/`+"`0$!` %""!.!*0`/$!!0/`%*`�*`�4�!(`3+.'�++'
��*`�!`���!//! `1/%*#`get_sheet_names()K`

�$!`"+((+3%*#`�+ !`�.!�0!/`�*`�4�!(`3+.'�++'`3%0$`0$.!!`/$!!0/`�* `/�2!/`%0N`(�0!.`%0`(+� /
0$!`/$!!0`�* `���!//!/`�`�!((K`�$!`�+ !`��*`�!`���!//! `".+)`	%0
1�`�0
OpenPyXl_example.ipynbM

# Creating and writing into xlsx file
from openpyxl import Workbook
from openpyxl.compat import range
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from openpyxl.utils import get_column_letter
wb = Workbook()
dest_filename = 'empty_book.xlsx'
ws1 = wb.active
ws1.title = "range names"
for row in range(1, 40):
 ws1.append(range(0,100,5))
ws2 = wb.create_sheet(title="Pi")
ws2['F5'] = 2 * 3.14
ws2.cell(column=1, row=5, value= 3.14)
ws3 = wb.create_sheet(title="Data")
for row in range(1, 20):
 for col in range(1, 15):
 _ = ws3.cell(column=col, row=row, value="\
 {0}".format(get_column_letter(col)))
print(ws3['A10'].value)
wb.save(filename = dest_filename)

# Reading from xlsx file
from openpyxl import load_workbook
wb = load_workbook(filename = 'empty_book.xlsx')
sheet_ranges = wb['range names']
print(wb.get_sheet_names())
print(sheet_ranges['D18'].value)

�+1`��*`(!�.*`)+.!`��+10`�,!*�5��`".+)`%0/` +�1)!*0�0%+*L`�2�%(��(!
�0`https:/ c/ copenpyxl. creadthedocs. cio/ cen/cstable/ cK

8VLQJ�SDQGDV�ZLWK�;/6;�ILOHV
�!`��*`(+� `!4%/0%*#`.xlsx`"%(!/`3%0$`0$!`$!(,`+"`,�* �/K`�$!`read_excel`)!0$+ `%/`1/! 
0+`.!� `�4�!(`"%(!/`�/`�`��0��.�)!K`�$%/`)!0$+ `1/!/`�*`�.#1)!*0L`sheet_nameL`3$%�$`%/
1/! `0+`/,!�%"5`0$!`/$!!0`3!`3�*0`0+`(+� K`�$!`/$!!0`*�)!`��*`�!`/,!�%"%! `!%0$!.`�/`�`/0.%*#
+.`*1)�!.`/0�.0%*#`".+)`6!.+K`�$!`to_excel`)!0$+ `��*`�!`1/! `0+`3.%0!`%*0+`�*`�4�!(`"%(!K

�$!`"+((+3%*#`�+ !`.!� /`�*`�4�!(`"%(!L`)�*%,1(�0!/`%0L`�* `/�2!/`%0K`�$!`�+ !`��*`�!
���!//! `".+)`	%0
1�`�0`Pandas_xlsx_example.ipynbM

import pandas as pd
df = pd.read_excel("empty_book.xlsx", sheet_name=0)
df.describe()
result = df * 2
result.describe()
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result.to_excel("empty_book_modified.xlsx")

:RUNLQJ�ZLWK�WKH�-621�IRUPDW
��2���.%,0`��&!�0`�+0�0%+*`Q����R`%/`�*+0$!.`,+,1(�.` �0�`"+.)�0`%*`�+�`/5/0!)/K`�*`0$%/
/!�0%+*L`3!`3%((`(!�.*`$+3`0+`.!� `����` �0�`3%0$`�50$+*W/`����L`�1)�5L`�* `,�* �/
,��'�#!/K

�+.`0$%/`/!�0%+*L`3!`3%((`1/!`0$!`zips.json`"%(!L`3$%�$`�+*0�%*/`��`���`�+ !/`3%0$`�%05
�+ !/L`#!+(+��0%+*` !0�%(/L`�* `/0�0!`�+ !/K`�$!`"%(!`$�/`����`+�&!�0/`.!�+. ! `%*`0$!
"+((+3%*#`"+.)�0M

{ "_id" : "01001", "city" : "AGAWAM", "loc" : [ -72.622739, 42.070206 ],
"pop" : 15338, "state" : "MA" }

8VLQJ�-621�ILOHV�ZLWK�WKH�-621�PRGXOH
�+`(+� `�* ` !�+ !`����` �0�L`1/!`0$!`json.load()`+.`json.loads() "1*�0%+*/K`�/`�*
!4�),(!L`0$!`"+((+3%*#`�+ !`.!� /`0$!`"%./0`87`(%*!/`".+)`0$!`zips.json`"%(!`�* `,.%*0/
0$!)`*%�!(5M

import os
import json
from pprint import pprint

with open(os.path.join(data_folder,data_file)) as json_file:
    for line,i in zip(json_file,range(10)):
        json_data = json.loads(line)
        pprint(json_data)

�$!`+�&!�0/`�.!`,.%*0! `�/`"+((+3/M

{'_id': '01001',
 'city': 'AGAWAM',
 'loc': [-72.622739, 42.070206],
 'pop': 15338,
 'state': 'MA'}

�$!`json.loads()`"1*�0%+*`0�'!/`/0.%*#`+�&!�0/`�/`%*,10`3$%(!`0$!
json.load()`"1*�0%+*`0�'!/`"%(!`+�&!�0/`�/`%*,10K`�+0$`"1*�0%+*/` !�+ !`0$!`����`+�&!�0
�* `(+� `%0`%*`0$!`json_data`"%(!`�/`�`�50$+*` %�0%+*�.5`+�&!�0K

�$!`json.dumps()`"1*�0%+*`0�'!/`�*`+�&!�0`�* `,.+ 1�!/`�`����`/0.%*#L`�* `0$!
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