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7DEOH�RI�&RQWHQWV
3UHIDFH �

&KDSWHU����$QDWRP\�RI�0DWSORWOLE �
,QWURGXFWLRQ �

$UFKLWHFWXUH�RI�0DWSORWOLE �
%DFNHQG�OD\HU �
$UWLVW�OD\HU �
6FULSWLQJ�OD\HU �

(OHPHQWV�RI�D�ILJXUH �
)LJXUH �
$[HV ��
$[LV ��
/DEHO ��
/HJHQG ��
7LWOH ��
7LFNODEHOV ��
6SLQHV ��
*ULG ��

:RUNLQJ�LQ�LQWHUDFWLYH�PRGH ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

:RUNLQJ�LQ�QRQ�LQWHUDFWLYH�PRGH ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

5HDGLQJ�IURP�H[WHUQDO�ILOHV�DQG�SORWWLQJ ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��

5HDGLQJ�IURP�D��W[W�ILOH ��
5HDGLQJ�IURP�D��FVY�ILOH ��
5HDGLQJ�IURP�DQ��[OV[�ILOH ��
3ORWWLQJ�WKH�JUDSK ��

+RZ�LW�ZRUNV��� ��
&KDQJLQJ�DQG�UHVHWWLQJ�GHIDXOW�HQYLURQPHQW�YDULDEOHV� ��

*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

&KDSWHU����*HWWLQJ�6WDUWHG�ZLWK�%DVLF�3ORWV ��
,QWURGXFWLRQ ��
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/LQH�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

%DU�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

6FDWWHU�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

%XEEOH�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

6WDFNHG�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

3LH�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

7DEOH�FKDUW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

3RODU�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

+LVWRJUDP ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

%R[�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
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7KHUH
V�PRUH��� ��
9LROLQ�SORW ��

*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

5HDGLQJ�DQG�GLVSOD\LQJ�LPDJHV ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

+HDWPDS ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

+LQWRQ�GLDJUDP ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

&RQWRXU�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

7ULDQJXODWLRQV ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

6WUHDP�SORW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

3DWK ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

&KDSWHU����3ORWWLQJ�0XOWLSOH�&KDUWV��6XESORWV��DQG�)LJXUHV ��
,QWURGXFWLRQ ��
3ORWWLQJ�PXOWLSOH�JUDSKV�RQ�WKH�VDPH�D[HV ��

*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��

3ORWWLQJ�VXESORWV�RQ�WKH�VDPH�ILJXUH ��
*HWWLQJ�UHDG\ ��
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+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

3ORWWLQJ�PXOWLSOH�ILJXUHV�LQ�D�VHVVLRQ ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

/RJDULWKPLF�VFDOH ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

8VLQJ�XQLWV�RI�PHDVXUHPHQW ��
*HWWLQJ�UHDG\ ��
+RZ�WR�GR�LW��� ��
+RZ�LW�ZRUNV��� ��
7KHUH
V�PRUH��� ��

&KDSWHU����'HYHORSLQJ�9LVXDOL]DWLRQV�IRU�3XEOLVKLQJ�4XDOLW\ ���
,QWURGXFWLRQ ���
&RORU��OLQH�VW\OH��DQG�PDUNHU�FXVWRPL]DWLRQ ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

:RUNLQJ�ZLWK�VWDQGDUG�FRORUPDSV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VHU�GHILQHG�FRORUV�DQG�FRORUPDSV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

:RUNLQJ�ZLWK�OHJHQG ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&XVWRPL]LQJ�ODEHOV�DQG�WLWOHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���
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8VLQJ�DXWRVFDOH�DQG�D[LV�OLPLWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&XVWRPL]LQJ�WLFNV�DQG�WLFNODEHOV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&XVWRPL]LQJ�VSLQHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

7ZLQ�D[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VLQJ�KDWFK ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�DQQRWDWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�VW\OH�VKHHWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&KDSWHU����3ORWWLQJ�ZLWK�2EMHFW�2ULHQWHG�$3, ���
,QWURGXFWLRQ ���
3ORWWLQJ�D�FRUUHODWLRQ�PDWUL[�XVLQJ�S\SORW�DQG�REMHFW�RULHQWHG�$3,V ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�SDWFKHV�XVLQJ�REMHFW�RULHQWHG�$3, ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�FROOHFWLRQV�XVLQJ�REMHFW�RULHQWHG�$3, ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
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+RZ�LW�ZRUNV��� ���

&KDSWHU����3ORWWLQJ�ZLWK�$GYDQFHG�)HDWXUHV ���
8VLQJ�SURSHUW\�F\FOHU ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VLQJ�3DWK�HIIHFWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VLQJ�WUDQVIRUPV ���
7UDQVIRUPLQJ�GDWD�FR�RUGLQDWHV�WR�GLVSOD\�FR�RUGLQDWHV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VLQJ�D[HV�DQG�EOHQGHG�FR�RUGLQDWH�V\VWHP�WUDQVIRUPV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

7DNLQJ�FRQWURO�RI�D[HV�SRVLWLRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

*ULG6SHF�IRU�ILJXUH�OD\RXW ���
8VLQJ�*ULG6SHF ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

*ULG6SHF�DOLJQPHQW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV���� ���

&RQVWUDLQHG�OD\RXW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�*ULG6SHF)URP6XESORW6SHF ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�RULJLQ�DQG�H[WHQW�IRU�LPDJH�RULHQWDWLRQ ���
*HWWLQJ�UHDG\ ���
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+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

*HRJUDSKLFDO�SORWWLQJ�XVLQJ�JHRSDQGDV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU����(PEHGGLQJ�7H[W�DQG�([SUHVVLRQV ���
,QWURGXFWLRQ ���
8VLQJ�PDWKHPDWLFDO�H[SUHVVLRQV�ZLWK�D�IRQW�GLFWLRQDU\ ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

$QQRWDWLQJ�D�SRLQW�RQ�D�SRODU�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�&RQQHFWLRQ3DWFK ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�D�WH[W�ER[ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

3ORWWLQJ�DUHD�XQGHU�DQ�LQWHJUDO�FXUYH ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

'HILQLQJ�FXVWRP�PDUNHUV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

)UDFWLRQV��UHJXODU�PDWKHPDWLFDO�H[SUHVVLRQV��DQG�V\PEROV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

:RUG�HPEHGGLQJV�LQ�WZR�GLPHQVLRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU����6DYLQJ�WKH�)LJXUH�LQ�'LIIHUHQW�)RUPDWV ���
,QWURGXFWLRQ ���
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6DYLQJ�WKH�ILJXUH�LQ�YDULRXV�IRUPDWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

$YRLGLQJ�WUXQFDWLRQ�ZKLOH�VDYLQJ�WKH�ILJXUH ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

6DYLQJ�SDUWLDO�ILJXUHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0DQDJLQJ�LPDJH�UHVROXWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0DQDJLQJ�WUDQVSDUHQF\�IRU�ZHE�DSSOLFDWLRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&UHDWLQJ�PXOWL�SDJH�3')�UHSRUWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU����'HYHORSLQJ�,QWHUDFWLYH�3ORWV ���
,QWURGXFWLRQ ���
(YHQWV�DQG�FDOOEDFNV ���

([FHSWLRQ�KDQGOLQJ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

.H\�SUHVV�DQG�UHOHDVH�HYHQWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0RXVH�EXWWRQ�SUHVV�HYHQW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0RWLRQ�QRWLI\�DQG�PRXVH�EXWWRQ�SUHVV�HYHQWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3LFN�HYHQW ���
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*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

)LJXUH�DQG�D[HV��HQWHU�DQG�OHDYH�HYHQWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�WZLQ�D[HV�IRU�SORWWLQJ�IRXU�WHPSHUDWXUH�VFDOHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

:LGJHWV ���
&XUVRU ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

%XWWRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KHFN�EXWWRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

5DGLR�EXWWRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

7H[WER[ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

$QLPDWLRQ ���
$QLPDWHG�VLJPRLG�FXUYH ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

6DYLQJ�WKH�DQLPDWLRQ�WR�DQ�PS��ILOH ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

([SRQHQWLDOO\�GHFD\LQJ�WDQ�IXQFWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

$QLPDWHG�EXEEOH�SORW� ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
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$QLPDWLQJ�PXOWLSOH�OLQH�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

$QLPDWLRQ�RI�LPDJHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����(PEHGGLQJ�3ORWV�LQ�D�*UDSKLFDO�8VHU�,QWHUIDFH ���
,QWURGXFWLRQ ���

,QWHUIDFH�EHWZHHQ�WKH�0DWSORWOLE�DQG�*8,�DSSOLFDWLRQV ���
8VLQJ�WKH�6OLGHU�DQG�%XWWRQ�:LGJHWV�RI�0DWSORWOLE ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�WKH�6OLGHU�DQG�%XWWRQ�ZLGJHWV�RI�7NLQWHU�*8,� ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

(PEHGGLQJ�0DWSORWOLE�LQ�D�7NLQWHU�*8,�DSSOLFDWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�WKH�6OLGHU�DQG�%XWWRQ�ZLGJHWV�RI�:[3\WKRQ�*8, ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

(PEHGGLQJ�0DWSORWOLE�LQ�WR�D�Z[3\WKRQ�*8,�DSSOLFDWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�WKH�6OLGHU�DQG�%XWWRQ�ZLGJHWV�RI�4W
V�*8, ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

(PEHGGLQJ�0DWSORWOLE�LQ�WR�D�4W�*8,�DSSOLFDWLRQ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����3ORWWLQJ��'�*UDSKV�8VLQJ�WKH�PSORW�G�7RRONLW ���
,QWURGXFWLRQ ���
/LQH�SORW ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
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+RZ�LW�ZRUNV��� ���
6FDWWHU�SORW ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

%DU�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3RO\JRQ�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&RQWRXU�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

6XUIDFH�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

:LUHIUDPH�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

7ULDQJXODU�VXUIDFH�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ��'�GDWD�LQ��' ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

�'�YLVXDOL]DWLRQ�RI�OLQHDUO\�QRQ�VHSDUDEOH�GDWD�LQ��' ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

:RUG�HPEHGGLQJV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����8VLQJ�WKH�D[LVDUWLVW�7RRONLW ���
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,QWURGXFWLRQ ���
8QGHUVWDQGLQJ�DWWULEXWHV�LQ�D[LVDUWLVW ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

'HILQLQJ�FXUYLOLQHDU�JULGV�LQ�UHFWDQJXODU�ER[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

'HILQLQJ�SRODU�D[HV�LQ�UHFWDQJXODU�ER[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�IORDWLQJ�D[HV�IRU�D�UHFWDQJXODU�SORW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&UHDWLQJ�SRODU�D[HV�XVLQJ�IORDWLQJ�D[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�SODQHWDU\�V\VWHP�GDWD�RQ�IORDWLQJ�SRODU�D[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����8VLQJ�WKH�D[HVBJULG��7RRONLW ���
,QWURGXFWLRQ ���
3ORWWLQJ�WZLQ�D[HV�XVLQJ�WKH�D[LVDUWLVW�DQG�D[HVJULG��WRRONLWV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

8VLQJ�$[HV'LYLGHU�WR�SORW�D�VFDWWHU�SORW�DQG�DVVRFLDWHG�KLVWRJUDPV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�$[HV'LYLGHU�WR�SORW�D�FRORUEDU ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�,PDJH*ULG�WR�SORW�LPDJHV�ZLWK�D�FRORUEDU�LQ�D�JULG ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
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8VLQJ�LQVHWBORFDWRU�WR�]RRP�LQ�RQ�DQ�LPDJH ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�LQVHWBORFDWRU�WR�SORW�LQVHW�D[HV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����3ORWWLQJ�*HRJUDSKLFDO�0DSV�8VLQJ�&DUWRS\�7RRONLW ���
,QWURGXFWLRQ ���
3ORWWLQJ�EDVLF�PDS�IHDWXUHV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�SURMHFWLRQV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

8VLQJ�JULG�OLQHV�DQG�ODEHOV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�ORFDWLRQV�RQ�WKH�PDS ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�FRXQWU\�PDSV�ZLWK�SROLWLFDO�ERXQGDULHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�FRXQWU\�PDSV�XVLQJ�*HR3DQGDV�DQG�FDUWRS\ ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�SRSXODWHG�SODFHV�RI�WKH�ZRUOG ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�WKH�WRS�ILYH�DQG�ERWWRP�ILYH�SRSXODWHG�FRXQWULHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�WHPSHUDWXUHV�DFURVV�WKH�JOREH ���
*HWWLQJ�UHDG\ ���
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+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�WLPH�]RQHV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

3ORWWLQJ�DQ�DQLPDWHG�PDS ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&KDSWHU�����([SORUDWRU\�'DWD�$QDO\VLV�8VLQJ�WKH�6HDERUQ�7RRONLW ���
,QWURGXFWLRQ ���

6QDFNV�6DOHV�GDWDVHW ���
:LQH�4XDOLW\ ���
6HPDQWLF�DQG�IDFHW�YDULDEOHV ���

5HODWLRQDO�SORWV ���
/LQH�SORWV�ZLWK�RQH�WR�RQH�DQG�RQH�WR�PDQ\�UHODWLRQVKLSV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

/LQH�SORWV�ZLWK�D�ORQJ�IRUP�GDWDVHW ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

6FDWWHU�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
7KHUH
V�PRUH��� ���

&DWHJRULFDO�SORWV ���
6WULS�DQG�VZDUP�SORWV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

%R[�DQG�ER[Q�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

%DU�DQG�FRXQW�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

9LROLQ�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
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3RLQW�SORWV ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

'LVWULEXWLRQ�SORWV ���
GLVWSORW�� ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

NGHSORW�� ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

5HJUHVVLRQ�SORWV ���
UHJSORW���DQG�UHVLGSORW�� ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

OPSORW�� ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0XOWL�SORW�JULGV ���
MRLQWSORW���DQG�-RLQW*ULG�� ���

*HWWLQJ�UHDG\ ���
MRLQWSORW�� ���

+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

-RLQW*ULG�� ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

SDLUSORW���DQG�3DLU*ULG�� ���
*HWWLQJ�UHDG\ ���
SDLUSORW�� ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���
3DLU*ULG�� ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

)DFHW*ULG�� ���
*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

0DWUL[�SORWV ���
+HDWPDSV ���

*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

&OXVWHUPDSV ���
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*HWWLQJ�UHDG\ ���
+RZ�WR�GR�LW��� ���
+RZ�LW�ZRUNV��� ���

2WKHU�%RRNV�<RX�0D\�(QMR\ ���

,QGH[ ���
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��((! `,(+0/RK`�0`��*`�!`1/! `%*`�`2�.%!05`+"`1/!.`%*0!."��!/`/1�$`�/`�50$+*`/�.%,0/L`��50$+*
/$!((/L`�1,50!.`�+0!�++'/L`3!�`�,,(%��0%+*/L`�* `	��`0++('%0/K`�0`��*`�!`1/! `0+` !2!(+,
,.+"!//%+*�(`.!,+.0%*#`�,,(%��0%+*/L`%*0!.��0%2!`�*�(50%��(`�,,(%��0%+*/L`�+),(!4` �/$�+�. 
�,,(%��0%+*/`+.`!)�! `%*0+`3!�\	��`�,,(%��0%+*/K`�0`/1,,+.0/`/�2%*#`"%#1.!/`%*0+`2�.%+1/
$�. _�+,5`"+.)�0/`�/`3!((K`�0`�(/+`$�/`(%)%0! `/1,,+.0`"+.`0$.!!_ %)!*/%+*�(`"%#1.!/K`�0`�(/+
/1,,+.0/`)�*5`0$%. _,�.05`0++('%0/`0+`!40!* `%0/`"1*�0%+*�(%05K

�(!�/!`*+0!`0$�0`�((`0$!`!4�),(!/`%*`0$%/`�++'`�.!`0!/0! `3%0$`��0,(+0(%�
:K7`�* `�1,50!.`�+0!�++'`<K8K7K

$UFKLWHFWXUH�RI�0DWSORWOLE
��0,(+0(%�`$�/`�`0$.!!_(�5!.`�.�$%0!�01.!M`���'!* L`�.0%/0L`�* `/�.%,0%*#L`+.#�*%6! `(+#%��((5
�/`�`/0��'K`��.%,0%*#`%/`�*`���`0$�0` !2!(+,!./`1/!`0+`�.!�0!`0$!`#.�,$/K`�.0%/0` +!/`0$!
��01�(`&+�`+"`�.!�0%*#`0$!`#.�,$`%*0!.*�((5K`���'!* `%/`3$!.!`0$!`#.�,$`%/` %/,(�5! K
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%DFNHQG�OD\HU
�$%/`%/`0$!`�+00+)_)+/0`(�5!.`3$!.!`0$!`#.�,$/`�.!` %/,(�5! `+*`0+`�*`+10,10` !2%�!K`�$%/
��*`�!`�*5`+"`0$!`1/!.`%*0!."��!/`0$�0`��0,(+0(%�`/1,,+.0/K`�$!.!`�.!`03+`05,!/`+"`���'!* /M
1/!.`%*0!."��!`���'!* /`Q"+.`1/!`%*`pygtkL`wxpythonL`tkinterL`qt4L`+.`macosxL`�* `/+`+*L
�(/+`.!"!..! `0+`�/`%*0!.��0%2!`���'!* /R`�* `$�. _�+,5`���'!* /`0+`)�'!`%)�#!`"%(!/
Q.pngL`.svgL`.pdfL`�* `.psL`�(/+`.!"!..! `0+`�/`*+*_%*0!.��0%2!`���'!* /RK`�!`3%((`(!�.*
$+3`0+`�+*"%#1.!`0$!/!`���'!* /`%*`(�0!.`Chapter 9L`�!2!(+,%*#`�*0!.��0%2!`�(+0/`�* `Chapter
10L`�)�!  %*#`�(+0/`%*`�`	.�,$%��(`�/!.`�*0!."��!K

$UWLVW�OD\HU
�$%/`%/`0$!`)%  (!`(�5!.`+"`0$!`/0��'K`��0,(+0(%�`1/!/`0$!`artist`+�&!�0`0+` .�3`2�.%+1/
!(!)!*0/`+"`0$!`#.�,$K`�+L`!2!.5`!(!)!*0`Q/!!`!(!)!*0/`+"`�`"%#1.!R`3!`/!!`%*`0$!`#.�,$`%/`�*
�.0%/0K`�$%/`(�5!.`,.+2% !/`�*`+�&!�0_+.%!*0! `���`"+.`,(+00%*#`#.�,$/`3%0$`)�4%)1)
"(!4%�%(%05K`�$%/`%*0!."��!`%/`)!�*0`"+.`/!�/+*! `�50$+*`,.+#.�))!./L`3$+`��*`�.!�0!
�+),(!4` �/$�+�. `�,,(%��0%+*/K

6FULSWLQJ�OD\HU
�$%/`%/`0$!`0+,)+/0`(�5!.`+"`0$!`/0��'K`�$%/`(�5!.`,.+2% !/`�`/%),(!`%*0!."��!`"+.`�.!�0%*#
#.�,$/K`�$%/`%/`)!�*0`"+.`1/!`�5`!* `1/!./`3$+` +*W0`$�2!`)1�$`,.+#.�))%*#`!4,!.0%/!K
�$%/`%/`��((! `�`pyplot`���K

(OHPHQWV�RI�D�ILJXUH
�$!`$%#$_(!2!(`��0,(+0(%�`+�&!�0`0$�0`�+*0�%*/`�((`0$!`!(!)!*0/`+"`0$!`+10,10`#.�,$`%/
��((! `�`figureK`�1(0%,(!`#.�,$/`��*`�!`�..�*#! `%*` %""!.!*0`3�5/`0+`"+.)`�`"%#1.!K`���$
+"`0$!`"%#1.!W/`!(!)!*0/`%/`�1/0+)%6��(!K
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)LJXUH
�$!`"+((+3%*#` %�#.�)`%/`0$!`�*�0+)5`+"`�`figureL`�+*0�%*%*#`�((`%0/`!(!)!*0/M

Anatomy of a figure (Source : http://diagramss.us/plotting-a-graph-in-matlab.html)
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$[HV
axes`%/`�`/1�_/!�0%+*`+"`0$!`"%#1.!L`3$!.!`�`#.�,$`%/`,(+00! K`axes`$�/`�`0%0(!L`�*`4_(��!(`�* 
�`5_(��!(K`�`figure`��*`$�2!`)�*5`/1�$`axesL`!��$`.!,.!/!*0%*#`+*!`+.`)+.!`#.�,$/K`�*
0$!`,.!�! %*#`"%#1.!L`0$!.!`%/`+*(5`+*!`axesL`03+`(%*!`#.�,$/`%*`�(1!`�* `.! `�+(+./K

$[LV
�$!/!`�.!`*1)�!.`(%*!/`.!,.!/!*0%*#`0$!`/��(!`+"`0$!`#.�,$/`�!%*#`,(+00! K`�3+_
 %)!*/%+*�(`#.�,$/`$�2!`�*`4`�4%/`�* `�`5`�4%/L`�* `0$.!!_ %)!*/%+*�(`#.�,$/`$�2!`�*`4
�4%/L`�`5`�4%/L`�* `�`6`�4%/K

�+*W0`#!0`�+*"1/! `�!03!!*`�4!/`�* `�4%/K`�4%/`%/`�*`!(!)!*0`+"`�4!/K
	.�))�0%��((5L`�4!/`%/`�(/+`0$!`,(1.�(`"+.`�4%/L`/+`%*0!.,.!0`0$!`)!�*%*#`+"
�4!/` !,!* %*#`+*`0$!`�+*0!40L`3$!0$!.`)1(0%,(!`�4%/`!(!)!*0/`�.!`�!%*#
.!"!..! `0+`+.`�*`�4!/`+�&!�0`%/`�!%*#`.!"!..! `0+K

/DEHO
�$%/`%/`0$!`*�)!`#%2!*`0+`2�.%+1/`!(!)!*0/`+"`0$!`"%#1.!L`"+.`!4�),(!L`4`�4%/`(��!(L`5`�4%/
(��!(L`#.�,$`(��!(`Q�(1!`/%#*�(\.! `/%#*�(`%*`0$!`,.!�! %*#`"%#1.!`�*�0+)5`+"`�`"%#1.!RL`�* `/+
+*K

/HJHQG
�$!*`0$!.!`�.!`)1(0%,(!`#.�,$/`%*`0$!`axes`Q�/`%*`0$!`,.!�! %*#`"%#1.!`�*�0+)5`+"`�`"%#1.!RL
!��$`+"`0$!)`$�/`%0/`+3*`(��!(L`�* `�((`0$!/!`(��!(/`�.!`.!,.!/!*0! `�/`�`(!#!* K`�*`0$!
,.!�! %*#`"%#1.!L`0$!`(!#!* `%/`,(��! `�0`0$!`0+,_.%#$0`�+.*!.`+"`0$!`"%#1.!K

7LWOH
�0`%/`0$!`*�)!`#%2!*`0+`!��$`+"`0$!`axesK`�$!`figure`�(/+`��*`$�2!`%0/`+3*`0%0(!L`3$!*`0$!
"%#1.!`$�/`)1(0%,(!`�4!/`3%0$`0$!%.`+3*`0%0(!/K`�$!`,.!�! %*#`"%#1.!`$�/`+*(5`+*!`�4!/L`/+
0$!.!`%/`+*(5`+*!`0%0(!`"+.`0$!`�4!/`�/`3!((`�/`0$!`"%#1.!K
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7LFNODEHOV
���$`�4%/`Q4L`5L`+.`6R`3%((`$�2!`�`.�*#!`+"`2�(1!/`0$�0`�.!` %2% ! `%*0+`)�*5`!-1�(`�%*/K`�%*/
�.!`�$+/!*`�0`03+`(!2!(/K`�*`0$!`,.!�! %*#`"%#1.!`�*�0+)5`+"`�`"%#1.!L`0$!`4`�4%/`/��(!`.�*#!/
".+)`7`0+`;L` %2% ! `%*0+`"+1.`)�&+.`�%*/`Q7_8L`8_9L`9_:L`�* `:_;R`�* `!��$`+"`0$!`)�&+.`�%*/`%/
"1.0$!.` %2% ! `%*0+`"+1.`)%*+.`�%*/`Q7_7K9<L`7K9<_7K<L`�* `7K<_7K><RK`�%�'/`+*`�+0$`/% !/`+"
)�&+.`�%*/`�.!`��((! `)�&+.`0%�'/`�* `)%*+.`�%*/`�.!`��((! `)%*+.`0%�'/L`�* `0$!`*�)!/`
#%2!*`0+`0$!)`�.!`)�&+.`0%�'(��!(/`�* `)%*+.`0%�'(��!(/K

6SLQHV
�+1* �.%!/`+"`0$!`"%#1.!`�.!`��((! `/,%*!/K`�$!.!`�.!`"+1.`/,%*!/`"+.`!��$`�4!/Q0+,L`�+00+)L
(!"0L`�* `.%#$0RK

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

:RUNLQJ�LQ�LQWHUDFWLYH�PRGH
��0,(+0(%�`��*`�!`1/! `%*`�*`%*0!.��0%2!`+.`*+*_%*0!.��0%2!`)+ !/K`�*`0$!`%*0!.��0%2!`)+ !L
0$!`#.�,$` %/,(�5`#!0/`1, �0! `�"0!.`!��$`/0�0!)!*0K`�*`0$!`*+*_%*0!.��0%2!`)+ !L`0$!`#.�,$
 +!/`*+0`#!0` %/,(�5! `1*0%(`!4,(%�%0(5`�/'! `0+` +`/+K`

*HWWLQJ�UHDG\
�+1`*!! `3+.'%*#`%*/0�((�0%+*/`+"`�50$+*L`�1)�5L`�* `��0,(+0(%�`,��'�#!/K`

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

matplotlib.pyplot.ion()`0+`/!0`0$!`%*0!.��0%2!`)+ !`ON
matplotlib.pyplot.ioff()`0+`/3%0�$`OFF`0$!`%*0!.��0%2!`)+ !
matplotlib.is_interactive()`0+`�$!�'`3$!0$!.`0$!`%*0!.��0%2!`)+ !`%/`ON
QTrueR`+.`OFF`QFalseR
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+RZ�WR�GR�LW���
�!0W/`/!!`$+3`/%),(!`%0`%/`0+`3+.'`%*`%*0!.��0%2!`)+ !M

�!0`0$!`/�.!!*`+10,10`�/`0$!`���'!* M8K

%matplotlib inline

�),+.0`0$!`matplotlib`�* `pyplot`(%�.�.%!/K`�0`%/`�+))+*`,.��0%�!`%*`�50$+*`0+9K
%),+.0`(%�.�.%!/`3%0$`�.%/,`/5*+*5)/K`�+0!`plt`%/`0$!`/5*+*5)`"+.
0$!`matplotlib.pyplot`,��'�#!M

import matplotlib as mpl
import matplotlib.pyplot as plt

�!0`0$!`%*0!.��0%2!`)+ !`0+`��M:K

plt.ion()

�$!�'`0$!`/0�01/`+"`%*0!.��0%2!`)+ !M;K

mpl.is_interactive()

�+1`/$+1( `#!0`0$!`+10,10`�/`TrueK<K
�(+0`�`(%*!`#.�,$M=K

plt.plot([1.5, 3.0])

�+1`/$+1( `/!!`0$!`"+((+3%*#`#.�,$`�/`0$!`+10,10M

`
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�+3`�  `0$!`�4%/`(��!(/`�* `�`0%0(!`0+`0$!`#.�,$`3%0$`0$!`$!(,`+"`0$!`"+((+3%*#>K
�+ !M

# Add labels and title
plt.title("Interactive Plot") #Prints the title on top of graph
plt.xlabel("X-axis")         # Prints X axis label as "X-axis"
plt.ylabel("Y-axis")         # Prints Y axis label as "Y-axis"

�"0!.`!4!�10%*#`0$!`,.!�! %*#`0$.!!`/0�0!)!*0/L`5+1.`#.�,$`/$+1( `(++'`�/`"+((+3/M

+RZ�LW�ZRUNV���
�+L`0$%/`%/`$+3`0$!`!4,(�*�0%+*`#+!/M

plt.plot([1.5, 3.0])`,(+0/`�`(%*!`#.�,$`�+**!�0%*#`03+`,+%*0/`Q7L`8K<R`�* 
Q8K7L`:K7RK
�$!`plot`�+))�* `!4,!�0/`03+`�.#1)!*0/`Q�50$+*`(%/0L`�1)�5`�..�5`+.`,�* �/
��0��.�)!R`"+.`0$!`4`�* `5`�4%/`.!/,!�0%2!(5K
�"`+*(5`+*!`�.#1)!*0`%/`,�//! L`%0`0�'!/`%0`�/`5`�4%/`�+_+. %*�0!/`�* `"+.`4`�4%/`�+_
+. %*�0!/`%0`0�'!/`0$!`(!*#0$`+"`0$!`�.#1)!*0`,.+2% ! K
�*`0$%/`!4�),(!L`3!`�.!`,�//%*#`+*(5`+*!`(%/0`+"`03+`,+%*0/L`3$%�$`3%((`�!`0�'!*`�/
5`�4%/`�++. %*�0!/K
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�+.`0$!`4`�4%/L`%0`0�'!/`0$!` !"�1(0`2�(1!/`%*`0$!`.�*#!`+"`7`0+`8L`/%*�!`0$!`(!*#0$`+"
0$!`(%/0`[1.5, 3.0]`%/`9K
�"`3!`$� `0$.!!`�++. %*�0!/`%*`0$!`(%/0`"+.`5L`0$!*`"+.`4L`%0`3+1( `0�'!`0$!`.�*#!`+"
7`0+`9K
�+1`/$+1( `/!!`0$!`#.�,$`(%'!`0$!`+*!`/$+3*`%*`/0!,`=K
plt.title("Interactive Plot")L`,.%*0/`0$!`0%0(!`+*`0+,`+"`0$!`#.�,$`�/
�*0!.��0%2!`�(+0K
plt.xlabel("X-axis")L`,.%*0/`0$!`4`�4%/`(��!(`�/`�_�4%/K
plt.ylabel("Y-axis")L`,.%*0/`0$!`5`�4%/`(��!(`�/`�_�4%/K
�"0!.`!4!�10%*#`,.!�! %*#`0$.!!`/0�0!)!*0/L`5+1`/$+1( `/!!`0$!`#.�,$`�/`/$+3*
%*`/0!,`>K

�"`5+1`�.!`1/%*#`�50$+*`/$!((L`�"0!.`!4!�10%*#`!��$`+"`0$!`�+ !`/0�0!)!*0/L`5+1`/$+1( `/!!
0$!`#.�,$`#!00%*#`1, �0! `3%0$`0%0(!`"%./0L`0$!*`0$!`4`�4%/`(��!(L`�* `"%*�((5`0$!`5`�4%/`(��!(K

�"`5+1`�.!`1/%*#`�1,50!.`�+0!�++'L`5+1`��*`/!!`0$!`+10,10`+*(5`�"0!.`�((`0$!`/0�0!)!*0/`%*`�
#%2!*`�!((`�.!`!4!�10! L`/+`5+1`$�2!`0+`,10`!��$`+"`0$!/!`0$.!!`/0�0!)!*0/`%*`/!,�.�0!`�!((/
�* `!4!�10!`+*!`�"0!.`0$!`+0$!.L`0+`/!!`0$!`#.�,$`#!00%*#`1, �0! `�"0!.`!��$`�+ !`/0�0!)!*0K

�*`+( !.`2!./%+*/`+"`��0,(+0(%�`+.`�!.0�%*`���'!* /`Q/1�$`�/`macosxRL`0$!
#.�,$`)�5`*+0`�!`1, �0! `%))! %�0!(5K`�*`/1�$`��/!/L`5+1`*!! `0+`��((
plt.draw()`!4,(%�%0(5`�0`0$!`!* L`/+`0$�0`0$!`#.�,$`#!0/` %/,(�5! K

7KHUH
V�PRUH���
�+1`��*`�  `+*!`)+.!`(%*!`#.�,$`0+`0$!`/�)!`,(+0`�* `#+`+*`1*0%(`5+1`�+),(!0!`5+1.
%*0!.��0%2!`/!//%+*M

�(+0`�`(%*!`#.�,$M8K

plt.plot([1.5, 3.0])

�  `(��!(/`�* `0%0(!M9K

plt.title("Interactive Plot")
plt.xlabel("X-axis")
plt.ylabel("Y-axis")

�  `+*!`)+.!`(%*!`#.�,$M:K

plt.plot([3.5, 2.5])
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�$!`"+((+3%*#`#.�,$`%/`0$!`+10,10`+�0�%*! `�"0!.`!4!�10%*#`0$!`�+ !M


!*�!L`3!`$�2!`*+3`3+.'! `%*`%*0!.��0%2!`)+ !K

:RUNLQJ�LQ�QRQ�LQWHUDFWLYH�PRGH
�*`0$!`%*0!.��0%2!`)+ !L`3!`$�2!`/!!*`0$!`#.�,$`#!00%*#`�1%(0`/0!,`�5`/0!,`3%0$`!��$
%*/0.1�0%+*K`�*`*+*_%*0!.��0%2!`)+ !L`5+1`#%2!`�((`%*/0.1�0%+*/`0+`�1%( `0$!`#.�,$`�* `0$!*
 %/,(�5`0$!`#.�,$`3%0$`�`�+))�* `!4,(%�%0(5K

+RZ�WR�GR�LW���
�+.'%*#`+*`*+*_%*0!.��0%2!`)+ !`3+*W0`�!` %""%�1(0`!%0$!.M

�0�.0`0$!`'!.*!(`�".!/$L`�* `%),+.0`0$!`matplotlib`�* `pyplot`(%�.�.%!/M8K

import matplotlib
import matplotlib.pyplot as plt

�!0`0$!`%*0!.��0%2!`)+ !`0+`���M9K

plt.ioff()

�$!�'`0$!`/0�01/`+"`%*0!.��0%2!`)+ !M:K

matplotlib.is_interactive()
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�+1`/$+1( `#!0`0$!`+10,10`FalseK;K
�4!�10!`0$!`"+((+3%*#`�+ !N`5+1`3%((`*+0`/!!`0$!`,(+0`+*`5+1.`/�.!!*M<K

# Plot a line graph
plt.plot([1.5, 3.0])

# Plot the title, X and Y axis labels
plt.title("Non Interactive Mode")
plt.xlabel("X-axis")
plt.ylabel("Y-axis")

�4!�10!`0$!`"+((+3%*#`/0�0!)!*0L`�* `0$!*`5+1`3%((`/!!`0$!`,(+0`+*`5+1.`/�.!!*M=K

# Display the graph on the screen
plt.show()

+RZ�LW�ZRUNV���
���$`+"`0$!`,.!�! %*#`�+ !`/0�0!)!*0/`%/`/!("_!4,(�*�0+.5K`�$!`%),+.0�*0`0$%*#`0+`*+0!`%/`%*
*+*_%*0!.��0%2!`)+ !L`5+1`3.%0!`�+),(!0!`�+ !`"+.`0$!`#.�,$`5+1`3�*0`0+` %/,(�5L`�* `��((
plt.show()`!4,(%�%0(5`0+` %/,(�5`0$!`#.�,$`+*`0$!`/�.!!*K

�$!`"+((+3%*#`%/`0$!`+10,10`+�0�%*! M
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�$!`(�0!/0`2!./%+*/`+"`�1,50!.`�+0!�++'`/!!)`0+` %/,(�5`0$!`"%#1.!
3%0$+10`��((%*#`plt.show()`�+))�* `!4,(%�%0(5K`
+3!2!.L`%*`�50$+*
/$!((`+.`!)�!  ! `�,,(%��0%+*/L`plt.show()`+.`plt.draw()`%/`.!-1%.! 
0+` %/,(�5`0$!`"%#1.!`+*`0$!`/�.!!*K

5HDGLQJ�IURP�H[WHUQDO�ILOHV�DQG�SORWWLQJ
�5` !"�1(0L`��0,(+0(%�`���!,0/`%*,10` �0�`�/`�`�50$+*`(%/0L`�1)�5`�..�5L`+.`,�* �/
��0��.�)!K`�+`�((`!40!.*�(` �0�`*!! /`0+`�!`.!� `�* `�+*2!.0! `0+`+*!`+"`0$!/!`"+.)�0/
�!"+.!`"!! %*#`%0`0+`��0,(+0(%�`"+.`,(+00%*#`0$!`#.�,$K`�.+)`�`,!."+.)�*�!`,!./,!�0%2!L
�1)�5`"+.)�0`%/`)+.!`!""%�%!*0L`�10`"+.` !"�1(0`(��!(/L`,�* �/`"+.)�0`%/`�+*2!*%!*0K`

�"`0$!` �0�`%/`�`.txt`"%(!L`5+1`��*`1/!`�1)�5`"1*�0%+*`0+`.!� `0$!` �0�`�* `,10`%0`%*`�1)�5
�..�5/K`�"`0$!` �0�`%/`%*`.csv`+.`.xlsx`"+.)�0/L`5+1`��*`1/!`,�* �/`0+`.!� `0$!` �0�K`
!.!
3!`3%((` !)+*/0.�0!`$+3`0+`.!� `.txtL`.csvL`�* `.xlsx`"+.)�0/`�* `0$!*`,(+0`0$!`#.�,$K

*HWWLQJ�UHDG\
�),+.0`0$!`matplotlib.pyplotL`numpy`L`�* `pandas`,��'�#!/`0$�0`�.!`.!-1%.! `0+`.!� 
0$!`%*,10`"%(!/M

�),+.0`0$!`pyplot`(%�.�.5`3%0$`0$!`plt`/5*+*5)M8K

import matplotlib.pyplot as plt

�),+.0`0$!`numpy`(%�.�.5`3%0$`0$!`np`/5*+*5)K`�$!`numpy`(%�.�.5`��*`)�*�#!`*_9K
 %)!*/%+*�(`�..�5/L`/1,,+.0%*#`�((`)�0$!)�0%��(`+,!.�0%+*/`+*`0$!/!`�..�5/M

import numpy as np

�),+.0`0$!`pandas`,��'�#!`3%0$`pd`�/`�`/5*+*5)M:K

import pandas as pd

+RZ�WR�GR�LW���
�!`3%((`"+((+3`0$!`+. !.`+"`.txtL`.csvL`�* `.xlsx`"%(!/L`%*`0$.!!`/!,�.�0!`/!�0%+*/K
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!.!`�.!`/+)!`/0!,/`0+`"+((+3M

�!� `0$!`0!40`"%(!`%*0+`0$!`txt`2�.%��(!M8K

txt = np.loadtxt('test.txt', delimiter = ',')
txt


!.!`%/`0$!`!4,(�*�0%+*`"+.`0$!`,.!�! %*#`�+ !`�(+�'M

�$!`test.txt`0!40`"%(!`$�/`87`*1)�!./`/!,�.�0! `�5`�`�+))�L`.!,.!/!*0%*#`0$!`4
�* `5`�++. %*�0!/`+"`"%2!`,+%*0/`Q8L`8RL`Q9L`;RL`Q:L`@RL`Q;L`8=RL`�* `Q<L`9<R`%*`�`03+_
 %)!*/%+*�(`/,��!K
�$!`loadtxt()`"1*�0%+*`(+� /`0!40` �0�`%*0+`�`�1)�5`�..�5K

�+1`/$+1( `#!0`0$!`"+((+3%*#`+10,10M

array([ 1., 1., 2., 4., 3., 9., 4., 16., 5., 25.])

�+*2!.0`0$!`"(�0`�..�5`%*0+`"%2!`,+%*0/`%*`9�`/,��!M9K

txt = txt.reshape(5,2)
txt

�"0!.`!4!�10%*#`,.!�! %*#`�+ !L`5+1`/$+1( `/!!`0$!`"+((+3%*#`+10,10M

array([[ 1., 1.], [ 2., 4.], [ 3., 9.], [ 4., 16.], [ 5., 25.]])

�,(%0`0$!`.txt`2�.%��(!`%*0+`x`�* `y`�4%/`�+_+. %*�0!/M:K

x = txt[:,0]
y = txt[:,1]
print(x, y)


!.!`%/`0$!`!4,(�*�0%+*`"+.`0$!`,.!�! %*#`�+ !`�(+�'M

�!,�.�0!`0$!`x`�* `y`�4%/`,+%*0/`".+)`0$!`txt`2�.%��(!K
x`%/`0$!`"%./0`�+(1)*`%*`txt`�* `y`%/`0$!`/!�+* `�+(1)*K
�$!`�50$+*`%* !4%*#`/0�.0/`".+)`7K

�"0!.`!4!�10%*#`0$!`,.!�! %*#`�+ !L`5+1`/$+1( `/!!`0$!`"+((+3%*#`+10,10M

[ 1. 2. 3. 4. 5.] [ 1. 4. 9. 16. 25.]
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�$!`.csv`"%(!`$�/`�`.!(�0%+*�(` �0���/!`/0.1�01.!`+"`.+3/`�* `�+(1)*/L`�* `0$!`test.csv
"%(!`$�/`4L`5`�+_+. %*�0!/`"+.`"%2!`,+%*0/`%*`9�`/,��!K`���$`,+%*0`%/`�`.+3`%*`0$!`"%(!L`3%0$`03+
�+(1)*/M`x`�* `yK`�$!`/�)!`�1)�5`loadtxt()`"1*�0%+*`%/`1/! `0+`(+� ` �0�M

x, y = np.loadtxt ('test.csv', unpack = True, usecols = (0,1), delimiter =
',')
print(x)
print(y)

�*`!4!�10%+*`+"`0$!`,.!�! %*#`�+ !L`5+1`/$+1( `/!!`0$!`"+((+3%*#`+10,10M

[ 1. 2. 3. 4. 5.] [ 1. 4. 9. 16. 25.]

5HDGLQJ�IURP�DQ��[OV[�ILOH
�+3`(!0W/`.!� `0$!`/�)!` �0�`".+)`�*`.xlsx`"%(!`�* `�.!�0!`0$!`x`�* `y`�1)�5`�..�5/K`�$!
.xlsx`"%(!`"+.)�0`%/`*+0`/1,,+.0! `�5`0$!`�1)�5`loadtxt()`"1*�0%+*K`�`�50$+*` �0�
,.+�!//%*#`,��'�#!L`pandas`��*`�!`1/! M

�!� `0$!`.xlsx`"%(!`%*0+`,�* �/`��0��.�)!K`�$%/`"%(!`$�/`0$!`/�)!`"%2!`,+%*0/`%*8K
9�`/,��!L`!��$`%*`�`/!,�.�0!`.+3`3%0$`xL`y`�+(1)*/M

df = pd.read_excel('test.xlsx', 'sheet', header=None)

�+*2!.0`0$!`,�* �/`��0��.�)!`0+`�`�1)�5`�..�5M9K

data_array = np.array(df)
print(data_array)

�+1`/$+1( `/!!`0$!`"+((+3%*#`+10,10M

[[ 1 1] [ 2 4] [ 3 9] [ 4 16] [ 5 25]]

�+3`!40.��0`0$!`x`�* `y`�++. %*�0!/`".+)`0$!`�1)�5`�..�5M:K

x , y = data_array[:,0], data_array[:,1]
print(x,y)

�+1`/$+1( `/!!`0$!`"+((+3%*#`+10,10M

[1 2 3 4 5] [ 1 4 9 16 25]
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�"0!.`.!� %*#`0$!` �0�`".+)`�*5`+"`0$!`0$.!!`"+.)�0/`Q.txtL`.csvL`.xlsxR`�* `"+.)�0`%0`0+`x
�* `y`2�.%��(!/L`0$!*`3!`,(+0`0$!`#.�,$`1/%*#`0$!/!`2�.%��(!/`�/`"+((+3/M

plt.plot(x, y)

�%/,(�5`0$!`#.�,$`+*`0$!`/�.!!*M

plt.show()

�$!`"+((+3%*#`%/`0$!`+10,10`+�0�%*! M

+RZ�LW�ZRUNV���
�!,!* %*#`+*`0$!`"+.)�0`�* `0$!`/0.1�01.!`+"`0$!` �0�L`3!`3%((`$�2!`0+`1/!`0$!`�50$+*L
�1)�5L`+.`,�* �/`"1*�0%+*/`0+`.!� `0$!` �0�`�* `.!"+.)�0`%0`%*0+`�*`�,,.+,.%�0!`/0.1�01.!
0$�0`��*`�!`"! `%*0+`0$!`matplotlib.pyplot`"1*�0%+*K`�"0!.`0$�0L`"+((+3`0$!`1/1�(`,(+00%*#
%*/0.1�0%+*/`0+`,(+0`0$!`#.�,$`0$�0`5+1`3�*0K
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&KDQJLQJ�DQG�UHVHWWLQJ�GHIDXOW�HQYLURQPHQW
YDULDEOHV�
��0,(+0(%�`1/!/`0$!`matplotlibrc`"%(!`0+`/0+.!` !"�1(0`2�(1!/`"+.`2�.%+1/`!*2%.+*)!*0`�* 
"%#1.!`,�.�)!0!./`1/! `��.+//`)�0,(+0(%�`"1*�0%+*�(%05K`
!*�!L`0$%/`"%(!`%/`2!.5`(+*#K
�$!/!` !"�1(0`2�(1!/`�.!`�1/0+)%6��(!`0+`�,,(5`"+.`�((`0$!`,(+0/`3%0$%*`�`/!//%+*K`

�+1`��*`1/!`0$!`print(matplotlib.rcParams)`�+))�* `0+`#!0`�((`0$!` !"�1(0
,�.�)!0!.`/!00%*#/`".+)`0$%/`"%(!K

�$!`matplotlib.rcParams`�+))�* `%/`1/! `0+`�$�*#!`0$!/!` !"�1(0`2�(1!/`0+`�*5`+0$!.
/1,,+.0! `2�(1!/L`+*!`,�.�)!0!.`�0`�`0%)!K`�$!`matplotlib.rc`�+))�* `%/`1/! `0+`/!0
 !"�1(0`2�(1!/`"+.`)1(0%,(!`,�.�)!0!./`3%0$%*`�`/,!�%"%�`#.+1,L`"+.`!4�),(!L`(%*!/L`"+*0L`0!40L
�* `/+`+*K`�%*�((5L`0$!`matplotlib.rcdefaults()`�+))�* `%/`1/! `0+`.!/0+.!` !"�1(0
,�.�)!0!./K`

�$!`matplotlib.rcsetup()`�+))�* `%/`1/! `%*0!.*�((5`�5`��0,(+0(%�
0+`2�(% �0!`0$�0`0$!`,�.�)!0!./`�!%*#`�$�*#! `�.!`���!,0��(!`2�(1!/K

*HWWLQJ�UHDG\
�$!`"+((+3%*#`�+ !`�(+�'`,.+2% !/`0$!`,�0$`0+`0$!`"%(!`�+*0�%*%*#`�((`�+*"%#1.�0%+*`0$!
,�.�)!0!./M

# Get the location of matplotlibrc file
import matplotlib
matplotlib.matplotlib_fname()

�+1`/$+1( `/!!`0$!` %.!�0+.5`,�0$`(%'!`0$!`+*!`0$�0`"+((+3/K`�$!`!4��0` %.!�0+.5`,�0$
 !,!* /`+*`5+1.`%*/0�((�0%+*M

'C:\\Anaconda3\\envs\\keras35\\lib\\site-packages\\matplotlib\\mpl-
    data\\matplotlibrc'
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�$!`"+((+3%*#`�(+�'`+"`�+ !`�(+*#`3%0$`�+))!*0/`$!(,/`5+1`0+`1* !./0�* `0$!`,.+�!//`+"
�$�*#%*#`�* `.!/!00%*#` !"�1(0`!*2%.+*)!*0`2�.%��(!/M`

�),+.0`0$!`matplotlib.pyplot`,��'�#!`3%0$`0$!`plt`/5*+*5)M8K

import matplotlib.pyplot as plt

�+� `x`�* `y`2�.%��(!/`".+)`/�)!`test.csv`"%(!`0$�0`3!`1/! `%*`0$!`,.!�! %*#9K
.!�%,!M

x, y = np.loadtxt ('test.csv', unpack = True, usecols = (0,1),
                    delimiter = ',')

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

matplotlib.rc('lines', linewidth=4, linestyle='-', marker='*')

�$�*#!`0$!` !"�1(0`2�(1!/`"+.`,�.�)!0!./`%* %2% 1�((5M;K

matplotlib.rcParams['lines.markersize'] = 20
matplotlib.rcParams['font.size'] = '15.0'

�(+0`0$!`#.�,$M<K

plt.plot(x,y)

�%/,(�5`0$!`#.�,$M=K

plt.show()

�$!`"+((+3%*#`%/`0$!`+10,10`0$�0`3%((`�!`+�0�%*! M
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�$!`matplotlib.rc`�* `matplotlib.rcParams`�+))�* /`+2!.3.%0!`0$!` !"�1(0`2�(1!/
"+.`/,!�%"%! `,�.�)!0!./`�/`�.#1)!*0/`%*`0$!/!`�+))�* /K`�$!/!`*!3`2�(1!/`3%((`�!`1/! 
�5`0$!`pyplot`0++(`3$%(!`,(+00%*#`0$!`#.�,$K

�0`/$+1( `�!`*+0! `0$�0`0$!/!`2�(1!/`3%((`�!`��0%2!`"+.`�((`,(+0/`%*`0$!
/!//%+*K`�"`5+1`3�*0` %""!.!*0`/!00%*#/`"+.`!��$`,(+0`%*`0$!`/�)!`/!//%+*L
0$!*`5+1`/$+1( `1/!`0$!`�00.%�10!/`�2�%(��(!`3%0$`0$!`plot`�+))�* K

7KHUH
V�PRUH���
�+1`��*`.!/!0`�((`0$!`,�.�)!0!./`0+`0$!%.` !"�1(0`2�(1!/L`1/%*#`0$!`rsdefaults()
�+))�* L`�/`/$+3*`%*`0$!`"+((+3%*#`�(+�'M

# To restore all default parameters
matplotlib.rcdefaults()
plt.plot(x,y)
plt.show()

�$!`#.�,$`3%((`(++'`�/`"+((+3/M

K


