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$QRQ\PRXV�IXQFWLRQV ���
)XQFWLRQ�DWWULEXWHV ���
%XLOW�LQ�IXQFWLRQV ���
2QH�ILQDO�H[DPSOH ���
'RFXPHQWLQJ�\RXU�FRGH ���
,PSRUWLQJ�REMHFWV ���

5HODWLYH�LPSRUWV ���
6XPPDU\ ���

&KDSWHU����6DYLQJ�7LPH�DQG�0HPRU\ ���
7KH�PDS��]LS��DQG�ILOWHU�IXQFWLRQV ���

PDS ���
]LS ���
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ILOWHU ���
&RPSUHKHQVLRQV ���

1HVWHG�FRPSUHKHQVLRQV ���
)LOWHULQJ�D�FRPSUHKHQVLRQ ���
GLFW�FRPSUHKHQVLRQV ���
VHW�FRPSUHKHQVLRQV ���

*HQHUDWRUV ���
*HQHUDWRU�IXQFWLRQV ���
*RLQJ�EH\RQG�QH[W ���
7KH�\LHOG�IURP�H[SUHVVLRQ ���
*HQHUDWRU�H[SUHVVLRQV ���

6RPH�SHUIRUPDQFH�FRQVLGHUDWLRQV ���
'RQ
W�RYHUGR�FRPSUHKHQVLRQV�DQG�JHQHUDWRUV ���
1DPH�ORFDOL]DWLRQ ���
*HQHUDWLRQ�EHKDYLRU�LQ�EXLOW�LQV ���
2QH�ODVW�H[DPSOH ���
6XPPDU\ ���

&KDSWHU����223��'HFRUDWRUV��DQG�,WHUDWRUV ���
'HFRUDWRUV ���

$�GHFRUDWRU�IDFWRU\ ���
2EMHFW�RULHQWHG�SURJUDPPLQJ��223� ���

7KH�VLPSOHVW�3\WKRQ�FODVV ���
&ODVV�DQG�REMHFW�QDPHVSDFHV ���
$WWULEXWH�VKDGRZLQJ ���
0H��P\VHOI��DQG�,�b�XVLQJ�WKH�VHOI�YDULDEOH ���
,QLWLDOL]LQJ�DQ�LQVWDQFH ���
223�LV�DERXW�FRGH�UHXVH ���

,QKHULWDQFH�DQG�FRPSRVLWLRQ ���
$FFHVVLQJ�D�EDVH�FODVV ���
0XOWLSOH�LQKHULWDQFH ���

0HWKRG�UHVROXWLRQ�RUGHU ���
&ODVV�DQG�VWDWLF�PHWKRGV ���

6WDWLF�PHWKRGV ���
&ODVV�PHWKRGV ���

3ULYDWH�PHWKRGV�DQG�QDPH�PDQJOLQJ ���
7KH�SURSHUW\�GHFRUDWRU ���
2SHUDWRU�RYHUORDGLQJ ���
3RO\PRUSKLVP�b�D�EULHI�RYHUYLHZ ���
'DWD�FODVVHV ���

:ULWLQJ�D�FXVWRP�LWHUDWRU ���
6XPPDU\ ���

&KDSWHU����)LOHV�DQG�'DWD�3HUVLVWHQFH ���
:RUNLQJ�ZLWK�ILOHV�DQG�GLUHFWRULHV ���

2SHQLQJ�ILOHV ���
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8VLQJ�D�FRQWH[W�PDQDJHU�WR�RSHQ�D�ILOH ���
5HDGLQJ�DQG�ZULWLQJ�WR�D�ILOH ���

5HDGLQJ�DQG�ZULWLQJ�LQ�ELQDU\�PRGH ���
3URWHFWLQJ�DJDLQVW�RYHUULGLQJ�DQ�H[LVWLQJ�ILOH ���

&KHFNLQJ�IRU�ILOH�DQG�GLUHFWRU\�H[LVWHQFH ���
0DQLSXODWLQJ�ILOHV�DQG�GLUHFWRULHV ���

0DQLSXODWLQJ�SDWKQDPHV ���
7HPSRUDU\�ILOHV�DQG�GLUHFWRULHV ���
'LUHFWRU\�FRQWHQW ���
)LOH�DQG�GLUHFWRU\�FRPSUHVVLRQ ���

'DWD�LQWHUFKDQJH�IRUPDWV ���
:RUNLQJ�ZLWK�-621 ���

&XVWRP�HQFRGLQJ�GHFRGLQJ�ZLWK�-621 ���
,2��VWUHDPV��DQG�UHTXHVWV ���

8VLQJ�DQ�LQ�PHPRU\�VWUHDP ���
0DNLQJ�+773�UHTXHVWV ���

3HUVLVWLQJ�GDWD�RQ�GLVN ���
6HULDOL]LQJ�GDWD�ZLWK�SLFNOH ���
6DYLQJ�GDWD�ZLWK�VKHOYH ���
6DYLQJ�GDWD�WR�D�GDWDEDVH ���

6XPPDU\ ���

&KDSWHU����7HVWLQJ��3URILOLQJ��DQG�'HDOLQJ�ZLWK�([FHSWLRQV ���
7HVWLQJ�\RXU�DSSOLFDWLRQ ���

7KH�DQDWRP\�RI�D�WHVW ���
7HVWLQJ�JXLGHOLQHV ���
8QLW�WHVWLQJ� ���

:ULWLQJ�D�XQLW�WHVW ���
0RFN�REMHFWV�DQG�SDWFKLQJ ���
$VVHUWLRQV ���

7HVWLQJ�D�&69�JHQHUDWRU ���
%RXQGDULHV�DQG�JUDQXODULW\ ���
7HVWLQJ�WKH�H[SRUW�IXQFWLRQ ���
)LQDO�FRQVLGHUDWLRQV ���

7HVW�GULYHQ�GHYHORSPHQW ���
([FHSWLRQV ���
3URILOLQJ�3\WKRQ ���

:KHQ�WR�SURILOH" ���
6XPPDU\ ���

&KDSWHU����&U\SWRJUDSK\�DQG�7RNHQV ���
7KH�QHHG�IRU�FU\SWRJUDSK\ ���

8VHIXO�JXLGHOLQHV ���
+DVKOLE ���
6HFUHWV ���

5DQGRP�QXPEHUV ���
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7RNHQ�JHQHUDWLRQ ���
'LJHVW�FRPSDULVRQ ���

+0$& ���
-621�:HE�7RNHQV ���

5HJLVWHUHG�FODLPV ���
7LPH�UHODWHG�FODLPV ���
$XWK�UHODWHG�FODLPV ���

8VLQJ�DV\PPHWULF��SXEOLF�NH\��DOJRULWKPV ���
8VHIXO�UHIHUHQFHV ���
6XPPDU\ ���

&KDSWHU�����&RQFXUUHQW�([HFXWLRQ ���
&RQFXUUHQF\�YHUVXV�SDUDOOHOLVP ���
7KUHDGV�DQG�SURFHVVHV�b�DQ�RYHUYLHZ ���

4XLFN�DQDWRP\�RI�D�WKUHDG ���
.LOOLQJ�WKUHDGV ���
&RQWH[W�VZLWFKLQJ ���

7KH�*OREDO�,QWHUSUHWHU�/RFN ���
5DFH�FRQGLWLRQV�DQG�GHDGORFNV ���

5DFH�FRQGLWLRQV ���
6FHQDULR�$�b�UDFH�FRQGLWLRQ�QRW�KDSSHQLQJ ���
6FHQDULR�%�b�UDFH�FRQGLWLRQ�KDSSHQLQJ ���

/RFNV�WR�WKH�UHVFXH ���
6FHQDULR�&�b�XVLQJ�D�ORFN ���

'HDGORFNV ���
4XLFN�DQDWRP\�RI�D�SURFHVV ���

3URSHUWLHV�RI�D�SURFHVV ���
0XOWLWKUHDGLQJ�RU�PXOWLSURFHVVLQJ" ���

&RQFXUUHQW�H[HFXWLRQ�LQ�3\WKRQ ���
6WDUWLQJ�D�WKUHDG ���
6WDUWLQJ�D�SURFHVV ���
6WRSSLQJ�WKUHDGV�DQG�SURFHVVHV ���

6WRSSLQJ�D�SURFHVV ���
6SDZQLQJ�PXOWLSOH�WKUHDGV ���
'HDOLQJ�ZLWK�UDFH�FRQGLWLRQV ���
$�WKUHDG
V�ORFDO�GDWD ���
7KUHDG�DQG�SURFHVV�FRPPXQLFDWLRQ ���

7KUHDG�FRPPXQLFDWLRQ ���
6HQGLQJ�HYHQWV ���
,QWHU�SURFHVV�FRPPXQLFDWLRQ�ZLWK�TXHXHV ���

7KUHDG�DQG�SURFHVV�SRROV ���
8VLQJ�D�SURFHVV�WR�DGG�D�WLPHRXW�WR�D�IXQFWLRQ ���

&DVH�H[DPSOHV ���
([DPSOH�RQH�b�FRQFXUUHQW�PHUJHVRUW ���

6LQJOH�WKUHDG�PHUJHVRUW ���
6LQJOH�WKUHDG�PXOWLSDUW�PHUJHVRUW ���
0XOWLWKUHDGHG�PHUJHVRUW ���
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0XOWLSURFHVV�PHUJHVRUW ���
([DPSOH�WZR�b�EDWFK�VXGRNX�VROYHU ���

:KDW�LV�6XGRNX" ���
,PSOHPHQWLQJ�D�VXGRNX�VROYHU�LQ�3\WKRQ ���
6ROYLQJ�VXGRNX�ZLWK�PXOWLSURFHVVLQJ ���

([DPSOH�WKUHH�b�GRZQORDGLQJ�UDQGRP�SLFWXUHV ���
'RZQORDGLQJ�UDQGRP�SLFWXUHV�ZLWK�DV\QFLR ���

6XPPDU\ ���

&KDSWHU�����'HEXJJLQJ�DQG�7URXEOHVKRRWLQJ ���
'HEXJJLQJ�WHFKQLTXHV ���

'HEXJJLQJ�ZLWK�SULQW ���
'HEXJJLQJ�ZLWK�D�FXVWRP�IXQFWLRQ ���
,QVSHFWLQJ�WKH�WUDFHEDFN ���
8VLQJ�WKH�3\WKRQ�GHEXJJHU ���
,QVSHFWLQJ�ORJ�ILOHV ���
2WKHU�WHFKQLTXHV ���

3URILOLQJ ���
$VVHUWLRQV ���

:KHUH�WR�ILQG�LQIRUPDWLRQ ���
7URXEOHVKRRWLQJ�JXLGHOLQHV ���

8VLQJ�FRQVROH�HGLWRUV ���
:KHUH�WR�LQVSHFW ���
8VLQJ�WHVWV�WR�GHEXJ ���
0RQLWRULQJ ���

6XPPDU\ ���

&KDSWHU�����*8,V�DQG�6FULSWV ���
)LUVW�DSSURDFK�b�VFULSWLQJ ���

7KH�LPSRUWV ���
3DUVLQJ�DUJXPHQWV ���
7KH�EXVLQHVV�ORJLF ���

6HFRQG�DSSURDFK�b�D�*8,�DSSOLFDWLRQ ���
7KH�LPSRUWV ���
7KH�OD\RXW�ORJLF ���
7KH�EXVLQHVV�ORJLF ���

)HWFKLQJ�WKH�ZHE�SDJH ���
6DYLQJ�WKH�LPDJHV ���
$OHUWLQJ�WKH�XVHU ���

+RZ�FDQ�ZH�LPSURYH�WKH�DSSOLFDWLRQ" ���
:KHUH�GR�ZH�JR�IURP�KHUH" ���

7KH�WXUWOH�PRGXOH ���
Z[3\WKRQ��3\4W��DQG�3\*7. ���
7KH�SULQFLSOH�RI�OHDVW�DVWRQLVKPHQW ���
7KUHDGLQJ�FRQVLGHUDWLRQV ���

6XPPDU\ ���
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&KDSWHU�����'DWD�6FLHQFH ���
,3\WKRQ�DQG�-XS\WHU�1RWHERRN ���

,QVWDOOLQJ�WKH�UHTXLUHG�OLEUDULHV ���
8VLQJ�$QDFRQGD ���
6WDUWLQJ�D�1RWHERRN ���

'HDOLQJ�ZLWK�GDWD ���
6HWWLQJ�XS�WKH�1RWHERRN ���
3UHSDULQJ�WKH�GDWD ���
&OHDQLQJ�WKH�GDWD ���
&UHDWLQJ�WKH�'DWD)UDPH ���

8QSDFNLQJ�WKH�FDPSDLJQ�QDPH ���
8QSDFNLQJ�WKH�XVHU�GDWD ���
&OHDQLQJ�HYHU\WKLQJ�XS ���

6DYLQJ�WKH�'DWD)UDPH�WR�D�ILOH ���
9LVXDOL]LQJ�WKH�UHVXOWV ���

:KHUH�GR�ZH�JR�IURP�KHUH" ���
6XPPDU\ ���

&KDSWHU�����:HE�'HYHORSPHQW ���
:KDW�LV�WKH�ZHE" ���
+RZ�GRHV�WKH�ZHE�ZRUN" ���
7KH�'MDQJR�ZHE�IUDPHZRUN ���

'MDQJR�GHVLJQ�SKLORVRSK\ ���
7KH�PRGHO�OD\HU ���
7KH�YLHZ�OD\HU ���
7KH�WHPSODWH�OD\HU ���

7KH�'MDQJR�85/�GLVSDWFKHU ���
5HJXODU�H[SUHVVLRQV ���

$�UHJH[�ZHEVLWH ���
6HWWLQJ�XS�'MDQJR ���

6WDUWLQJ�WKH�SURMHFW ���
&UHDWLQJ�XVHUV ���

$GGLQJ�WKH�(QWU\�PRGHO ���
&XVWRPL]LQJ�WKH�DGPLQ�SDQHO ���
&UHDWLQJ�WKH�IRUP ���
:ULWLQJ�WKH�YLHZV ���

7KH�KRPH�YLHZ ���
7KH�HQWU\�OLVW�YLHZ ���
7KH�IRUP�YLHZ ���

7\LQJ�XS�85/V�DQG�YLHZV ���
:ULWLQJ�WKH�WHPSODWHV ���

7KH�IXWXUH�RI�ZHE�GHYHORSPHQW ���
:ULWLQJ�D�)ODVN�YLHZ ���
%XLOGLQJ�D�-621�TXRWH�VHUYHU�LQ�)DOFRQ ���

6XPPDU\ ���
)DUHZHOO ���
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# we define a function, called local
def local():
    m = 7
    print(m)
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# key.points.mutable.assignment.py
x = [1, 2, 3]
def func(x):
    [>�@� ���  # this changes the caller!
    [� �
VRPHWKLQJ�HOVH
  # this points x to a new string object
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H[DPSOH
├──�FRUH�S\
├──�UXQ�S\
└──�XWLO
����├──�BBLQLWBB�S\
����├──�GE�S\
����├──�PDWK�S\
����└──�QHWZRUN�S\
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ILOHVBRQO\�
├──�FRUH�S\
├──�GE�S\
├──�PDWK�S\
├──�QHWZRUN�S\
└──�UXQ�S\
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�+1`)�5`"+.#!0`0+`"%4\�)!* `�`,%!�!`+"`(+#%�`�!��1/!`5+1`)%//! `%0`3$!*
/!�.�$%*#`"+.`�((`%0/`+��1..!*�!/K`�$%/`3+1( `(!�2!`3.+*#\%*�+*/%/0!*0`�!$�2%+.`%*
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�/`�PL`%/` !"%*! `�/`0$!`,.+ 1�0`+"`�((`,+/%0%2!`%*0!#!./`(!//`0$�*`+.`!-1�(`0+
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5! = 5 * 4 * 3 * 2 * 1 = 120
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,.+ 1�0K
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�+L`(!0W/`#+`���'`0+`+1.`!4�),(!L`0$!`+*!`3%0$`core.pyL`run.pyL`utilL`�* `/+`+*K
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,!."+.)`)�0$!)�0%��(`��(�1(�0%+*/`Qmath.pyR`0$�0`�.!`+10/% !`0$!`/�+,!`+"`�50$+*W/
/0�* �. `math`(%�.�.5`�* L`0$!.!"+.!L`3!`$�2!`0+`�+ !`0$!)`"+.`+1./!(2!/K
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��/0.��0L`/+`(!0`)!`#%2!`5+1`�`(!//`"+.)�(`!4,(�*�0%+*`"%./0K

1DPHV�DQG�QDPHVSDFHV
��5`5+1`�.!`(++'%*#`"+.`�`�++'L`/+`5+1`#+`0+`0$!`(%�.�.5`�* `�/'`/+)!+*!`"+.`0$!`�++'`5+1
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