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H I S T O R Y  O F  P Y T H O N

EASY AS ABC

8IBU�EP�UIF�BMQIBCFU�BOE�UIF�QSPHSBNNJOH�MBOHVBHF�1ZUIPO�IBWF�JO
DPNNPO �3JHIU
�CPUI�TUBSU�XJUI�"#$��*G�XF�BSF�UBMLJOH�BCPVU�"#$�JO�UIF
1ZUIPO�DPOUFYU
�JU�T�DMFBS�UIBU�UIF�QSPHSBNNJOH�MBOHVBHF�"#$�JT�NFBOU�
"#$�JT�B�HFOFSBM�QVSQPTF�QSPHSBNNJOH�MBOHVBHF�BOE�QSPHSBNNJOH
FOWJSPONFOU
�XIJDI�XBT�EFWFMPQFE�JO�UIF�/FUIFSMBOET
�"NTUFSEBN
�BU�UIF
$8*�	$FOUSVN�8JTLVOEF���*OGPSNBUJDB
��5IF�HSFBUFTU�BDIJFWFNFOU�PG
"#$�XBT�UP�JOGMVFODF�UIF�EFTJHO�PG�1ZUIPO�

1ZUIPO�XBT�DPODFQUVBMJ[FE�JO�UIF�MBUF�����T��(VJEP�WBO�3PTTVN�XPSLFE
UIBU�UJNF�JO�B�QSPKFDU�BU�UIF�$8*
�DBMMFE�"NPFCB
�B�EJTUSJCVUFE�PQFSBUJOH
TZTUFN��*O�BO�JOUFSWJFX�XJUI�#JMM�7FOOFST�
�(VJEP�WBO�3PTTVN�TBJE���*O
UIF�FBSMZ�����T
�*�XPSLFE�BT�BO�JNQMFNFOUFS�PO�B�UFBN�CVJMEJOH�B�MBOHVBHF
DBMMFE�"#$�BU�$FOUSVN�WPPS�8JTLVOEF�FO�*OGPSNBUJDB�	$8*
��*�EPO�U�LOPX
IPX�XFMM�QFPQMF�LOPX�"#$�T�JOGMVFODF�PO�1ZUIPO��*�USZ�UP�NFOUJPO�"#$�T
JOGMVFODF�CFDBVTF�*�N�JOEFCUFE�UP�FWFSZUIJOH�*�MFBSOFE�EVSJOH�UIBU�QSPKFDU�BOE�UP�UIF�QFPQMF�XIP�XPSLFE�PO�JU��

-BUFS�PO�JO�UIF�TBNF�*OUFSWJFX
�(VJEP�WBO�3PTTVN�DPOUJOVFE���*�SFNFNCFSFE�BMM�NZ�FYQFSJFODF�BOE�TPNF�PG
NZ�GSVTUSBUJPO�XJUI�"#$��*�EFDJEFE�UP�USZ�UP�EFTJHO�B�TJNQMF�TDSJQUJOH�MBOHVBHF�UIBU�QPTTFTTFE�TPNF�PG�"#$�T
CFUUFS�QSPQFSUJFT
�CVU�XJUIPVU�JUT�QSPCMFNT��4P�*�TUBSUFE�UZQJOH��*�DSFBUFE�B�TJNQMF�WJSUVBM�NBDIJOF
�B�TJNQMF
QBSTFS
�BOE�B�TJNQMF�SVOUJNF��*�NBEF�NZ�PXO�WFSTJPO�PG�UIF�WBSJPVT�"#$�QBSUT�UIBU�*�MJLFE��*�DSFBUFE�B�CBTJD
TZOUBY
�VTFE�JOEFOUBUJPO�GPS�TUBUFNFOU�HSPVQJOH�JOTUFBE�PG�DVSMZ�CSBDFT�PS�CFHJO�FOE�CMPDLT
�BOE�EFWFMPQFE�B
TNBMM�OVNCFS�PG�QPXFSGVM�EBUB�UZQFT��B�IBTI�UBCMF�	PS�EJDUJPOBSZ
�BT�XF�DBMM�JU

�B�MJTU
�TUSJOHT
�BOE�OVNCFST��

COMEDY, SNAKE OR PROGRAMMING LANGUAGE

4P
�XIBU�BCPVU�UIF�OBNF��1ZUIPO� �.PTU�QFPQMF�UIJOL�BCPVU�TOBLFT
�BOE�FWFO�UIF�MPHP�EFQJDUT�UXP�TOBLFT
�CVU
UIF�PSJHJO�PG�UIF�OBNF�IBT�JUT�SPPU�JO�#SJUJTI�IVNPVS��(VJEP�WBO�3PTTVN
�UIF�DSFBUPS�PG�1ZUIPO
�XSPUF�JO�����
BCPVU�UIF�PSJHJO�PG�UIF�OBNF�PG�IJT�QSPHSBNNJOH�MBOHVBHF����0WFS�TJY�ZFBST�BHP
�JO�%FDFNCFS�����
�*�XBT
MPPLJOH�GPS�B��IPCCZ��QSPHSBNNJOH�QSPKFDU�UIBU�XPVME�LFFQ�NF�PDDVQJFE�EVSJOH�UIF�XFFL�BSPVOE�$ISJTUNBT�
.Z�PGGJDF�����XPVME�CF�DMPTFE
�CVU�*�IBE�B�IPNF�DPNQVUFS
�BOE�OPU�NVDI�FMTF�PO�NZ�IBOET��*�EFDJEFE�UP�XSJUF
BO�JOUFSQSFUFS�GPS�UIF�OFX�TDSJQUJOH�MBOHVBHF�*�IBE�CFFO�UIJOLJOH�BCPVU�MBUFMZ��B�EFTDFOEBOU�PG�"#$�UIBU�XPVME
BQQFBM�UP�6OJY�$�IBDLFST��*�DIPTF�1ZUIPO�BT�B�XPSLJOH�UJUMF�GPS�UIF�QSPKFDU
�CFJOH�JO�B�TMJHIUMZ�JSSFWFSFOU�NPPE
	BOE�B�CJH�GBO�PG�.POUZ�1ZUIPO�T�'MZJOH�$JSDVT
��

THE ZEN OF PYTHON

#EAUTIFUL�IS�BETTER�THAN�UGLY�
&XPLICIT�IS�BETTER�THAN�IMPLICIT�
4IMPLE�IS�BETTER�THAN�COMPLEX�
$OMPLEX�IS�BETTER�THAN�COMPLICATED�
'LAT�IS�BETTER�THAN�NESTED�
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4PARSE�IS�BETTER�THAN�DENSE�
3EADABILITY�COUNTS�
4PECIAL�CASES�AREN�T�SPECIAL�ENOUGH�TO�BREAK�THE�RULES�
"LTHOUGH�PRACTICALITY�BEATS�PURITY�
&RRORS�SHOULD�NEVER�PASS�SILENTLY�
6NLESS�EXPLICITLY�SILENCED�
*N�THE�FACE�OF�AMBIGUITY
�REFUSE�THE�TEMPTATION�TO�GUESS�
5HERE�SHOULD�BE�ONE����AND�PREFERABLY�ONLY�ONE����OBVIOUS�WAY�TO�D
O�IT�
"LTHOUGH�THAT�WAY�MAY�NOT�BE�OBVIOUS�AT�FIRST�UNLESS�YOU�RE�%UTCH�
/OW�IS�BETTER�THAN�NEVER�
"LTHOUGH�NEVER�IS�OFTEN�BETTER�THAN��RIGHT��NOW�
*F�THE�IMPLEMENTATION�IS�HARD�TO�EXPLAIN
�IT�S�A�BAD�IDEA�
*F�THE�IMPLEMENTATION�IS�EASY�TO�EXPLAIN
�IT�MAY�BE�A�GOOD�IDEA�
/AMESPACES�ARE�ONE�HONKING�GREAT�IDEA����LET�S�DO�MORE�OF�THOSE�

DEVELOPMENT STEPS OF PYTHON

(VJEP�7BO�3PTTVN�QVCMJTIFE�UIF�GJSTU�WFSTJPO�PG�1ZUIPO�DPEF�	WFSTJPO������
�BU�BMU�TPVSDFT�JO�'FCSVBSZ������
5IJT�SFMFBTF�JODMVEFE�BMSFBEZ�FYDFQUJPO�IBOEMJOH
�GVODUJPOT
�BOE�UIF�DPSF�EBUB�UZQFT�PG�MJTU
�EJDU
�TUS�BOE�PUIFST�
*U�XBT�BMTP�PCKFDU�PSJFOUFE�BOE�IBE�B�NPEVMF�TZTUFN�

1ZUIPO�WFSTJPO�����XBT�SFMFBTFE�JO�+BOVBSZ�������5IF�NBKPS�OFX�GFBUVSFT�JODMVEFE�JO�UIJT�SFMFBTF�XFSF�UIF
GVODUJPOBM�QSPHSBNNJOH�UPPMT�MBNCEB
�NBQ
�GJMUFS�BOE�SFEVDF
�XIJDI�(VJEP�7BO�3PTTVN�OFWFS�MJLFE�

4JY�BOE�B�IBMG�ZFBST�MBUFS�JO�0DUPCFS�����
�1ZUIPO�����XBT�JOUSPEVDFE��5IJT�SFMFBTF�JODMVEFE�MJTU
DPNQSFIFOTJPOT
�B�GVMM�HBSCBHF�DPMMFDUPS�BOE�JU�XBT�TVQQPSUJOH�VOJDPEF�

1ZUIPO�GMPVSJTIFE�GPS�BOPUIFS���ZFBST�JO�UIF�WFSTJPOT���Y�CFGPSF�UIF�OFYU�NBKPS�SFMFBTF�BT�1ZUIPO�����	BMTP
LOPXO�BT��1ZUIPO�������BOE��1Z�,�
�XBT�SFMFBTFE��1ZUIPO���JT�OPU�CBDLXBSET�DPNQBUJCMF�XJUI�1ZUIPO���Y�
5IF�FNQIBTJT�JO�1ZUIPO���IBE�CFFO�PO�UIF�SFNPWBM�PG�EVQMJDBUF�QSPHSBNNJOH�DPOTUSVDUT�BOE�NPEVMFT
�UIVT
GVMGJMMJOH�PS�DPNJOH�DMPTF�UP�GVMGJMMJOH�UIF���UI�MBX�PG�UIF�;FO�PG�1ZUIPO���5IFSF�TIPVME�CF�POF����BOE
QSFGFSBCMZ�POMZ�POF����PCWJPVT�XBZ�UP�EP�JU��

SOME CHANGES IN PYTHON 3.0:

1RINT�IS�NOW�A�FUNCTION
7IEWS�AND�ITERATORS�INSTEAD�OF�LISTS
5HE�RULES�FOR�ORDERING�COMPARISONS�HAVE�BEEN�SIMPLIFIED��&�G��A�HET
EROGENEOUS�LIST�CANNOT�BE�SORTED
�BECAUSE�ALL�THE�ELEMENTS�OF�A�LIS
T�MUST�BE�COMPARABLE�TO�EACH�OTHER�
5HERE�IS�ONLY�ONE�INTEGER�TYPE�LEFT
�I�E��INT��LONG�IS�INT�AS�WELL�
5HE�DIVISION�OF�TWO�INTEGERS�RETURNS�A�FLOAT�INSTEAD�OF�AN�INTEGE
R�������CAN�BE�USED�TO�HAVE�THE��OLD��BEHAVIOUR�
5EXT�7S��%ATA�*NSTEAD�0F�6NICODE�7S����BIT
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T H E  I N T E R P R E T E R ,  A N
I N T E R A C T I V E  S H E L L

THE TERMS 'INTERACTIVE' AND 'SHELL'

5IF�UFSN��JOUFSBDUJWF��USBDFT�CBDL�UP�UIF�-BUJO�FYQSFTTJPO��JOUFS�BHFSF��
5IF�WFSC��BHFSF��NFBOT�BNPOHTU�PUIFS�UIJOHT��UP�EP�TPNFUIJOH��BOE��UP
BDU�
�XIJMF��JOUFS��EFOPUFT�UIF�TQBUJBM�BOE�UFNQPSBM�QPTJUJPO�UP�UIJOHT�BOE
FWFOUT
�J�F���CFUXFFO��PS��BNPOH��PCKFDUT
�QFSTPOT
�BOE�FWFOUT��4P��JOUFS
BHFSF��NFBOT��UP�BDU�CFUXFFO��PS��UP�BDU�BNPOH��UIFTF�

8JUI�UIJT�JO�NJOE
�XF�DBO�TBZ�UIBU�UIF�JOUFSBDUJWF�TIFMM�JT�CFUXFFO�UIF�VTFS
BOE�UIF�PQFSBUJOH�TZTUFN�	F�H��-JOVY
�6OJY
�8JOEPXT�PS�PUIFST
��*OTUFBE�PG
BO�PQFSBUJOH�TZTUFN�BO�JOUFSQSFUFS�DBO�CF�VTFE�GPS�B�QSPHSBNNJOH�MBOHVBHF
MJLF�1ZUIPO�BT�XFMM��5IF�1ZUIPO�JOUFSQSFUFS�DBO�CF�VTFE�GSPN�BO�JOUFSBDUJWF
TIFMM�

5IF�JOUFSBDUJWF�TIFMM�JT�BMTP�JOUFSBDUJWF�JO�UIF�XBZ�UIBU�JU�TUBOET�CFUXFFO�UIF�DPNNBOET�PS�BDUJPOT�BOE�UIFJS
FYFDVUJPO��*O�PUIFS�XPSET
�UIF�TIFMM�XBJUT�GPS�DPNNBOET�GSPN�UIF�VTFS
�XIJDI�JU�FYFDVUFT�BOE�SFUVSOT�UIF�SFTVMU
PG�UIF�FYFDVUJPO��"GUFSXBSET
�UIF�TIFMM�XBJUT�GPS�UIF�OFYU�JOQVU�

"�TIFMM�JO�CJPMPHZ�JT�B�DBMDJVN�DBSCPOBUF��XBMM��XIJDI�QSPUFDUT�TOBJMT�PS�NVTTFMT�GSPN�JUT�FOWJSPONFOU�PS�JUT
FOFNJFT��4JNJMBSMZ
�B�TIFMM�JO�PQFSBUJOH�TZTUFNT�MJFT�CFUXFFO�UIF�LFSOFM�PG�UIF�PQFSBUJOH�TZTUFN�BOE�UIF�VTFS�
*U�T�B��QSPUFDUJPO��JO�CPUI�EJSFDUJPOT��5IF�VTFS�EPFTO�U�IBWF�UP�VTF�UIF�DPNQMJDBUFE�CBTJD�GVODUJPOT�PG�UIF�04
CVU�JT�DBQBCMF�PG�VTJOH�UIF�JOUFSBDUJWF�TIFMM�XIJDI�JT�SFMBUJWFMZ�TJNQMF�BOE�FBTZ�UP�VOEFSTUBOE��5IF�LFSOFM�JT
QSPUFDUFE�GSPN�VOJOUFOUJPOBM�BOE�JODPSSFDU�VTBHFT�PG�TZTUFN�GVODUJPOT�

1ZUIPO�PGGFST�B�DPNGPSUBCMF�DPNNBOE�MJOF�JOUFSGBDF�XJUI�UIF�1ZUIPO�4IFMM
�XIJDI�JT�BMTP�LOPXO�BT�UIF
�1ZUIPO�*OUFSBDUJWF�4IFMM���*U�MPPLT�MJLF�UIF�UFSN��*OUFSBDUJWF�4IFMM��JT�B�UBVUPMPHZ
�CFDBVTF��TIFMM��JT
JOUFSBDUJWF�PO�JUT�PXO
�BU�MFBTU�UIF�LJOE�PG�TIFMMT�XF�IBWF�EFTDSJCFE�JO�UIF�QSFWJPVT�QBSBHSBQIT�

USING THE PYTHON INTERACTIVE SHELL

8JUI�UIF�1ZUIPO�JOUFSBDUJWF�JOUFSQSFUFS�JU�JT�FBTZ�UP�DIFDL�1ZUIPO�DPNNBOET��5IF�1ZUIPO�JOUFSQSFUFS�DBO�CF
JOWPLFE�CZ�UZQJOH�UIF�DPNNBOE��QZUIPO��XJUIPVU�BOZ�QBSBNFUFS�GPMMPXFE�CZ�UIF��SFUVSO��LFZ�BU�UIF�TIFMM
QSPNQU�

PYTHON

1ZUIPO�DPNFT�CBDL�XJUI�UIF�GPMMPXJOH�JOGPSNBUJPO�

��PYTHON
1YTHON��������	DEFAULT
�.AR��������
���������

<($$������>����"NACONDA
�*NC��ON�LINUX

5)&�*/5&313&5&3
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5YPE��HELP�
��COPYRIGHT�
��CREDITS��OR��LICENSE��FOR�MORE�INFORMATI
ON�

"�DMPTFS�MPPL�BU�UIF�PVUQVU�BCPWF�SFWFBMT�UIBU�XF�IBWF�UIF�XSPOH�1ZUIPO�WFSTJPO��8F�XBOUFE�UP�VTF�1ZUIPO
��Y
�CVU�XIBU�XF�HPU�JT�UIF�JOTUBMMFE�TUBOEBSE�PG�UIF�PQFSBUJOH�TZTUFN
�J�F��WFSTJPO���������

5IF�FBTJFTU�XBZ�UP�DIFDL�JG�B�1ZUIPO���Y�WFSTJPO�JT�JOTUBMMFE��0QFO�B�5FSNJOBM��5ZQF�JO�QZUIPO�CVU�OP�SFUVSO�
*OTUFBE
�UZQF�UIF��5BC��LFZ��:PV�XJMM�TFF�QPTTJCMF�FYUFOTJPOT�BOE�PUIFS�JOTUBMMFE�WFSTJPOT
�JG�UIFSF�BSF�TPNF�

BERND!VENUS�^����PYTHON
PYTHON�������������PYTHON�������������PYTHON����CONFIG���PYTHON�CON
FIG
PYTHON�������������PYTHON�������������PYTHON���M���������PYTHONTEX
PYTHON�������������PYTHON����CONFIG���PYTHON���M�CONFIG��PYTHONTEX�
PYTHON����CONFIG���PYTHON���M���������PYTHON��CONFIG�����PYTHON�WHI
TEBOARD
PYTHON��CONFIG�����PYTHON���M�CONFIG��PYTHON�M
PYTHON��PBR��������PYTHON�������������PYTHON�M�CONFIG
BERND!VENUS�^��PYTHON

*G�OP�PUIFS�1ZUIPO�WFSTJPO�TIPXT�VQ
�QZUIPO��Y�IBT�UP�CF�JOTUBMMFE��"GUFSXBSET
�XF�DBO�TUBSU�UIF�OFXMZ
JOTUBMMFE�WFSTJPO�CZ�UZQJOH�QZUIPO��

��PYTHON�
1YTHON�������	DEFAULT
�0CT��������
���������

<($$������>�ON�LINUX
5YPE��HELP�
��COPYRIGHT�
��CREDITS��OR��LICENSE��FOR�MORE�INFORMATI
ON�

0ODF�UIF�1ZUIPO�JOUFSQSFUFS�JT�TUBSUFE
�ZPV�DBO�JTTVF�BOZ�DPNNBOE�BU�UIF�DPNNBOE�QSPNQU��������-FU�T�TFF

XIBU�IBQQFOT
�JG�XF�UZQF�JO�UIF�XPSE��IFMMP��

HELLO

---------------------------------------------------------------------------
NameError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-1-f572d396fae9> IN �MODULE�
----> 1 HELLO

NameError��NAME��HELLO��IS�NOT�DEFINED
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0G�DPVSTF
��IFMMP��JT�OPU�B�QSPQFS�1ZUIPO�DPNNBOE
�TP�UIF�JOUFSBDUJWF�TIFMM�SFUVSOT�	�SBJTFT�
�BO�FSSPS�

5IF�GJSTU�SFBM�DPNNBOE�XF�XJMM�VTF�JT�UIF�QSJOU�DPNNBOE��8F�XJMM�DSFBUF�UIF�NBOEBUPSZ��)FMMP�8PSME�
TUBUFNFOU�

PRINT	�)ELLO�8ORLD�


*U�DPVMEO�U�IBWF�CFFO�FBTJFS
�DPVME�JU �0I�ZFT
�JU�DBO�CF�XSJUUFO�JO�B�FWFO�TJNQMFS�XBZ��*O�UIF�*OUFSBDUJWF�1ZUIPO
*OUFSQSFUFS���CVU�OPU�JO�B�QSPHSBN���UIF�QSJOU�JT�OPU�OFDFTTBSZ��8F�DBO�KVTU�UZQF�JO�B�TUSJOH�PS�B�OVNCFS�BOE�JU
XJMM�CF��FDIPFE�

�)ELLO�8ORLD�

�

HOW TO QUIT THE PYTHON SHELL

4P
�XF�IBWF�KVTU�TUBSUFE
�BOE�XF�BSF�BMSFBEZ�UBMLJOH�BCPVU�RVJUUJOH�UIF�TIFMM��8F�EP�UIJT
�CFDBVTF�XF�LOPX

IPX�BOOPZJOH�JU�DBO�CF
�JG�ZPV�EPO�U�LOPX�IPX�UP�QSPQFSMZ�RVJU�B�QSPHSBN�

*U�T�FBTZ�UP�FOE�UIF�JOUFSBDUJWF�TFTTJPO��:PV�DBO�FJUIFS�VTF�FYJU	
�PS�$USM�%�	J�F��&0'
�UP�FYJU��5IF�CSBDLFUT
CFIJOE�UIF�FYJU�GVODUJPO�BSF�DSVDJBM��	8BSOJOH��&YJU�XJUIPVU�CSBDLFUT�XPSLT�JO�1ZUIPO��Y�CVU�EPFTO�U�XPSL
BOZNPSF�JO�1ZUIPO��Y


THE SHELL AS A SIMPLE CALCULATOR

*O�UIF�GPMMPXJOH�FYBNQMF�XF�VTF�UIF�JOUFSQSFUFS�BT�B�TJNQMF�DBMDVMBUPS�CZ�UZQJOH�BO�BSJUINFUJD�FYQSFTTJPO�

����� � ����� � ��

1ZUIPO�GPMMPXT�UIF�VTVBM�PSEFS�PG�PQFSBUJPOT�JO�FYQSFTTJPOT��5IF�TUBOEBSE�PSEFS�PG�PQFSBUJPOT�JT�FYQSFTTFE�JO
UIF�GPMMPXJOH�FOVNFSBUJPO�

f FYQPOFOUT�BOE�SPPUT
f NVMUJQMJDBUJPO�BOE�EJWJTJPO
f BEEJUJPO�BOE�TVCUSBDUJPO

)ELLO�8ORLD

0VUQVU� �)ELLO�8ORLD�

0VUQVU� �

0VUQVU� ����������

5)&�*/5&313&5&3
�"/�*/5&3"$5*7&�4)&-- �



*O�PUIFS�XPSET
�XF�EPO�U�OFFE�QBSFOUIFTFT�JO�UIF�FYQSFTTJPO������	�����
��

� � � � �

5IF�NPTU�SFDFOU�PVUQVU�WBMVF�JT�BVUPNBUJDBMMZ�TUPSFE�CZ�UIF�JOUFSQSFUFS�JO�B�TQFDJBM�WBSJBCMF�XJUI�UIF�OBNF��@��
4P�XF�DBO�QSJOU�UIF�PVUQVU�GSPN�UIF�SFDFOU�FYBNQMF�BHBJO�CZ�UZQJOH�BO�VOEFSTDPSF�BGUFS�UIF�QSPNQU�

@

5IF�VOEFSTDPSF�DBO�CF�VTFE�JO�PUIFS�FYQSFTTJPOT�MJLF�BOZ�PUIFS�WBSJBCMF�

@ � �

5IF�VOEFSTDPSF�WBSJBCMF�JT�POMZ�BWBJMBCMF�JO�UIF�1ZUIPO�TIFMM��*U�T�/05�BWBJMBCMF�JO�1ZUIPO�TDSJQUT�PS�QSPHSBNT�

USING VARIABLES

*U�T�TJNQMF�UP�VTF�WBSJBCMFT�JO�UIF�1ZUIPO�TIFMM��*G�ZPV�BSF�BO�BCTPMVUF�CFHJOOFS�BOE�JG�ZPV�EPO�U�LOPX�BOZUIJOH
BCPVU�WBSJBCMFT
�QMFBTF�SFGFS�UP�PVS�DIBQUFS�BCPVU WBSJBCMFT�BOE�EBUB�UZQFT��7BMVFT�DBO�CF�TBWFE�JO�WBSJBCMFT�
7BSJBCMF�OBNFT�EPO�U�SFRVJSF�BOZ�TQFDJBM�UBHHJOH
�MJLF�UIFZ�EP�JO�1FSM
�XIFSF�ZPV�IBWF�UP�VTF�EPMMBS�TJHOT

QFSDFOUBHF�TJHOT�BOE�BU�TJHOT�UP�UBH�WBSJBCMFT�

MAXIMAL � ���
WIDTH � ��
PRINT	MAXIMAL � WIDTH


MULTILINE STATEMENTS

8F�IBWFO�U�JOUSPEVDFE�NVMUJMJOF�TUBUFNFOUT�TP�GBS��4P�CFHJOOFST�DBO�TLJQ�UIF�SFTU�PG�UIJT�DIBQUFS�BOE�DBO
DPOUJOVF�XJUI�UIF�GPMMPXJOH�DIBQUFST�

8F�XJMM�TIPX�IPX�UIF�JOUFSBDUJWF�QSPNQU�EFBMT�XJUI�NVMUJMJOF�TUBUFNFOUT�MJLF�GPS�MPPQT�

L � <�"�
 ��
 ��
 �+UST�A�4TRING�>
for CHARACTER in L�

PRINT	CHARACTER


0VUQVU� ��

0VUQVU� ��

0VUQVU� ��

��

5)&�*/5&313&5&3
�"/�*/5&3"$5*7&�4)&-- �

https://www.python-course.eu/python3_variables.php


"GUFS�IBWJOH�JOQVU��GPS�DIBSBDUFS�JO�M����UIF�JOUFSQSFUPS�FYQFDUT�UIF�JOQVU�PG�UIF�OFYU�MJOF�UP�CF�JOEFOUFE��*O
PUIFS�XPSET��UIF�JOUFSQSFUPS�FYQFDUT�BO�JOEFOUFE�CMPDL
�XIJDI�JT�UIF�CPEZ�PG�UIF�MPPQ��5IJT�JOEFOUFE�CMPDL�XJMM
CF�JUFSBUFE��5IF�JOUFSQSFUPS�TIPXT�UIJT��FYQFDUBUJPO��CZ�EJTQMBZJOH�UISFF�EPUT�������JOTUFBE�PG�UIF�TUBOEBSE
1ZUIPO�JOUFSBDUJWF�QSPNQU��������"OPUIFS�TQFDJBM�GFBUVSF�PG�UIF�JOUFSBDUJWF�TIFMM��XIFO�XF�BSF�EPOF�XJUI�UIF
JOEFOUFE�MJOFT
�J�F��UIF�CMPDL
�XF�IBWF�UP�FOUFS�BO�FNQUZ�MJOF�UP�JOEJDBUF�UIBU�UIF�CMPDL�JT�GJOJTIFE��"UUFOUJPO�
UIF�BEEJUJPOBM�FNQUZ�MJOF�JT�POMZ�OFDFTTBSZ�JO�UIF�JOUFSBDUJWF�TIFMM��*O�B�1ZUIPO�QSPHSBN
�JU�JT�FOPVHI�UP�SFUVSO
UP�UIF�JOEFOUBUJPO�MFWFM�PG�UIF��GPS��MJOF
�UIF�POF�XJUI�UIF�DPMPO�����BU�UIF�FOE�

"
��
��
+UST�A�4TRING

5)&�*/5&313&5&3
�"/�*/5&3"$5*7&�4)&-- �



S T R I N G S

4USJOHT�BSF�DSFBUFE�CZ�QVUUJOH�B�TFRVFODF�PG�DIBSBDUFST�JO�RVPUFT��4USJOHT�DBO�CF�TVSSPVOEFE�CZ�TJOHMF�RVPUFT

EPVCMF�RVPUFT�PS�USJQMF�RVPUFT
�XIJDI�BSF�NBEF�VQ�PG�UISFF�TJOHMF�PS�UISFF�EPVCMF�RVPUFT��4USJOHT�BSF
JNNVUBCMF��*O�PUIFS�XPSET
�PODF�EFGJOFE
�UIFZ�DBOOPU�CF�DIBOHFE��8F�XJMM�DPWFS�UIJT�UPQJD�JO�EFUBJM�JO�BOPUIFS
DIBQUFS�

�)ELLO� � ��� � �8ORLD�

"�TUSJOH�JO�USJQMF�RVPUFT�DBO�TQBO�TFWFSBM�MJOFT�XJUIPVU�VTJOH�UIF�FTDBQF�DIBSBDUFS�

CITY � ���
����5ORONTO�IS�THE�LARGEST�CITY�IN�$ANADA
����AND�THE�PROVINCIAL�CAPITAL�OF�0NTARIO�
����*T�IS�LOCATED�IN�4OUTHERN�0NTARIO�ON�THE
����NORTHWESTERN�SHORE�OF�-AKE�0NTARIO�
�������
PRINT	CITY


.VMUJQMJDBUJPO�PO�TUSJOHT�JT�EFGJOFE
�XIJDI�JT�FTTFOUJBMMZ�B�NVMUJQMF�DPODBUFOBUJPO�

����� � �

0VUQVU� �)ELLO�8ORLD�

5ORONTO�IS�THE�LARGEST�CITY�IN�$ANADA
AND�THE�PROVINCIAL�CAPITAL�OF�0NTARIO�
*T�IS�LOCATED�IN�4OUTHERN�0NTARIO�ON�THE
NORTHWESTERN�SHORE�OF�-AKE�0NTARIO�

0VUQVU� ��������������

453*/(4 ��



E X E C U T E  A  P Y T H O N  S C R I P T

4P�GBS�XF�IBWF�QMBZFE�BSPVOE�XJUI�1ZUIPO�DPNNBOET�JO�UIF�1ZUIPO�TIFMM��8F�XBOU�UP�XSJUF�OPX�PVS�GJSTU
TFSJPVT�1ZUIPO�QSPHSBN��:PV�XJMM�IBSEMZ�GJOE�BOZ�CFHJOOFS�T�UFYUCPPL�PO�QSPHSBNNJOH
�XIJDI�EPFTO�U�TUBSU
XJUI�UIF��BMNPTU�NBOEBUPSZ���)FMMP�8PSME��QSPHSBN
�J�F��B�QSPHSBN�XIJDI�QSJOUT�UIF�TUSJOH��)FMMP�8PSME���8F
TUBSU�B�1ZUIPO�JOUFSBDUJWF�TIFMM�JO�B�UFSNJOBM�XJUI�UIF�DPNNBOE��QZUIPO���*U�NJHIU�CF�OFDFTTBSZ�UP�VTF
�QZUIPO���UP�HFU�B�1ZUIPO��TIFMM�

��PYTHON�
	BASE
�BERND!MOON�^��PYTHON
1YTHON�������	DEFAULT
�%EC��������
���������

<($$������>����"NACONDA
�*NC��ON�LINUX
5YPE��HELP�
��COPYRIGHT�
��CREDITS��OR��LICENSE��FOR�MORE�INFORMATI
ON�
����PRINT	�)ELLO�8ORLD��

)ELLO�8ORLD�
���

#VU
�BT�XF�TBJE�BU�UIF�CFHJOOJOH
�XF�XBOU�UP�XSJUF�B��TFSJPVT��QSPHSBN�OPX
�J�F��B�QSPHSBN�XIJDI�SFTJEFT�JO�B
GJMF��5IJT�XBZ
�XF�DBO�VTF�B�QSPHSBN�PWFS�BOE�PWFS�BHBJO�XJUIPVU�IBWJOH�UP�UZQF�JU�JO�BHBJO��4PNF�NBZ�MJLF�UP
DBMM�TVDI�B�MJUUMF�QSPHSBN��TDSJQU���8F�XJMM�VTF�B�TMJHIU�WBSJBUJPO�PG�UIF��)FMMP�8PSME��UIFNF��8F�IBWF�UP
JODMVEF�PVS�QSJOU�GVODUJPO�JOUP�B�GJMF��5P�TBWF�BOE�FEJU�PVS�QSPHSBN�JO�B�GJMF�XF�OFFE�BO�FEJUPS��5IFSF�BSF�MPUT�PG
FEJUPST
�CVU�ZPV�TIPVME�DIPPTF�POF
�XIJDI�TVQQPSUT�TZOUBY�IJHIMJHIUJOH�BOE�JOEFOUBUJPO��'PS�-JOVY�ZPV�DBO
VTF�WJ
�WJN
�FNBDT
�HFBOZ
�HFEJU�BOE�VNQUFFO�PUIFST��5IF�&NBDT�XPSLT�GPS�8JOEPXT�BT�XFMM
�CVU�/PUFQBE��
NBZ�CF�UIF�CFUUFS�DIPJDF�JO�NBOZ�DBTFT��0G�DPVSTF
�ZPV�DBO�BMTP�VTF�BO�*%&�	*OUFHSBUFE�%FWFMPQNFOU
&OWJSPONFOU
�MJLF�1Z$IBSN�PS�4QZEFS�GPS�UIJT�QVSQPTF�

4P
�BGUFS�ZPV�IBWF�GPVOE�UIF�FEJUPS�PS�UIF�*%&�PG�ZPVS�DIPJDF
�ZPV�BSF�SFBEZ�UP�EFWFMPQ�ZPVS�NJOJ�QSPHSBN
�J�F�

PRINT	�.Y�FIRST�SIMPLE�1YTHON�SCRIPT��


BOE�TBWF�JU�BT�NZ@GJSTU@TJNQMF@QSPHSBN�QZ��5IF�TVGGJY��QZ�JT�OPU�SFBMMZ�OFDFTTBSZ�GPS�-JOVY�CVU�JU�T�HPPE�UP�VTF
JU�TJODF�UIF�FYUFOTJPO�JT�FTTFOUJBM
�JG�ZPV�XBOU�UP�XSJUF�NPEVMFT�

.Y�FIRST�SIMPLE�1YTHON�SCRIPT�

&9&$65&�"�1:5)0/�4$3*15 ��



S T A R T  A  P Y T H O N  P R O G R A M

-FU�T�BTTVNF�PVS�TDSJQU�JT�JO�B�TVCEJSFDUPSZ�VOEFS�UIF�IPNF�EJSFDUPSZ�PG�UIF�VTFS�NPOUZ�

MONTY!PYTHON�^��CD�PYTHON
MONTY!PYTHON�^�PYTHON��PYTHON�MY@FIRST@SIMPLE@PROGRAM�PY
.Y�FIRST�SIMPLE�1YTHON�SCRIPT�
MONTY!PYTHON�^�PYTHON�

*U�DBO�CF�TUBSUFE�JO�B�$PNNBOE�1SPNQU�JO�8JOEPXT�BT�XFMM�	TUBSU����"MM�1SPHSBNT����"DDFTTPSJFT���
$PNNBOE�1SPNQU
��:PV�NBZ�OPUJDF�UIBU�XF�DBMMFE�PVS�MJUUMF�QSPHSBN��IFMMP�QZ��BOE�OPU
NZ@GJSTU@TJNQMF@QSPHSBN�QZ�

45"35�"�1:5)0/�130(3". ��



S T A R T I N G  A  P Y T H O N  S C R I P T
U N D E R  W I N D O W S

PYTHON INTERNALS

.PTU�QSPCBCMZ�ZPV�IBWF�SFBE�TPNFXIFSF�UIBU�UIF�1ZUIPO�MBOHVBHF�JT�BO�JOUFSQSFUFE�QSPHSBNNJOH�PS�B�TDSJQU
MBOHVBHF��5IF�USVUI�JT��1ZUIPO�JT�CPUI�BO�JOUFSQSFUFE�BOE�B�DPNQJMFE�MBOHVBHF��#VU�DBMMJOH�1ZUIPO�B�DPNQJMFE
MBOHVBHF�XPVME�CF�NJTMFBEJOH��	"U�UIF�FOE�PG�UIJT�DIBQUFS
�ZPV�XJMM�GJOE�UIF�EFGJOJUJPOT�GPS�$PNQJMFST�BOE
*OUFSQSFUFST
�JO�DBTF�ZPV�BSF�OPU�BMSFBEZ�GBNJMJBS�XJUI�UIF�DPODFQUT�
�1FPQMF�XPVME�BTTVNF�UIBU�UIF�DPNQJMFS
USBOTMBUFT�UIF�1ZUIPO�DPEF�JOUP�NBDIJOF�MBOHVBHF��1ZUIPO�DPEF�JT�USBOTMBUFE�JOUP�JOUFSNFEJBUF�DPEF
�XIJDI�IBT
UP�CF�FYFDVUFE�CZ�B�WJSUVBM�NBDIJOF
�LOPXO�BT�UIF�17.
�UIF�1ZUIPO�7JSUVBM�.BDIJOF��5IJT�JT�B�TJNJMBS
BQQSPBDI�UP�UIF�POF�UBLFO�CZ�+BWB��5IFSF�JT�FWFO�B�XBZ�PG�USBOTMBUJOH�1ZUIPO�QSPHSBNT�JOUP�+BWB�CZUF�DPEF�GPS
UIF�+BWB�7JSUVBM�.BDIJOF�	+7.
��5IJT�DBO�CF�BDIJFWFE�XJUI�+ZUIPO�

5IF�RVFTUJPO�JT
�EP�*�IBWF�UP�DPNQJMF�NZ�1ZUIPO�TDSJQUT�UP�NBLF�UIFN�GBTUFS�PS�IPX�DBO�*�DPNQJMF�UIFN �5IF
BOTXFS�JT�FBTZ��OPSNBMMZ
�ZPV�EPO�U�OFFE�UP�EP�BOZUIJOH�BOE�ZPV�TIPVMEO�U�CPUIFS
�CFDBVTF��1ZUIPO��JT�BMSFBEZ
EPJOH�UIF�UIJOLJOH�GPS�ZPV
�J�F��JU�UBLFT�UIF�OFDFTTBSZ�TUFQT�BVUPNBUJDBMMZ�

'PS�XIBUFWFS�SFBTPO�ZPV�XBOU�UP�DPNQJMF�B�QZUIPO�QSPHSBN�NBOVBMMZ �/P�QSPCMFN��*U�DBO�CF�EPOF�XJUI�UIF
NPEVMF�QZ@DPNQJMF
�FJUIFS�VTJOH�UIF�JOUFSQSFUFS�TIFMM

import py_compile
PY@COMPILE�COMPILE	�MY@FIRST@SIMPLE@PROGRAM�PY�


PS�VTJOH�UIF�GPMMPXJOH�DPNNBOE�BU�UIF�TIFMM�QSPNQU

PYTHON��M�PY@COMPILE�MY@FIRST@SIMPLE@PROGRAM�PY

&JUIFS�XBZ
�ZPV�NBZ�OPUJDF�UXP�UIJOHT��GJSTU
�UIFSF�XJMM�CF�B�OFX�TVCEJSFDUPSZ�� @@PYCACHE@@ �
�JG�JU�EPFTO�U
BMSFBEZ�FYJTU��:PV�XJMM�GJOE�B�GJMF��NZ@GJSTU@TJNQMF@TDSJQU�DQZUIPO����QZD��JO�UIJT�TVCEJSFDUPSZ��5IJT�JT�UIF
DPNQJMFE�WFSTJPO�PG�PVS�GJMF�JO�CZUF�DPEF�

:PV�DBO�BMTP�BVUPNBUJDBMMZ�DPNQJMF�BMM�1ZUIPO�GJMFT�VTJOH�UIF�DPNQJMFBMM�NPEVMF��:PV�DBO�EP�JU�GSPN�UIF�TIFMM
QSPNQU�CZ�SVOOJOH�DPNQJMFBMM�QZ�BOE�QSPWJEJOH�UIF�QBUI�PG�UIF�EJSFDUPSZ�DPOUBJOJOH�UIF�1ZUIPO�GJMFT�UP
DPNQJMF�

MONTY!PYTHON�^�PYTHON��PYTHON��M�COMPILEALL��
-ISTING������

#VU�BT�XF�IBWF�TBJE
�ZPV�EPO�U�IBWF�UP�BOE�TIPVMEO�U�CPUIFS�BCPVU�DPNQJMJOH�1ZUIPO�DPEF��5IF�DPNQJMBUJPO�JT
IJEEFO�GSPN�UIF�VTFS�GPS�B�HPPE�SFBTPO��4PNF�OFXCJFT�XPOEFS�TPNFUJNFT�XIFSF�UIFTF�PNJOPVT�GJMFT�XJUI�UIF
�QZD�TVGGJY�NJHIU�DPNF�GSPN��*G�1ZUIPO�IBT�XSJUF�BDDFTT�GPS�UIF�EJSFDUPSZ�XIFSF�UIF�1ZUIPO�QSPHSBN�SFTJEFT
�JU
XJMM�TUPSF�UIF�DPNQJMFE�CZUF�DPEF�JO�B�GJMF�UIBU�FOET�XJUI�B��QZD�TVGGJY��*G�1ZUIPO�IBT�OP�XSJUF�BDDFTT
�UIF

0VUQVU� �@@PYCACHE@@�MY@FIRST@SIMPLE@PROGRAM�CPYTHON����PYC�

45"35*/(�"�1:5)0/�4$3*15�6/%&3�8*/%084 ��



QSPHSBN�XJMM�XPSL�BOZXBZ��5IF�CZUF�DPEF�XJMM�CF�QSPEVDFE�CVU�EJTDBSEFE�XIFO�UIF�QSPHSBN�FYJUT��8IFOFWFS
B�1ZUIPO�QSPHSBN�JT�DBMMFE
�1ZUIPO�XJMM�DIFDL
�JG�B�DPNQJMFE�WFSTJPO�XJUI�UIF��QZD�TVGGJY�FYJTUT��5IJT�GJMF�IBT
UP�CF�OFXFS�UIBO�UIF�GJMF�XJUI�UIF��QZ�TVGGJY��*G�TVDI�B�GJMF�FYJTUT
�1ZUIPO�XJMM�MPBE�UIF�CZUF�DPEF
�XIJDI�XJMM
TQFFE�VQ�UIF�TUBSU�VQ�UJNF�PG�UIF�TDSJQU��*G�UIFSF�JT�OP�CZUF�DPEF�WFSTJPO
�1ZUIPO�XJMM�DSFBUF�UIF�CZUF�DPEF�CFGPSF
JU�TUBSUT�UIF�FYFDVUJPO�PG�UIF�QSPHSBN��&YFDVUJPO�PG�B�1ZUIPO�QSPHSBN�NFBOT�FYFDVUJPO�PG�UIF�CZUF�DPEF�PO�UIF
1ZUIPO�

45"35*/(�"�1:5)0/�4$3*15�6/%&3�8*/%084 ��



V I R T U A L  M A C H I N E  ( P V M ) .

COMPILATION OF A PYTHON SCRIPT

&WFSZ�UJNF�B�1ZUIPO�TDSJQU�JT�FYFDVUFE
�B�CZUF�DPEF�JT�DSFBUFE��*G�B�1ZUIPO�TDSJQU�JT�JNQPSUFE�BT�B�NPEVMF
�UIF
CZUF�DPEF�XJMM�CF�TUPSFE�JO�UIF�DPSSFTQPOEJOH��QZD�GJMF��4P
�UIF�GPMMPXJOH�XJMM�OPU�DSFBUF�B�CZUF�DPEF�GJMF�

MONTY!PYTHON�^�PYTHON��PYTHON�MY@FIRST@SIMPLE@PROGRAM�PY
.Y�FIRST�SIMPLE�1YTHON�SCRIPT�
MONTY!PYTHON�^�PYTHON�

5IF�JNQPSU�JO�UIF�GPMMPXJOH�1ZUIPO��TFTTJPO�XJMM�DSFBUF�B�CZUF�DPEF�GJMF�XJUI�UIF�OBNF
�NZ@GJSTU@TJNQMF@QSPHSBN�QZD��

MONTY!PYTHON�^�TMP��LS
MY@FIRST@SIMPLE@PROGRAM�PY
MONTY!PYTHON�^�TMP��PYTHON
1YTHON�������	R���������
�"PR��������
���������

<($$������>�ON�LINUX�
5YPE��HELP�
��COPYRIGHT�
��CREDITS��OR��LICENSE��FOR�MORE�INFORMATI
ON�
����IMPORT�MY@FIRST@SIMPLE@SCRIPT
.Y�FIRST�SIMPLE�1YTHON�SCRIPT�
����EXIT	

MONTY!PYTHON�^�TMP��LS
MY@FIRST@SIMPLE@PROGRAM�PY��MY@FIRST@SIMPLE@PROGRAM�PYC
MONTY!PYTHON�^�TMP�

RUNNABLE SCRIPTS UNDER LINUX

5IJT�DIBQUFS�DBO�CF�TLJQQFE�CZ�8JOEPXT�VTFST��%PO�U�XPSSZ��*U�JT�OPU�FTTFOUJBM�

4P�GBS
�XF�IBWF�TUBSUFE�PVS�1ZUIPO�TDSJQUT�XJUI

PYTHON��MY@FILE�PY

PO�UIF�CBTI�DPNNBOE�MJOF��"�1ZUIPO�TDSJQU�DBO�BMTP�CF�TUBSUFE�MJLF�BOZ�PUIFS�TDSJQU�VOEFS�-JOVY
�F�H��#BTI
TDSJQUT��5XP�TUFQT�BSF�OFDFTTBSZ�GPS�UIJT�QVSQPTF��UIF�TIFCBOH�MJOF����VTS�CJO�FOW�QZUIPO��IBT�UP�CF�BEEFE�BT
UIF�GJSTU�MJOF�PG�ZPVS�1ZUIPO�DPEF�GJMF��"MUFSOBUJWFMZ
�UIJT�MJOF�DBO�CF����VTS�CJO�QZUIPO�
�JG�UIJT�JT�UIF�MPDBUJPO
PG�ZPVS�1ZUIPO�JOUFSQSFUFS��*OTUFBE�VTJOH�FOW�BT�JO�UIF�GJSTU�TIFCBOH�MJOF
�UIF�JOUFSQSFUFS�JT�TFBSDIFE�GPS�BOE
MPDBUFE�BU�UIF�UJNF�UIF�TDSJQU�JT�SVO��5IJT�NBLFT�UIF�TDSJQU�NPSF�QPSUBCMF��:FU
�JU�BMTP�TVGGFST�GSPN�UIF�TBNF
QSPCMFN��5IF�QBUI�UP�FOW�NBZ�BMTP�CF�EJGGFSFOU�PO�B�QFS�NBDIJOF�CBTJT��5IF�GJMF�IBT�UP�CF�NBEF�FYFDVUBCMF�
5IF�DPNNBOE��DINPE��Y�TDSJQUOBNF��IBT�UP�CF�FYFDVUFE�PO�B�-JOVY�TIFMM
�F�H��CBTI���DINPE�����TDSJQUOBNF�
DBO�BMTP�CF�VTFE�UP�NBLF�ZPVS�GJMF�FYFDVUBCMF��*O�PVS�FYBNQMF�

7*356"-�."$)*/&�	17.
� ��



��CHMOD��X�MY@FIRST@SIMPLE@PROGRAM�PY

8F�JMMVTUSBUF�UIJT�JO�B�CBTI�TFTTJPO�

BERND!MARVIN�^��MORE�MY@FIRST@SIMPLE@SCRIPT�PY
���USR�BIN�ENV�PYTHON�
PRINT	�.Y�FIRST�SIMPLE�1YTHON�SCRIPT��

BERND!MARVIN�^��LS��LTR�MY@FIRST@SIMPLE@SCRIPT�PY
�RW�R��R�����BERND�BERND����/OV����������MY@FIRST@SIMPLE@SCRIPT�PY
BERND!MARVIN�^��CHMOD��X�MY@FIRST@SIMPLE@SCRIPT�PY
BERND!MARVIN�^��LS��LTR�MY@FIRST@SIMPLE@SCRIPT�PY
�RWXR�XR�X���BERND�BERND����/OV����������MY@FIRST@SIMPLE@SCRIPT�PY
BERND!MARVIN�^����MY@FIRST@SIMPLE@SCRIPT�PY
.Y�FIRST�SIMPLE�1YTHON�SCRIPT�
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D I F F E R E N C E S  B E T W E E N
C O M P I L E R S  A N D  I N T E R P R E T E R S

COMPILER

%FGJOJUJPO��B�DPNQJMFS�JT�B�DPNQVUFS�QSPHSBN�UIBU�USBOTGPSNT�	USBOTMBUFT
�TPVSDF�DPEF�PG�B�QSPHSBNNJOH
MBOHVBHF�	UIF�TPVSDF�MBOHVBHF
�JOUP�BOPUIFS�DPNQVUFS�MBOHVBHF�	UIF�UBSHFU�MBOHVBHF
��*O�NPTU�DBTFT�DPNQJMFST
BSF�VTFE�UP�USBOTGPSN�TPVSDF�DPEF�JOUP�FYFDVUBCMF�QSPHSBN
�J�F��UIFZ�USBOTMBUF�DPEF�GSPN�IJHI�MFWFM
QSPHSBNNJOH�MBOHVBHFT�JOUP�MPX�	PS�MPXFS
�MFWFM�MBOHVBHFT
�NPTUMZ�BTTFNCMZ�PS�NBDIJOF�DPEF�

INTERPRETER

%FGJOJUJPO��BO�JOUFSQSFUFS�JT�B�DPNQVUFS�QSPHSBN�UIBU�FYFDVUFT�JOTUSVDUJPOT�XSJUUFO�JO�B�QSPHSBNNJOH�MBOHVBHF�
*U�DBO�FJUIFS�FYFDVUF�UIF�TPVSDF�DPEF�EJSFDUMZ�PS�USBOTMBUF�UIF�TPVSDF�DPEF�JO�B�GJSTU�TUFQ�JOUP�B�NPSF�FGGJDJFOU
SFQSFTFOUBUJPO�BOE�FYFDVUF�UIJT�DPEF�

%*''&3&/$&4�#&58&&/�$0.1*-&34�"/%�*/5&313&5&34 ��



S T R U C T U R I N G  W I T H
I N D E N T A T I O N

BLOCKS

"�CMPDL�JT�B�HSPVQ�PG�TUBUFNFOUT�JO�B�QSPHSBN�PS�TDSJQU��6TVBMMZ
�JU�DPOTJTUT�PG�BU
MFBTU�POF�TUBUFNFOU�BOE�EFDMBSBUJPOT�GPS�UIF�CMPDL
�EFQFOEJOH�PO�UIF�QSPHSBNNJOH
PS�TDSJQUJOH�MBOHVBHF��"�MBOHVBHF�XIJDI�BMMPXT�HSPVQJOH�XJUI�CMPDLT
�JT�DBMMFE�B
CMPDL�TUSVDUVSFE�MBOHVBHF��(FOFSBMMZ
�CMPDLT�DBO�DPOUBJO�CMPDLT�BT�XFMM
�TP�XF�HFU�B
OFTUFE�CMPDL�TUSVDUVSF��"�CMPDL�JO�B�TDSJQU�PS�QSPHSBN�GVODUJPOT�BT�B�NFBOT�UP�HSPVQ
TUBUFNFOUT�UP�CF�USFBUFE�BT�JG�UIFZ�XFSF�POF�TUBUFNFOU��*O�NBOZ�DBTFT
�JU�BMTP�TFSWFT
BT�B�XBZ�UP�MJNJU�UIF�MFYJDBM�TDPQF�PG�WBSJBCMFT�BOE�GVODUJPOT�

*OJUJBMMZ
�JO�TJNQMF�MBOHVBHFT�MJLF�#BTJD�BOE�'PSUSBO
�UIFSF�XBT�OP�XBZ�PG�FYQMJDJUMZ
VTJOH�CMPDL�TUSVDUVSFT��1SPHSBNNFST�IBE�UP�SFMZ�PO��HP�UP��TUSVDUVSFT
�OPXBEBZT
GSPXOFE�VQPO
�CFDBVTF��(P�UP�QSPHSBNT��UVSO�FBTJMZ�JOUP�TQBHIFUUJ�DPEF
�J�F�
UBOHMFE�BOE�JOTDSVUBCMF�DPOUSPM�TUSVDUVSFT�

#MPDL�TUSVDUVSFT�XFSF�GJSTU�GPSNBMJ[FE�JO�"-(0-�BT�B�DPNQPVOE�TUBUFNFOU�

1SPHSBNNJOH�MBOHVBHFT
�TVDI�BT�"-(0-
�1BTDBM
�BOE�PUIFST
�VTVBMMZ�VTF�DFSUBJO�NFUIPET�UP�HSPVQ�TUBUFNFOUT
JOUP�CMPDLT�

f CFHJO�����FOE

"�DPEF�TOJQQFU�JO�1BTDBM�UP�TIPX�UIJT�VTBHF�PG�CMPDLT�

WITH�PTO/ODE?�DO
BEGIN

X�������
Y�����9��

END�

f EP�����EPOF

f JG�����GJ�F�H��#PVSOF�BOE�#BTI�TIFMM

f #SBDFT�	BMTP�DBMMFE�DVSMZ�CSBDLFUT
��\�����^�#Z�GBS�UIF�NPTU�DPNNPO�BQQSPBDI
�VTFE�CZ�$
�$��

1FSM
�+BWB
�BOE�NBOZ�PUIFS�QSPHSBNNJOH�MBOHVBHFT
�JT�UIF�VTF�PG�CSBDFT��5IF�GPMMPXJOH�FYBNQMF
TIPXT�B�DPOEJUJPOBM�TUBUFNFOU�JO�$�

IF�	X����
�[
PRINTF	�5HE�"NSWER�TO�THE�6LTIMATE�2UESTION�OF�-IFE
�THE�6NIVER

4536$563*/(�8*5)�*/%&/5"5*0/ ��



SE
�AND�&VERYTHING=N�
�
]�ELSE�[

PRINTF	�+UST�A�NUMBER�=N�
�
]

5IF�JOEFOUBUJPOT�JO�UIJT�DPEF�GSBHNFOU�BSF�OPU�OFDFTTBSZ��4P�UIF�DPEF�DPVME�CF�XSJUUFO���PGGFOEJOH�DPNNPO
EFDFODZ���BT

IF�	X����
�[PRINTF	�5HE��"NSWER�TO�THE�6LTIMATE�2UESTION�OF�-IFE

THE�6NIVERSE
�AND�&VERYTHING=N�
�]�ELSE�[PRINTF	�+UST�A�NUMBE
R�=N�
�]

1MFBTF
�LFFQ�UIJT�JO�NJOE�UP�VOEFSTUBOE�UIF�BEWBOUBHFT�PG�1ZUIPO�

INDENTING CODE

1ZUIPO�VTFT�B�EJGGFSFOU�QSJODJQMF��1ZUIPO�QSPHSBNT�HFU
TUSVDUVSFE�UISPVHI�JOEFOUBUJPO
�J�F��DPEF�CMPDLT�BSF�EFGJOFE
CZ�UIFJS�JOEFOUBUJPO��0LBZ�UIBU�T�XIBU�XF�FYQFDU�GSPN�BOZ
QSPHSBN�DPEF
�JTO�U�JU �:FT
�CVU�JO�UIF�DBTF�PG�1ZUIPO�JU�T�B
MBOHVBHF�SFRVJSFNFOU
�OPU�B�NBUUFS�PG�TUZMF��5IJT�QSJODJQMF
NBLFT�JU�FBTJFS�UP�SFBE�BOE�VOEFSTUBOE�PUIFS�QFPQMF�T
1ZUIPO�DPEF�

4P
�IPX�EPFT�JU�XPSL �"MM�TUBUFNFOUT�XJUI�UIF�TBNF
EJTUBODF�UP�UIF�SJHIU�CFMPOH�UP�UIF�TBNF�CMPDL�PG�DPEF
�J�F�
UIF�TUBUFNFOUT�XJUIJO�B�CMPDL�MJOF�VQ�WFSUJDBMMZ��5IF�CMPDL
FOET�BU�B�MJOF�MFTT�JOEFOUFE�PS�UIF�FOE�PG�UIF�GJMF��*G�B�CMPDL
IBT�UP�CF�NPSF�EFFQMZ�OFTUFE
�JU�JT�TJNQMZ�JOEFOUFE�GVSUIFS
UP�UIF�SJHIU�

#FHJOOFST�BSF�OPU�TVQQPTFE�UP�VOEFSTUBOE�UIF�GPMMPXJOH�FYBNQMF
�CFDBVTF�XF�IBWFO�U�JOUSPEVDFE�NPTU�PG�UIF
VTFE�TUSVDUVSFT
�MJLF�DPOEJUJPOBM�TUBUFNFOUT�BOE�MPPQT��1MFBTF�TFF�UIF�GPMMPXJOH�DIBQUFST�BCPVU�MPPQT�BOE
DPOEJUJPOBM�TUBUFNFOUT�GPS�FYQMBOBUJPOT��5IF�QSPHSBN�JNQMFNFOUT�BO�BMHPSJUIN�UP�DBMDVMBUF�1ZUIBHPSFBO
USJQMFT��:PV�XJMM�GJOE�BO�FYQMBOBUJPO�PG�UIF�1ZUIBHPSFBO�OVNCFST�JO�PVS�DIBQUFS�PO GPS�MPPQT�

from math import SQRT
N � INPUT	�.AXIMUM�/UMBER ��

N � INT	N
��
for A in RANGE	�
N
�

for B in RANGE	A
N
�
C@SQUARE � A��� � B���
C � INT	SQRT	C@SQUARE


if 		C@SQUARE � C���
 �� �
�

4536$563*/(�8*5)�*/%&/5"5*0/ ��

https://www.python-course.eu/python3_for_loop.php


PRINT	A
 B
 C


5IFSF�JT�BOPUIFS�BTQFDU�PG�TUSVDUVSJOH�JO�1ZUIPO
�XIJDI�XF�IBWFO�U�NFOUJPOFE�TP�GBS
�XIJDI�ZPV�DBO�TFF�JO�UIF
FYBNQMF��-PPQT�BOE�$POEJUJPOBM�TUBUFNFOUT�FOE�XJUI�B�DPMPO�������UIF�TBNF�JT�USVF�GPS�GVODUJPOT�BOE�PUIFS
TUSVDUVSFT�JOUSPEVDJOH�CMPDLT��"MM�JO�BMM
�1ZUIPO�TUSVDUVSFT�CZ�DPMPOT�BOE�JOEFOUBUJPO�

�����
�������
������
�������
�������
��������
��������

4536$563*/(�8*5)�*/%&/5"5*0/ ��



D A T A  T Y P E S  A N D  V A R I A B L E S

INTRODUCTION

)BWF�ZPV�QSPHSBNNFE�MPX�MFWFM�MBOHVBHFT�MJLF�$
�$���PS�PUIFS�TJNJMBS
QSPHSBNNJOH�MBOHVBHFT �*G�TP
�ZPV�NJHIU�UIJOL�ZPV�LOPX�BMSFBEZ�FOPVHI
BCPVU�EBUB�UZQFT�BOE�WBSJBCMFT��:PV�LOPX�B�MPU
�UIBU�T�SJHIU
�CVU�OPU�FOPVHI
GPS�1ZUIPO��4P�JU�T�XPSUI�UP�HP�PO�SFBEJOH�UIJT�DIBQUFS�PO�EBUB�UZQFT�BOE
WBSJBCMFT�JO�1ZUIPO��5IFSF�BSF�EPEHZ�EJGGFSFODFT�JO�UIF�XBZ�1ZUIPO�BOE�$
EFBM�XJUI�WBSJBCMFT��5IFSF�BSF�JOUFHFST
�GMPBUJOH�QPJOU�OVNCFST
�TUSJOHT
�BOE
NBOZ�NPSF
�CVU�UIJOHT�BSF�OPU�UIF�TBNF�BT�JO�$�PS�$���

*G�ZPV�XBOU�UP�VTF�MJTUT�PS�BTTPDJBUJWF�BSSBZT�JO�$�F�H�
�ZPV�XJMM�IBWF�UP
DPOTUSVF�UIF�EBUB�UZQF�MJTU�PS�BTTPDJBUJWF�BSSBZT�GSPN�TDSBUDI
�J�F�
�EFTJHO
NFNPSZ�TUSVDUVSF�BOE�UIF�BMMPDBUJPO�NBOBHFNFOU��:PV�XJMM�IBWF�UP
JNQMFNFOU�UIF�OFDFTTBSZ�TFBSDI�BOE�BDDFTT�NFUIPET�BT�XFMM��1ZUIPO
QSPWJEFT�QPXFS�EBUB�UZQFT�MJLF�MJTUT�BOE�BTTPDJBUJWF�BSSBZT�DBMMFE��EJDU�
�BT�B�HFOVJOF�QBSU�PG�UIF�MBOHVBHF�

4P
�UIJT�DIBQUFS�JT�XPSUI�SFBEJOH�CPUI�GPS�CFHJOOFST�BOE�GPS�BEWBODFE�QSPHSBNNFST�JO�PUIFS�QSPHSBNNJOH
MBOHVBHFT�

VARIABLES

GENERAL CONCEPT OF VARIABLES

5IJT�TVCDIBQUFS�JT�FTQFDJBMMZ�JOUFOEFE�GPS�$
�$���BOE�+BWB�QSPHSBNNFST
�CFDBVTF�UIF�XBZ�UIFTF�QSPHSBNNJOH
MBOHVBHFT�USFBU�CBTJD�EBUB�UZQFT�JT�EJGGFSFOU�GSPN�UIF�XBZ�1ZUIPO�EPFT��5IPTF�XIP�TUBSU�MFBSOJOH�1ZUIPO�BT
UIFJS�GJSTU�QSPHSBNNJOH�MBOHVBHF�NBZ�TLJQ�UIJT�BOE�SFBE�UIF�OFYU�TVCDIBQUFS�

4P
�XIBU�T�B�WBSJBCMF �"T�UIF�OBNF�JNQMJFT
�B�WBSJBCMF�JT�TPNFUIJOH�XIJDI�DBO�DIBOHF��"�WBSJBCMF�JT�B�XBZ�PG
SFGFSSJOH�UP�B�NFNPSZ�MPDBUJPO�VTFE�CZ�B�DPNQVUFS�QSPHSBN��*O�NBOZ�QSPHSBNNJOH�MBOHVBHFT�B�WBSJBCMF�JT�B
TZNCPMJD�OBNF�GPS�UIJT�QIZTJDBM�MPDBUJPO��5IJT�NFNPSZ�MPDBUJPO�DPOUBJOT�WBMVFT
�MJLF�OVNCFST
�UFYU�PS�NPSF
DPNQMJDBUFE�UZQFT��8F�DBO�VTF�UIJT�WBSJBCMF�UP�UFMM�UIF�DPNQVUFS�UP�TBWF�TPNF�EBUB�JO�UIJT�MPDBUJPO�PS�UP
SFUSJFWF�TPNF�EBUB�GSPN�UIJT�MPDBUJPO�

%"5"�5:1&4�"/%�7"3*"#-&4 ��



"�WBSJBCMF�DBO�CF�TFFO�BT�B�DPOUBJOFS�	PS�TPNF�TBZ�B�QJHFPOIPMF
�UP�TUPSF�DFSUBJO�WBMVFT��8IJMF�UIF�QSPHSBN�JT
SVOOJOH
�WBSJBCMFT�BSF�BDDFTTFE�BOE�TPNFUJNFT�DIBOHFE
�J�F�
�B�OFX�WBMVF�XJMM�CF�BTTJHOFE�UP�B�WBSJBCMF�

8IBU�XF�IBWF�TBJE�TP�GBS�BCPVU�WBSJBCMFT�CFTU�GJUT�UIF�XBZ�WBSJBCMFT�BSF�JNQMFNFOUFE�JO�$
�$���PS�+BWB�
7BSJBCMF�OBNFT�IBWF�UP�CF�EFDMBSFE�JO�UIFTF�MBOHVBHFT�CFGPSF�UIFZ�DBO�CF�VTFE�

INT�X�

INT�Y�

4VDI�EFDMBSBUJPOT�NBLF�TVSF�UIBU�UIF�QSPHSBN�SFTFSWFT�NFNPSZ�GPS�UXP�WBSJBCMFT�XJUI�UIF�OBNFT�Y�BOE�Z��5IF
WBSJBCMF�OBNFT�TUBOE�GPS�UIF�NFNPSZ�MPDBUJPO��*U�T�MJLF�UIF�UXP�FNQUZ�TIPFCPYFT
�XIJDI�ZPV�DBO�TFF�JO�UIF
QJDUVSF�BCPWF��5IFTF�TIPFCPYFT�BSF�MBCFMFE�XJUI�Y�BOE�Z��-JLF�UIF�UXP�TIPFCPYFT
�UIF�NFNPSZ�JT�FNQUZ�BT
XFMM�

1VUUJOH�WBMVFT�JOUP�UIF�WBSJBCMFT�DBO�CF�SFBMJ[FE�XJUI�BTTJHONFOUT��5IF�XBZ�ZPV�BTTJHO�WBMVFT�UP�WBSJBCMFT�JT
OFBSMZ�UIF�TBNF�JO�BMM�QSPHSBNNJOH�MBOHVBHFT��*O�NPTU�DBTFT
�UIF�FRVBM�����TJHO�JT�VTFE��5IF�WBMVF�PO�UIF
SJHIU�TJEF�XJMM�CF�TBWFE�JO�UIF�WBSJBCMF�OBNF�PO�UIF�MFGU�TJEF�

8F�XJMM�BTTJHO�UIF�WBMVF����UP�CPUI�WBSJBCMFT�BOE�XF�DBO�TFF�UIBU�UXP�OVNCFST�BSF�QIZTJDBMMZ�TBWFE�JO�UIF
NFNPSZ
�XIJDI�DPSSFTQPOE�UP�UIF�UXP�TIPFCPYFT�JO�UIF�GPMMPXJOH�QJDUVSF�

%"5"�5:1&4�"/%�7"3*"#-&4 ��



X������

Y������

8F�UIJOL�UIBU�JU�JT�FBTZ�UP�VOEFSTUBOE�XIBU�IBQQFOT��*G�XF�BTTJHO�B�OFX�WBMVF�UP�POF�PG�UIF�WBSJBCMFT
�MFU�T�TBZ
UIF�WBMVF����UP�Z�

Y������

%"5"�5:1&4�"/%�7"3*"#-&4 ��



8F�IBWF�FYDIBOHFE�UIF�DPOUFOU�PG�UIF�NFNPSZ�MPDBUJPO�PG�Z�

8F�IBWF�TFFO�OPX�UIBU�JO�MBOHVBHFT�MJLF�$
�$���PS�+BWB�FWFSZ�WBSJBCMF�IBT�BOE�NVTU�IBWF�B�VOJRVF�EBUB�UZQF�
&�H�
�JG�B�WBSJBCMF�JT�PG�UZQF�JOUFHFS
�TPMFMZ�JOUFHFST�DBO�CF�TBWFE�JO�UIF�WBSJBCMF�GPS�UIF�EVSBUJPO�PG�UIF
QSPHSBN��*O�UIPTF�QSPHSBNNJOH�MBOHVBHFT�FWFSZ�WBSJBCMF�IBT�UP�CF�EFDMBSFE�CFGPSF�JU�DBO�CF�VTFE��%FDMBSJOH�B
WBSJBCMF�NFBOT�CJOEJOH�JU�UP�B�EBUB�UZQF�

VARIABLES IN PYTHON

5IFSF�JT�OP�EFDMBSBUJPO�PG�WBSJBCMFT�SFRVJSFE�JO�1ZUIPO
�XIJDI�NBLFT�JU�RVJUF�FBTZ��*U�T�OPU�FWFO�QPTTJCMF�UP
EFDMBSF�UIF�WBSJBCMFT��*G�UIFSF�JT�OFFE�GPS�B�WBSJBCMF
�ZPV�TIPVME�UIJOL�PG�B�OBNF�BOE�TUBSU�VTJOH�JU�BT�B�WBSJBCMF�

"OPUIFS�SFNBSLBCMF�BTQFDU�PG�1ZUIPO��/PU�POMZ�UIF�WBMVF�PG�B�WBSJBCMF�NBZ�DIBOHF�EVSJOH�QSPHSBN�FYFDVUJPO

CVU�UIF�UZQF�BT�XFMM��:PV�DBO�BTTJHO�BO�JOUFHFS�WBMVF�UP�B�WBSJBCMF
�VTF�JU�BT�BO�JOUFHFS�GPS�B�XIJMF�BOE�UIFO
BTTJHO�B�TUSJOH�UP�UIF�TBNF�WBSJBCMF��*O�UIF�GPMMPXJOH�MJOF�PG�DPEF
�XF�BTTJHO�UIF�WBMVF����UP�B�WBSJBCMF�

I � ��

5IF�FRVBM�����TJHO�JO�UIF�BTTJHONFOU�TIPVMEO�U�CF�TFFO�BT��JT�FRVBM�UP���*U�TIPVME�CF��SFBE��PS�JOUFSQSFUFE�BT��JT
TFU�UP�
�NFBOJOH�JO�PVS�FYBNQMF��UIF�WBSJBCMF�J�JT�TFU�UP������/PX�XF�XJMM�JODSFBTF�UIF�WBMVF�PG�UIJT�WBSJBCMF�CZ
��

I � I � �
PRINT	I


"T�XF�IBWF�TBJE�BCPWF
�UIF�UZQF�PG�B�WBSJBCMF�DBO�DIBOHF�EVSJOH�UIF�FYFDVUJPO�PG�B�TDSJQU��0S
�UP�CF�QSFDJTF
�B
OFX�PCKFDU
�XIJDI�DBO�CF�PG�BOZ�UZQF
�XJMM�CF�BTTJHOFE�UP�JU��8F�JMMVTUSBUF�UIJT�JO�PVS�GPMMPXJOH�FYBNQMF�

I�����������������DATA�TYPE�IS�IMPLICITLY�SET�TO�INTEGER
I���������������������DATA�TYPE�IS�CHANGED�TO�FLOAT
I����FORTY��������AND�NOW�IT�WILL�BE�A�STRING

8IFO�1ZUIPO�FYFDVUFT�BO�BTTJHONFOU�MJLF��J������
�JU�FWBMVBUFT�UIF�SJHIU�TJEF�PG�UIF�BTTJHONFOU�BOE�SFDPHOJ[FT
UIBU�JU�DPSSFTQPOET�UP�UIF�JOUFHFS�OVNCFS�����*U�DSFBUFT�BO�PCKFDU�PG�UIF�JOUFHFS�DMBTT�UP�TBWF�UIJT�EBUB��*G�ZPV
XBOU�UP�IBWF�B�CFUUFS�VOEFSTUBOEJOH�PG�PCKFDUT�BOE�DMBTTFT
�ZPV�DBO�CVU�ZPV�EPO�U�IBWF�UP�TUBSU�XJUI�PVS�DIBQUFS
PO 0CKFDU�0SJFOUFE�1SPHSBNNJOH�

*O�PUIFS�XPSET
�1ZUIPO�BVUPNBUJDBMMZ�UBLFT�DBSF�PG�UIF�QIZTJDBM�SFQSFTFOUBUJPO�GPS�UIF�EJGGFSFOU�EBUB�UZQFT�

��

%"5"�5:1&4�"/%�7"3*"#-&4 ��
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OBJECT REFERENCES

8F�XBOU�UP�UBLF�B�DMPTFS�MPPL�BU�WBSJBCMFT�OPX��1ZUIPO�WBSJBCMFT�BSF�SFGFSFODFT�UP�PCKFDUT
�CVU�UIF�BDUVBM�EBUB
JT�DPOUBJOFE�JO�UIF�PCKFDUT�

"T�WBSJBCMFT�BSF�QPJOUJOH�UP�PCKFDUT�BOE�PCKFDUT�DBO�CF�PG�BSCJUSBSZ�EBUB�UZQFT
�WBSJBCMFT�DBOOPU�IBWF�UZQFT
BTTPDJBUFE�XJUI�UIFN��5IJT�JT�B�IVHF�EJGGFSFODF�GSPN�$
�$���PS�+BWB
�XIFSF�B�WBSJBCMF�JT�BTTPDJBUFE�XJUI�B
GJYFE�EBUB�UZQF��5IJT�BTTPDJBUJPO�DBO�U�CF�DIBOHFE�BT�MPOH�BT�UIF�QSPHSBN�JT�SVOOJOH�

5IFSFGPSF�JU�JT�QPTTJCMF�UP�XSJUF�DPEF�MJLF�UIF�GPMMPXJOH�JO�1ZUIPO�

X � ��
PRINT	X


X � �/OW�X�REFERENCES�A�STRING�
PRINT	X


8F�XBOU�UP�EFNPOTUSBUF�TPNFUIJOH�FMTF�OPX��-FU�T�MPPL�BU�UIF�GPMMPXJOH�DPEF�

X � ��
Y � X

8F�DSFBUFE�BO�JOUFHFS�PCKFDU����BOE�BTTJHOFE�JU�UP�UIF�WBSJBCMF�Y��"GUFS�UIJT�XF�BTTJHOFE�Y�UP�UIF�WBSJBCMF�Z�
5IJT�NFBOT�UIBU�CPUI�WBSJBCMFT�SFGFSFODF�UIF�TBNF�PCKFDU��5IF�GPMMPXJOH�QJDUVSF�JMMVTUSBUFT�UIJT�

��

/OW�X�REFERENCES�A�STRING

%"5"�5:1&4�"/%�7"3*"#-&4 ��



8IBU�XJMM�IBQQFO�XIFO�XF�FYFDVUF

Y�����

BGUFS�UIF�QSFWJPVT�DPEF 

1ZUIPO�XJMM�DSFBUF�B�OFX�JOUFHFS�PCKFDU�XJUI�UIF�DPOUFOU����BOE�UIFO�UIF�WBSJBCMF�Z�XJMM�SFGFSFODF�UIJT�OFXMZ
DSFBUFE�PCKFDU
�BT�XF�DBO�TFF�JO�UIF�GPMMPXJOH�QJDUVSF�

.PTU�QSPCBCMZ
�XF�XJMM�TFF�GVSUIFS�DIBOHFT�UP�UIF�WBSJBCMFT�JO�UIF�GMPX�PG�PVS�QSPHSBN��5IFSF�NJHIU�CF
�GPS
FYBNQMF
�B�TUSJOH�BTTJHONFOU�UP�UIF�WBSJBCMF�Y��5IF�QSFWJPVTMZ�JOUFHFS�PCKFDU������XJMM�CF�PSQIBOFE�BGUFS�UIJT
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BTTJHONFOU��*U�XJMM�CF�SFNPWFE�CZ�1ZUIPO
�CFDBVTF�OP�PUIFS�WBSJBCMF�JT�SFGFSFODJOH�JU�

:PV�NBZ�BTL�ZPVSTFMG
�IPX�DBO�XF�TFF�PS�QSPWF�UIBU�Y�BOE�Z�SFBMMZ�SFGFSFODF�UIF�TBNF�PCKFDU�BGUFS�UIF
BTTJHONFOU�Z���Y�PG�PVS�QSFWJPVT�FYBNQMF 

5IF�JEFOUJUZ�GVODUJPO�JE	
�DBO�CF�VTFE�GPS�UIJT�QVSQPTF��&WFSZ�JOTUBODF�	PCKFDU�PS�WBSJBCMF
�IBT�BO�JEFOUJUZ
�J�F�

BO�JOUFHFS�XIJDI�JT�VOJRVF�XJUIJO�UIF�TDSJQU�PS�QSPHSBN
�J�F�
�PUIFS�PCKFDUT�IBWF�EJGGFSFOU�JEFOUJUJFT��4P
�MFU�T
IBWF�B�MPPL�BU�PVS�QSFWJPVT�FYBNQMF�BOE�IPX�UIF�JEFOUJUJFT�XJMM�DIBOHF�

X � ��
ID	X


Y � X
ID	X

 ID	Y


Y � ��
ID	X

 ID	Y


0VUQVU� ���������������

0VUQVU� 	���������������
����������������


0VUQVU� 	���������������
����������������
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VALID VARIABLE NAMES

5IF�OBNJOH�PG�WBSJBCMFT�GPMMPXT�UIF�NPSF�HFOFSBM�DPODFQU�PG�BO�JEFOUJGJFS��"�1ZUIPO�JEFOUJGJFS�JT�B�OBNF�VTFE
UP�JEFOUJGZ�B�WBSJBCMF
�GVODUJPO
�DMBTT
�NPEVMF�PS�PUIFS�PCKFDU�

"�WBSJBCMF�OBNF�BOE�BO�JEFOUJGJFS�DBO�DPOTJTU�PG�UIF�VQQFSDBTF�MFUUFST��"��UISPVHI��;�
�UIF�MPXFSDBTF�MFUUFST
�B��UISPVHI��[�
�UIF�VOEFSTDPSF�@�BOE
�FYDFQU�GPS�UIF�GJSTU�DIBSBDUFS
�UIF�EJHJUT���UISPVHI����1ZUIPO���Y�JT�CBTFE
PO�6OJDPEF��5IBU�JT
�WBSJBCMF�OBNFT�BOE�JEFOUJGJFS�OBNFT�DBO�BEEJUJPOBMMZ�DPOUBJO�6OJDPEF�DIBSBDUFST�BT�XFMM�

*EFOUJGJFST�BSF�VOMJNJUFE�JO�MFOHUI��$BTF�JT�TJHOJGJDBOU��5IF�GBDU�UIBU�JEFOUJGJFS�OBNFT�BSF�DBTF�TFOTJUJWF�DBO
DBVTF�QSPCMFNT�UP�TPNF�8JOEPXT�VTFST
�XIFSF�GJMF�OBNFT�BSF�DBTF�JOTFOTJUJWF
�GPS�FYBNQMF�

&YDFQUJPOT�GSPN�UIF�SVMFT�BCPWF�BSF�UIF�TQFDJBM�1ZUIPO�LFZXPSET
�BT�UIFZ�BSF�EFTDSJCFE�JO�UIF�GPMMPXJOH
QBSBHSBQI�

5IF�GPMMPXJOH�WBSJBCMF�EFGJOJUJPOT�BSF�BMM�WBMJE�

HEIGHT�����
MAXIMUM@HEIGHT������

éèãç�����
âzÉÜ{|Ñ@éèãç������

.INIMUM)EIGHT����

PYTHON KEYWORDS

/P�JEFOUJGJFS�DBO�IBWF�UIF�TBNF�OBNF�BT�POF�PG�UIF�1ZUIPO�LFZXPSET
�BMUIPVHI�UIFZ�BSF�PCFZJOH�UIF�BCPWF
OBNJOH�DPOWFOUJPOT�

AND
�AS
�ASSERT
�BREAK
�CLASS
�CONTINUE
�DEF
�DEL
�ELIF
�ELSE

EXCEPT
�'ALSE
�FINALLY
�FOR
�FROM
�GLOBAL
�IF
�IMPORT
�IN
�IS

LAMBDA
�/ONE
�NONLOCAL
�NOT
�OR
�PASS
�RAISE
�RETURN
�5RUE
�TRY

WHILE
�WITH
�YIELD

5IFSF�JT�OP�OFFE�UP�MFBSO�UIFN�CZ�IFBSU��:PV�DBO�HFU�UIF�MJTU�PG�1ZUIPO�LFZXPSET�JO�UIF�JOUFSBDUJWF�TIFMM�CZ
VTJOH�IFMQ��:PV�UZQF�IFMQ	
�JO�UIF�JOUFSBDUJWF
�CVU�QMFBTF�EPO�U�GPSHFU�UIF�QBSFOUIFTJT�

HELP	


8ELCOME�TO�1YTHON�����S�HELP�UTILITY�

*F�THIS�IS�YOUR�FIRST�TIME�USING�1YTHON
�YOU�SHOULD�DEFINITELY�CHEC
K�OUT
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THE�TUTORIAL�ON�THE�*NTERNET�AT�HTTP���DOCS�PYTHON�ORG�����TUTORIA
L��

&NTER�THE�NAME�OF�ANY�MODULE
�KEYWORD
�OR�TOPIC�TO�GET�HELP�ON�WRIT
ING
1YTHON�PROGRAMS�AND�USING�1YTHON�MODULES���5O�QUIT�THIS�HELP�UTILIT
Y�AND
RETURN�TO�THE�INTERPRETER
�JUST�TYPE��QUIT��

5O�GET�A�LIST�OF�AVAILABLE�MODULES
�KEYWORDS
�SYMBOLS
�OR�TOPICS
�T
YPE
�MODULES�
��KEYWORDS�
��SYMBOLS�
�OR��TOPICS����&ACH�MODULE�ALSO�CO
MES
WITH�A�ONE�LINE�SUMMARY�OF�WHAT�IT�DOES��TO�LIST�THE�MODULES�WHOSE
NAME
OR�SUMMARY�CONTAIN�A�GIVEN�STRING�SUCH�AS��SPAM�
�TYPE��MODULES�SPA
M��

HELP�

8IBU�ZPV�TFF�OPX�JT�UIF�IFMQ�QSPNQU
�XIJDI�BMMPXT�ZPV�UP�RVFSZ�IFMQ�PO�MPUT�PG�UIJOHT
�FTQFDJBMMZ�PO
�LFZXPSET��BT�XFMM�

HELP��KEYWORDS

)ERE�IS�A�LIST�OF�THE�1YTHON�KEYWORDS���&NTER�ANY�KEYWORD�TO�GET�MO
RE�HELP�

'ALSE���������������DEF�����������������IF������������������RAISE
/ONE����������������DEL�����������������IMPORT��������������RETURN
5RUE����������������ELIF����������������IN������������������TRY
AND�����������������ELSE����������������IS������������������WHILE
AS������������������EXCEPT��������������LAMBDA��������������WITH
ASSERT��������������FINALLY�������������NONLOCAL������������YIELD
BREAK���������������FOR�����������������NOT
CLASS���������������FROM����������������OR
CONTINUE������������GLOBAL��������������PASS

HELP�

NAMING CONVENTIONS

8F�TBX�JO�PVS�DIBQUFS�PO��7BMJE�7BSJBCMF�/BNFT��UIBU�XF�TPNFUJNFT�OFFE�OBNFT�XIJDI�DPOTJTU�PG�NPSF�UIBO
POF�XPSE��8F�VTFE
�GPS�FYBNQMF
�UIF�OBNF��NBYJNVN@IFJHIU���5IF�VOEFSTDPSF�GVODUJPOFE�BT�B�XPSE
TFQBSBUPS
�CFDBVTF�CMBOLT�BSF�OPU�BMMPXFE�JO�WBSJBCMF�OBNFT��4PNF�QFPQMF�QSFGFS�UP�XSJUF�WBSJBCMF�OBNFT�JO�UIF
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TP�DBMMFE�$BNFM$BTF�OPUBUJPO��8F�EFGJOFE�UIF�WBSJBCMF�.JOJNVN)FJHIU�JO�UIJT�OBNJOH�TUZMF�

5IFSF�JT�B�QFSNBOFOU��XBS��HPJOH�PO�CFUXFFO�UIF�DBNFM�DBTF�GPMMPXFST�BOE�UIF�VOEFSTDPSF�MPWFST��1FSTPOBMMZ

*�EFGJOJUFMZ�QSFGFS��UIF@OBUVSBM@XBZ@PG@OBNJOH@UIJOHT��UP��5IF/BUVSBM8BZ0G/BNJOH5IJOHT���*�UIJOL�UIBU
UIF�GJSTU�POF�JT�NPSF�SFBEBCMF�BOE�MPPLT�NPSF�OBUVSBM�MBOHVBHF�MJLF��*O�PUIFS�XPSET��$BNFM$BTF�XPSET�BSF
IBSEFS�UP�SFBE�UIBO�UIFJS�VOEFSTDPSF�DPVOUFSQBSUT
�&TQFDJBMMZ*G5IFZ"SF7FSZ-POH��5IJT�JT�NZ�QFSTPOBM�PQJOJPO
TIBSFE�CZ�NBOZ�PUIFS�QSPHSBNNFST�CVU�EFGJOJUFMZ�OPU�FWFSZCPEZ��5IF�4UZMF�(VJEF�GPS�1ZUIPO�$PEF
SFDPNNFOET�VOEFSTDPSF�OPUBUJPO�GPS�WBSJBCMF�OBNFT�BT�XFMM�BT�GVODUJPO�OBNFT�

$FSUBJO�OBNFT�TIPVME�CF�BWPJEFE�GPS�WBSJBCMF�OBNFT��/FWFS�VTF�UIF�DIBSBDUFST��M��	MPXFSDBTF�MFUUFS��-�

��0�
	�0��MJLF�JO��0OUBSJP�

�PS��*��	MJLF�JO��*OEJBOB�
�BT�TJOHMF�DIBSBDUFS�WBSJBCMF�OBNFT��5IFZ�TIPVME�CF�BWPJEFE

CFDBVTF�UIFTF�DIBSBDUFST�BSF�JOEJTUJOHVJTIBCMF�GSPN�UIF�OVNFSBMT�POF�BOE�[FSP�JO�TPNF�GPOUT��8IFO�UFNQUFE�UP
VTF��M�
�VTF��-��JOTUFBE
�JG�ZPV�DBOOPU�UIJOL�PG�B�CFUUFS�OBNF�BOZXBZ��5IF�4UZMF�(VJEF�IBT�UP�TBZ�UIF�GPMMPXJOH
BCPVU�UIF�OBNJOH�PG�JEFOUJGJFST�JO�TUBOEBSE�NPEVMFT���"MM�JEFOUJGJFST�JO�UIF�1ZUIPO�TUBOEBSE�MJCSBSZ�.645�VTF
"4$**�POMZ�JEFOUJGJFST
�BOE�4)06-%�VTF�&OHMJTI�XPSET�XIFSFWFS�GFBTJCMF�	JO�NBOZ�DBTFT
�BCCSFWJBUJPOT�BOE
UFDIOJDBM�UFSNT�BSF�VTFE�XIJDI�BSFO�U�&OHMJTI
��*O�BEEJUJPO
�TUSJOH�MJUFSBMT�BOE�DPNNFOUT�NVTU�BMTP�CF�JO
"4$**��5IF�POMZ�FYDFQUJPOT�BSF�	B
�UFTU�DBTFT�UFTUJOH�UIF�OPO�"4$**�GFBUVSFT
�BOE�	C
�OBNFT�PG�BVUIPST�
"VUIPST�XIPTF�OBNFT�BSF�OPU�CBTFE�PO�UIF�MBUJO�BMQIBCFU�.645�QSPWJEF�B�MBUJO�USBOTMJUFSBUJPO�PG�UIFJS�OBNFT��

$PNQBOJFT
�JOTUJUVUFT
�PSHBOJ[BUJPOT�PS�PQFO�TPVSDF�QSPKFDUT�BJNJOH�BU�BO�JOUFSOBUJPOBM�BVEJFODF�TIPVME�BEPQU
B�TJNJMBS�OPUBUJPO�DPOWFOUJPO�

CHANGING DATA TYPES AND STORAGE LOCATIONS

1SPHSBNNJOH�NFBOT�EBUB�QSPDFTTJOH��%BUB�JO�B�1ZUIPO�QSPHSBN�JT�SFQSFTFOUFE�CZ�PCKFDUT��5IFTF�PCKFDUT�DBO
CF

hBUILT�IN
�I�E�
�OBJECTS�PROVIDED�BY�1YTHON

hOBJECTS�FROM�EXTENSION�LIBRARIES

hCREATED�IN�THE�APPLICATION�BY�THE�PROGRAMMER�

4P�XF�IBWF�EJGGFSFOU��LJOET��PG�PCKFDUT�GPS�EJGGFSFOU�EBUB�UZQFT��8F�XJMM�IBWF�B�MPPL�BU�UIF�EJGGFSFOU�CVJMU�JO
EBUB�UZQFT�JO�1ZUIPO�

NUMBERS

1ZUIPO�T�CVJMU�JO�DPSF�EBUB�UZQFT�BSF�JO�TPNF�DBTFT�BMTP�DBMMFE�PCKFDU�UZQFT��5IFSF�BSF�GPVS�CVJMU�JO�EBUB�UZQFT
GPS�OVNCFST�

h*NTEGER
q/ORMAL�INTEGERS
E�G�
�����
q0CTAL�LITERALS�	BASE��

"�NUMBER�PREFIXED�BY��O�	ZERO�AND�A�LOWERCASE��O��OR�UPPERCASE

�0�
�WILL�BE�INTERPRETED�AS�AN�OCTAL�NUMBER
EXAMPLE�
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A � �O��

PRINT	A


q)EXADECIMAL�LITERALS�	BASE���

)EXADECIMAL�LITERALS�HAVE�TO�BE�PREFIXED�EITHER�BY���X��OR���

9��
EXAMPLE�

HEX@NUMBER � �X"�'

PRINT	HEX@NUMBER


q#INARY�LITERALS�	BASE��

#INARY�LITERALS�CAN�EASILY�BE�WRITTEN�AS�WELL��5HEY�HAVE�TO�BE

PREFIXED�BY�A�LEADING����
�FOLLOWED�BY�A��B��OR��#��

X � �B������
X

5IF�GVODUJPOT�IFY
�CJO
�PDU�DBO�CF�VTFE�UP�DPOWFSU�BO�JOUFHFS�OVNCFS�JOUP�UIF�DPSSFTQPOEJOH�TUSJOH
SFQSFTFOUBUJPO�PG�UIF�JOUFHFS�OVNCFS�

X � HEX	��

X

TYPE	X


X � BIN	��

X

X � OCT	��

X

�

����

0VUQVU� ��

0VUQVU� ��X���

0VUQVU� STR

0VUQVU� ��B��������
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OCT	�B������


*OUFHFST�JO�1ZUIPO��DBO�CF�PG�VOMJNJUFE�TJ[F

X � ���������������������������������������������������
PRINT	X


X � X � X

h-ONG�INTEGERS

1ZUIPO���IBT�UXP�JOUFHFS�UZQFT��JOU�BOE�MPOH��5IFSF�JT�OP��MPOH�JOU��JO�1ZUIPO��BOZNPSF��5IFSF�JT�POMZ�POF
�JOU��UZQF
�XIJDI�DPOUBJOT�CPUI��JOU��BOE��MPOH��GSPN�1ZUIPO���5IBU�T�XIZ�UIF�GPMMPXJOH�DPEF�GBJMT�JO�1ZUIPO
��

�-
'ILE ��STDIN��
 LINE �

�-
?

X � ��
LONG	X


0VUQVU� ��O����

0VUQVU� ��O���

���������������������������������������������������

0VUQVU� �������������������������������������������������������������
�������������������������������������������������������������
�������������������������������

File "<ipython-input-27-315518d611d8>", line 1
1L
^

SyntaxError: INVALID�SYNTAX

---------------------------------------------------------------------------
NameError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-49-bad7871d6042> IN �MODULE�

� X = 43
----> 2 LONG(X)

NameError��NAME��LONG��IS�NOT�DEFINED
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h'LOATING�POINT�NUMBERS

'PS�FYBNQMF�������
�������F���

h$OMPLEX�NUMBERS

$PNQMFY�OVNCFST�BSF�XSJUUFO�BT

�REAL�PART�����IMAGINARY�PART�

&YBNQMFT�

X � � � �J

Y � � � �J

Z � X � Y

PRINT	Z


INTEGER DIVISION

5IFSF�BSF�UXP�LJOET�PG�EJWJTJPO�PQFSBUPST�

h�TRUE�DIVISION��PERFORMED�BY����
h�FLOOR�DIVISION��PERFORMED�BY�����

TRUE DIVISION

5SVF�EJWJTJPO�VTFT�UIF�TMBTI�	�
�DIBSBDUFS�BT�UIF�PQFSBUPS�TJHO��.PTU�QSPCBCMZ�JU�JT�XIBU�ZPV�FYQFDU��EJWJTJPO��UP
CF��5IF�GPMMPXJOH�FYBNQMFT�BSF�IPQFGVMMZ�TFMG�FYQMBOBUPSZ�

�� � �

���� � ���

���� � ���

	���J


0VUQVU� ������������������

0VUQVU� ������������������
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FLOOR DIVISION

5IF�PQFSBUPS������QFSGPSNT�GMPPS�EJWJTJPO
�J�F�
�UIF�EJWJEFOE�JT�EJWJEFE�CZ�UIF�EJWJTPS���MJLF�JO�USVF�EJWJTJPO���CVU
UIF�GMPPS�PG�UIF�SFTVMU�XJMM�CF�SFUVSOFE��5IF�GMPPS�JT�UIF�MBSHFTU�JOUFHFS�OVNCFS�TNBMMFS�UIBO�UIF�SFTVMU�PG�UIF�USVF
EJWJTJPO��5IJT�OVNCFS�XJMM�CF�UVSOFE�JOUP�B�GMPBU
�JG�FJUIFS�UIF�EJWJEFOE�PS�UIF�EJWJTPS�PS�CPUI�BSF�GMPBU�WBMVFT��*G
CPUI�BSF�JOUFHFST
�UIF�SFTVMU�XJMM�CF�BO�JOUFHFS�BT�XFMM��*O�PUIFS�XPSET
������BMXBZT�USVODBUFT�UPXBSET�OFHBUJWF
JOGJOJUZ�

$POOFDUJPO�UP�UIF�GMPPS�GVODUJPO��*O�NBUIFNBUJDT�BOE�DPNQVUFS�TDJFODF
�UIF�GMPPS�GVODUJPO�JT�UIF�GVODUJPO�UIBU
UBLFT�BT�JOQVU�B�SFBM�OVNCFS�Y�BOE�SFUVSOT�UIF�HSFBUFTU�JOUFHFS�GMPPS�	�Y�
�����Y���UIBU�JT�MFTT�UIBO�PS�FRVBM�UP�Y�

*G�ZPV�BSF�DPOGVTFE�OPX�CZ�UIJT�SBUIFS�NBUIFNBUJDBM�BOE�UIFPSFUJDBM�EFGJOJUJPO
�UIF�GPMMPXJOH�FYBNQMFT�XJMM
IPQFGVMMZ�DMBSJGJZ�UIF�NBUUFS�

� �� �

�� �� �

�� �� �

�� �� �

���� �� �

�� �� �

���� �� �

0VUQVU� ���

0VUQVU� �

0VUQVU� �

0VUQVU� �

0VUQVU� �

0VUQVU� ���

0VUQVU� ��

0VUQVU� ����
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STRINGS

5IF�UBTL�PG�UIF�GJSTU�HFOFSBUJPO�DPNQVUFST
JO�UIF�GPSUJFT�BOE�GJGUJFT�IBE�CFFO���EVF�UP
UFDIOJDBM�SFTUSBJOUT���GPDVTFE�PO�OVNCFS
QSPDFTTJOH��5FYU�QSPDFTTJOH�IBE�CFFO�KVTU
B�ESFBN�BU�UIBU�UJNF��/PXBEBZT
�POF�PG
UIF�NBJO�UBTLT�PG�DPNQVUFST�JT�UFYU
QSPDFTTJOH�JO�BMM�JUT�WBSJFUJFT��UIF�NPTU
QSPNJOFOU�BQQMJDBUJPOT�BSF�TFBSDI�FOHJOFT
MJLF�(PPHMF��5P�FOBCMF�UFYU�QSPDFTTJOH
QSPHSBNNJOH�MBOHVBHFT�OFFE�TVJUBCMF
EBUB�UZQFT��4USJOHT�BSF�VTFE�JO�BMM�NPEFSO
QSPHSBNNJOH�MBOHVBHFT�UP�TUPSF�BOE
QSPDFTT�UFYUVBM�JOGPSNBUJPO��-PHJDBMMZ
�B
TUSJOH���MJLF�BOZ�UFYU���JT�B�TFRVFODF�PG
DIBSBDUFST��5IF�RVFTUJPO�SFNBJOT�XIBU�B
DIBSBDUFS�DPOTJTUT�PG��*O�B�CPPL
�PS�JO�B
UFYU�MJLF�UIF�POF�ZPVS�BSF�SFBEJOH�OPX
�DIBSBDUFST�DPOTJTU�PG�HSBQIJDBM�TIBQFT
�TP�DBMMFE�HSBQIFNFT
�DPOTJTUJOH
PG�MJOFT
�DVSWFT�BOE�DSPTTJOHT�JO�DFSUBJO�BOHMFT�PS�QPTJUJPOT�BOE�TP�PO��5IF�BODJFOU�(SFFLT�BTTPDJBUFE�UIF�XPSE
XJUI�UIF�FOHSBWJOHT�PO�DPJOT�PS�UIF�TUBNQT�PO�TFBMT�

*O�DPNQVUFS�TDJFODF�PS�DPNQVUFS�UFDIOPMPHZ
�B�DIBSBDUFS�JT�B�VOJU�PG
JOGPSNBUJPO��5IFTF�DIBSBDUFST�DPSSFTQPOE�UP�HSBQIFNFT
�UIF�GVOEBNFOUBM
VOJUT�PG�XSJUUFO�PS�QSJOUFE�MBOHVBHF��#FGPSF�6OJDPEF�DBNF�JOUP�VTBHF
�UIFSF
XBT�B�POF�UP�POF�SFMBUJPOTIJQ�CFUXFFO�CZUFT�BOE�DIBSBDUFST
�J�F�
�FWFSZ
DIBSBDUFS���PG�B�OBUJPOBM�WBSJBOU
�J�F��OPU�BMM�UIF�DIBSBDUFST�PG�UIF�XPSME���XBT
SFQSFTFOUFE�CZ�B�TJOHMF�CZUF��4VDI�B�DIBSBDUFS�CZUF�SFQSFTFOUT�UIF�MPHJDBM
DPODFQU�PG�UIJT�DIBSBDUFS�BOE�UIF�DMBTT�PG�HSBQIFNFT�PG�UIJT�DIBSBDUFS��5IF
JNBHF�BCPWF�EFQJDUT�WBSJPVT�SFQSFTFOUBUJPOT�PG�UIF�MFUUFS��"�
�J�F�
��"��JO
EJGGFSFOU�GPOUT��4P�JO�QSJOUJOH�UIFSF�BSF�WBSJPVT�HSBQIJDBM�SFQSFTFOUBUJPOT�PS
EJGGFSFOU��FODPEJOHT��PG�UIF�BCTUSBDU�DPODFQU�PG�UIF�MFUUFS�"��	#Z�UIF�XBZ

UIF�MFUUFS��"��DBO�CF�BTDSJCFE�UP�BO�&HZQUJBO�IJFSPHMZQI�XJUI�B�QJDUPHSBN
PG�BO�PY�
�"MM�PG�UIFTF�HSBQIJDBM�SFQSFTFOUBUJPOT�IBWF�DFSUBJO�GFBUVSFT�JO
DPNNPO��*O�PUIFS�XPSET
�UIF�NFBOJOH�PG�B�DIBSBDUFS�PS�B�XSJUUFO�PS�QSJOUFE
UFYU�EPFTO�U�EFQFOE�PO�UIF�GPOU�PS�XSJUJOH�TUZMF�VTFE��0O�B�DPNQVUFS�UIF
DBQJUBM�"�JT�FODPEFE�JO�CJOBSZ�GPSN��*G�XF�VTF�"4$**�JU�JT�FODPEFE���MJLF�BMM�UIF�PUIFS�DIBSBDUFST���BT�UIF�CZUF
���

"4$**�JT�SFTUSJDUFE�UP�����DIBSBDUFST�BOE��&YUFOEFE�"4$**��JT�JT�TUJMM�MJNJUFE�UP�����CZUFT�PS�DIBSBDUFST��5IJT�JT
HPPE�FOPVHI�GPS�MBOHVBHFT�MJLF�&OHMJTI
�(FSNBO�BOE�'SFODI
�CVU�CZ�GBS�OPU�TVGGJDJFOU�GPS�$IJOFTF
�+BQBOFTF
BOE�,PSFBO��5IBU�T�XIFSF�6OJDPEF�HFUT�JOUP�UIF�HBNF��6OJDPEF�JT�B�TUBOEBSE�EFTJHOFE�UP�SFQSFTFOU�FWFSZ
DIBSBDUFS�GSPN�FWFSZ�MBOHVBHF
�J�F�
�JU�DBO�IBOEMF�BOZ�UFYU�PG�UIF�XPSME�T�XSJUJOH�TZTUFNT��5IFTF�XSJUJOH
TZTUFNT�DBO�BMTP�CF�VTFE�TJNVMUBOFPVTMZ
�J�F�
�3PNBO�BMQIBCFU�NJYFE�XJUI�$ZSJMMJD�PS�FWFO�$IJOFTF�DIBSBDUFST�

5IFSF�JT�B�EJGGFSFOU�TUPSZ�BCPVU�6OJDPEF��"�DIBSBDUFS�NBQT�UP�B�DPEF�QPJOU��"�DPEF�QPJOU�JT�B�UIFPSFUJDBM
DPODFQU��5IBU�JT
�GPS�FYBNQMF
�UIBU�UIF�DIBSBDUFS��"��JT�BTTJHOFE�B�DPEF�QPJOU�6�������5IF��6���NFBOT
�6OJDPEF��BOE�UIF��������JT�B�IFYBEFDJNBM�OVNCFS
����JO�EFDJNBM�OPUBUJPO�
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:PV�DBO�USBOTGPSN�JU�MJLF�UIJT�JO�1ZUIPO�

HEX	��


INT	�X��


6Q�UP�GPVS�CZUFT�BSF�QPTTJCMF�QFS�DIBSBDUFS�JO�6OJDPEF��5IFPSFUJDBMMZ
�UIJT�NFBOT�B�IVHF�OVNCFS�PG
�����������QPTTJCMF�DIBSBDUFST��%VF�UP�SFTUSJDUJPOT�GSPN�65'����FODPEJOH
�UIFSF�BSF��POMZ���
���
���
DIBSBDUFST�QPTTJCMF��6OJDPEF�WFSTJPO�����IBT�BTTJHOFE����
����DIBSBDUFST��5IJT�NFBOT�UIBU�UIFSF�BSF�TMJHIUMZ
NPSF�UIBO������PG�BMM�QPTTJCMF�DIBSBDUFST�BTTJHOFE
�JO�PUIFS�XPSET
�XF�DBO�TUJMM�BEE�OFBSMZ�B�NJMMJPO�DIBSBDUFST
UP�6OJDPEF�

UNICODE ENCODINGS

/BNF

65'���
*U�T�B�POF�UP�POF�FODPEJOH
�J�F�
�JU�UBLFT�FBDI�6OJDPEF�DIBSBDUFS�	B���CZUF�OVNCFS
�BOE�TUPSFT�JU�JO���CZUFT��0OF�BEWBOUBHF�PG�UIJT�FODPEJOH�JT�UIBU�ZPV

DBO�GJOE�UIF�/UI�DIBSBDUFS�PG�B�TUSJOH�JO�MJOFBS�UJNF
�CFDBVTF�UIF�/UI�DIBSBDUFS�TUBSUT�BU�UIF��u/UI�CZUF��"�TFSJPVT�EJTBEWBOUBHF�PG�UIJT�BQQSPBDI�JT�EVF
UP�UIF�GBDU�UIBU�JU�OFFET�GPVS�CZUFT�GPS�FWFSZ�DIBSBDUFS

65'��� 65'����	���CJU�6OJDPEF�5SBOTGPSNBUJPO�'PSNBU
�JT�B�DIBSBDUFS�FODPEJOH�DBQBCMF�PG�FODPEJOH�BMM��
���
����WBMJE�DPEF�QPJOUT�PG�6OJDPEF��5IF
FODPEJOH�JT�WBSJBCMF�MFOHUI
�BT�DPEF�QPJOUT�BSF�FODPEFE�XJUI�POF�PS�UXP����CJU�DPEF�VOJUT�

65'��

65'��JT�B�WBSJBCMF�MFOHUI�FODPEJOH�TZTUFN�GPS�6OJDPEF
�J�F�
�EJGGFSFOU�DIBSBDUFST�UBLF�VQ�B�EJGGFSFOU�OVNCFS�PG�CZUFT��"4$**�DIBSBDUFST�VTF�TPMFMZ�POF
CZUF�QFS�DIBSBDUFS��5IJT�NFBOT�UIBU�UIF�GJSTU�����DIBSBDUFST�65'���BSF�JOEJTUJOHVJTIBCMF�GSPN�"4$**��#VU�UIF�TP�DBMMFE��&YUFOEFE�-BUJO��DIBSBDUFST

MJLF�UIF�6NMBVUF�b
�d�BOE�TP�PO�UBLF�VQ�UXP�CZUFT��$IJOFTF�DIBSBDUFST�OFFE�UISFF�CZUFT��'JOBMMZ
�UIF�WFSZ�TFMEPN�VTFE�DIBSBDUFST�PG�UIF��BTUSBM�QMBOF�
OFFE�GPVS�CZUFT�UP�CF�FODPEFE�JO�65'��� 8�5FDIT 	8FC�5FDIOPMPHZ�4VSWFZT
�XSJUFT�UIBU��65'���JT�VTFE�CZ�������PG�BMM�UIF�XFCTJUFT�XIPTF

DIBSBDUFS�FODPEJOH�XF�LOPX

STRING, UNICODE AND PYTHON

"GUFS�UIJT�MFOHUIZ�CVU�OFDFTTBSZ�JOUSPEVDUJPO
�XF�GJOBMMZ�DPNF�UP�1ZUIPO�BOE�UIF�XBZ�JU�EFBMT�XJUI�TUSJOHT��"MM
TUSJOHT�JO�1ZUIPO���BSF�TFRVFODFT�PG��QVSF��6OJDPEF�DIBSBDUFST
�OP�TQFDJGJD�FODPEJOH�MJLF�65'���

5IFSF�BSF�EJGGFSFOU�XBZT�UP�EFGJOF�TUSJOHT�JO�1ZUIPO�

0VUQVU� ��X���

0VUQVU� ��
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https://w3techs.com/technologies/overview/character_encoding


S����*�AM�A�STRING�ENCLOSED�IN�SINGLE�QUOTES��
S�����*�AM�ANOTHER�STRING
�BUT�*�AM�ENCLOSED�IN�DOUBLE�QUOTES��

#PUI�T�BOE�T��PG�UIF�QSFWJPVT�FYBNQMF�BSF�WBSJBCMFT�SFGFSFODJOH�TUSJOH�PCKFDUT��8F�DBO�TFF�UIBU�TUSJOH�MJUFSBMT
DBO�FJUIFS�CF�FODMPTFE�JO�NBUDIJOH�TJOHMF�	�
�PS�JO�EPVCMF�RVPUFT�	�
��4JOHMF�RVPUFT�XJMM�IBWF�UP�CF�FTDBQFE�XJUI
B�CBDLTMBTI = 
�JG�UIF�TUSJOH�JT�EFGJOFE�XJUI�TJOHMF�RVPUFT�

S�����*T�DOESN=�T�MATTER��

5IJT�JT�OPU�OFDFTTBSZ
�JG�UIF�TUSJOH�JT�SFQSFTFOUFE�CZ�EPVCMF�RVPUFT�

S�����*T�DOESN�T�MATTER��

"OBMPHPVTMZ
�XF�XJMM�IBWF�UP�FTDBQF�B�EPVCMF�RVPUF�JOTJEF�B�EPVCMF�RVPUFE�TUSJOH�

TXT � �)E�SAID� \"*T�DOESN�T�MATTER
�IF�YOU�ENCLOSE�A�STRING�IN�SI
NGLE�OR�DOUBLE�QUOTES�\"�
PRINT	TXT


5IFZ�DBO�BMTP�CF�FODMPTFE�JO�NBUDIJOH�HSPVQT�PG�UISFF�TJOHMF�PS�EPVCMF�RVPUFT��*O�UIJT�DBTF�UIFZ�BSF�DBMMFE
USJQMF�RVPUFE�TUSJOHT��5IF�CBDLTMBTI�	
�DIBSBDUFS�JT�VTFE�UP�FTDBQF�DIBSBDUFST�UIBU�PUIFSXJTF�IBWF�B�TQFDJBM
NFBOJOH
�TVDI�BT�OFXMJOF
�CBDLTMBTI�JUTFMG
�PS�UIF�RVPUF�DIBSBDUFS�

TXT������"�STRING�IN�TRIPLE�QUOTES�CAN�EXTEND
OVER�MULTIPLE�LINES�LIKE�THIS�ONE
�AND�CAN�CONTAIN
�SINGLE��AND��DOUBLE��QUOTES����

*O�USJQMF�RVPUFE�TUSJOHT
�VOFTDBQFE�OFXMJOFT�BOE�RVPUFT�BSF�BMMPXFE�	BOE�BSF�SFUBJOFE

�FYDFQU�UIBU�UISFF
VOFTDBQFE�RVPUFT�JO�B�SPX�UFSNJOBUF�UIF�TUSJOH��	"��RVPUF��JT�UIF�DIBSBDUFS�VTFE�UP�PQFO�UIF�TUSJOH
�J�F�
�FJUIFS��
PS���


)E�SAID���*T�DOESN�T�MATTER
�IF�YOU�ENCLOSE�A�STRING�IN�SINGLE�OR
DOUBLE�QUOTES��
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"�TUSJOH�JO�1ZUIPO�DPOTJTUT�PG�B�TFSJFT�PS�TFRVFODF�PG�DIBSBDUFST���MFUUFST
�OVNCFST
�BOE�TQFDJBM�DIBSBDUFST�
4USJOHT�DBO�CF�TVCTDSJQUFE�PS�JOEFYFE��4JNJMBS�UP�$
�UIF�GJSTU�DIBSBDUFS�PG�B�TUSJOH�IBT�UIF�JOEFY���

S � �)ELLO�8ORLD�
S<�>

S<�>

5IF�MBTU�DIBSBDUFS�PG�B�TUSJOH�DBO�CF�BDDFTTFE�UIJT�XBZ�

S<LEN	S
��>

:FU
�UIFSF�JT�BO�FBTJFS�XBZ�JO�1ZUIPO��5IF�MBTU�DIBSBDUFS�DBO�CF�BDDFTTFE�XJUI���
�UIF�TFDPOE�UP�MBTU�XJUI����BOE
TP�PO�

S<��>

S<��>

4PNF�SFBEFST�NJHIU�GJOE�JU�DPOGVTJOH�XIFO�XF�VTF��UP�TVCTDSJQU��BT�B�TZOPOZN�GPS��UP�JOEFY���6TVBMMZ
�B
TVCTDSJQU�JT�B�OVNCFS
�GJHVSF
�TZNCPM
�PS�JOEJDBUPS�UIBU�JT�TNBMMFS�UIBO�UIF�OPSNBM�MJOF�PG�UZQF�BOE�JT�TFU�TMJHIUMZ
CFMPX�PS�BCPWF�JU��8IFO�XF�XSPUF�T<�>�PS�T<�>�JO�UIF�QSFWJPVT�FYBNQMFT
�UIJT�DBO�CF�TFFO�BT�BO�BMUFSOBUJWF�XBZ
GPS�UIF�OPUBUJPO�T��PS�T���4P
�CPUI�T��BOE�T<�>�EFTDSJCF�PS�EFOPUF�UIF��UI�DIBSBDUFS��#Z�UIF�XBZ
�UIFSF�JT�OP
DIBSBDUFS�UZQF�JO�1ZUIPO��"�DIBSBDUFS�JT�TJNQMZ�B�TUSJOH�PG�TJ[F�POF�

*U�T�QPTTJCMF�UP�TUBSU�DPVOUJOH�UIF�JOEJDFT�GSPN�UIF�SJHIU
�BT�XF�IBWF�NFOUJPOFE�QSFWJPVTMZ��*O�UIJT�DBTF�OFHBUJWF
OVNCFST�BSF�VTFE
�TUBSUJOH�XJUI����GPS�UIF�NPTU�SJHIU�DIBSBDUFS�

0VUQVU� �)�

0VUQVU� ���

0VUQVU� �D�

0VUQVU� �D�

0VUQVU� �L�
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SOME OPERATORS AND FUNCTIONS FOR STRINGS

h$ONCATENATION

4USJOHT�DBO�CF�HMVFE�UPHFUIFS�	DPODBUFOBUFE
�XJUI�UIF���PQFSBUPS���)FMMP�����8PSME��XJMM�SFTVMU�JO
�)FMMP8PSME�

h3EPETITION

4USJOH�DBO�CF�SFQFBUFE�PS�SFQFBUFEMZ�DPODBUFOBUFE�XJUI�UIF�BTUFSJTL�PQFSBUPS�������� ��XJMM�SFTVMU�JO��
-
�

h*NDEXING

�1ZUIPO�<�>�XJMM�SFTVMU�JO��1�

h4LICING

4VCTUSJOHT�DBO�CF�DSFBUFE�XJUI�UIF�TMJDF�PS�TMJDJOH�OPUBUJPO
�J�F�
�UXP�JOEJDFT�JO�TRVBSF�CSBDLFUT�TFQBSBUFE�CZ�B
DPMPO���1ZUIPO�<���>�XJMM�SFTVMU�JO��UI�

h4IZE

MFO	�1ZUIPO�
�XJMM�SFTVMU�JO��

IMMUTABLE STRINGS

-JLF�TUSJOHT�JO�+BWB�BOE�VOMJLF�$�PS�$��
�1ZUIPO�TUSJOHT�DBOOPU�CF�DIBOHFE��5SZJOH�UP�DIBOHF�BO�JOEFYFE
QPTJUJPO�XJMM�SBJTF�BO�FSSPS�

S � �4OME�THINGS�ARE�IMMUTABLE��
S<��> � ���

#FHJOOFST�JO�1ZUIPO�BSF�PGUFO�DPOGVTFE
�XIFO�UIFZ�TFF�UIF�GPMMPXJOH�DPEFMJOFT�

---------------------------------------------------------------------------
TypeError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-53-2fa9c6f1b317> IN �MODULE�

� S = "Some things are immutable!"
----> 2 S[-1] = "."

TypeError���STR��OBJECT�DOES�NOT�SUPPORT�ITEM�ASSIGNMENT
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TXT����)E�LIVES�IN�#ERLIN��
TXT����)E�LIVES�IN�)AMBURG��

5IF�WBSJBCMF��UYU��JT�B�SFGFSFODF�UP�B�TUSJOH�PCKFDU��8F�EFGJOF�B�DPNQMFUFMZ�OFX�TUSJOH�PCKFDU�JO�UIF�TFDPOE
BTTJHONFOU��4P
�ZPV�TIPVMEO�U�DPOGVTF�UIF�WBSJBCMF�OBNF�XJUI�UIF�SFGFSFODFE�PCKFDU�

A STRING PECULIARITY

4USJOHT�TIPX�B�TQFDJBM�FGGFDU
�XIJDI�XF�XJMM�JMMVTUSBUF�JO�UIF�GPMMPXJOH�FYBNQMF��8F�XJMM�OFFE�UIF��JT��
0QFSBUPS��*G�CPUI�B�BOE�C�BSF�TUSJOHT
��B�JT�C��DIFDLT�JG�UIFZ�IBWF�UIF�TBNF�JEFOUJUZ
�J�F�
�TIBSF�UIF�TBNF�NFNPSZ
MPDBUJPO��*G��B�JT�C��JT�5SVF
�UIFO�JU�USJWJBMMZ�GPMMPXT�UIBU��B����C��IBT�UP�CF�5SVF�BT�XFMM��:FU
��B����C��5SVF
EPFTO�U�JNQMZ�UIBU��B�JT�C��JT�5SVF�BT�XFMM�

-FU�T�IBWF�B�MPPL�BU�IPX�TUSJOHT�BSF�TUPSFE�JO�1ZUIPO�

A � �-INUX�
B � �-INUX�
A is B

0LBZ
�CVU�XIBU�IBQQFOT
�JG�UIF�TUSJOHT�BSF�MPOHFS �8F�VTF�UIF�MPOHFTU�WJMMBHF�OBNF�JO�UIF�XPSME�JO�UIF
GPMMPXJOH�FYBNQMF��*U�T�B�TNBMM�WJMMBHF�XJUI�BCPVU������JOIBCJUBOUT�JO�UIF�4PVUI�PG�UIF�JTMBOE�PG�"OHMFTFZ�JO
UIF�/PSUI�8FTU�PG�8BMFT�

A � �-LANFAIRPWLLGWYNGYLLGOGERYCHWYRNDROBWLLLLANTYSILIOGOGOGOCH�
B � �-LANFAIRPWLLGWYNGYLLGOGERYCHWYRNDROBWLLLLANTYSILIOGOGOGOCH�
A is B

/PUIJOH�IBT�DIBOHFE�JO�PVS�GJSTU��-JOVY��FYBNQMF��#VU�XIBU�XPSLT�GPS�8BMFT�EPFTO�U�XPSL�F�H�
�GPS�#BEFO�
8eSUUFNCFSH�JO�(FSNBOZ�

A � �#ADEN�8gRTTEMBERG�
B � �#ADEN�8gRTTEMBERG�
A is B

A �� B

0VUQVU� 5RUE

0VUQVU� 5RUE

0VUQVU� 'ALSE

0VUQVU� 5RUE
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:PV�BSF�SJHIU
�JU�IBT�OPUIJOH�UP�EP�XJUI�HFPHSBQIJDBM�QMBDFT��5IF�TQFDJBM�DIBSBDUFS
�J�F�
�UIF�IZQIFO
�JT�UP
�CMBNF��

A � �#ADEN��
B � �#ADEN��
A is B

A � �#ADEN��
B � �#ADEN��
A is B

ESCAPE SEQUENCES IN STRINGS

5P�FOE�PVS�DPWFSBHF�PG�TUSJOHT�JO�UIJT�DIBQUFS
�XF�XJMM�JOUSPEVDF�TPNF�FTDBQF�DIBSBDUFST�BOE�TFRVFODFT��5IF
CBDLTMBTI�	
�DIBSBDUFS�JT�VTFE�UP�FTDBQF�DIBSBDUFST
�J�F�
�UP��FTDBQF��UIF�TQFDJBM�NFBOJOH
�XIJDI�UIJT�DIBSBDUFS
XPVME�PUIFSXJTF�IBWF��&YBNQMFT�GPS�TVDI�DIBSBDUFST�BSF�OFXMJOF
�CBDLTMBTI�JUTFMG
�PS�UIF�RVPUF�DIBSBDUFS�
4USJOH�MJUFSBMT�NBZ�PQUJPOBMMZ�CF�QSFGJYFE�XJUI�B�MFUUFS��S��PS��3���UIFTF�TUSJOHT�BSF�DBMMFE�SBX�TUSJOHT��3BX�TUSJOHT
VTF�EJGGFSFOU�SVMFT�GPS�JOUFSQSFUJOH�CBDLTMBTI�FTDBQF�TFRVFODFT�

Escape Sequence Meaning

=OFXMJOF *HOPSFE

== #BDLTMBTI�	=


=� 4JOHMF�RVPUF�	�


=� %PVCMF�RVPUF�	�


=B "4$**�#FMM�	#&-


=C "4$**�#BDLTQBDF	#4


=G "4$**�'PSNGFFE�	''


=O "4$**�-JOFGFFE�	-'


=/\OBNF^ $IBSBDUFS�OBNFE�OBNF�JO�UIF�6OJDPEF�EBUBCBTF�	6OJDPEF�POMZ


0VUQVU� 'ALSE

0VUQVU� 5RUE
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Escape Sequence Meaning

=S "4$**�$BSSJBHF�3FUVSO�	$3


=U "4$**�)PSJ[POUBM�5BC�	5"#


=VYYYY $IBSBDUFS�XJUI����CJU�IFY�WBMVF�YYYY�	6OJDPEF�POMZ


=6YYYYYYYY $IBSBDUFS�XJUI����CJU�IFY�WBMVF�YYYYYYYY�	6OJDPEF�POMZ


=W "4$**�7FSUJDBM�5BC�	75


=PPP $IBSBDUFS�XJUI�PDUBM�WBMVF�PPP

=YII $IBSBDUFS�XJUI�IFY�WBMVF�II

BYTE STRINGS

1ZUIPO�����VTFT�UIF�DPODFQUT�PG�UFYU�BOE�	CJOBSZ
�EBUB�JOTUFBE�PG�6OJDPEF�TUSJOHT�BOE���CJU�TUSJOHT��&WFSZ�TUSJOH
PS�UFYU�JO�1ZUIPO���JT�6OJDPEF
�CVU�FODPEFE�6OJDPEF�JT�SFQSFTFOUFE�BT�CJOBSZ�EBUB��5IF�UZQF�VTFE�UP�IPME�UFYU
JT�TUS
�UIF�UZQF�VTFE�UP�IPME�EBUB�JT�CZUFT��*U�T�OPU�QPTTJCMF�UP�NJY�UFYU�BOE�EBUB�JO�1ZUIPO����JU�XJMM�SBJTF
5ZQF&SSPS��8IJMF�B�TUSJOH�PCKFDU�IPMET�B�TFRVFODF�PG�DIBSBDUFST�	JO�6OJDPEF

�B�CZUFT�PCKFDU�IPMET�B�TFRVFODF
PG�CZUFT
�PVU�PG�UIF�SBOHF���UP����
�SFQSFTFOUJOH�UIF�"4$**�WBMVFT��%FGJOJOH�CZUFT�PCKFDUT�BOE�DBTUJOH�UIFN
JOUP�TUSJOHT�

X � �)ALLO�
T � STR	X

U � T�ENCODE	�65'���

PRINT	U


B�)ALLO�
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A R I T H M E T I C  A N D  C O M P A R I S O N
O P E R A T O R S

INTRODUCTION

5IJT�DIBQUFS�DPWFST�UIF�WBSJPVT�CVJMU�JO�PQFSBUPST
�XIJDI�1ZUIPO�IBT�UP�PGGFS�

OPERATORS

5IFTF�PQFSBUJPOT�	PQFSBUPST
�DBO�CF�BQQMJFE�UP�BMM�OVNFSJD�UZQFT�

Operator Description Example

�
�� "EEJUJPO
�4VCUSBDUJPO �����

�
�� .VMUJQMJDBUJPO
�.PEVMP ������
3FTVMU���

� %JWJTJPO
5IJT�PQFSBUJPO�CSJOHT�BCPVU�EJGGFSFOU

SFTVMUT�GPS�1ZUIPO���Y�	MJLF�GMPPS
EJWJTJPO
�BOE�1ZUIPO���Y

1ZUIPO��

�������
������������������

BOE�JO�1ZUIPO���Y�

�������
�

�� 5SVODBUJPO�%JWJTJPO�	BMTP�LOPXO�BT
GMPPSEJWJTJPO�PS�GMPPS�EJWJTJPO


5IF�SFTVMU�PG�UIJT�EJWJTJPO�JT�UIF�JOUFHSBM
QBSU�PG�UIF�SFTVMU
�J�F��UIF�GSBDUJPOBM�QBSU

JT�USVODBUFE
�JG�UIFSF�JT�BOZ�
*U�XPSLT�CPUI�GPS�JOUFHFST�BOE�GMPBUJOH�
QPJOU�OVNCFST
�CVU�UIFSF�JT�B�EJGGFSFODF
CFUXFFO�UIF�UZQF�PG�UIF�SFTVMUT��*G�CPUI

UIF�EJWJEFOE�BOE�UIF�EJWJTPS�BSF�JOUFHFST

UIF�SFTVMU�XJMM�BMTP�CF�BO�JOUFHFS��*G�FJUIFS
UIF�EJWJEFOU�PS�UIF�EJWJTPS�JT�B�GMPBU
�UIF
SFTVMU�XJMM�CF�UIF�USVODBUFE�SFTVMU�BT�B

GMPBU�

�������
�

*G�BU�MFBTU�POF�PG�UIF�PQFSBOET�JT�B�GMPBU
WBMVF
�XF�HFU�B�USVODBUFE�GMPBU�WBMVF�BT

UIF�SFTVMU�

���������
���

���

"�OPUF�BCPVU�FGGJDJFODZ�
5IF�SFTVMUT�PG�JOU	������
�BOE���������BSF
FRVBM��#VU�UIF������EJWJTJPO�JT�NPSF�UIBO
UXP�UJNFT�BT�GBTU��:PV�DBO�TFF�UIJT�IFSF�

*N�<�>����TIMEIT
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FOR�X�IN�RANGE	�
���
�
�

Y���INT	������X

�

�������LOOPS
�BEST�O
F���������âS�PER�LOO

P

*N�<��>����TIMEIT
FOR�X�IN�RANGE	�
���

�
�
Y����������X

�
�������LOOPS
�BEST�O
F���������âS�PER�LOO

P

�Y
��Y 6OBSZ�NJOVT�BOE�6OBSZ�QMVT�	"MHFCSBJD
TJHOT


��

_Y #JUXJTF�OFHBUJPO _�����
3FTVMU����

�� &YQPOFOUJBUJPO �������
3FTVMU������

PS
�BOE
�OPU #PPMFBO�0S
�#PPMFBO�"OE
�#PPMFBO�/PU 	B�PS�C
�BOE�D

JO �&MFNFOU�PG� ��JO�<�
��
��>

�
�i
��
�j
���
��� 5IF�VTVBM�DPNQBSJTPO�PQFSBUPST ��i��

]
��
�? #JUXJTF�0S
�#JUXJTF�"OE
�#JUXJTF�903 ��?��

�
�� 4IJGU�0QFSBUPST �����

*O < >�
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S E Q U E N T I A L  D A T A  T Y P E S

INTRODUCTION

4FRVFODFT�BSF�POF�PG�UIF�QSJODJQBM�CVJMU�JO�EBUB�UZQFT�CFTJEFT�OVNFSJDT

NBQQJOHT
�GJMFT
�JOTUBODFT�BOE�FYDFQUJPOT��1ZUIPO�QSPWJEFT�GPS�TJY�TFRVFODF
	PS�TFRVFOUJBM
�EBUB�UZQFT�

STRINGS
BYTE�SEQUENCES
BYTE�ARRAYS
LISTS
TUPLES
RANGE�OBJECTS

4USJOHT
�MJTUT
�UVQMFT
�CZUFT�BOE�SBOHF�PCKFDUT�NBZ�MPPL�MJLF�VUUFSMZ�EJGGFSFOU�UIJOHT
�CVU�UIFZ�TUJMM�IBWF�TPNF
VOEFSMZJOH�DPODFQUT�JO�DPNNPO�

5HE�ITEMS�OR�ELEMENTS�OF�STRINGS
�LISTS�AND�TUPLES�ARE�ORDERED�IN
A�DEFINED�SEQUENCE
5HE�ELEMENTS�CAN�BE�ACCESSED�VIA�INDICES

TEXT � �-ISTS�AND�4TRINGS�CAN�BE�ACCESSED�VIA�INDICES��
PRINT	TEXT<�>
 TEXT<��>
 TEXT<��>


"DDFTTJOH�MJTUT�

CITIES � <�7IENNA�
 �-ONDON�
 �1ARIS�

�#ERLIN�
 �;URICH�
 �)AMBURG�>

PRINT	CITIES<�>

PRINT	CITIES<�>

PRINT	CITIES<��>


6OMJLF�PUIFS�QSPHSBNNJOH�MBOHVBHFT�1ZUIPO�VTFT�UIF�TBNF�TZOUBY�BOE�GVODUJPO�OBNFT�UP�XPSL�PO�TFRVFOUJBM
EBUB�UZQFT��'PS�FYBNQMF
�UIF�MFOHUI�PG�B�TUSJOH
�B�MJTU
�BOE�B�UVQMF�DBO�CF�EFUFSNJOFE�XJUI�B�GVODUJPO�DBMMFE
MFO	
�

-�4��

7IENNA
1ARIS
)AMBURG
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COUNTRIES � <�(ERMANY�
 �4WITZERLAND�
 �"USTRIA�

�'RANCE�
 �#ELGIUM�
 �/ETHERLANDS�

�&NGLAND�>

LEN	COUNTRIES
 # the length of the list, i.e. the number of objec
ts

FIB � <�
 �
 �
 �
 �
 �
 ��
 ��
 ��
 ��>
LEN	FIB


BYTES

5IF�CZUF�PCKFDU�JT�B�TFRVFODF�PG�TNBMM�JOUFHFST��5IF�FMFNFOUT�PG�B�CZUF�PCKFDU�BSF�JO�UIF�SBOHF���UP����

DPSSFTQPOEJOH�UP�"4$**�DIBSBDUFST�BOE�UIFZ�BSF�QSJOUFE�BT�TVDI�

S � �(LgCKLICHE�'gGUNG�
S@BYTES � S�ENCODE	�UTF���

S@BYTES

PYTHON LISTS

4P�GBS�XF�IBE�BMSFBEZ�VTFE�TPNF�MJTUT
�BOE�IFSF�DPNFT�B�QSPQFS�JOUSPEVDUJPO��-JTUT�BSF�SFMBUFE�UP�BSSBZT�PG
QSPHSBNNJOH�MBOHVBHFT�MJLF�$
�$���PS�+BWB
�CVU�1ZUIPO�MJTUT�BSF�CZ�GBS�NPSF�GMFYJCMF�BOE�QPXFSGVM�UIBO
�DMBTTJDBM��BSSBZT��'PS�FYBNQMF
�OPU�BMM�UIF�JUFNT�JO�B�MJTU�OFFE�UP�IBWF�UIF�TBNF�UZQF��'VSUIFSNPSF
�MJTUT�DBO
HSPX�JO�B�QSPHSBN�SVO
�XIJMF�JO�$�UIF�TJ[F�PG�BO�BSSBZ�IBT�UP�CF�GJYFE�BU�DPNQJMF�UJNF�

(FOFSBMMZ�TQFBLJOH�B�MJTU�JT�B�DPMMFDUJPO�PG�PCKFDUT��5P�CF�NPSF�QSFDJTF��"�MJTU�JO�1ZUIPO�JT�BO�PSEFSFE�HSPVQ�PG
JUFNT�PS�FMFNFOUT��*U�T�JNQPSUBOU�UP�OPUJDF�UIBU�UIFTF�MJTU�FMFNFOUT�EPO�U�IBWF�UP�CF�PG�UIF�TBNF�UZQF��*U�DBO�CF
BO�BSCJUSBSZ�NJYUVSF�PG�FMFNFOUT�MJLF�OVNCFST
�TUSJOHT
�PUIFS�MJTUT�BOE�TP�PO��5IF�MJTU�UZQF�JT�FTTFOUJBM�GPS
1ZUIPO�TDSJQUT�BOE�QSPHSBNT
�JO�PUIFS�XPSET
�ZPV�XJMM�IBSEMZ�GJOE�BOZ�TFSJPVT�1ZUIPO�DPEF�XJUIPVU�B�MJTU�

5IF�NBJO�QSPQFSUJFT�PG�1ZUIPO�MJTUT�

f 5IFZ�BSF�PSEFSFE
f 5IF�DPOUBJO�BSCJUSBSZ�PCKFDUT
f &MFNFOUT�PG�B�MJTU�DBO�CF�BDDFTTFE�CZ�BO�JOEFY
f 5IFZ�BSF�BSCJUSBSJMZ�OFTUBCMF
�J�F��UIFZ�DBO�DPOUBJO�PUIFS�MJTUT�BT�TVCMJTUT
f 7BSJBCMF�TJ[F
f 5IFZ�BSF�NVUBCMF
�J�F��UIF�FMFNFOUT�PG�B�MJTU�DBO�CF�DIBOHFE

0VUQVU� �

0VUQVU� ��

0VUQVU� B�(L=XC�=XBCCKLICHE�'=XC�=XBCGUNG�
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LIST NOTATION AND EXAMPLES

-JTU�PCKFDUT�BSF�FODMPTFE�CZ�TRVBSF�CSBDLFUT�BOE�TFQBSBUFE�CZ�DPNNBT��5IF�GPMMPXJOH�UBCMF�DPOUBJOT�TPNF
FYBNQMFT�PG�MJTUT�

List Description

<> "O�FNQUZ�MJTU

<�
�
�
�
�
�> "�MJTU�PG�JOUFHFST

<��
��8IBU�T�UIF�RVFTUJPO �
�������> "�MJTU�PG�NJYFE�EBUB�UZQFT

<�4UVUUHBSU�
��'SFJCVSH�

�.eODIFO�
��/eSOCFSH�


�8eS[CVSH�

�6MN�
�'SJFESJDITIBGFO�
�;eSJDI�


�8JFO�>

"�MJTU�PG�4USJOHT

<<�-POEPO�
�&OHMBOE�
��������>

<�1BSJT�
�'SBODF�
�������>


<�#FSO�
��4XJU[FSMBOE�
�������>>

"�OFTUFE�MJTU

<�)JHI�VQ�
�<�GVSUIFS�EPXO�
�<�BOE
EPXO�
�<�EFFQ�EPXO�
��UIF�BOTXFS�


��>>>>

"�EFFQMZ�OFTUFE�MJTU

ACCESSING LIST ELEMENTS

"TTJHOJOH�B�MJTU�UP�B�WBSJBCMF�

*O < >�
LANGUAGES � <�1YTHON�
 �$�
 �$���
 �+AVA�
 �1ERL�>

5IFSF�BSF�EJGGFSFOU�XBZT�PG�BDDFTTJOH�UIF�FMFNFOUT�PG�B�MJTU��.PTU�QSPCBCMZ�UIF�FBTJFTU�XBZ�GPS�$�QSPHSBNNFST
XJMM�CF�UISPVHI�JOEJDFT
�J�F��UIF�OVNCFST�PG�UIF�MJTUT�BSF�FOVNFSBUFE�TUBSUJOH�XJUI���

LANGUAGES � <�1YTHON�
 �$�
 �$���
 �+AVA�
 �1ERL�>
PRINT	LANGUAGES<�> � ��AND�� � LANGUAGES<�> � ��ARE�QUITE�DIFFEREN
T��

PRINT	�"CCESSING�THE�LAST�ELEMENT�OF�THE�LIST��� � LANGUAGES<��>


1YTHON�AND�$�ARE�QUITE�DIFFERENT�
"CCESSING�THE�LAST�ELEMENT�OF�THE�LIST��1ERL
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5IF�QSFWJPVT�FYBNQMF�PG�B�MJTU�IBT�CFFO�B�MJTU�XJUI�FMFNFOUT�PG�FRVBM�EBUB�UZQFT��#VU�BT�XF�TBX�CFGPSF
�MJTUT
DBO�IBWF�WBSJPVT�EBUB�UZQFT
�BT�TIPXO�JO�UIF�GPMMPXJOH�FYBNQMF�

GROUP � <�#OB�
 ��
 �(EORGE�
 ��
 �.YRIAM�
 ��>

SUBLISTS

-JTUT�DBO�IBWF�TVCMJTUT�BT�FMFNFOUT��5IFTF�TVCMJTUT�NBZ�DPOUBJO�TVCMJTUT�BT�XFMM
�J�F��MJTUT�DBO�CF�SFDVSTJWFMZ
DPOTUSVDUFE�CZ�TVCMJTU�TUSVDUVSFT�

PERSON � <<�.ARC�
 �.AYER�>

<���
�0XFORD�4TR�
 �������
 �-ONDON�>

������������>

NAME � PERSON<�>
PRINT	NAME


FIRST@NAME � PERSON<�><�>
PRINT	FIRST@NAME


LAST@NAME � PERSON<�><�>
PRINT	LAST@NAME


ADDRESS � PERSON<�>
PRINT	ADDRESS


STREET � PERSON<�><�>
PRINT	STREET


8F�DPVME�IBWF�VTFE�PVS�WBSJBCMF ADDRESS BT�XFMM�

STREET � ADDRESS<�>
PRINT	STREET


<�.ARC�
��.AYER�>

.ARC

.AYER

<���
�0XFORD�4TR�
��������
��-ONDON�>

��
�0XFORD�4TR

��
�0XFORD�4TR
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5IF�OFYU�FYBNQMF�TIPXT�B�NPSF�DPNQMFY�MJTU�XJUI�B�EFFQMZ�TUSVDUVSFE�MJTU�

COMPLEX@LIST � <<�A�
 <�B�
 <�C�
 �X�>>>>
COMPLEX@LIST � <<�A�
 <�B�
 <�C�
 �X�>>>
 ��>
COMPLEX@LIST<�><�>

COMPLEX@LIST<�><�><�><�>

CHANGING LIST
LANGUAGES � <�1YTHON�
 �$�
 �$���
 �+AVA�
 �1ERL�>
LANGUAGES<�> � �-ISP�
LANGUAGES

LANGUAGES�APPEND	�)ASKELL�

LANGUAGES

LANGUAGES�INSERT	�
 �1ERL�

LANGUAGES

SHOPPING@LIST � <�MILK�
 �YOGHURT�
 �EGG�
 �BUTTER�
 �BREAD�
 �BAN
ANAS�>

8F�HP�UP�B�WJSUVBM�TVQFSNBSLFU��'FUDI�B�DBSU�BOE�TUBSU�TIPQQJOH�

SHOPPING@LIST � <�MILK�
 �YOGHURT�
 �EGG�
 �BUTTER�
 �BREAD�
 �BAN
ANAS�>
CART � <>
#  "pop()"" removes the last element of the list and returns it
ARTICLE � SHOPPING@LIST�POP	

PRINT	ARTICLE
 SHOPPING@LIST

CART�APPEND	ARTICLE

PRINT	CART


# we go on like this:
ARTICLE � SHOPPING@LIST�POP	


0VUQVU� <�B�
�<�C�
��X�>>

0VUQVU� �C�

0VUQVU� <�1YTHON�
��$�
��$���
��+AVA�
��-ISP�>

0VUQVU� <�1YTHON�
��$�
��$���
��+AVA�
��-ISP�
��)ASKELL�>

0VUQVU� <�1YTHON�
��1ERL�
��$�
��$���
��+AVA�
��-ISP�
��)ASKELL�>
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PRINT	�SHOPPING@LIST��
 SHOPPING@LIST

CART�APPEND	ARTICLE

PRINT	�CART���
 CART


8JUI�B�XIJMF�MPPQ�

SHOPPING@LIST � <�MILK�
 �YOGHURT�
 �EGG�
 �BUTTER�
 �BREAD�
 �BAN
ANAS�>
CART � <>
while SHOPPING@LIST �� <>�

ARTICLE � SHOPPING@LIST�POP	

CART�APPEND	ARTICLE

PRINT	ARTICLE
 SHOPPING@LIST
 CART


PRINT	�SHOPPING@LIST���
 SHOPPING@LIST

PRINT	�CART���
 CART


TUPLES

"�UVQMF�JT�BO�JNNVUBCMF�MJTU
�J�F��B�UVQMF�DBOOPU�CF�DIBOHFE�JO�BOZ�XBZ
�PODF�JU�IBT�CFFO�DSFBUFE��"�UVQMF�JT
EFGJOFE�BOBMPHPVTMZ�UP�MJTUT
�FYDFQU�UIF�TFU�PG�FMFNFOUT�JT�FODMPTFE�JO�QBSFOUIFTFT�JOTUFBE�PG�TRVBSF�CSBDLFUT�
5IF�SVMFT�GPS�JOEJDFT�BSF�UIF�TBNF�BT�GPS�MJTUT��0ODF�B�UVQMF�IBT�CFFO�DSFBUFE
�ZPV�DBO�U�BEE�FMFNFOUT�UP�B�UVQMF
PS�SFNPWF�FMFNFOUT�GSPN�B�UVQMF�

8IFSF�JT�UIF�CFOFGJU�PG�UVQMFT 

h5UPLES�ARE�FASTER�THAN�LISTS�
h*F�YOU�KNOW�THAT�SOME�DATA�DOESN�T�HAVE�TO�BE�CHANGED
�YOU�SHOULD
USE�TUPLES�INSTEAD�OF�LISTS
�BECAUSE�THIS�PROTECTS�YOUR�DATA�AGAINS
T�ACCIDENTAL�CHANGES�
h5HE�MAIN�ADVANTAGE�OF�TUPLES�IS�THAT�TUPLES�CAN�BE�USED�AS�KEYS�I
N�DICTIONARIES
�WHILE�LISTS�CAN�T�

BANANAS�<�MILK�
��YOGHURT�
��EGG�
��BUTTER�
��BREAD�>
<�BANANAS�>
SHOPPING@LIST��<�MILK�
��YOGHURT�
��EGG�
��BUTTER�>
CART���<�BANANAS�
��BREAD�>

BANANAS�<�MILK�
��YOGHURT�
��EGG�
��BUTTER�
��BREAD�>�<�BANANAS�>
BREAD�<�MILK�
��YOGHURT�
��EGG�
��BUTTER�>�<�BANANAS�
��BREAD�>
BUTTER�<�MILK�
��YOGHURT�
��EGG�>�<�BANANAS�
��BREAD�
��BUTTER�>
EGG�<�MILK�
��YOGHURT�>�<�BANANAS�
��BREAD�
��BUTTER�
��EGG�>
YOGHURT�<�MILK�>�<�BANANAS�
��BREAD�
��BUTTER�
��EGG�
��YOGHURT�>
MILK�<>�<�BANANAS�
��BREAD�
��BUTTER�
��EGG�
��YOGHURT�
��MILK�>
SHOPPING@LIST���<>
CART���<�BANANAS�
��BREAD�
��BUTTER�
��EGG�
��YOGHURT�
��MILK�>
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5IF�GPMMPXJOH�FYBNQMF�TIPXT�IPX�UP�EFGJOF�B�UVQMF�BOE�IPX�UP�BDDFTT�B�UVQMF��'VSUIFSNPSF
�XF�DBO�TFF�UIBU
XF�SBJTF�BO�FSSPS
�JG�XF�USZ�UP�BTTJHO�B�OFX�WBMVF�UP�BO�FMFNFOU�PG�B�UVQMF�

T � 	�TUPLES�
 �ARE�
 �IMMUTABLE�

T<�>

T<�> � �ASSIGNMENTS�TO�ELEMENTS�ARE�NOT�POSSIBLE�

SLICING

*O�NBOZ�QSPHSBNNJOH�MBOHVBHFT�JU�DBO�CF�RVJUF�UPVHI�UP�TMJDF�B�QBSU�PG�B�TUSJOH�BOE�FWFO�IBSEFS
�JG�ZPV�MJLF�UP
BEESFTT�B��TVCBSSBZ���1ZUIPO�NBLFT�JU�WFSZ�FBTZ�XJUI�JUT�TMJDF�PQFSBUPS��4MJDJOH�JT�PGUFO�JNQMFNFOUFE�JO�PUIFS
MBOHVBHFT�BT�GVODUJPOT�XJUI�QPTTJCMF�OBNFT�MJLF��TVCTUSJOH�
��HTUS��PS��TVCTUS��

4P�FWFSZ�UJNF�ZPV�XBOU�UP�FYUSBDU�QBSU�PG�B�TUSJOH�PS�B�MJTU�JO�1ZUIPO
�ZPV�TIPVME�VTF�UIF�TMJDF�PQFSBUPS��5IF
TZOUBY�JT�TJNQMF��"DUVBMMZ�JU�MPPLT�B�MJUUMF�CJU�MJLF�BDDFTTJOH�B�TJOHMF�FMFNFOU�XJUI�BO�JOEFY
�CVU�JOTUFBE�PG�KVTU
POF�OVNCFS
�XF�IBWF�NPSF
�TFQBSBUFE�XJUI�B�DPMPO������8F�IBWF�B�TUBSU�BOE�BO�FOE�JOEFY
�POF�PS�CPUI�PG�UIFN
NBZ�CF�NJTTJOH��*U�T�CFTU�UP�TUVEZ�UIF�NPEF�PG�PQFSBUJPO�PG�TMJDF�CZ�IBWJOH�B�MPPL�BU�FYBNQMFT�

SLOGAN � �1YTHON�IS�GREAT�
FIRST@SIX � SLOGAN<���>
FIRST@SIX

STARTING@AT@FIVE � SLOGAN<��>
STARTING@AT@FIVE

A@COPY � SLOGAN<�>
WITHOUT@LAST@FIVE � SLOGAN<����>
WITHOUT@LAST@FIVE

0VUQVU� �TUPLES�

---------------------------------------------------------------------------
TypeError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-13-fa4ace6c4d57> IN �MODULE�
----> 1 T[0]="assignments to elements are not possible"

TypeError���TUPLE��OBJECT�DOES�NOT�SUPPORT�ITEM�ASSIGNMENT

0VUQVU� �1YTHON�

0VUQVU� �N�IS�GREAT�

0VUQVU� �1YTHON�IS��
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4ZOUBDUJDBMMZ
�UIFSF�JT�OP�EJGGFSFODF�PO�MJTUT��8F�XJMM�SFUVSO�UP�PVS�QSFWJPVT�FYBNQMF�XJUI�&VSPQFBO�DJUZ�OBNFT�

CITIES � <�7IENNA�
 �-ONDON�
 �1ARIS�
 �#ERLIN�
 �;URICH�
 �)AMBUR
G�>
FIRST@THREE � CITIES<���>
# or easier:
���
FIRST@THREE � CITIES<��>
PRINT	FIRST@THREE


/PX�XF�FYUSBDU�BMM�DJUJFT�FYDFQU�UIF�MBTU�UXP
�J�F���;VSJDI��BOE��)BNCVSH��

ALL@BUT@LAST@TWO � CITIES<���>
PRINT	ALL@BUT@LAST@TWO


4MJDJOH�XPSLT�XJUI�UISFF�BSHVNFOUT�BT�XFMM��*G�UIF�UIJSE�BSHVNFOU�JT�GPS�FYBNQMF��
�POMZ�FWFSZ�UIJSE�FMFNFOU�PG
UIF�MJTU
�TUSJOH�PS�UVQMF�GSPN�UIF�SBOHF�PG�UIF�GJSTU�UXP�BSHVNFOUT�XJMM�CF�UBLFO�

*G�T�JT�B�TFRVFOUJBM�EBUB�UZQF
�JU�XPSLT�MJLF�UIJT�

S<BEGIN��END��STEP>

5IF�SFTVMUJOH�TFRVFODF�DPOTJTUT�PG�UIF�GPMMPXJOH�FMFNFOUT�

S<BEGIN>
�S<BEGIN�������STEP>
�����S<BEGIN���I���STEP>�FOR�ALL�	BE
GIN���I���STEP
���END�

*O�UIF�GPMMPXJOH�FYBNQMF�XF�EFGJOF�B�TUSJOH�BOE�XF�QSJOU�FWFSZ�UIJSE�DIBSBDUFS�PG�UIJT�TUSJOH�

SLOGAN � �1YTHON�UNDER�-INUX�IS�GREAT�
SLOGAN<���>

5IF�GPMMPXJOH�TUSJOH
�XIJDI�MPPLT�MJLF�B�MFUUFS�TBMBE
�DPOUBJOT�UXP�TFOUFODFT��0OF�PG�UIFN�DPOUBJOT�DPWFSU
BEWFSUJTJOH�PG�NZ�1ZUIPO�DPVSTFT�JO�$BOBEB�

<�7IENNA�
��-ONDON�
��1ARIS�>

<�7IENNA�
��-ONDON�
��1ARIS�
��#ERLIN�>

0VUQVU� �1H�D�N��E�
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�51OYRTOHNOTNO��CIOSU�RTSHEES��LIANR�G5EOSRTO�N$TIOT�YB�YI�N#�O$DA
ENNASDEAO�

5SZ�UP�GJOE�PVU�UIF�IJEEFO�TFOUFODF�VTJOH�4MJDJOH��5IF�TPMVUJPO�DPOTJTUT�PG���TUFQT�

S � �51OYRTOHNOTNO��CIOSU�RTSHEES��LIANR�G5EOSRTO�N$TIOT�YB�YI�N#
O$DAENNASDEAO�
PRINT	S


S<���>

S<����>

:PV�NBZ�CF�JOUFSFTUFE�JO�IPX�XF�DSFBUFE�UIF�TUSJOH��:PV�IBWF�UP�VOEFSTUBOE�MJTU�DPNQSFIFOTJPO�UP�VOEFSTUBOE
UIF�GPMMPXJOH�

S � �5ORONTO�IS�THE�LARGEST�$ITY�IN�$ANADA�
T � �1YTHON�COURSES�IN�5ORONTO�BY�#ODENSEO�
S � ���JOIN	<���JOIN	X
 for X in ZIP	S
T
>

S

LENGTH

-FOHUI�PG�B�TFRVFODF
�J�F��B�MJTU
�B�TUSJOH�PS�B�UVQMF
�DBO�CF�EFUFSNJOFE�XJUI�UIF�GVODUJPO
MFO	
��'PS�TUSJOHT�JU�DPVOUT�UIF�OVNCFS�PG�DIBSBDUFST
�BOE�GPS�MJTUT�PS�UVQMFT�UIF�OVNCFS�PG
FMFNFOUT�BSF�DPVOUFE
�XIFSFBT�B�TVCMJTU�DPVOUT�BT�POF�FMFNFOU�

TXT � �)ELLO�8ORLD�
LEN	TXT


A � <�4WEN�
 ��
 ����
 �#ASEL�>
LEN	A


51OYRTOHNOTNO��CIOSU�RTSHEES��LIANR�G5EOSRTO�N$TIOT�YB�YI�N#�O$DAE
NNASDEAO

0VUQVU� �5ORONTO�IS�THE�LARGEST�$ITY�IN�$ANADA�

0VUQVU� �1YTHON�COURSES�IN�5ORONTO�BY�#ODENSEO�

0VUQVU� �51OYRTOHNOTNO��CIOSU�RTSHEES��LIANR�G5EOSRTO�N$TIOT�YB�YI�N
#�O$DAENNASDEAO�

0VUQVU� ��
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CONCATENATION OF SEQUENCES

$PNCJOJOH�UXP�TFRVFODFT�MJLF�TUSJOHT�PS�MJTUT�JT�BT�FBTZ�BT�BEEJOH�UXP�OVNCFST�UPHFUIFS��&WFO�UIF�PQFSBUPS
TJHO�JT�UIF�TBNF��5IF�GPMMPXJOH�FYBNQMF�TIPXT�IPX�UP�DPODBUFOBUF�UXP�TUSJOHT�JOUP�POF�

FIRSTNAME � �)OMER�
SURNAME � �4IMPSON�
NAME � FIRSTNAME � ��� � SURNAME
PRINT	NAME


*U�T�BT�TJNQMF�GPS�MJTUT�

COLOURS� � <�RED�
 �GREEN�
�BLUE�>
COLOURS� � <�BLACK�
 �WHITE�>
COLOURS � COLOURS� � COLOURS�
PRINT	COLOURS


5IF�BVHNFOUFE�BTTJHONFOU������XIJDI�JT�XFMM�LOPXO�GPS�BSJUINFUJD�BTTJHONFOUT�XPSL�GPS�TFRVFODFT�BT�XFMM�

T����U

JT�TZOUBDUJDBMMZ�UIF�TBNF�BT�

T���T���U

#VU�JU�JT�POMZ�TZOUBDUJDBMMZ�UIF�TBNF��5IF�JNQMFNFOUBUJPO�JT�EJGGFSFOU��*O�UIF�GJSTU�DBTF�UIF�MFGU�TJEF�IBT�UP�CF
FWBMVBUFE�POMZ�PODF��"VHNFOU�BTTJHONFOUT�NBZ�CF�BQQMJFE�GPS�NVUBCMF�PCKFDUT�BT�BO�PQUJNJ[BUJPO�

CHECKING IF AN ELEMENT IS CONTAINED IN LIST

*U�T�FBTZ�UP�DIFDL
�JG�BO�JUFN�JT�DPOUBJOFE�JO�B�TFRVFODF��8F�DBO�VTF�UIF��JO��PS�UIF��OPU�JO��PQFSBUPS�GPS�UIJT
QVSQPTF��5IF�GPMMPXJOH�FYBNQMF�TIPXT�IPX�UIJT�PQFSBUPS�DBO�CF�BQQMJFE�

ABC � <�A�
�B�
�C�
�D�
�E�>
�A� in ABC

�A� not in ABC

0VUQVU� �

)OMER�4IMPSON

<�RED�
��GREEN�
��BLUE�
��BLACK�
��WHITE�>

0VUQVU� 5RUE
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�E� not in ABC

�F� not in ABC

SLOGAN � �1YTHON�IS�EASY��
�Y� in SLOGAN

�X� in SLOGAN

REPETITIONS

4P�GBS�XF�IBE�B�� � ��PQFSBUPS�GPS�TFRVFODFT��5IFSF�JT�B�� � ��PQFSBUPS�BWBJMBCMF�BT�XFMM��0G�DPVSTF
�UIFSF�JT�OP
�NVMUJQMJDBUJPO��CFUXFFO�UXP�TFRVFODFT�QPTTJCMF��� � ��JT�EFGJOFE�GPS�B�TFRVFODF�BOE�BO�JOUFHFS
�J�F���T � O�
PS��O � T���*U�T�B�LJOE�PG�BCCSFWJBUJPO�GPS�BO�O�UJNFT�DPODBUFOBUJPO
�J�F�

TUS � �

JT�UIF�TBNF�BT

TUS���TUS���TUS���TUS

'VSUIFS�FYBNQMFT�

� � �XYZ��

�XYZ�� � �

� � <�A�
�B�
�C�>

5IF�BVHNFOUFE�BTTJHONFOU�GPS����#!-�"%�31%$�!1�5%++��1 ��O�JT�UIF�TBNF�BT�T���T���O�

0VUQVU� 'ALSE

0VUQVU� 'ALSE

0VUQVU� 5RUE

0VUQVU� 5RUE

0VUQVU� 'ALSE

0VUQVU� �XYZ�XYZ�XYZ��

0VUQVU� �XYZ�XYZ�XYZ��

0VUQVU� <�A�
��B�
��C�
��A�
��B�
��C�
��A�
��B�
��C�>
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THE PITFALLS OF REPETITIONS

*O�PVS�QSFWJPVT�FYBNQMFT�XF�BQQMJFE�UIF�SFQFUJUJPO�PQFSBUPS�PO�TUSJOHT�BOE�GMBU�MJTUT��8F�DBO�BQQMZ�JU�UP�OFTUFE
MJTUT�BT�XFMM�

X � <�A�
�B�
�C�>
Y � <X> � �
Y

Y<�><�> � �P�
Y

5IJT�SFTVMU�JT�RVJUF�BTUPOJTIJOH�GPS�CFHJOOFST�PG�1ZUIPO�QSPHSBNNJOH��8F
IBWF�BTTJHOFE�B�OFX�WBMVF�UP�UIF�GJSTU�FMFNFOU�PG�UIF�GJSTU�TVCMJTU�PG�Z
�J�F�
Z<�><�>�BOE�XF�IBWF��BVUPNBUJDBMMZ��DIBOHFE�UIF�GJSTU�FMFNFOUT�PG�BMM�UIF
TVCMJTUT�JO�Z
�J�F��Z<�><�>
�Z<�><�>
�Z<�><�>�

5IF�SFBTPO�JT�UIBU�UIF�SFQFUJUJPO�PQFSBUPS�������DSFBUFT���SFGFSFODFT�UP�UIF
MJTU�Y��BOE�TP�JU�T�DMFBS�UIBU�FWFSZ�FMFNFOU�PG�Z�JT�DIBOHFE
�JG�XF�BQQMZ�B�OFX
WBMVF�UP�Z<�><�>�

0VUQVU� <<�A�
��B�
��C�>
�<�A�
��B�
��C�>
�<�A�
��B�
��C�>
�<�A�

�B�
��C�>>

0VUQVU� <<�P�
��B�
��C�>
�<�P�
��B�
��C�>
�<�P�
��B�
��C�>
�<�P�

�B�
��C�>>
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L I S T S

CHANGING LISTS

5IJT�DIBQUFS�PG�PVS�UVUPSJBM�EFBMT�XJUI�GVSUIFS�BTQFDUT�PG�MJTUT��:PV�XJMM�MFBSO
IPX�UP�BQQFOE�BOE�JOTFSU�PCKFDUT�UP�MJTUT�BOE�ZPV�XJMM�BMTP�MFBSO�IPX�UP
EFMFUF�BOE�SFNPWF�FMFNFOUT�CZ�VTJOH��SFNPWF��BOE��QPQ��

"�MJTU�DBO�CF�TFFO�BT�B�TUBDL��"�TUBDL�JO�DPNQVUFS�TDJFODF�JT�B�EBUB
TUSVDUVSF
�XIJDI�IBT�BU�MFBTU�UXP�PQFSBUJPOT��POF�XIJDI�DBO�CF�VTFE�UP�QVU
PS�QVTI�EBUB�PO�UIF�TUBDL
�BOE�BOPUIFS�POF�UP�UBLF�BXBZ�UIF�NPTU�VQQFS
FMFNFOU�PG�UIF�TUBDL��5IF�XBZ�PG�XPSLJOH�DBO�CF�JNBHJOFE�XJUI�B�TUBDL�PG
QMBUFT��*G�ZPV�OFFE�B�QMBUF�ZPV�XJMM�VTVBMMZ�UBLF�UIF�NPTU�VQQFS�POF��5IF
VTFE�QMBUFT�XJMM�CF�QVU�CBDL�PO�UIF�UPQ�PG�UIF�TUBDL�BGUFS�DMFBOJOH��*G�B
QSPHSBNNJOH�MBOHVBHF�TVQQPSUT�B�TUBDL�MJLF�EBUB�TUSVDUVSF
�JU�XJMM�BMTP
TVQQMZ�BU�MFBTU�UXP�PQFSBUJPOT�

hPUSH
5HIS�METHOD�IS�USED�TO�PUT�A�NEW�OBJECT�ON�THE
STACK��%EPENDING�ON�THE�POINT�OF�VIEW
�WE�SAY�T
HAT�WE��PUSH��THE�OBJECT�ON�TOP�OR�ATTACH�IT�T
O�THE�RIGHT�SIDE��1YTHON�DOESN�T�OFFER���CONTRA
RY�TO�OTHER�PROGRAMMING�LANGUAGES���NO�METHOD�WITH�THE�NAME��PUS
H�
�BUT�THE�METHOD��APPEND��HAS�THE�SAME�FUNCTIONALITY�
hPOP
5HIS�METHOD�RETURNS�THE�TOP�ELEMENT�OF�THE�STACK��5HE�OBJECT�WILL�B
E�REMOVED�FROM�THE�STACK�AS�WELL�
hPEEK
4OME�PROGRAMMING�LANGUAGES�PROVIDE�ANOTHER�METHOD
�WHICH�CAN�BE�USE
D�TO�VIEW�WHAT�IS�ON�THE�TOP�OF�THE�STACK�WITHOUT�REMOVING�THIS�ELE
MENT��5HE�1YTHON�LIST�CLASS�DOESN�T�POSSESS�SUCH�A�METHOD
�BECAUSE
IT�IS�NOT�NEEDED��"�PEEK�CAN�BE�SIMULATED�BY�ACCESSING�THE�ELEMENT
WITH�THE�INDEX����

LST � <�EASY�
 �SIMPLE�
 �CHEAP�
 �FREE�>
LST<��>

POP AND APPEND

fMTU�BQQFOE	Y


5IJT�NFUIPE�BQQFOET�BO�FMFNFOU�UP�UIF�FOE�PG�UIF�MJTU��MTU��

LST � <�
 �
 �>

0VUQVU� �FREE�
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LST�APPEND	��

LST

*U�T�JNQPSUBOU�UP�VOEFSTUBOE�UIBU�BQQFOE�SFUVSOT��/POF���*O�PUIFS�XPSET
�JU�VTVBMMZ�EPFTO�U�NBLF�TFOTF�UP
SFBTTJHO�UIF�SFUVSO�WBMVF�

LST � <�
 �
 �>
LST � LST�APPEND	��

PRINT	LST


fMTU�QPQ	J


�QPQ��SFUVSOT�UIF�	J
UI�FMFNFOU�PG�B�MJTU��MTU���5IF�FMFNFOU�XJMM�CF�SFNPWFE�GSPN�UIF�MJTU�BT�XFMM�

CITIES � <�)AMBURG�
 �-INZ�
 �4ALZBURG�
 �7IENNA�>
CITIES�POP	�


CITIES

CITIES�POP	�


CITIES

5IF�NFUIPE��QPQ��SBJTFT�BO�*OEFY&SSPS�FYDFQUJPO
�JG�UIF�MJTU�JT�FNQUZ�PS�UIF�JOEFY�JT�PVU�PG�SBOHF�

fT�QPQ	


5IF�NFUIPE��QPQ��DBO�CF�DBMMFE�XJUIPVU�BO�BSHVNFOU��*O�UIJT�DBTF
�UIF�MBTU�FMFNFOU�XJMM�CF�SFUVSOFE��4P�T�QPQ	

JT�FRVJWBMFOU�UP�T�QPQ	��
�

CITIES � <�"MSTERDAM�
 �5HE�)AGUE�
 �4TRASBOURG�>
CITIES�POP	


0VUQVU� <�
��
��
���>

/ONE

0VUQVU� �)AMBURG�

0VUQVU� <�-INZ�
��4ALZBURG�
��7IENNA�>

0VUQVU� �4ALZBURG�

0VUQVU� <�-INZ�
��7IENNA�>

0VUQVU� �4TRASBOURG�
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CITIES

EXTEND

8F�TBX�UIBU�JU�JT�FBTZ�UP�BQQFOE�BO�PCKFDU�UP�B�MJTU��8IBU�BCPVU�BEEJOH�NPSF�UIBO�POF�FMFNFOU�UP�B�MJTU �.BZCF

ZPV�XBOU�UP�BEE�BMM�UIF�FMFNFOUT�PG�BOPUIFS�MJTU�UP�ZPVS�MJTU��*G�ZPV�VTF�BQQFOE
�UIF�PUIFS�MJTU�XJMM�CF�BQQFOEFE
BT�B�TVCMJTU
�BT�XF�DBO�TFF�JO�UIF�GPMMPXJOH�FYBNQMF�

LST � <��
��
��>
LST� � <�
��>
LST�APPEND	LST�

LST

'PS�UIJT�QVSQPTF
�1ZUIPO�QSPWJEFT�UIF�NFUIPE��FYUFOE���*U�FYUFOET�B�MJTU�CZ�BQQFOEJOH�BMM�UIF�FMFNFOUT�PG�BO
JUFSBCMF�MJLF�B�MJTU
�B�UVQMF�PS�B�TUSJOH�UP�B�MJTU�

LST � <��
��
��>
LST� � <�
��>
LST�EXTEND	LST�

LST

"T�XF�IBWF�NFOUJPOFE
�UIF�BSHVNFOU�PG��FYUFOE��EPFTO�U�IBWF�UP�CF�B�MJTU��*U�DBO�CF�BOZ�LJOE�PG�JUFSBCMF��5IBU�JT

XF�DBO�VTF�UVQMFT�BOE�TUSJOHT�BT�XFMM�

LST � <�A�
 �B�
 �C�>
PROGRAMMING@LANGUAGE � �1YTHON�
LST�EXTEND	PROGRAMMING@LANGUAGE

PRINT	LST


/PX�XJUI�B�UVQMF�

LST � <�+AVA�
 �$�
 �1)1�>
T � 	�$��
 �+YTHON�
 �1YTHON�
 �*RON1YTHON�

LST�EXTEND	T

LST

0VUQVU� <�"MSTERDAM�
��5HE�)AGUE�>

0VUQVU� <��
���
���
�<�
���>>

0VUQVU� <��
���
���
��
���>

<�A�
��B�
��C�
��1�
��Y�
��T�
��H�
��O�
��N�>

0VUQVU� <�+AVA�
��$�
��1)1�
��$��
��+YTHON�
��1YTHON�
��*RON1YTHON�>
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EXTENDING AND APPENDING LISTS WITH THE '+' OPERATOR

5IFSF�JT�BO�BMUFSOBUJWF�UP��BQQFOE��BOE��FYUFOE�������DBO�CF�VTFE�UP�DPNCJOF�MJTUT�

LEVEL � <�BEGINNER�
 �INTERMEDIATE�
 �ADVANCED�>
OTHER@WORDS � <�NOVICE�
 �EXPERT�>
LEVEL � OTHER@WORDS

#F�DBSFGVM��/FWFS�FWFS�EP�UIF�GPMMPXJOH�

- � <�
 �>
- � - � <��>
-

&WFO�UIPVHI�XF�HFU�UIF�TBNF�SFTVMU
�JU�JT�OPU�BO�BMUFSOBUJWF�UP��BQQFOE��BOE��FYUFOE��

- � <�
 �>
-�APPEND	��

-

- � <�
 �>
-�EXTEND	<��>

-

5IF�BVHNFOUFE�BTTJHONFOU�	��
�JT�BO�BMUFSOBUJWF�

- � <�
 �>
- �� <��>
-

*O�UIF�GPMMPXJOH�FYBNQMF
�XF�XJMM�DPNQBSF�UIF�EJGGFSFOU�BQQSPBDIFT�BOE�DBMDVMBUF�UIFJS�SVO�UJNFT��5P
VOEFSTUBOE�UIF�GPMMPXJOH�QSPHSBN
�ZPV�OFFE�UP�LOPX�UIBU�UJNF�UJNF	
�SFUVSOT�B�GMPBU�OVNCFS
�UIF�UJNF�JO
TFDPOET�TJODF�UIF�TP�DBMMFE�

5IF�&QPDI�����UJNF�UJNF	
���TUBSU@UJNF�DBMDVMBUFT�UIF�UJNF�JO�TFDPOET�VTFE�GPS�UIF
GPS�MPPQT�

0VUQVU� <�BEGINNER�
��INTERMEDIATE�
��ADVANCED�
��NOVICE�
��EXPERT�>

0VUQVU� <�
��
���>

0VUQVU� <�
��
���>

0VUQVU� <�
��
���>

0VUQVU� <�
��
���>
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import time

N� ������

START@TIME � TIME�TIME	

L � <>
for I in RANGE	N
�

L � L � <I � �>
PRINT	TIME�TIME	
 � START@TIME


START@TIME � TIME�TIME	

L � <>
for I in RANGE	N
�

L �� <I � �>
PRINT	TIME�TIME	
 � START@TIME


START@TIME � TIME�TIME	

L � <>
for I in RANGE	N
�

L�APPEND	I � �

PRINT	TIME�TIME	
 � START@TIME


5IJT�QSPHSBN�SFUVSOT�TIPDLJOH�SFTVMUT�

8F�DBO�TFF�UIBU�UIF�����PQFSBUPS�JT�BCPVU������UJNFT�TMPXFS�UIBO�UIF�BQQFOE�NFUIPE��5IF�FYQMBOBUJPO�JT�FBTZ�
*G�XF�VTF�UIF�BQQFOE�NFUIPE
�XF�XJMM�TJNQMZ�BQQFOE�B�GVSUIFS�FMFNFOU�UP�UIF�MJTU�JO�FBDI�MPPQ�QBTT��/PX�XF
DPNF�UP�UIF�GJSTU�MPPQ
�JO�XIJDI�XF�VTF�M���M���<J����>��5IF�MJTU�XJMM�CF�DPQJFE�JO�FWFSZ�MPPQ�QBTT��5IF�OFX
FMFNFOU�XJMM�CF�BEEFE�UP�UIF�DPQZ�PG�UIF�MJTU�BOE�SFTVMU�XJMM�CF�SFBTTJHOFE�UP�UIF�WBSJBCMF�M��"GUFS�UIBU
�UIF�PME
MJTU�XJMM�IBWF�UP�CF�SFNPWFE�CZ�1ZUIPO
�CFDBVTF�JU�JT�OPU�SFGFSFODFE�BOZNPSF��8F�DBO�BMTP�TFF�UIBU�UIF�WFSTJPO
XJUI�UIF�BVHNFOUFE�BTTJHONFOU�	����

�UIF�MPPQ�JO�UIF�NJEEMF
�JT�POMZ�TMJHIUMZ�TMPXFS�UIBO�UIF�WFSTJPO�VTJOH
�BQQFOE��

REMOVING AN ELEMENT WITH REMOVE

*U�JT�QPTTJCMF�UP�SFNPWF�B�DFSUBJO�WBMVF�GSPN�B�MJTU�XJUIPVU�LOPXJOH�UIF�QPTJUJPO�XJUI�UIF�NFUIPE��SFNPWF���

S�REMOVE	X


������������������

�������������������

�������������������
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5IJT�DBMM�XJMM�SFNPWF�UIF�GJSTU�PDDVSSFODF�PG��Y��GSPN�UIF�MJTU��T���*G��Y��JT�OPU�JO�UIF�MJTU
�B�7BMVF&SSPS�XJMM�CF
SBJTFE��8F�XJMM�DBMM�UIF�SFNPWF�NFUIPE�UISFF�UJNFT�JO�UIF�GPMMPXJOH�FYBNQMF�UP�SFNPWF�UIF�DPMPVS��HSFFO���"T
UIF�DPMPVS��HSFFO��PDDVSST�POMZ�UXJDF�JO�UIF�MJTU
�XF�HFU�B�7BMVF&SSPS�BU�UIF�UIJSE�UJNF�

COLOURS � <�RED�
 �GREEN�
 �BLUE�
 �GREEN�
 �YELLOW�>
COLOURS�REMOVE	�GREEN�

COLOURS

COLOURS�REMOVE	�GREEN�

COLOURS

COLOURS�REMOVE	�GREEN�


FIND THE POSITION OF AN ELEMENT IN A LIST

5IF�NFUIPE��JOEFY��DBO�CF�VTFE�UP�GJOE�UIF�QPTJUJPO�PG�BO�FMFNFOU�XJUIJO�B�MJTU�

S�INDEX	X<
�I<
�J>>


*U�SFUVSOT�UIF�GJSTU�JOEFY�PG�UIF�WBMVF�Y��"�7BMVF&SSPS�XJMM�CF�SBJTFE
�JG�UIF�WBMVF�JT�OPU�QSFTFOU��*G�UIF�PQUJPOBM
QBSBNFUFS�J�JT�HJWFO
�UIF�TFBSDI�XJMM�TUBSU�BU�UIF�JOEFY�J��*G�K�JT�BMTP�HJWFO
�UIF�TFBSDI�XJMM�TUPQ�BU�QPTJUJPO�K�

COLOURS � <�RED�
 �GREEN�
 �BLUE�
 �GREEN�
 �YELLOW�>
COLOURS�INDEX	�GREEN�


COLOURS�INDEX	�GREEN�
 �


COLOURS�INDEX	�GREEN�
 �
�


0VUQVU� <�RED�
��BLUE�
��GREEN�
��YELLOW�>

0VUQVU� <�RED�
��BLUE�
��YELLOW�>

---------------------------------------------------------------------------
ValueError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-26-278a6b3f3483> IN �MODULE�
----> 1 COLOURS.REMOVE("green")

ValueError��LIST�REMOVE	X
��X�NOT�IN�LIST

0VUQVU� �

0VUQVU� �

0VUQVU� �
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COLOURS�INDEX	�BLACK�


INSERT

8F�IBWF�MFBSOFE�UIBU�XF�DBO�QVU�BO�FMFNFOU�UP�UIF�FOE�PG�B�MJTU�CZ�VTJOH�UIF�NFUIPE��BQQFOE���5P�XPSL
FGGJDJFOUMZ�XJUI�B�MJTU
�XF�OFFE�BMTP�B�XBZ�UP�BEE�FMFNFOUT�UP�BSCJUSBSZ�QPTJUJPOT�JOTJEF�PG�B�MJTU��5IJT�DBO�CF
EPOF�XJUI�UIF�NFUIPE��JOTFSU��

S�INSERT	INDEX
�OBJECT


"O�PCKFDU��PCKFDU��XJMM�CF�JODMVEFE�JO�UIF�MJTU��T����PCKFDU��XJMM�CF�QMBDFE�CFGPSF�UIF�FMFNFOU�T<JOEFY>��T<JOEFY>
XJMM�CF��PCKFDU��BOE�BMM�UIF�PUIFS�FMFNFOUT�XJMM�CF�NPWFE�POF�UP�UIF�SJHIU�

LST � <�(ERMAN�IS�SPOKEN�
 �IN�(ERMANY
�
 �"USTRIA�
 �4WITZERLAN
D�>
LST�INSERT	�
 �AND�

LST

5IF�GVODUJPOBMJUZ�PG�UIF�NFUIPE��BQQFOE��DBO�CF�TJNVMBUFE�XJUI�JOTFSU�JO�UIF�GPMMPXJOH�XBZ�

ABC � <�A�
�B�
�C�>
ABC�INSERT	LEN	ABC

�D�

ABC

'PPUOPUFT�

��&QPDI�UJNF�	BMTP�LOPXO�BT�6OJY�UJNF�PS�104*9�UJNF
�JT�B�TZTUFN�GPS�EFTDSJCJOH�JOTUBOUT�JO�UJNF
�EFGJOFE�BT
UIF�OVNCFS�PG�TFDPOET�UIBU�IBWF�FMBQTFE�TJODF����������$PPSEJOBUFE�6OJWFSTBM�5JNF�	65$

�5IVSTEBZ
��
+BOVBSZ�����
�OPU�DPVOUJOH�MFBQ�TFDPOET�

---------------------------------------------------------------------------
ValueError 5RACEBACK�	MOST�RECENT�CALL�LAST

<ipython-input-30-b6026e7dbb87> IN �MODULE�
----> 1 COLOURS.INDEX("black")

ValueError���BLACK��IS�NOT�IN�LIST

0VUQVU� <�(ERMAN�IS�SPOKEN�
��IN�(ERMANY
�
��"USTRIA�
��AND�
��4WITZE
RLAND�>

0VUQVU� <�A�
��B�
��C�
��D�>

-*454 ��



S H A L L O W  A N D  D E E P  C O P Y

INTRODUCTION

*O�UIJT�DIBQUFS
�XF�XJMM�DPWFS�UIF�RVFTUJPO�PG�IPX�UP�DPQZ
MJTUT�BOE�OFTUFE�MJTUT��5IF�QSPCMFNT�XIJDI�XF�XJMM
FODPVOUFS�BSF�HFOFSBM�QSPCMFNT�PG�NVUBCMF�EBUB�UZQFT�
5SZJOH�UP�DPQZ�MJTUT�DBO�CF�B�TUVNQJOH�FYQFSJFODF�GPS
OFXCJFT��#VU�CFGPSF
�XF�XPVME�MJLF�UP�TVNNBSJ[F�TPNF
JOTJHIUT�GSPN�UIF�QSFWJPVT�DIBQUFS��%BUB�5ZQFT�BOE
7BSJBCMFT���1ZUIPO�FWFO�TIPXT�B�TUSBOHF�CFIBWJPVS�GPS�UIF
CFHJOOFST�PG�UIF�MBOHVBHF���JO�DPNQBSJTPO�XJUI�TPNF�PUIFS
USBEJUJPOBM�QSPHSBNNJOH�MBOHVBHFT���XIFO�BTTJHOJOH�BOE
DPQZJOH�TJNQMF�EBUB�UZQFT�MJLF�JOUFHFST�BOE�TUSJOHT��5IF�EJGGFSFODF�CFUXFFO�TIBMMPX�BOE�EFFQ�DPQZJOH�JT�POMZ
SFMFWBOU�GPS�DPNQPVOE�PCKFDUT
�J�F��PCKFDUT�DPOUBJOJOH�PUIFS�PCKFDUT
�MJLF�MJTUT�PS�DMBTT�JOTUBODFT�

*O�UIF�GPMMPXJOH�DPEF�TOJQQFU
�Z�QPJOUT�UP�UIF�TBNF�NFNPSZ�MPDBUJPO�BT�9��8F�DBO�TFF�UIJT�CZ�BQQMZJOH�UIF�JE	

GVODUJPO�PO�Y�BOE�Z��)PXFWFS
�VOMJLF��SFBM��QPJOUFST�MJLF�UIPTF�JO�$�BOE�$��
�UIJOHT�DIBOHF
�XIFO�XF�BTTJHO�B
OFX�WBMVF�UP�Z��*O�UIJT�DBTF�Z�XJMM�SFDFJWF�B�TFQBSBUF�NFNPSZ�MPDBUJPO
�BT�XF�IBWF�TFFO�JO�UIF�DIBQUFS��%BUB
5ZQFT�BOE�7BSJBCMFT��BOE�DBO�TFF�JO�UIF�GPMMPXJOH�FYBNQMF�

X � �
Y � X
PRINT	ID	X

 ID	Y



Y � �
PRINT	ID	X

 ID	Y



PRINT	X
Y


#VU�FWFO�JG�UIJT�JOUFSOBM�CFIBWJPVS�BQQFBST�TUSBOHF�DPNQBSFE�UP�QSPHSBNNJOH�MBOHVBHFT�MJLF�$
�$��
�1FSM�PS
+BWB
�UIF�PCTFSWBCMF�SFTVMUT�PG�UIF�QSFWJPVT�BTTJHONFOUT�BSF�XIBU�XF�FYQSFDUFE
�J�F��JG�ZPV�EP�OPU�MPPL�BU�UIF�JE
WBMVFT��)PXFWFS
�JU�DBO�CF�QSPCMFNBUJD
�JG�XF�DPQZ�NVUBCMF�PCKFDUT�MJLF�MJTUT�BOE�EJDUJPOBSJFT�

1ZUIPO�DSFBUFT�POMZ�SFBM�DPQJFT
�JG�JU�IBT�UP
�J�F��JG�UIF�VTFS
�UIF�QSPHSBNNFS
�FYQMJDJUMZ�EFNBOET�JU�

8F�XJMM�JOUSPEVDF�ZPV�UP�UIF�NPTU�DSVDJBM�QSPCMFNT
�XIJDI�DBO�PDDVS�XIFO�DPQZJOH�NVUBCMF�PCKFDUT�TVDI�BT
MJTUT�BOE�EJDUJPOBSJFT�

�����������������������������

�����������������������������

���
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VARIABLES SHARING AN OBJECT

:PV�BSF�PO�UIJT�QBHF�UP�MFBSO�BCPVU�DPQZJOH�PCKFDUT
�FTQFDJBMMZ�MJTUT��/FWFSUIFMFTT
�ZPV�OFFE�UP�FYFSDJTF
QBUJFODF��8F�XBOU�UP�TIPX�TPNFUIJOH�UIBU�MPPLT�MJLF�B�DPQZ�UP�NBOZ�CFHJOOFST�CVU�IBT�OPUIJOH�UP�EP�XJUI
DPQJFT�

COLOURS� � <�RED�
 �BLUE�>
COLOURS� � COLOURS�
PRINT	COLOURS�
 COLOURS�


#PUI�WBSJBCMFT�SFGFSFODF�UIF�TBNF�MJTU�PCKFDU��*G�XF�MPPL�BU�UIF�JEFOUJUJFT�PG�UIF�WBSJBCMFT COLOURS� BOE
COLOURS� 
�XF�DBO�TFF�UIBU�CPUI�BSF�SFGFSFODFT�UP�UIF�TBNF�PCKFDU�

PRINT	ID	COLOURS�

 ID	COLOURS�



*O�UIF�FYBNQMF�BCPWF�B�TJNQMF�MJTU�JT�BTTJHOFE�UP�DPMPVST���5IJT�MJTU�JT�B�TP�DBMMFE��TIBMMPX�MJTU�
�CFDBVTF�JU
EPFTO�U�IBWF�B�OFTUFE�TUSVDUVSF
�J�F��OP�TVCMJTUT�BSF�DPOUBJOFE�JO�UIF�MJTU��*O�UIF�OFYU�TUFQ�XF�BTTJHO�DPMPVST��UP
DPMPVST��

5IF�JE	
�GVODUJPO�TIPXT�VT�UIBU�CPUI�WBSJBCMFT�QPJOU�BU�UIF�TBNF�MJTU�PCKFDU
�J�F��UIFZ�TIBSF�UIJT�PCKFDU�

8F�IBWF�UXP�WBSJBCMF�OBNFT
COLOURS� BOE COLOURS� 
�XIJDI
XF�IBWF�EFQJDUFE�BT�ZFMMPX�PWBMT��5IF
CMVF�CPY�TZNCPMJ[FT�UIF�MJTU�PCKFDU��"�MJTU
PCKFDU�DPOTJTUT�PG�SFGFSFODFT�UP�PUIFS
PCKFDUT��*O�PVS�FYBNQMF�UIF�MJTU�PCKFDU

XIJDI�JT�SFGFSFODFE�CZ�CPUI�WBSJBCMFT

SFGFSFODFT�UXP�TUSJOH�PCKFDUT
�J�F���SFE�
BOE��CMVF���/PX�XF�IBWF�UP�FYBNJOF

XIBU�XJMM�IBQQFO
�JG�XF�DIBOHF�KVTU�POF
FMFNFOU�PG�UIF�MJTU�PG COLOURS� PS
COLOURS� �

/PX�XF�XBOU�UP�TFF
�XIBU�IBQQFOT
�JG�XF�BTTJHO�B�OFX�PCKFDU�UP COLOURS� ��"T�FYQFDUFE
�UIF�WBMVFT�PG
COLOURS� SFNBJO�VODIBOHFE��-JLF�JU�XBT�JO�PVS�FYBNQMF�JO�UIF�DIBQUFS��%BUB�5ZQFT�BOE�7BSJBCMFT�
�B�OFX
NFNPSZ�MPDBUJPO�IBE�CFFO�BMMPDBUFE�GPS COLOURS� 
�BT�XF�IBWF�BTTJHOFE�B�DPNQMFUFMZ�OFX�MJTU
�J�F��B�OFX
MJTU�PCKFDU�UP�UIJT�WBSJBCMF�

COLOURS� � <�RED�
 �BLUE�>
COLOURS� � COLOURS�

<�RED�
��BLUE�>�<�RED�
��BLUE�>

�������������������������������
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PRINT	ID	COLOURS�

 ID	COLOURS�



COLOURS� � �GREEN�
PRINT	COLOURS�


PRINT	COLOURS�


PRINT	COLOURS�


8F�BTTJHOFE�B�OFX�PCKFDU�UP�UIF�WBSJBCMF��DPMPVST����*O�UIF�GPMMPXJOH�DPEF
�XF�XJMM�DIBOHF�UIF�MJTU�PCKFDU
JOUFSOBMMZ�CZ�BTTJHOJOH�B�OFX�WBMVF�UP�UIF�TFDPOE�FMFNFOU�PG�UIF�MJTU�

COLOURS� � <�RED�
 �BLUE�>
COLOURS� � COLOURS�

COLOURS�<�> � �GREEN�

-FU�T�TFF
�XIBU�IBT�IBQQFOFE�JO�EFUBJM�JO
UIF�QSFWJPVT�DPEF��8F�BTTJHOFE�B�OFX
WBMVF�UP�UIF�TFDPOE�FMFNFOU�PG�DPMPVST�

J�F��UIF�FMFNFOU�XJUI�UIF�JOEFY����-PUT�PG
CFHJOOFST�XJMM�CF�TVSQSJTFE�BT�UIF�MJTU�PG
DPMPVST��IBT�CFFO��BVUPNBUJDBMMZ�
DIBOHFE�BT�XFMM��0G�DPVSTF
�XF�EPO�U�IBWF
UXP�MJTUT��8F�IBWF�POMZ�UXP�OBNFT�GPS�UIF
TBNF�MJTU�

5IF�FYQMBOBUJPO�JT�UIBU�XF�EJEO�U�BTTJHO�B�OFX�PCKFDU�UP�UIF�WBSJBCMF COLOURS� ��8F�DIBOHFE�UIF�PCKFDU
SFGFSFODFE�CZ COLOURS� JOUFSOBMMZ�PS�BT�JU�JT�VTVBMMZ�DBMMFE��JO�QMBDF���#PUI�WBSJBCMFT COLOURS� BOE
COLOURS� TUJMM�QPJOU�UP�UIF�TBNF�MJTU�PCKFDU�

COPYING LISTS

8F�IBWF�GJOBMMZ�BSSJWFE�BU�UIF�UPQJD�PG�DPQZJOH�MJTUT��5IF LIST DMBTT�PGGFST�UIF�NFUIPE COPY GPS�UIJT
QVSQPTF��&WFO�UIPVHI�UIF�OBNF�TFFNT�UP�CF�DMFBS
�UIJT�QBUI�BMTP�IBT�B�DBUDI�

5IF�DBUDI�DBO�CF�TFFO
�JG�XF�VTF�IFMQ�PO COPY �

�������������������������������

<�RED�
��BLUE�>

<�RED�
��BLUE�>

GREEN
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HELP	LIST�COPY


.BOZ�CFHJOOFST�PWFSMPPL�UIF�XPSE��TIBMMPX��IFSF� HELP UFMMT�VT�UIBU�B�OFX�MJTU�XJMM�CF�DSFBUFE�CZ�UIF
COPY NFUIPE��5IJT�OFX�MJTU�XJMM�CF�B��TIBMMPX��DPQZ�PG�UIF�PSJHJOBM�MJTU�

*O�QSJODJQMF
�UIF�XPSE��TIBMMPX��JT�VOOFDFTTBSZ�PS�FWFO�NJTMFBEJOH�JO�UIJT�EFGJOJUJPO�

'JSTU�ZPV�TIPVME�SFNFNCFS�XIBU�B�MJTU�JT�JO�1ZUIPO��"�MJTU�JO�1ZUIPO�JT�BO�PCKFDU�DPOTJTUJOH�PG�BO�PSEFSFE
TFRVFODF�PG�SFGFSFODFT�UP�1ZUIPO�PCKFDUT��5IF�GPMMPXJOH�JT�B�MJTU�PG�TUSJOHT�

5IF�MJTU�XIJDI�UIF�WBSJBCMF FIRSTNAMES JT�SFGFSFODJOH�JT�B�MJTU�PG�TUSJOHT��#BTJDBMMZ
�UIF�MJTU�PCKFDU�JT�TPMFMZ
UIF�CMVF�CPY�XJUI�UIF�BSSPXT
�J�F��UIF�SFGFSFODFT�UP�UIF�TUSJOHT��5IF�TUSJOHT�JUTFMG�BSF�OPU�QBSU�PG�UIF�MJTU�

FIRSTNAMES � <�,EVIN�
 �+AMINA�
 �-ARS�
 �.ARIA�>

5IF�QSFWJPVT�FYBNQMF�UIF�MJTU�PG�GJSTU�OBNFT FIRSTNAMES JT�IPNPHFOFPVT
�J�F��JU�DPOTJTUT�POMZ�PG�TUSJOHT

TP�BMM�FMFNFOUT�IBWF�UIF�TBNF�EBUB�UZQF��#VU�ZPV�TIPVME�CF�BXBSF�PG�UIF�GBDU�UIBU�UIF�SFGFSFODFT�PG�B�MJTU�DBO
SFGFS�UP�BOZ�PCKFDUT��5IF�GPMMPXJOH�MJTU WHATEVER JT�TVDI�B�NPSF�HFOFSBM�MJTU�

)ELP�ON�METHOD@DESCRIPTOR�

COPY	SELF
��

3ETURN�A�SHALLOW�COPY�OF�THE�LIST�
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WHATEVER � <�,EVIN�
 �1YTHONISTA�
 ���
 <����
 �RKM�>>

8IFO�B�MJTU�JT�DPQJFE
�XF�DPQZ�UIF�SFGFSFODFT��*O�PVS�FYBNQMFT
�UIFTF�BSF�UIF�CMVF�CPYFT�SFGFSFODFE�CZ
FIRSTNAMES BOE�CZ WHATEVER ��5IF�JNQMJDBUJPOT�PG�UIJT�BSF�TIPXO�JO�UIF�GPMMPXJOH�TVCDIBQUFS�

PROBLEMS OF COPYING LISTS

$PQZJOH�MJTUT�DBO�FBTJMZ�CF�NJTVOEFSTUPPE
�BOE�UIJT�NJTDPODFQUJPO�DBO�MFBE�UP�VOQMFBTBOU�FSSPST��8F�XJMM
QSFTFOU�UIJT�JO�UIF�GPSN�PG�B�TMJHIUMZ�EJGGFSFOU�MPWF�TUPSZ�
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*NBHJOF�B�QFSTPO�MJWJOH�JO�UIF�DJUZ�PG�$POTUBODF��5IF�DJUZ�JT�MPDBUFE�JO�UIF�4PVUI�PG�(FSNBOZ�BU�UIF�CBOLT�PG
-BLF�$POTUBODF�	#PEFOTFF�JO�(FSNBO
��5IF�SJWFS�3IJOF
�XIJDI�TUBSUT�JO�UIF�4XJTT�"MQT
�QBTTFT�UISPVHI�-BLF
$POTUBODF�BOE�MFBWFT�JU
�DPOTJEFSBCMZ�MBSHFS��5IJT�QFSTPO�DBMMFE�4XFO�MJWFT�JO��4FFTUSBTTF�
�POF�PG�UIF�NPTU
FYQFOTJWF�TUSFFUT�PG�$POTUBODF��)JT�BQBSUNFOU�IBT�B�EJSFDU�WJFX�PG�UIF�MBLF�BOE�UIF�DJUZ�PG�$POTUBODF��8F�QVU
TPNF�JOGPSNBUJPO�BCPVU�4XFO�JO�UIF�GPMMPXJOH�MJTU�TUSVDUVSF�

PERSON� � <�4WEN�
 <�4EESTRASSE�
 �,ONSTANZ�>>

0OF�CFBVUJGVM�EBZ
�UIF�HPPE�MPPLJOH�4BSBI�NFFUT�4XFO
�IFS�1SJODF�$IBSNJOH��5P�DVU�UIF�TUPSZ�TIPSU��-PWF�BU
GJSTU�TJHIU�BOE�TIF�NPWFT�JO�XJUI�4XFO�

/PX�JU�JT�VQ�UP�VT�UP�DSFBUF�B�EBUB�TFU�GPS�4BSBI��8F�BSF�MB[Z�BOE�XF�XJMM�SFDZDMF�4XFO�T�EBUB
�CFDBVTF�TIF�XJMM
MJWF�OPX�XJUI�IJN�JO�UIF�TBNF�BQBSUNFOU�

8F�XJMM�DPQZ�4XFO�T�EBUB�BOE�DIBOHF�UIF�OBNF�UP�4BSBI�

PERSON� � PERSON��COPY	

PERSON�<�> � �4ARAH�
PRINT	PERSON�


5IFZ�MJWF�JO�QFSGFDU�IBSNPOZ�BOE�EFFQ�MPWF�GPS�B�MPOH�UJNF
�MFU�T�TBZ�B�XIPMF�XFFLFOE��4IF�TVEEFOMZ�SFBMJ[FT
UIBU�4XFO�JT�B�NPOTUFS��)F�TUBJOT�UIF�CVUUFS�XJUI�NBSNFMBEF�BOE�IPOFZ�BOE�FWFO�XPSTF
�IF�TQSFBET�PVU�IJT
XPSO�TPDLT�JO�UIF�CFESPPN��*U�EPFTO�U�UBLF�MPOH�GPS�IFS�UP�NBLF�B�DSVDJBM�EFDJTJPO��4IF�XJMM�MFBWF�IJN�BOE�UIF
ESFBN�BQBSUNFOU�

<�4ARAH�
�<�4EESTRASSE�
��,ONSTANZ�>>
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4IF�NPWFT�JOUP�B�TUSFFU�DBMMFE�#eDLMFTUSBTTF��"�SFTJEFOUJBM�BSFB�UIBU�JT�OPXIFSF�OFBS�BT�OJDF
�CVU�BU�MFBTU�TIF�JT
BXBZ�GSPN�UIF�NPOTUFS�

)PX�DBO�XF�BSSBOHF�UIJT�NPWF�GSPN�UIF�1ZUIPO�QPJOU�PG�WJFX 

5IF�TUSFFU�DBO�CF�BDDFTTFE�XJUI PERSON�<�><�> ��4P�XF�TFU�UIJT�UP�UIF�OFX�MPDBUJPO�

PERSON�<�><�> � �#gCKLESTRAiE�

8F�DBO�TFF�UIBU�4BSBI�TVDDFTTGVMMZ�NPWFE�UP�UIF�OFX�MPDBUJPO�

PRINT	PERSON�


*T�UIJT�UIF�FOE�PG�PVS�TUPSZ �8JMM�TIF�OFWFS�TFF�4XFO�BHBJO �-FU�T�DIFDL�4XFO�T�EBUB�

PRINT	PERSON�


4XFO�JT�DMJOHZ��4IF�DBOOPU�HFU�SJE�PG�IJN��5IJT�NJHIU�CF�RVJUF�TVSQSJTJOH�GPS�TPNF��8IZ�JT�JU�MJLF�UIJT �5IF�MJTU
PERSON� DPOTJTUT�PG�UXP�SFGFSFODFT��0OF�UP�B�TUSJOH�PCKFDU�	�4XFO�
�BOE�UIF�PUIFS�POF�UP�OFTUFE�MJTU�	UIF
BEESFTT <�4EESTRASSE�
��,ONSTANZ�> ��8IFO�XF�VTFE COPY 
�XF�DPQJFE�POMZ�UIFTF�SFGFSFODFT�
5IJT�NFBOT�UIBU�CPUI PERSON�<�> BOE PERSON�<�> SFGFSFODF�UIF�TBNF�MJTU�PCKFDU��8IFO�XF�DIBOHF
UIJT�OFTUFE�MJTU
�JU�JT�WJTJCMF�JO�CPUI�MJTUT�

DEEPCOPY FROM THE MODULE COPY

"�TPMVUJPO�UP�UIF�EFTDSJCFE�QSPCMFN�JT�QSPWJEFE�CZ�UIF�NPEVMF COPY ��5IJT�NPEVMF�QSPWJEFT�UIF�NFUIPE
�EFFQDPQZ�
�XIJDI�BMMPXT�B�DPNQMFUF�PS�EFFQ�DPQZ�PG�BO�BSCJUSBSZ�MJTU
�J�F��TIBMMPX�BOE�PUIFS�MJTUT�

<�4ARAH�
�<�#gCKLESTRAiE�
��,ONSTANZ�>>

<�4WEN�
�<�#gCKLESTRAiE�
��,ONSTANZ�>>
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-FU�VT�SFEP�UIF�QSFWJPVT�FYBNQMF�XJUI�UIF�GVODUJPO DEEPCOPY �

from copy import DEEPCOPY
PERSON� � <�4WEN�
 <�4EESTRASSE�
 �,ONSTANZ�>>

PERSON� � DEEPCOPY	PERSON�

PERSON�<�> � �4ARAH�

"GUFS�UIJT�UIF�JNQMFNFOUBUJPO�TUSVDUVSF�MPPLT�MJLF�UIJT�

8F�DBO�TFF�UIBU�UIF�OFTUFE�MJTU�XJUI�UIF�BEESFTT�XBT�DPQJFE�BT�XFMM��8F�BSF�OPX�XFMM�QSFQBSFE�GPS�4BSBI�T
FTDBQF�MJLF�NPWF�

PERSON�<�><�> � �#gCKLESTRASSE�

4IF�TVDDFTTGVMMZ�NPWFE�PVU�BOE�MFGU�4XFO�GPS�HPPE
�BT�XF�DBO�TFF�JO�UIF�GPMMPXJOH�

PRINT	PERSON�
 PERSON�


'PS�UIF�TBLF�PG�DMBSJUZ
�XF�BMTP�QSPWJEF�B�EJBHSBN�IFSF�

<�4WEN�
�<�4EESTRASSE�
��,ONSTANZ�>>�<�4ARAH�
�<�#gCKLESTRASSE�

�,ONSTANZ�>>
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