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HISTORY OF PYTHON

EASY AS ABC

818U EP UIF BIQIBCFU BOE UIF QSPHSBNNJOH IIBOHVBHF 1ZUIPO IBWF JO
DPNINPO 3JHIU CPUI TUBSU XTI **#$ *G XF BSF UBILIJOH BCPVU **#$ JO UIF
1ZU1PO DPOUFYU JUT DIFBS UIBU UIF QSPHSBNNJOH IBOHVBHF **#%$ JT NFBOU
""#$ JT B HFOFSBI QVSQPTF QSPHSBNNJOH IBOHVBHF BOE QSPHSBNNJOH
FOWJSPONFOU X1JDI XBT EFWFIPQFE JO UIF ZFUIFSIBOET **NTUFSEBN BU UIF
$8* $FOUSVN SITLVOEF  *OGPSNBUIDB  S1F HSFBUFTU BD IJFWFNFOU PG
*"#3$ XBT UP JOGIVFODF UIF EFTIHO PG 1ZUIPO

1ZU1PO XBT DPODFQUVBIN[FE JO UIF IBUF T (VIEP WBO 3PTTVN XPSLFE

UIBU WNF JO B QSPKFDU BU UIF $8* DBIFE **NPFCB B EJTUSICVUFE PQFSBUOH

TZTUFN *O BO JOUFSWIFX XUT #J 7FOOFST ~ (VIJEP WBO 3PTTVN TBJE *O

UIF FBSIZ T * XPSLFE BT BO JNQIFNFOUFS PO B UFBN CVJIEJOH B IBOHVBHF

DBIIFE **#%$ BU $FOUSVN WPPS 8JTLVOEF FO *OGPSNBUDB $8* * EPOU LOPX

I1PX XFill QFPQIF LOPX **#% T JOGIVFODF PO 1ZUIPO * USZ UP NFOUPO **#$ T

JOGIVFODF CFDBVTF * N JOEFCUFE UP FWFSZUIJOH * NFBSOFE EVSIOH UIBU QSPKFDU BOE UP UIF QFPQIF X 1P XPSLFE PO JU

—BUFS PO JO UIF TBNF *OUFSWIFX (VJEP WBO 3PTTVN DPOWOVFE * SFNFNCFSFE Blll NZ FYQFSIFODF BOE TPNF PG
NZ GSVTUSBUPO XTI **#$ * EFDJEFE UP USZ UP EFTJHO B TINQIF TDSIQUIOH IBOHVBHF UIBU QPTTFTTFE TPNF PG **#$ T
CFUFS QSPQFSWFT CVU XWUTPVU JUT QSPCIFNT 4P * TUBSUFE UZQJOH * DSFBUFE B TINQIF WJSUVBIF NBDIJOF B TINQIF
QBSTFS BOE B TINQIF SVOUNF * NBEF NZ PX0 WFSTIPO PG UIF WBSJPVT **#$ QBSUT UIBU * WLFE * DSFBUFE B CBTID
TZOUBY VTFE JOEFOUBUWPO GPS TUBUFNFOU HSPVQIOH JOTUFBE PG DVSIIZ CSBDFT PS CFHIO FOE CIPDLT BOE EFWFIPQFE B
TNBIlI OVNCFS PG QPXFSGVI EBUB UZQFT B IBTI UBCIF PS EJDUWPOBSZ BT XF DBIll U B WTU TUSJOHT BOE OVNCFST

COMEDY, SNAKE OR PROGRAMMING LANGUAGE

4P XI1BUBCPVUUIF OBNF 1ZUIPO - PTU QFPQIF UIJOL BCPVU TOBLFT BOE FWFO UIF IPHP EFQIDUT UXP TOBLFT CVU
UIF PSJHIO PG UIF OBNF IBT JUT SPPU JO #SIWTI TVNPVS (VIEP WBO 3PTTVN UIF DSFBUPS PG 1ZUIPO XSPUF JO

BCPVU UIF PSIHIO PG UIF OBNF PG 1JT QSPHSBNNJOH IBOHVBHF ~ OWFS TJY ZFBST BHP  JO %FDFNCFS * XBT
IPPLIOH GPS B 1PCCZ QSPHSBNNJOH QSPXFDU UIBU XPVIE LFFQ NF PDDVQJFE EVSIOH UIF XFFL BSPVOE $1SITUNBT

- ZPCGIDF  XPVIE CF DIPTFE CWVU* IBE B IPNF DPNQVUFS BOE OPU NVDI FITF PO NZ IBOET * EFDJEFE UP XSIUF
BO JOUFSQSFUFS GPS UIF OFX TDSJQUIOH IIBOHVBHF * IBE CFFO U1JOLJOH BCPVU IBUFIZ B EFTDFOEBOU PG **#%$ UIBU XPVIE
BQQFBII UP 60JY $ IBDLFST * DIPTF 1ZUIPO BT B XPSLIOH UUIF GPS UIF QSPKFDU CFJOH JO B TWHIWZ JSSFWFSFOU NPPE

BOE B CJH GBO PG - POUZ 1ZUIPOT "liZJOH $JSDVT

THE ZEN OF PYTHON

#EAUTIFUL 1S BETTER THAN UGLY
&XPLICIT IS BETTER THAN IMPLICIT
4IMPLE 1S BETTER THAN COMPLEX
$OMPLEX IS BETTER THAN COMPLICATED
"LAT 1S BETTER THAN NESTED
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APARSE 1S BETTER THAN DENSE

3EADABILITY COUNTS

APECIAL 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

SHERE SHOULD BE ONE AND PREFERABLY ONLY ONE OBVIOUS WAY TO D
O1IT

"LTHOUGH THAT WAY MAY NOT BE OBVIOUS AT FIRST UNLESS YOU RE %UTCH
/0W 1S BETTER THAN NEVER

"LTHOUGH NEVER 1S OFTEN BETTER THAN RIGHT NOW

*F THE IMPLEMENTATION 1S HARD TO EXPLAIN IT S A BAD IDEA

*F THE IMPLEMENTATION 1S EASY TO EXPLAIN IT MAY BE A GOOD IDEA
/AMESPACES ARE ONE HONKING GREAT I1DEA LET S DO MORE OF THOSE

(VIEP 7BO 3PTTVN QVCWTIFE UIF GISTU WFSTIPO PG 1ZUIPO DPEF WFSTIPO BU BW TPVSDFT JO *FCSVBSZ
ST SHIFBTF JODIVEFE BISFBEZ FYDFQUPO IBOEWOH GVODWPOT BOE UIF DPSF EBUB UZQFT PG ITU EJDU TUS BOE PUIFST
*U XBT BITP PCKFDU PSIFOUFE BOE IBE B NPEVIF TZTUFN

1ZU1PO WFSTIPO  XBT SHIFBTFE JO +BOVBSZ SIF NBKPS OFX GFBUVSFT JODIVEFE JO ULJT SFIFBTF XFSF UIF
GVODUPOBII QSPHSBNNJOH UPPIT lBNCEB NBQ GJWFS BOE SFEVDF X 1DI (VIEP 7BO 3PTTVN OFWFS IJLFE

4JY BOE B IBIG ZFBST BUFS JO ODUPCFS 1Z01PO  XBT JOUSPEVDFE SN SFIFBTF JODIVEFE WTU
DPNQSFIFOTIPOT B GVIll HBSCBHF DPHIFDUPS BOE JU XBT TVQQPSWOH VOIDPEF

1ZU1PO CIPVSITIFE GPS BOPUIFS ~ ZFBST JO UIF WFSTIPOT Y CFGPSF UIF OFYU NBKPS SFIFBTF BT 1ZU1PO BITP
LOPXO BT 1ZUIPO BOE 1Z , XBTSFIFBTFE 1ZUIPO JT OPU CBDLXBSET DPNQBUCHF XTI 1ZUIPO Y
SIFFNQIBTITJO 1ZUIPO  IBE CFFO PO UIF SFNPWBI PG EVQINDBUF QSPHSBNNJOH DPOTUSVDUT BOE NPEVIIFT UIVT
GVAIGIMOH PS DPNJOH DIPTF UP GVNGIMMIOH UTF UL IBX PG UIF ;FO PG 1ZUIPO  SIFSF TIPVIE CF POF  BOE
QSFGFSBCIIZ PONZ POF  PCWIPVT XBZ UP EP JU

IRINT 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

SHERE IS ONLY ONE INTEGER TYPE LEFT 1 E INT LONG IS INT AS WELL
SHE DIVISION OF TWO INTEGERS RETURNS A FLOAT INSTEAD OF AN INTEGE

R CAN BE USED TO HAVE THE OLD BEHAVIOUR

SEXT 7S %ATA *NSTEAD OF 6NICODE 7S BIT

)*4503: 0" 1:5)0/



THE INTERPRETER, AN

INTERACTIVE SHELL

THE TERMS 'INTERACTIVE' AND 'SHELL"

SIF UFSN JOUFSBDUWF  USBDFT CBDL UP UIF —BUWO FYQSFTTIPO JOUFS BHFSF
SIFWFSC BHFSF NFBOT BNPOHTU PUIFS UIJOHT UP EP TPNFULIOH BOE UP
BDU XJF JOUFS EFOPUFT UIF TQBUJBI BOE UFNQPSBI QPTIWPO UP ULIOHT BOE
FWFOUT JF CFUXFFO PS BNPOH PCKFDUT QFSTPOT BOE FWFOUT 4P JOUFS
BHFSF NFBOT UP BDU CFUXFFO PS UP BDUBNPOH UIFTF

81 VT JO NJOE XF DBO TBZ UIBU UIF JOUFSBDUWF TRFIl JT CFUXFFO UIF VTFS
BOE UIF PQFSBWOH TZTUFN FH -JOVY 60JY 8IJOEPXT PS PUIFST *OTUFBE PG '
BO PQFSBUOH TZTUFN BO JOUFSQSFUFS DBO CF VTFE GPS B QSPHSBNINJOH HBOHVBHF "5 =&
WLF 1ZU1PO BT XFill S1F 1ZUIPO JOUFSQSFUFS DBO CF VTFE GSPN BO JOUFSBDWWF

THFIN

SI1F JOUFSBDUWF TIFIl JT BITP JOUFSBDUWF JO UIF XBZ UIBU JU TUBOET CFUXFFO UIF DPNNBOET PS BDUPOT BOE UIFJS
FYFDVUWPO *O PUIFS XPSET UIF TIFIN XBJUT GPS DPNNBOET GSPN UIF VTFS X1DI JU FYFDVUFT BOE SFUVSOT UIF SFTVIU
PG UIF FYFDVWPO *"GUFSXBSET UIF THFII XBUT GPS UIF OFYU JOQWU

"* TIFW JO CIPNPHZ JT B DBIDJVN DBSCPOBUF XBIli X 1JD1 QSPUFDUT TOBJIT PS NVTTRIT GSPN JUT FOWJSPONFOU PS JUT
FOFNJFT 4JNJBSIZ B TIFIl JO PQFSBUIOH TZTUFNT WFT CFUXFFO UIF LFSOFN PG UIF PQFSBUWJOH TZTUFN BOE UIF VTFS
*UTB QSPUFDWPO JO CPUI EJSFDWPOT SIF VTES EPFTO U IBWF UP VTF UIF DPNQIIDBUFE CBTID GVODWPOT PG UIF O4
CVU JT DBQBCIF PG VTIOH UI'F JOUFSBDUIWF THFI X 1D JT SFIBUWWFIZ TINQIF BOE FBTZ UP VOEFSTUBOE SIF LFSOFN JT
QSPUFDUFE GSPN VOJOUFOUJPOBI BOE JODPSSFDU VTBHFT PG TZTUFN GVODUJPOT

1Z01PO PGGFST B DPNGPSUBCIF DPNNBOE IOF JOUFSGBDF XJUT UIF 1ZUIPO 4 1FIll X 1D JT BITP LOPXO BT UIF

1Z01PO *OUFSBDUWWF 4 1FM *U WPPLT WLF UIF UFSN *OUFSBDUWWF 4 1FIl JT B UBVUPNPHZ CFDBVTF TIFIl JT
JOUFSBDUWF PO JUT PXO BU IFBTU UIF LIOE PG TIFINT XF IBWF EFTDSICFE JO UIF QSFWIPVT QBSBHSBQIT
USING THE PYTHON INTERACTIVE SHELL

81 UIF 1ZU1PO JOUFSBDUWF JOUFSQSFUFS JU JT FBTZ UP DIFDL 1ZUIPO DPNINBOET 5IF 1ZU1PO JOUFSQSFUFS DBO CF
JOWPLFE CZ UZQIOH UIF DPNINBOE QZUIPO  XJUIPVU BOZ QBSBNFUFS GPIPXFE CZ UIF SFUIVSO LFZ BUUIF THFU
QSPNQ

PYTHON

1ZJ1PO DPNFT CBDL XJUT UIF GPIIPXJOH JOGPSNBUIPO

PYTHON
1YTHON DEFAULT .AR
<($3% > "NACONDA *NC ON LINUX
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5YPE HELP COPYRIGHT CREDITS OR LICENSE FOR MORE INFORMATI
ON

** DHPTFS IIPPL BU UIF PVUQVU BCPWF SFWFBNT UIBU XF IBWF UIF XSPOH 1ZU1PO WFSTIPO 8F XBOUFE UP VTF 1ZU1PO
Y CVU X1BU XF HPU JT UIF JOTUBINFE TUBOEBSE PG UIF PQFSBUJOH TZTUFN J F WFSTIPO

SIF FBTIFTU XBZ UP DIFDL J6 B 1ZUIPO Y WFSTIPO JT JOTUBWIFE OQFO B SFSNJOBI 5ZQF JO QZUIPO CVU OP SFIVSO
*OTUFBE UZQF UIF 5BC LFZ =PV XJW TFF QPTTICIF FYUFOTIPOT BOE PUIFS JOTUBINFE WFSTIPOT JG UIFSF BSF TPNF

BERNDIVENUS ~ 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

BERNDIVENUS ~  PYTHON

*6 OP PUIFS 1ZUIPO WFSTIPO TIPXT VQ QZUIPO Y IBT UP CF JOTUBIFE **GUFSXBSET XF DBO TUBSU UIF OFXNZ
JOTUBIFE WFSTIPO CZ UZQIOH QZUIPO

PYTHON
1YTHON DEFAULT OCT
<($$ > ON LINUX

5YPE HELP COPYRIGHT CREDITS OR LICENSE FOR MORE INFORMATI
ON

OODF UIF 1ZUIPO JOUFSQSFUFS JT TUBSUFE ZPV DBO JTTVF BOZ DPNNBOE BU UIF DPNNBOE QSPNQU -FUT TFF
X1BU IBQQFOT J6 XF UZQF JO UIF XPSE  IFIliP

NameError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-1-f572d396fae9> IN
-——--> 1 HELLO

NameError NAME HELLO IS NOT DEFINED

5)&*/5&3138&5&3 "'/ */58&3""$5*7& 4)&--



OG DPVSTF  IFWP JT OPU B QSPQFS 1ZUIPO DPNINBOE TP UIF JOUFSBDUWF THFIll SFUVSOT ~ SBITFT ~ BO FSSPS

S1F GISTU SFBIF DPNNBOE XF XM VTF JT UIF QSJOU DPNNBOE  8F XJIll DSFBUF UIF NBOEBUPSZ ) FiliP SPSIE
TUBUFNFOU

PRINT )ELLO 8ORLD
)ELLO 80RLD

*U DPVIEO U IBWF CFFO FBTIFS DPVIE U Ol ZFT JUDBO CF XSIWFO JO B FWFO TINQIFS XBZ *O UIF *OUFSBDUWWF 1ZUIPO
*OUFSQSFUFS - CVU OPU JO B QSPHSBN  UIF QSJOU JT OPU OFDFTTBSZ 8F DBO KVTU UZQF JO B TUSJOH PS B OVNCFS BOE JU
XIW CF FDIPFE

)ELLO 8ORLD
OVIQW" YELLO 8ORLD

OVIQW

HOW TO QUIT THE PYTHON SHELL

4P XF IBWF KVTU TUBSUFE BOE XF BSF BISFBEZ UBNLJOH BCPVU RVJWJOH UIF TIFIN 8F EP UNT CFDBVTF XF LOPX
IPX BOOPZIOH JU DBO CF J6 ZPV EPO U LOPX IPX UP QSPQFSIZ RVJI B QSPHSBN

*JT FBTZ UP FOE UIF JOUFSBDUWF TFTTJPO =PV DBO FIUIFS VTF FYJ PS$USH % JF &O® UP FYJ 51F CSBDLFIT
CFLIOE UIF FYJU GVODUJPO BSF DSVDJBI - 8BSOJOH  &YJU XU IPVU CSBDLFUT XPSLT JO 1ZUIPO Y CVU EPFTO U XPSL
BOZNPSF JO 1ZUIPO Y

THE SHELL AS A SIMPLE CALCULATOR

*O UIF GPINPXJOH FYBNQIF XF VTF UIF JOUFSQSFUFS BT B TINQIF DBIDVIBUPS CZ UZQJOH BO BSIENFUD FYQSFTTIPO

oVIQW

1ZU1PO GPINPXT UIF VTVBI PSEFS PG PQFSBIIPOT JO FYQSFTTIPOT 5 IF TUBOEBSE PSEFS PG PQFSBUIPOT JT FYQSFTTFE JO
UIF GPIPXIOH FOVNFSBUIPO

f FYQPOFOUT BOE SPPUT
T NVIWQINDBWPO BOE EIWJTIPO
f BEEJWPO BOE TVCUSBDUJPO

5)&*/5&3138&5&3 "'/ */58&3""$5*7& 4)&--



*O PUIFS XPSET XF EPO U OFFE QBSFOUIFTFT JO UIF FYQSFTTIPO

oVIQW

51F NPTU SFDFOU PVUQVU WBIIVF JT BVUPNBUIDBINZ TUPSFE CZ UTF JOUFSQSFUFS JO B TQFDJBII WBSIBCHF XJUI UIF OBNF @
4P XF DBO QSIOU UIF PVUQVU GSPN UIF SFDFOU FYBNQIF BHBJO CZ UZQJOH BO VOEFSTDPSF BGUFS UIF QSPNQU

@
oVIQWU

51F VOEFSTDPSF DBO CF VTFE JO PUIFS FYQSFTTIPOT WLF BOZ PUIFS WBSIBCIF

@
oVIQW

51F VOEFSTDPSF WBSIBCIF JT POWZ BWBJBCIF JO UIF 1ZUIPO TR *UT /05 BWBJIBCIF JO 1ZU1PO TDSIQUT PS QSPHSBNT

USING VARIABLES

*UT TINQIF UP VTF WBSIBCIFT JO UIF 1ZUIPO TIFIN *6 ZPV BSF BO BCTPIVUF CFHIOOFS BOE J6 ZPV EPO U LOPX BOZU1JOH
BCPVU WBSIBCNFT QUFBTF SFGFS UP PVS DIBQUFS BCPVU WBSIBCIFT BOE EBUB UZOFT 7BIVFT DBO CF TBWFE JO WBSIBCIFT
"7BSIBCIF OBNFT EPO U SFRVISF BOZ TQFDJBI UBHHIOH WLF UIFZ EP JO 1FSH XIFSF ZPV IBWF UP VTF EPINBS TIHOT
QFSDFOUBHF TJHOT BOE BU TIHOT UP UBH WBSJBCIFT

MAXTMAL
WIDTH
PRINT MAXIMAL  WIDTH

MULTILINE STATEMENTS

8F 1BWFO U JOUSPEVDFE NVHUINOF TUBUFNFOUT TP GBS 4P CFHIJOOFST DBO TLJQ UIF SFTU PG ULJT DIBQUFS BOE DBO
DPOUWOVF XJUT UIF GPINPXJOH DIBQUFST

8F XM TIPX 1PX UIF JOUFSBDWWF QSPNQU EFBIT XJUT NVHUIIWOF TUBUFNFOUT WLF GPS IPPQT

L < ' +UST A 4TRING >
for CHARACTER iIn L
PRINT CHARACTER

5)&*/5&3138&5&3 "'/ */58&3""$5*7& 4)&--


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

+UST A 4TRING

**GUFS 1BWJOH JOQVU GPS DIBSBDUFS JO I UIF JOUFSQSFUPS FYQFDUT UIF JOQWU PG UIF OFYU WOF UP CF JOEFOUFE *O
PUIFS XPSET UIF JOUFSQSFUPS FYQFDUT BO JOEFOUFE CHPDL X 1JDT JT UIF CPEZ PG UIF NPPQ S1JT JOEFOUFE CHPDL XJIl
CF JUFSBUFE STF JOUFSQSFUPS TIPXT UNT FYQFDUBWPO CZ EJTQUBZIOH UISFF EPUT JOTUFBE PG UIF TUBOEBSE
1ZU1PO JOUFSBDUWWF QSPNQU ""OPUIFS TQFDJBN GFBUVSF PG UIF JOUFSBDUWWF TIFI X TFO XF BSF EPOF XUl UIF
JOEFOUFE WOFT J F UIF CIPDL XF IBWF UP FOUFS BO FNQUZ IOF UP JOEJDBUF UIBU UIF CIPDL JT GIOJTIFE **WFOWPO
UIF BEEJWPOBI FNQUZ WOF JT POIZ OFDFTTBSZ JO UIF JOUFSBDUWF THFIl *O B 1ZUIPO QSPHSBN JUJT FOPVHI UP SFUVSO
UP UIF JOEFOUBWIPO IFWFI PG UIF  GPS IOF UIF POF XJUI UIF DPIPO  BUUIF FOE

5)&*/5&3138&5&3 "'/ */58&3""$5*7& 4)&--



STRINGS

4USJOHT BSF DSFBUFE CZ QVUWOH B TFRVFODF PG DIBSBDUFST JO RVPUFT 4USJIOHT DBO CF TVSSPVOEFE CZ TIOHIF RVPUFT
EPVCIF RVPUFT PS USIQIF RVPUFT X 1JDI BSF NBEF VQ PG UISFF TIOHIF PS UISFF EPVCIF RVPUFT 4USJOHT BSF
JNNVUBCIF *O PUIFS XPSET PODF EFGIOFE UIFZ DBOOPU CF DIBOHFE &F XJlilf DPWFS UIJT UPQJD JO EFUBJI JO BOPUIFS
DIBQUFS

YELLO 8ORLD
OVIQW" yELLO 80RLD

"* TUSJOH JO USJQUF RVPUFT DBO TQBO TFWFSBI IOFT XJUIPVU VTIOH UIF FTDBQF D 1BSBDUFS

CITY
50RONTO IS THE LARGEST CITY IN $ANADA
AND THE PROVINCIAL CAPITAL OF ONTARIO
*T 1S LOCATED IN 40UTHERN ONTARIO ON THE
NORTHWESTERN SHORE OF -AKE ONTARIO

PRINT CITY

50RONTO IS THE LARGEST CITY IN $ANADA
AND THE PROVINCIAL CAPITAL OF ONTARIO

*T IS LOCATED IN 40UTHERN ONTARIO ON THE
NORTHWESTERN SHORE OF -AKE ONTARIO

- VILJQWDBUIPO PO TUSIOHT JT EFGIOFE X 1D JT FTTFOUBIINZ B NVIIWJQIF DPODBUFOBUIPO

OVIQW

453+/ (4



EXECUTE A PYTHON SCRIPT

4P GBS XF 1BWF QIBZFE BSPVOE XJUI 1ZUIPO DPNINBOET JO UIF 1ZUIPO TIFI 8F XBOU UP XSIUF OPX PVS GISTU
TFSIPVT 1ZU1PO QSPHSBN PV Xl IBSENZ GIOE BOZ CFHIOOFS T UFYUCPPL PO QSPHSBNINJOH X 1JDI EPFTO U TUBSU
XTI UIF BINPTU NBOEBUPSZ ~ )FIliP 8PSIE QSPHSBN JF B QSPHSBN X1IDI QSIOUT UIF TUSIOH )FINP 8PSIE  8F
TUBSU B 1ZU1PO JOUFSBDUWWF THFIl JO B UFSNJOBI XJUI UIF DPNINBOE  QZUIPO  *J NJHIU CF OFDFTTBSZ UP VTF

QZUIPO  UP HFUB 1ZUIPO TIFIl

PYTHON

BASE BERNDIMOON ~ PYTHON

1YTHON DEFAULT %EC

<($3% > "NACONDA *NC ON LINUX

5YPE HELP COPYRIGHT CREDITS OR LICENSE FOR MORE INFORMATI
ON

PRINT )ELLO 8ORLD
)ELLO 80ORLD

#VU BT XF TBJE BU UIF CFHJO0JOH XF XBOU UP XS)UF B TFSIPVT QSPHSBN OPX JF B QSPHSBN X 1JDI SFTJEFT JO B
GINF ST XBZ XF DBO VTF B QSPHSBN PWFS BOE PWFS BHBJO XJUIPVU IBWJOH UP UZQF JU JO BHBIJO 4PNF NBZ WLF UP
DB TVD1 B IUF QSPHSBN  TDSIQU ~ 8F XJIli VTF B TWHIU WBSIBWPO PG UIF ) FIiP 8PSIE UIFNF 8F 1BWF UP
JODIVEF PVS QSJOU GVODUPO JOUP B GJiIF 5P TBWF BOE FEIU PVS QSPHSBN JO B GJIF XF OFFE BO FEJUPS STFSF BSF IIPUT PG
FEJPST CVU ZPV TIPVIE DIPPTF POF X1IDI TVQQPSUT TZOUBY 1JHIIHIUOH BOE JOEFOUBWPO *PS —JOVY ZPV DBO
VTFWJ WIN FNBDT HFBOZ HFEJ BOE VNQUFFO PUIFST S1F &NBDT XPSLT GPS 8JOEPXT BT XFili CVU /PUFQBE
NBZ CF UIF CFWFS DIPJDF JO NBOZ DBTFT OG DPVSTF ZPV DBO BITP VTF BO *%& *OUFHSBUFE %FWFIPQNFOU
&OWISPONFOU WLF 1Z$1BSN PS 4QZEFS GPS ULJT QVSQPTF

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

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

BOE TBWF JU BT NZ@GISTUATINQIF@QSPHSBN QZ S1F TVEGJY QZ JT OPU SFBINZ OFDFTTBSZ GPS —JOVY CVU JUT HPPE UP VTF
JU TJODF UIF FYUFOTIPO JT FTTFOUWBI J6 ZPV XBOU UP XSIUF NPEVIFT

&98&$65& " 1:5)0/ 4$3*15



START A PYTHON PROGRAM

—FUT BTTVNF PVS TDSJQU JT JO B TVCEJSFDUPSZ VOEFS UIF IPNF EJSFDUPSZ PG UIF VTFS NPOUZ

MONTY!IPYTHON ~ CD PYTHON

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

MONTY!IPYTHON ~ PYTHON

* DBO CF TUBSUFE JO B $PNNBOE 1SPNQU JO SIOEPXT BT XFili TUBSU  **W 1SPHSBNT  **DDFTTPSIFT
$PNNBOE 1SPNQU =PV NBZ OPUIDF UIBU XF DBINFE PVS WUWIF QSPHSBN  IFIIP QZ BOE OP
NZ@GISTUBTINQIFGQSPHSBN QZ

4535 1:5)0/ 130(3"" -



STARTING A PYTHON SCRIPT

UNDER WINDOWS

PYTHON INTERNALS

- PTUQSPCBCIZ ZPV IBWF SFBE TPNFXITFSF UIBU UIF 1ZUIPO IBOHVBHF JT BO JOUFSQSFUFE QSPHSBNINUJOH PS B TDSJQU
IBOHVBHF S1F USVUI JT 1ZUIPO JT CPUI BO JOUFSQSFUFE BOE B DPNQUIFE IBOHVBHF #VU DBIJOH 1ZU1PO B DPNQIIFE
IBOHVBHF XPWVIE CF NJTIFBEJOH  **UUIF FOE PG ULJT DIBQUFS ZPV XJIll GJOE UIF EFGIOJIIPOT GPS SPNQUIIFST BOE
*OUFSQSFUFST JO DBTF ZPV BSF OPU BIISFBEZ GBNJWBS XJUI UIF DPODFQUT ~ 1FPQUF XPVIE BTTVNF UIBU UIF DPNQJIFS
USBOTIBUFT UIF 1ZUIPO DPEF JOUP NBD1JOF IBOHVBHF 1ZUIPO DPEF JT USBOTIBUFE JOUP JOUFSNFEJBUF DPEF X1JDI IBT
UP CF FYFDVUFE CZ B WJSUVBI NBDIJOF LOPXO BT UIF 17 - UIF 1ZUIPO 7JSUVBII - BDIJOF ST JT B TINJIBS
BQQSPBDI UP UIF POF UBLFO CZ +BWB SITFSF JT FWFO B XBZ PG USBOTIBWOH 1ZUIPO QSPHSBNT JOUP +BWB CZUF DPEF GPS
UIF +BWB 7JSUVBII - BDIJOF +7 - 51JT DBO CF BDHJFWFE XWUI +ZUIPO

SIF RVFTWPO JT EP * IBWF UP DPNQJIIF NZ 1ZU1PO TDSIQUT UP NBLF UIFN GBTUFS PS 1PX DBO * DPNQJIF UIFN  S51F
BOTXFS JT FBTZ OPSNBIliZ ZPV EPO U OFFE UP EP BOZUIJOH BOE ZPV TIPVIEO U CPUIFS CFDBVTF 1ZUIPO JT BISFBEZ
EPJOH UIF UIJOLJOH GPS ZPV J F JUUBLFT UIF OFDFTTBSZ TUFQT BVUPNBUIDBIIIZ

"PS X1BUFWFS SFBTPO ZPV XBOU UP DPNQJIF B QZUIPO QSPHSBN NBOVBINZ /P QSPCIFN *I DBO CF EPOF XTI UIF
NPEVIF QZ@DPNQJIF FIIFS VTIOH UIF JOUFSQSFUFS T 1 FI

import py compile
PY@COMPILE COMPILE MY@FIRST@SIMPLE@PROGRAM PY

OVIOY' @@PYCACHE@®@ MY@FIRST@SIMPLE@PROGRAM CPYTHON  PYC

PS VTIOH UIF GPIIP>XJOH DPNINBOE BU UIF TIFIl QSPNQU
PYTHON M PY@COMPILE MY@FIRST@SIMPLE@PROGRAM PY

&WUIFS XBZ ZPV NBZ OPUJDF UXP ULJOHT GJSTU UIFSF XJIll CF B OFX TVCEJSFDUPSZ  @@PYCACHE@@  J6 JUEPFTOU
BISFBEZ FYJTU =PV XJIll GJOE B GJIF  NZ@GISTU@TINQIF@TDSIQU DQZUIPO  QZD JO ULJT TVCEJSFDUPSZ S1JTJT UIF
DPNQJIFE WFSTIPO PG PVS GJlIF JO CZUF DPEF

=PV DBO BITP BVUPNBUJDBINZ DPNQUIIF Blll 2ZUIPO GINFT VTIOH UIF DPNQJIFBII NPEVIIF =PV DBO EP JU GSPN UIF THFIl
QSPNQU CZ SVOOJOH DPNQUIIFBI QZ BOE QSPWJEJOH UIF QBUI PG UIF EISFDUPSZ DPOUBJOJOH UIF 1ZUIPO GJIFT UP
DPNQIIF

MONTYIPYTHON ~ PYTHON PYTHON M COMPILEALL
-1STING

#VU BT XF IBWF TBJE ZPV EPOU IBWF UP BOE TIPVIEO U CPUIFS BCPVU DPNQIIWOH 1ZU1PO DPEF SI1F DPNQJIBWPO JT
1JEEFO GSPN UIF VTFS GPS B HPPE SFBTPO 4PNF OFXCJFT XPOEFS TPNFUNFT XTFSF UIFTF PNJOPVT GIFT XTI UTF
QZD TVGGIY NJHIUDPNF 6SPN *G 1ZUIPO IBT XSIUF BDDFTT GPS UIF EJSFDUPSZ XTFSF UIF 1ZU1PO QSPHSBN SFTIEFT JU
XN TUPSF UIF DPNQUIFE CZUF DPEF JO B GJlIF UIBU FOET XJUI B QZD TVGGJY *G 1ZUIPO IBT OP XSJUF BDDFTT UIF
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QSPHSBN Xl XPSL BOZXBZ SIF CZUF DPEF X CF QSPEVDFE CVU EJTDBSEFE XIFO UIF QSPHSBN FYNT & IFOFWFS
B 1ZUIPO QSPHSBN JT DBIIFE 1ZUIPO XJW DIFDL JG B DPNQJFE WFSTIPO XTI UIF QZD TVGGIY FYJTUT ST GIF 1BT
UP CF OFXFS UIBO UIF GINF XUT UIF QZ TVGGIY *G TVDI B GIIF FYJTUT 1ZUIPO XJM WPBE UIF CZUF DPEF X 1JD1 Xl
TQFFE VQ UIF TUBSU VQ WNF PG UIF TDSJQU *G UIFSF JT OP CZUF DPEF WFSTIPO 1ZUIPO XJIlf DSFBUF UIF CZUF DPEF CFGPSF
JU TUBSUT UIF FYFDVUIPO PG UIF QSPHSBN  &YFDVIIPO PG B 1ZUIPO QSPHSBN NFBOT FYFDVWPO PG UIF CZUF DPEF PO UIF
1201PO

Virtual
Machine
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VIRTUAL MACHINE (PVM).

COMPILATION OF APYTHON SCRIPT

&WFSZ WINF B 1ZU1PO TDSIQUJT FYFDVUFE B CZUF DPEF JT DSFBUFE *G B 1ZUIPO TDSIQU JT INQPSUFE BT B NPEVIF UIF
CZUF DPEF XJlli CF TUPSFE JO UIF DPSSFTQPOEJOH QZD GJF 4P UIF GPHIP>XJOH X3l OPU DSFBUF B CZUF DPEF GJIF

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

S51F JNQPSU JO UIF GPIIPXJIOH 1ZUIPO  TFTTIPO XJIll DSFBUF B CZUF DPEF GJIF XJU1 UIF OBNF
NZ@GISTUATINQIF@QSPHSBN QZD

MONTY!PYTHON ~ TMP LS
MY@F IRST@S IMPLE@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@F IRST@SIMPLE@PROGRAM PY MY@FIRST@SIMPLE@PROGRAM PYC
MONTY!IPYTHON ~ TMP

RUNNABLE SCRIPTS UNDER LINUX
ST DIBQUFS DBO CF TLIQQFE CZ 8IOEPXT VTFST %POU XPSSZ *U JT OPU FTTFOUJBII
4P 6BS XF IBWF TUBSUFE PVS 1ZUIPO TDSIQUT X1

PYTHON MY@FILE PY

PO UIF CBTI DPNNBOE WOF ** 1ZU1PO TDSIQU DBO BITP CF TUBSUFE WLF BOZ PUIFS TDSIQU VOEFS -JOVY FH #BTI
TDSIQUT 5XP TUFQT BSF OFDFTTBSZ GPS ULJT QVSQPTF UIF TIFCBOH INOF VTS CJO FOW QZUIPO  IBT UP CF BEEFE BT
UIF GISTU IOF PG ZPVS 1ZUIPO DPEF GIIF " *NUFSOBUWFIZ UIJT WOF DBO CF VTS CJO QZUIPO  JG ULJT JT UIF NPDBUJPO
PG ZPVS 1ZUIPO JOUFSQSFUFS *OTUFBE VTIOH FOW BT JO UIF GISTU TIFCBOH WOF UIF JOUFSQSFUFS JT TFBSDIFE GPS BOE
WPDBUFE BU ULF UINF UIF TDSJQUJT SVO SIIT NBLFT UIF TDSIQU NPSF QPSUBCIF  =FU JU BITP TVGGFST GSPN UIF TBNF
QSPCIFN S1F QBUI UP FOW NBZ BITP CF EJGGFSFOU PO B QFS NBDIJOF CBTUT S1F GJIF I1BT UP CF NBEF FYFDVUBCIF
SIFDPNNBOE DINPE Y TDSIQUOBNF IBT UP CF FYFDVUFE PO B —JOVY TIFIll FH CBTI DINPE TDSIQUOBNF
DBO BITP CF VTFE UP NBLF ZPVS GJiF FYFDVUBCIF *O PVS FYBNQIF
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CHMOD X MY@FIRST@SIMPLE@PROGRAM PY

8F JVTUSBUF UIIT JO B CBTI TFTTIPO

BERNDIMARVIN ~ MORE MY@FIRST@SIMPLE@SCRIPT PY
USR BIN ENV PYTHON

PRINT .Y FIRST SIMPLE 1YTHON SCRIPT
BERNDIMARVIN ~ LS LTR MY@FIRST@SIMPLE@SCRIPT PY

RWR R BERND BERND /0V MY@FIRST@SIMPLE@SCRIPT PY
BERNDIMARVIN ~ CHMOD X MY@FIRST@SIMPLE@SCRIPT PY

BERNDIMARVIN ~ LS LTR MY@FIRST@SIMPLE@SCRIPT PY

RWXR XR X BERND BERND /0V MY@FIRST@SIMPLE@SCRIPT PY
BERNDIMARVIN ~ MY@FIRST@SIMPLE@SCRIPT PY

.Y FIRST SIMPLE 1YTHON SCRIPT
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DIFFERENCES BETWEEN

COMPILERS AND INTERPRETERS

COMPILER

%FGIJOJIPO B DPNQJIFS JT B DPNQVUFS QSPHSBN UIBU USBOTGPSNT USBOTHBUFT TPVSDF DPEF PG B QSPHSBNNJOH
IBOHVBHF UIF TPVSDF IBOHVBHF JOUP BOPUIFS DPNQVUFS iBOHVBHF  UIF UBSHFU iBOHVBHF  *O NPTU DBTFT DPNQUIFST
BSF VTFE UP USBOTGPSN TPVSDF DPEF JOUP FYFDVUBCHF QSPHSBN J F UIFZ USBOTIBUF DPEF GSPN 1JHT HFWFI
QSPHSBNNJOH IIBOHVBHFT JOUP IPX PS IPXFS WFWFI IBOHVBHFT NPTWZ BTTFNCIZ PS NBD1JOF DPEF

INTERPRETER

%FGIOJIPO BO JOUFSQSFUFS JT B DPNQVUFS QSPHSBN UIBU FYFDVUFT JOTUSVDUIPOT XSJWUFO JO B QSPHSBNNJOH NBOHVBHF
*U DBO FIIFS FYFDVUF UIF TPVSDF DPEF EJSFDUIZ PS USBOTIBUF UIF TPVSDF DPEF JO B GISTU TUFQ JOUP B NIPSF FGGIDIFOU
SFQSFTFOUBUIPO BOE FYFDVUF VLT DPEF
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STRUCTURING WITH

INDENTATION

BLOCKS

** CIPDL JT B HSPVQ PG TUBUFNFOUT JO B QSPHSBN PS TDSIQU 6TVBINZ JU DPOTITUT PG BU
IFBTU POF TUBUFNFOU BOE EFDIBSBUJPOT GPS UIF CIPDL EFQFOEJOH PO UIF QSPHSBNNJOH
PS TDSJIQUWOH NBOHVBHF ** BOHVBHF X 1D BIIPXT HSPVQJOH XJUI CHPDLT JT DBWNFE B
CIIPDL TUSVDUVSFE NBOHVBHF (FOFSBIIiZ ClIPDLT DBO DPOUBJO CIPDLT BT XFili TP XFHFUB ©
OFTUFE CNPDL TUSVDUVSF ** CHPDL JO B TDSJQU PS QSPHSBN GVODWPOT BT B NFBOT UP HSPVQ
TUBUFNFOUT UP CF USFBUFE BT J6 UIFZ XFSF POF TUBUFNFOU *O NBOZ DBTFT JU BITP TFSWFT
BT B XBZ UP WINJU UIF iFYJDBII TDPQF PG WBSJBCIFT BOE GVODUPOT

*OJUIBINZ JO TINQUF IBOHVBHFT WLF #BTJD BOE *PSUSBO UIFSF XBT OP XBZ PG FYQWDIUWZ
VTJOH CIPDL TUSVDUVSFT 1SPHSBNNFST IBE UP SFIZ PO HP UP  TUSVDUVSFT OPXBEBZT
GSPXOFE VQPO CFDBVTF (P UP QSPHSBNT UVSO FBTJIZ JOUP TQBHIFUJ DPEF JF
UBOHIIFE BOE JOTDSVUBCIF DPOUSPI TUSVDUVSFT

#IPDL TUSVDUVSFT XFSF GJSTU GPSNBIJ[FE JO ** - (O- BT B DPNQPVOE TUBUFNFOU

1SPHSBNNJOH IBOHVBHFT TVDI BT **— (O~ 1BTDBIl BOE PUIFST VTVBINZ VTF DFSUBJO NFUIPET UP HSPVQ TUBUFNFOUT
JOUP CNPDLT

f CFHIO FOE

"* DPEF TOJQQFU JO 1BTDBI UP TIPX ULJT VTBHF PG CIPDLT

WITH PTO/ODE? DO

BEGIN

X

Y 9
END
f EP EPOF

f 6 GIFH #PVSOF BOE #BTI TIFI

f #SBDFT BITP DBINFE DVSIZ CSBDLRUT \  ~#Z GBS UIF NPTUDPNNPO BQQSPBDI VIFECZ $ $
1RSI +BWB BOE NBOZ PUIFS QSPHSBNINJOH NBOHVBHFT JT UIF VTF PG CSBDFT SI1F GPIPXIOH FYBNQIF
TIPXT B DPOEJJPOBI TUBIFNFOU JO $

IF X [
PRINTF 5HE "NSWER TO THE 6LTIMATE 2UESTION OF -IFE THE 6NIVER
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SE AND &VERYTHING=N
] ELSE [

PRINTF +UST A NUMBER =N
1

S1F JOEFOUBUJPOT JO UIJT DPEF GSBHNFOU BSF OPU OFDFTTBSZ 4P UIF DPEF DPVIE CF XSIWFO  PGGFOEJOH DPNNPO
EFDFODZ BT

IF X [PRINTF 5HE "NSWER TO THE GLTIMATE 2UESTION OF -IFE
THE 6NIVERSE AND &VERYTHING=N ] ELSE [PRINTF +UST A NUMBE
R=N ]

1IFBTF LFFQ ULJT JO NJOE UP VOEFSTUBOE UIF BEWBOUBHFT PG 1ZUIPO

INDENTING CODE

1Z01PO VTFT B EJC6FSFOU QSJODIQUF  1ZUIPO QSPHSBNT HFU _
TUSVDUVSFE UISPVHI JOEFOUBUPO J F DPEF CIPDLT BSF EFGIOFE
CZ UIFJS JOEFOUBWIPO OLBZ UIBUT X1BU XF FYQFDU GSPN BOZ
QSPHSBN DPEF JTOUJ =FT CVUJO UIF DBTF PG 1ZUIPO T B Block 2
IBOHVBHF SFRVISFNFOU OPU B NBUFS PG TUZIF S 1JT QSJODJQIF

NBLFT JU FBTJFS UP SFBE BOE VOEFSTUBOE PUIFS QFPQIF T _
1ZU1PO DPEF

Block 2, continuation

Block 1

4P 1PX EPFT JU XPSL  **Ilf TUBUFNFOUT XJUI UIF TBNF
EJTUBODF UP UIF SIHIU CFIPOH UP UIF TBNF CIIPDL PG DPEF J F
UI'F TUBUFNFOUT XJU1JO B CPDL WOF VQ WFSWJDBINZ S1F CNPDL
FOET BU B WOF NFTT JOEFOUFE PS UIF FOE PG UIF GIIF *G B CHPDL
IBT UP CF NPSF EFFQIZ OFTUFE JU JT TINQIZ JOEFOUFE GVSUIFS
UP UIF SIHIU

Block 1, continuation

#FHIOOFST BSF OPU TVQQPTFE UP VOEFSTUBOE UIF GPIIPXJOH FYBNQUF CFDBVTF XF IBWFO U JOUSPEVDFE NPTU PG UIF
VTFE TUSVDUVSFT WLF DPOEJWPOBI TUBUFNFOUT BOE NIPPQT 1MFBTF TFF UIF GPHIP>XIOH DIBQUFST BCPVU IPPQT BOE
DPOEJWPOBII TUBUFNFOUT GPS FYQIBOBWPOT S 1F QSPHSBN JNQIFNFOUT BO BIHPSIUIN UP DBIDVHBUF 1ZUIBHPSFBO
USIQUFT =PV XJIll GJOE BO FYQIBOBWPO PG UIF 1ZUIBHPSFBO OVNCFST JO PVS DIBQUFS PO GPS IPPOT

from math import SQRT

N INPUT _AXIMUM ZUMBER

N INT N

for A in RANGE N

for B in RANGE A N

COSQUARE A B
C INT SQRT C@SQUARE
ifT C@SQUARE C
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https://www.python-course.eu/python3_for_loop.php

PRINT A B C

SIFSF JT BOPUIFS BTQFDU PG TUSVDUVSIOH JO 1ZUIPO X 1IDI XF IBWFO U NFOWPOFE TP GBS X 1DI ZPV DBO TFF JO UIF
FYBNQIF —PPQT BOE $POEJWPOBI TUBUFNFOUT FOE XJUI B DPIPO UIF TBNIF JT USVF GPS GVODUJPOT BOE PUIFS
TUSVDUVSFT JOUSPEVDJOH CNPDLT "l JO Blll 1ZUIPO TUSVDUVSFT CZ DPIPOT BOE JOEFOUBUIPO
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DATA TYPES AND VARIABLES

INTRODUCTION

D) BWF ZPV QSPHSBNINFE IIPX IFWFI iBOHVBHFT ILF $ $  PS PUIFS TINJIBS
QSPHSBNNJOH IIBOHVBHFT *6 TP ZPV NJHIU ULJOL ZPV LOPX BISFBEZ FOPVHI
BCPVU EBUB UZQFT BOE WBSJBCIFT =PV LOPX BIIPU UIBUT SIHIU CVU OPU FOPVHI
GPS 1ZUIPO 4P T XPSUI UP HP PO SFBEJOH UIJT DIBQUFS PO EBUB UZQFT BOE
WBSIBCIFT JO 1ZUIPO 51FSF BSF EPEHZ EJGGFSFODFT JO UIF XBZ 1ZUIPO BOE $
EFBI XJUI WBSIBCIFT S1FSF BSF JOUFHFST GIIPBUIOH QPJOU OVINCFST TUSJOHT BOE
NBOZ NPSF CVU UIJOHT BSF OPU UIF TBNF BT JO $ PS $

*6 ZPV XBOU UP VTF WTUT PS BTTPDJBWWF BSSBZT JO $ FH ZPV XUl IBWF UP

DPOTUSVF UIF EBUB UZQF WTU PS BTTPDIBUWF BSSBZT GSPN TDSBUDI J F EFTJHO

NFNPSZ TUSVDUVSF BOE UIF BIIPDBWJPO NBOBHFNFOU =PV XJill IBWF UP

JNQIFNFOU UIF OFDFTTBSZ TFBSDI BOE BDDFTT NFUIPET BT XFill 1ZUIPO

QSPWIEFT QPXFS EBUB UZQFT WLF WTUT BOE BTTPDJBUIWF BSSBZT DBIFE EJDU BT B HFOVIOF QBSU PG UIF IBOHVBHF

4P UNT DIBQUFS JT XPSUI SFBEJOH CPUI GPS CFHJOOFST BOE GPS BEWBODFE QSPHSBNNFST JO PUTFS QSPHSBNNJOH
IBOHVBHFT

VARIABLES

GENERAL CONCEPT OF VARIABLES

51T TVCDIBQUFS JT FTQFDJBINZ JOUFOEFE GPS $ $  BOE +BWB QSPHSBNINFST CFDBVTF UIF XBZ UIFTF QSPHSBNNJOH
IBOHVBHFT USFBU CBTJD EBUB UZQFT JT EJGGFSFOU GSPN UIF XBZ 1ZUIPO EPFT SIPTF XI1P TUBS IFBSOJOH 1ZU1PO BT
UTFJS GJSTU QSPHSBNINJOH BOHVBHF NBZ TLIQ UIJT BOE SFBE UIF OFYU TVCD IBQUFS

4P XI1BUT B WBSIBCIF **T UIF OBNF JNQIFT B WBSIBCIF JT TPNFUIJOH X 1JD1 DBO DIBOHF ** WBSIBCIF JT B XBZ PG
SFGFSSJOH UP B NFNIPSZ IPDBUPO VTFE CZ B DPNQVUFS QSPHSBN *O NBOZ QSPHSBNNJOH IBOHVBHFT B WBSJBCIF JT B
TZNCPID OBNF GPS ULJT QIZTIDBI IPDBUPO S 1T NFNPSZ IPDBUPO DPOUBJOT WBIIVFT WLF OVNCFST UFYU PS NPSF
DPNQIDBUFE UZQFT 8F DBO VTF VLT WBSIBCHF UP UFIl UTF DPNQVUFS UP TBWF TPNF EBUB JO ULJT IPDBUWPO PS UP
SFUSJFWF TPNF EBUB GSPN ULJT NPDBUJPO
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** WBSJBCHIF DBO CF TFFO BT B DPOUBJOFS PS TPNF TBZ B QIHFPOIPIF UP TUPSF DFSUBJO WBIVFT 8 IlIF UIF QSPHSBN JT
SVOOJOH WBSIBCHFT BSF BDDFTTFE BOE TPNFUWNFT DIBOHFE JF B OFX WBHIVF XJll CF BTTJHOFE UP B WBSJBCIF

818U XF IBWF TBJE TP GBS BCPVU WBSIBCIFT CFTU GJUT UIF XBZ WBSIBCIFT BSF INQIFNFOUFEJO $ $  PS +BWB
"7BSIBCIF OBNFT 1BWF UP CF EFDIBSFE JO UIFTF IBOHVBHFT CFGPSF UIFZ DBO CF VTFE

INT X

INT Y

4VDI EFDIBSBUPOT NBLF TVSF UIBU UTF QSPHSBN SFTFSWFT NFNPSZ GPS UXP WBSIBCHFT XJUI UIF OBNFT Y BOE Z 51F
WBSJBCHF OBNFT TUBOE GPS UIF NFNPSZ IPDBUWPO *UT WLF UIF UXP FNQUZ TIPFCPYFT X1JDI ZPV DBO TFF JO UIF
QJDUVSF BCPWF SIFTF TIPFCPYFT BSF NBCFIFE XJUI' Y BOE Z —JLF UIF UXP TIPFCPYFT UIF NFNPSZ JT FNQUZ BT
XFIl

1VUWIOH WBIIVFT JOUP UIF WBSIBCIFT DBO CF SFBIN[FE XJUI BTTIHONFOUT SI1F XBZ ZPV BTTIJHO WBIVFT UP WBSIBCIFT JT
OFBSZ UIF TBNF JO BIll QSPHSBNNJOH IBOHVBHFT *O NPTU DBTFT UIF FRVBI TIHO JT VTFE SIF WBIIVF PO UIF
SIHIU TIEF X3 CF TBWFE JO UIF WBSIBCIF OBNF PO UIF NIFGU TIEF

8F XM BTTIHO UIF WBIVF  UP CPUI WBSIBCIFT BOE XF DBO TFF UIBU UXP OVNCFST BSF Q1 ZTIDBINZ TBWFE JO UIF
NFNPSZ X1ID1 DPSSFTQPOE UP UIF UXP TIPFCPYFT JO UIF GPIIP>XJOH QJDUVSF
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8F U1JOL UIBU JUJT FBTZ UP VOEFSTUBOE X1BU IBQQFOT *G XF BTTJHO B OFX WBIVF UP POF PG UIF WBSIBCIFT WIFUT TBZ
UIFWBIVF P Z
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8F IBWF FYDIBOHFE UIF DPOUFOU PG UIF NFNPSZ IPDBWPO PG Z

8F IBWF TFFO OPX UIBU JO IBOHVBHFT WLF $ $  PS +BWB FWFSZ WBSIBCIF IBT BOE NVTU IBWF B VOJRVF EBUB UZQF
& H J6 B WBSIBCIF JT PG UZQF JOUFHFS TPIFIZ JOUFHFST DBO CF TBWFE JO UIF WBSJBCIF GPS UIF EVSBUIPO PG UTF
QSPHSBN *O UIPTF QSPHSBNNJOH BOHVBHFT FWFSZ WBSIBCHF IBT UP CF EFDIBSFE CFGPSF JU DBO CF VTFE %FDIBSIOH B
WBSIBCIIF NFBOT CJOEJOH JU UP B EBUB UZQF

SIFSF JT OP EFDIBSBUPO PG WBSIBCHFT SFRVISFE JO 1ZUIPO X1IDI NBLFT JURVIUF FBTZ *UT OPU FWFO QPTTJCHF UP
EFDIBSF UIF WBSIBCHFT *G UIFSF JT OFFE GPS B WBSJBCHF ZPV TIPVIE U1JOL PG B OBNF BOE TUBSU VTIOH JU BT B WBSIBCIIF

""OPUIFS SFNBSLBCHF BTQFDU PG 1ZUIPO /PU PONZ UIF WBIIVF PG B WBSIBCIF NBZ DIBOHF EVSIOH QSPHSBN FYFDVUPO
CVUUIF UZQF BT XFill =PV DBO BTTJHO BO JOUFHFS WBIIVF UP B WBSJBCIIF VTF JU BT BO JOUFHFS GPS B X 1JIF BOE UIFO
BTTIHO B TUSJOH UP UIF TBNF WBSIBCHF *O UIF GPIIPXJOH WOF PG DPEF XF BTTIHO UIF WBIVF  UP B WBSIBCHF

SIF FRVBI TJHO JO UIF BTTIHONFOU TIPVIEO U CF TFFO BT JT FRVBIIUP  *U TIPVIE CF SFBE PS JOUFSQSFUFE BT JT
TFU P NFBOJOH JO PVS FYBNQIF UIF WBSIBCIF J JT TFU UP /PX XF XJlll JODSFBTF UIF WBIVF PG ULJT WBSIBCIIF CZ

1 I
PRINT 1

"*T XF IBWF TBJE BCPWF UIF UZQF PG B WBSJBCIF DBO DIBOHF EVSIOH UIF FYFDVWPO PG B TDSIQU OS UP CF QSFDJTF B
OFX PCKFDU X1JDI DBO CF PG BOZ UZQF XJW CF BTTIHOFE UP JU 8F JIVTUSBUF UIIT JO PVS GPIIPXJOH FYBNQIF

1 DATA TYPE IS IMPLICITLY SET TO INTEGER
1 DATA TYPE IS CHANGED TO FLOAT
1 FORTY AND NOW IT WILL BE A STRING
8I1F0 1ZU1PO FYFDVUFT BO BTTIHONFOU WLF J JU FWBIVBUFT UIF SJHIU TJEF PG UIF BTTIHONFOU BOE SFDPHOI[FT

UIBU JU DPSSFTQPOET UP UIF JOUFHFS OVNCFS  *U DSFBUFT BO PCKFDU PG UIF JOUFHFS DHBTT UP TBWF ULJT EBUB *G ZPV
XBOU UP IBWF B CFWFS VOEFSTUBOEJOH PG PCKFDUT BOE DIBTTFT ZPV DBO CVU ZPV EPO U IBWF UP TUBSU XJUT PVS DIBQUFS
PO OCKFDU OSIFOUFE 1SPHSBNNJOH

*0 PUIFS XPSET 1ZUIPO BVUPNBUJDBINZ UBLFT DBSF PG UIF Q1ZTJIDBN SFQSFTFOUBUIPO GPS UIF EJGGFSFOU EBUB UZQFT
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8F XBOU UP UBLF B DIPTFS iPPL BU WBSIBCIFT OPX 1ZUIPO WBSIBCHFT BSF SFGFSFODFT UP PCKFDUT CVU UIF BDUVBI EBUB
JT DPOUBJOFE JO UIF PCKFDUT

lama
Python variable. My
name is x and | can point
to an arbitrary object.
In this case to an
Int object.

"*T WBSJBCHFT BSF QPJOUJOH UP PCKFDUT BOE PCKFDUT DBO CF PG BSCJUSBSZ EBUB UZQFT WBSIBCHFT DBOOPU IBWF UZQFT
BTTPDJBUFE XTI UIFN SHJTJT B 1VHF EJGGFSFODF GSPN $ $  PS +BWB X 1FSF B WBSIBCIF JT BTTPDJBUFE XJUI B
GJYFE EBUB UZQF SI1JT BTTPDJBUWPO DBO U CF DIBOHFE BT IPOH BT UIF QSPHSBN JT SVOOJOH

SIFSFGPSF JU JT QPTTICHF UP XSJUF DPEF WLF UIF GPINMPXJOH JO 1ZU1PO

X
PRINT X

X /0W X REFERENCES A STRING
PRINT X

/0W X REFERENCES A STRING
8F XBOU UP EFNPOTUSBUF TPNFUIJOH FITF OPX —FUT IPPL BU UIF GPIlPXJOH DPEF

X
Y X

8F DSFBUFE BO JOUFHFS PCKFDU  BOE BTTJHOFE JU UP UIF WBSIBCHF Y **GUFS UIJT XF BTTJHOFE Y UP UIF WBSJBCIF Z
ST NFBOT UIBU CPUI WBSIBCHFT SFGFSFODF UIF TBNF PCKFDU S 1F GPIIPXJOH QJDUVSF JWVTUSBUFT ULIT
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lama
Python variable. My
name is X and | can point
to an arbitrary object.
In this case to an
Int object.

My name is
Y and | reference the
same object as the
variable X.

818U X 1BQQFO X1FO XF FYFDVUF

BGUFS UIF QSFWIPVT DPEF

1ZU1PO XJ DSFBUF B OFX JOUFHFS PCKFDU XJUI UIF DPOUFOU  BOE UIFO UIF WBSIBCHF Z XM SFGFSFODF ULJT OFXIiZ
DSFBUFE PCKFDU BT XF DBO TFF JO UIF GPIlPXJOH QIDUVSF

Now | am referencing
the newly created
int object 78

| am still
referencing
the 42 int

- PTUQSPCBCNZ XF XJl TFF GVSUIFS DIBOHFT UP UIF WBSIBCHFT JO UIF GIPX PG PVS QSPHSBN STFSF NJHIU CF GPS
FYBNQIF B TUSJOH BTTJHONFOU UP UIF WBSIBCIF Y S1F QSFWIPVTIZ JOUFHFS PCKFDU X CF PSQIBOFE BGUFS UIJT

%5 5:1&4 /% 73 H#H-&4



BTTJHONFOU *U XJill CF SFNPWFE CZ 1ZUIPO CFDBVTF OP PUIFS WBSIBCHF JT SFGFSFODJOH U

Now, | am
referencing
a string
object!

| am still
referencing the
integer object 78

ZPV NBZ BTL ZPVSTFIG 1PX DBO XF TFF PS QSPWF UIBU Y BOE Z SFBINZ SFGFSFODF UIF TBNF PCKFDU BGUFS UIF
BTTJHONFOU Z Y PG PVS QSFWIPVT FYBNQIF

SIF JEFOUUZ GVODWPO JE - DBO CF VTFE GPS UIJT QVSQPTF &WFSZ JOTUBODF PCKFDU PS WBSJBCHF  IBT BO JEFOUUZ J F
BO JOUFHFS X 1D JT VOJRVF XJU1JO UIF TDSIQU PS QSPHSBN J F PUIFS PCKFDUT IBWF EJGGFSFOU JEFOUUIFT 4P IIFUT
I1BWF B iPPL BU PVS QSFWIPVT FYBNQUF BOE IPX UIF JEFOUWFT XJill DIBOHF

X
ID X

OVIQWU

Y X
ID X IDY

OVIQW

Y
ID X IDY

OVIQW
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VALID VARIABLE NAMES

S51F OBNJOH PG WBSIBCHFT GPIPXT UIF NPSF HFOFSBII DPODFQU PG BO JEFOWGIFS ** 1ZUIPO JEFOUWGIFS JT B OBNF VTFE
UP JEFOUJGZ B WBSIBCIF GVODWPO DIBTT NPEVIF PS PUIFS PCKFDU

** WBSJBCIF OBNF BOE BO JEFOUJGJFS DBO DPOTITU PG UIF VQQFSDBTF FWFST ** UISPVHI 5 UIF NPXFSDBTF NFWFST
B UISPVHI [ UIF VOEFSTDPSF @ BOE FYDFQU GPS UIF GJSTU DIBSBDUFS UIF EJHUT  UISPVHI  1ZUIPO Y JT CBTFE
PO 60JDPEF 51BUJT WBSIBCIF OBNFT BOE JEFOUJGIFS OBNFT DBO BEEJUWPOBINZ DPOUBJO 6OJDPEF DIBSBDUFST BT XFill

*EFOUGIFST BSF VOWNJUFE JO NFOHUI $BTF JT TIHOJGIDBOU S 1F GBDU UIBU JEFOUWGIFS OBNFT BSF DBTF TFOTIWWF DBO
DBVTF QSPCIFNT UP TPNF 8JOEPXT VTFST XIFSF GIF OBNFT BSF DBTF JOTFOTJWWF GPS FYBNQIF

&YDFQUIPOT 6SPN UIF SVIFT BCPWF BSF UIF TQFDJBI 1ZUIPO LFZXPSET BT UIFZ BSF EFTDSICFE JO UIF GPIIPXJOH
QBSBHSBQI

S1F GPIlIP>XJOH WBSIBCIF EFGIOJUPOT BSF Bill WBINE

HEIGHT
MAXIMUM@HEIGHT

- INIMUM)EIGHT

PYTHON KEYWORDS
/P JEFOUJGJFS DBO IBWF UIF TBNF OBNF BT POF PG UIF 1ZUIPO LFZXPSET BWIPVHI UIFZ BSF PCFZIOH UIF BCPWF
OBNJOH DPOWFOWPQOT

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

SIFSF JT OP OFFE UP lIFBSO UIFN CZ 1FBSU =PV DBO HFU UIF WTU PG 1ZUIPO LFZXPSET JO UIF JOUFSBDUWWF TIFIl CZ
VTIOH IFIQ =PV UZQF IFIQ JO UIF JOUFSBDUWWF CVU QUFBTF EPO U GPSHFU UIF QBSFOUIFTIT

HELP
8ELCOME TO 1YTHON S HELP UTILITY

*F THIS 1S 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 50 QUIT THIS HELP UTILIT
Y AND

RETURN TO THE INTERPRETER JUST TYPE QUIT

50 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

818U ZPV TFF OPX JT UIF THIQ QSPNQU X 1IDI BINPXT ZPV UP RVFSZ THIQ PO PUT PG ULJOHT FTQFDIBINZ PO
LFZXPSET BT XFill

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 1S WHILE
AS EXCEPT LAMBDA WITH
ASSERT FINALLY NONLOCAL YIELD
BREAK FOR NOT

CLASS FROM OR

CONTINUE GLOBAL PASS

HELP

8F TBX JO PVS DIBQUFS PO 7BINE 7BSIBCIF /BNFT UIBU XF TPNFUNFT OFFE OBNFT X 1JD1 DPOTJITU PG NIPSF UIBO
POF XPSE 8F VTFE GPS FYBNQIF UIF OBNF NBYIJNVN@IFIHIU 5S1F VOEFSTDPSF GVODUWPOFE BT B XPSE
TFQBSBUPS CFDBVTF CHBOLT BSF OPU BIlIPXFE JO WBSJBCIF OBNFT 4PNF QFPQIF QSFGFS UP XSJUF WBSIBCIF OBNFT JO UIF
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TP DBWIFE $BNFI$BTF OPUBUIJPO 8F EFGIOFE UIF WBSIBCIF - JOJINVNY) FIHIU JO UIIT OBNJOH TUZIF

SIFSF JT B QFSNBOFOU XBS HPJOH PO CFUXFFO UIF DBNFI DBTF GPIlIPXFST BOE UIF VOEFSTDPSF HPWFST  1FSTPOBINZ
* EFGJOJUFNZ QSFGFS  UIF@OBUVSBI@XBZ@PCAOBNIOH@UIJOHT UP S1F/BIVSBISBZOG/BNIOHS 1JOHT  * UIJOL UIBU
UIF GJSTU POF JT NIPSF SFBEBCIIF BOE PPLT NPSF OBUVSBII IBOHVBHF ILF *O PUIFS XPSET $BNFISBTF XPSET BSF
IBSEFS UP SFBE UIBO UIFJS VOEFSTDPSF DPVOUFSQBIUT &TQFDIBINIZ*GS IFZ""SF7FSZ—POH ST JT NZ QFSTPOBI PQIOJPO
TIBSFE CZ NBOZ PUIFS QSPHSBNNFST CVU EFGIOJUFIZ OPU FWFSZCPEZ SIF 4UZIF (VIEF GPS 1ZUIPO $PEF
SFDPNNFOET VOEFSTDPSF OPUBUIPO GPS WBSIBCIF OBNFT BT XFill BT GVODUWPO OBNFT

$FSUBJO OBNFT TIPVIE CF BWPJEFE GPS WBSIBCIF OBNFT /FWFS VTF UIF DIBSBDUFST if  WPXFSDBTF IFWFS - O

O WLFJO OOWBSIP  PS* WLFJO *OEJBOB BT TJOHIF DIBSBDUFS WBSIBCIF OBNFT SI1FZ TIPVIE CF BWPJEFE
CFDBVTF UIFTF DIBSBDUFST BSF JOEJTWOHVJTIBCIF GSPN UIF OVNFSBIT POF BOE [FSP JO TPNF GPOUT 8 1F0 UFNQUFE UP
VTF I VTF — JOTUFBE JG ZPV DBOOPU U1JOL PG B CFWFS OBNF BOZXBZ SIF 4UZIF (VIEF IBT UP TBZ UIF GPHIPXJOH
BCPVU UIF OBNJOH PG JEFOUJGIFST JO TUBOEBSE NPEVHFT ~ **Iill JEFOUGIFST JO UIF 1ZU1PO TUBOEBSE WCSBSZ - 645 VTF
""4A$** POIZ JEFOUGIFST BOE 4)06-% VTF &OHINTI XPSET XIFSFWFS GFBTICIF JO NBOZ DBTFT BCCSFWIBUJPOT BOE
UFD10JDBI UFSNIT BSF VTFE X 1JD1 BSFO U &OHIWTI  *O BEEJWPO TUSJOH IUFSBIT BOE DPNINFOUT NIVTU BITP CF JO
*"4$** 51F POIZ FYDFQUPOT BSF B UFTU DBTFT UFTUJOH UIF OPO *"4$** GFBUVSFT BOE C OBNFT PG BVUIPST
""VUIPST X1PTF OBNFT BSF OPU CBTFE PO UIF IiBUJO BIQIBCFU - 645 QSPWJEF B IIBUJO USBOTIUFSBUIPO PG UIFIS OBNFT

$PNQBOJFT JOTWUVUFT PSHBOJ[BUWPOT PS PQFO TPVSDF QSPKFDUT BJINJOH BU BO JOUFSOBUWPOBI BVEJFODF TIPVIE BEPQU
B TINJIBS OPUBUPO DPOWFOUIPO

CHANGING DATA TYPES AND STORAGE LOCATIONS

1SPHSBNNJOH NFBOT EBUB QSPDFTTIOH %BUB JO B 1ZUIPO QSPHSBN JT SFQSFTFOUFE CZ PCKFDUT S1FTF PCKFDUT DBO
CF

hBUILT IN I E  OBJECTS PROVIDED BY 1YTHON
hOBJECTS FROM EXTENSION LIBRARIES
hCREATED IN THE APPLICATION BY THE PROGRAMMER

4P XF I1BWF EJGGFSFOU LJOET PG PCKFDUT GPS EJGGFSFOU EBUB UZQFT 8F XJIll IBWF B WPPL BU UIF EJGGFSFOU CVIW JO
EBUB UZQFT JO 1ZUIPO

NUMBERS

1Z01PO T CVJIW JO DPSF EBUB UZQFT BSF JO TPNF DBTFT BITP DBINFE PCKFDU UZQFT S1FSF BSF GPVS CVIIU JO EBUB UZQFT
6PS OVNCFST

h*NTEGER

g/0ORMAL INTEGERS

EG

qOCTAL LITERALS BASE

' NUMBER PREFIXED BY O ZERO AND A LOWERCASE O OR UPPERCASE
O WILL BE INTERPRETED AS AN OCTAL NUMBER

EXAMPLE
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A 0]

PRINT A

q)EXADECIMAL LITERALS BASE
)EXADECIMAL LITERALS HAVE TO BE PREFIXED EITHER BY X OR

EXAMPLE

HEX@NUMBER X"

PRINT HEX@NUMBER

g#INARY LITERALS BASE
#INARY LITERALS CAN EASILY BE WRITTEN AS WELL S5HEY HAVE TO BE
PREFIXED BY A LEADING FOLLOWED BY A B OR #

X B
X

oVIQW

SIF GVODWPOT IFY CJO PDUDBO CF VTFE UP DPOWFSU BO JOUFHFS OVINCFS JOUP UIF DPSSFTQPOEJOH TUSJOH
SFQSFTFOUBUWPO PG UIF JOUFHFS OVNCFS

X HEX
X

oviQW
TYPE X
OVIQVl TR
X BIN
X

ovigW g
X OCT
X

%5 5:1&4 /% 73 H#H-&4



oviQW g
OCT B

oviQW g

*OUFHFST JO 1ZU1PO  DBO CF PG VOIWNJIFE TI[F

X
PRINT X

X X X
OVIQWY

h-ONG INTEGERS

1Z01PO  IBT UXP JOUFHFS UZQFT JOU BOE IPOH SIFSF JT OP NPOH JOU JO 1ZUIPO BOZNPSF SIFSF JT PONZ POF
JOU UZQF X1JDI DPOUBJOT CPUI JOU BOE WPOH GSPN 1ZUIPO SIBUT XIZ UIF GPWPXJOH DPEF GBIIT JO 1ZU1PO

"ILE STDIN LINE

?

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

SyntaxError: INVALID SYNTAX

NameError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-49-bad7871d6042> IN

X = 43
-——=> 2 LONG(X)

NameError NAME LONG IS NOT DEFINED
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h"LOATING POINT NUMBERS

"PS FYBNQIF F
h$OMPLEX NUMBERS

$PNQIFY OVNCFST BSF XSIWFO BT

REAL PART IMAGINARY PART

&YBNQIFT

PRINT Z
J

INTEGER DIVISION
SIFSF BSF UXP LIOET PG EJWJTIPO PQFSBUPST

h TRUE DIVISION PERFORMED BY
h FLOOR DIVISION PERFORMED BY

SSVF EWJTIPO VTFT UIF THBTI  DIBSBDUFS BT UIF PQFSBUPS TJHO - PTU QSPCBCIZ U JT X1BU ZPV FYQFDU EJMWJTIPO UP
CF SIF GPIIPXJOH FYBNQIFT BSF IPQFGVIINZ TFIG FYQIBOBUPSZ

oVIQWU

oVIQWU
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OVIQWU

SIF PQFSBUIPS  QFSGPSNT GIPPS EMWJTIPO J F UIF EJWJEFOE JT EJWJEFE CZ UIF EWITPS - WLF JO USVF EWJTIPO  CWU
UIF GIPPS PG UIF SFTVIU XJIli CF SFUVSOFE S IF GIPPS JT UIF NBSHFTU JOUFHFS OVINICFS TNBINFS UIBO UIF SFTVIU PG UIF USVF
EWITIPO 5S1IT OVNCFS XJIll CF UVSOFE JOUP B GIPBU JG6 FIUIFS UIF EIWJEFOE PS UIF EJWJTPS PS CPUI BSF GIPBU WBIVFT *G
CPUI BSF JOUFHFST UIF SFTVIU Xl CF BO JOUFHFS BT XFillf *O PUIFS XPSET BIXBZT USVODBUFT UPXBSET OFHBUIWF
JOGIONZ

$POOFDWPO UP UIF GIPPS GVODWPO *O NBUIFNBUIDT BOE DPNQVUFS TDJFODF UIF GIPPS GVODUJPO JT UIF GVODUJPO UIBU
UBLFT BT JOQVU B SFBIF OVNCFS Y BOE SFUVSOT UIF HSFBUFTU JOUFHFS GIPPS Y Y UIBUJTNFTT UIBO PS FRVBII UP Y

*6 ZPV BSF DPOGVTFE OPX CZ UIJT SBUIFS NBUTFNBUJDBI BOE UIFPSFUIDBI EFGIOJIIPO UIF GPINPXJOH FYBNQUFT XJili
IPQFGVINZ DIBSIGIZ UIF NBUWFS

OVIQV
OVIQV
OVIQV
OVIQV
OVIQWY
OVIQV

oVIQWU
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STRINGS

SIF UBTL PG UIF GISTU HFOFSBWPO DPNQVUFST
JO UIF GPSWFT BOE GJGUWFT IBE CFFO EVF UP
UFD10JDBI SFTUSBJOUT  GPDVTFE PO OVNCFS
QSPDFTTIOH SFYU QSPDFTTIOH IBE CFFO KVTU
B ESFBN BU UIBU UINF /PXBEBZT POF PG
UIF NBJO UBTLT PG DPNQVUFST JT UFYU
QSPDFTTJOH JO BIl JUT WBSIFUWFT UIF NPTV
QSPNJOFOU BQQWDBUWPOT BSF TFBSDI FOHIJOFT
WLF (PPHIF 5P FOBCIF UFYU QSPDFTTIOH
QSPHSBNNJOH IIBOHVBHFT OFFE TVJUBCIIF
EBUB UZQFT 4USJOHT BSF VTFE JO BIll NPEFSO
QSPHSBNNJOH IIBOHVBHFT UP TUPSF BOE
QSPDFTT UFYUVBII JOGPSNBUWPO —PHIDBIIZ B
TUSJOH  WLF BOZ UFYU JT B TFRVFODF PG
DIBSBDUFST SIF RVFTWPO SFNBJOT X1BU B
DIBSBDUFS DPOTJTUT PG *O B CPPL PSJO B
UFYU ILF UIF POF ZPVS BSF SFBEJOH OPX DIBSBDUFST DPOTITU PG HSBQ 1DBI TIBQFT TP DBIMFE HSBQIFNFT DPOTITUOH
PG INOFT DVSWFT BOE DSPTTJOHT JO DFSUBJO BOHIFT PS QPTJWPOT BOE TP PO 51F BODJFOU (SFFLT BTTPDJBUFE UIF XPSE
XTI UIF FOHSBWIOHT PO DPJOT PS UIF TUBNQT PO TFBIIT

*0 DPNQVUFS TDIFODF PS DPNQVUFS UFDIOPNPHZ B DIBSBDUFS JT B VO PG
JOGPSNBUWPO SIFTF DIBSBDUFST DPSSFTQPOE UP HSBQIFNFT UIF GVOEBNFOUBI

VOT PG XSIWFO PS QSIOUFE NBOHVBHF #FGPSF 60JDPEF DBNF JOUP VTBHF UIFSF =

XBT B POF UP POF SFIBWPOTIIQ CFUXFFO CZUFT BOE DIBSBDUFST JF FWFSZ l:a
DIBSBDUFS PG B OBUJPOBII WBSJBOU J F OPU Bl UIF DIBSBDUFST PG UIF XPSIE  XBT

SFQSFTFOUFE CZ B TJOHNF CZUF 4VDI B DIBSBDUFS CZUF SFQSFTFOUT UIF IPHJDBI A' *

DPODFQU PG UIJT DIBSBDUFS BOE UIF DUBTT PG HSBQIFNFT PG ULJT DIBSBDUFS SIF -~ !
JNBHF BCPWF EFQJDUT WBSJPVT SFQSFTFOUBWPOT PG UIF NFWFS ** JF  ** JO Lk A ﬁ 5
EJGGFSFOU GPOUT 4P JO QSJOUWJOH UIFSF BSF WBSIPVT HSBQ 1JDBI SFQSFTFOUBUWPOT PS L

EJGGFSFOU FODPEJOHT PG UIF BCTUSBDU DPODFQU PG ULF NFWFS **  #Z UIF XBZ r ..] [

UIF IFWFS ** DBO CF BTDSICFE UP BO &HZQUBO 1JFSPHIZQI XTI B QIDUPHSBN £ o

PG BO PY *"Ilf PG UIFTF HSBQ 1JDBI SFQSFTFOUBWPOT IBWF DFSUBJO GFBUVSFT JO H A
DPNINPO *O PUIFS XPSET UIF NFBOJOH PG B DIBSBDUFS PS B XSJWFO PS QSJOUFE

UFYU EPFTO U EFQFOE PO UIF GPOU PS XSJUJOH TUZIIF VTFE OO B DPNQVUFS UIF
DBQJUBN ** JT FODPEFE JO CJOBSZ GPSN *G XF VTF "*4$%** JU JT FODPEFE  WLF Bl UIF PUIFS DIBSBDUFST BT UIF CZUF

*"4$** T SFTUSIDUFE UP DIBSBDUFST BOE &YUFOEFE "*4%** JT JT TUMI WNJUFE UP CZUFT PS DIBSBDUFST SHTIT
HPPE FOPVHI GPS IBOHVBHFT WLF &OHITI (FSNBO BOE *SFODI CVU CZ GBS OPU TVGGIDIFOU GPS $1JOFTF +BQBOFTF
BOE , PSFBO S1BUT XIFSF 60JDPEF HFUT JOUP UIF HBNF GO0JDPEF JT B TUBOEBSE EFTIHOFE UP SFQSFTFOU FWFSZ
DIBSBDUFS GSPN FWFSZ IBOHVBHF JF JUDBO IBOENF BOZ UFYU PG UIF XPSIE T XSIWOH TZTUFNT SIFTF XSJUOH
TZTUFNT DBO BITP CF VTFE TINVIUBOFPVTIZ J F 3PNBO BIQIBCFU NJYFE XTI $ZSID PS FWFO $1JOFTF DIBSBDUFST

SIFSF JT B EJGGFSFOU TUPSZ BCPVU 60JDPEF ** DIBSBDUFS NBQT UP B DPEF QPJOU ** DPEF QPJOU JT B UIFPSFUIDBII
DPODFQU SIBUJT GPS FYBNQIF UIBUUIF DIBSBDUFS ** JT BTTJHOFE B DPEF QPJOU 6 51F 6 NFBOT
G0JDPEF BOE UIF JT B IFYBEFDINBI OVNCFS  JO EFDINBI OPUBUIPO
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=PV DBO USBOTGPSN JU WLF ULJT JO 1ZUIPO

HEX
oviQW

INT X
oVIQW

6Q UP GPVS CZUFT BSF QPTTICHF QFS DIBSBDUFS JO 60JDPEF SI1FPSFUIDBINZ UIIT NFBOT B 1VHF OVNCFS PG

QPTTJCNF DIBSBDUFST %VF UP SFTUSIDUJPOT GSPN 65"  FODPEJOH UIFSF BSF  POliZ
DIBSBDUFST QPTTICHF 60JDPEF WFSTIPO IBT BTTJHOFE DIBSBDUFST S1JT NFBOT UIBU UIFSF BSF TIRHIWZ
NPSF U1BO PG Bl QPTTICHF DIBSBDUFST BTTJHOFE JO PUIFS XPSET XF DBO TUJW BEE OFBSIZ B NJIIPO D 1BSBDUFST

UP 60JDPEF

UNICODE ENCODINGS

/BNF

*T B POF UP POF FODPEJOH JF JUUBLFT FBDI GOJDPEF DIBSBDUFS B CZUF OVNCFS BOE TUPSFT UJO  CZUFT OOF BEWBOUBHF PG ULIT|
65" DBO GJOE UIF /U1 DIBSBDUFS PG B TUSJOH JO NOFBS WNIF CFDBVTF UIF /U1 DIBSBDUFS TUBSUT BU UIF  u/ZUl CZUF ** TFSIPVT EJTBEWBOUBHF PG
UP UI'F GBDU UIBU JU OFFET GPVS CZUFT

65" 65" CJU 60JDPEF 5SBOTGPSNBUJPO *PSNBU JT B DIBSBDUFS FODPEJOH DBQBCIF PG FODPEJOH Bill WBIJE DPEF QP!
FODPEJOH JT WBSIBCIF IFOHUI BT DPEF QPJOUT BSF FODPEFE XJUI POF PS U>

65" JT B WBSIBCIIF IFOHUI FODPEJOH TZTUFN GPS 60JDPEF J F  EJGGFSFOU DIBSBDUFST UBLF VQ B EJ66FSFOU OVNCFS PG CZUFT "*4%** DIBSE
CZUF QFS DIBSBDUFS S 1JT NFBOT UIBU UIF GJSTU DIBSBDUFST 65"  BSF JOEJTUWOHVITIBCIF GSPN **4%** #VU UIF TP DBINFE &YUFOE

65" WLF UIF 6NIBVUF b d BOE TP PO UBLF VQ UXP CZUFT $1JOFTF DIBSBDUFST OFFE UISFF CZUFT ®JOBINZ UIF WFSZ TFEPN VTFE D1BSBDUFST
OFFE GPVS CZUFT UP CF FODPEFE J0 65 & 5FDIT 8FC SFDIOPIPHZ 4VSWFZT XSIUFT UIBU 65*  JT VIFE CZ PG Bil
DIBSBDUFS |

STRING, UNICODE AND PYTHON

**GUFS UNT IFOHUIZ CVU OFDFTTBSZ JOUSPEVDUWPO XF GIOBIZ DPNF UP 1ZUIPO BOE UIF XBZ JU EFBIT XJUT TUSJOHT "Il
TUSJOHT JO 1ZUIPO  BSF TFRVFODFT PG QVSF  ©0JDPEF DIBSBDUFST OP TQFDJGID FODPEJOH ILF 65

S1FSF BSF EJGGFSFOU XBZT UP EFGIOF TUSIOHT JO 1ZUIPO

%5 5:1&4 /% 73 H#H-&4


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 TBOE T PG UIF QSFWIPVT FYBNQIF BSF WBSIBCIFT SFGFSFODJOH TUSJIOH PCKFDUT 8F DBO TFF UIBU TUSJIOH NUFSBIT
DBO FIUIFS CF FODIPTFE JO NBUD1JOH TIOHIF ~ PS JO EPVCIF RVPUFT ~ 4JOHIF RVPUFT XJil 1BWF UP CF FTDBQFE X1
B CBDLTWBTI = JG UIF TUSJOH JT EFGIOFE XJUT TIOHIF RVPUFT

S *T DOESN= T MATTER

ST JT OPU OFDFTTBSZ J6 UIF TUSJOH JT SFQSFTFOUFE CZ EPVCIF RVPUFT

S *T DOESN T MATTER

"*OBIPHPVTIZ XF XJiili 1BWF UP FTDBQF B EPVCIF RVPUF JOTJEF B EPVCIF RVPUFE TUSJOH

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

)E SAID  *T DOESN T MATTER IF YOU ENCLOSE A STRING IN SINGLE OR
DOUBLE QUOTES

S51FZ DBO BITP CF FODIPTFE JO NBUDIJOH HSPVQT PG UISFF TIOHIF PS EPVCIF RVPUFT *O ULJT DBTF UIFZ BSF DBINFE
USJQUF RVPUFE TUSJIOHT SITF CBDLTUBTI  DIBSBDUFS JT VTFE UP FTDBQF DIBSBDUFST UIBU PULFSXITF IBWF B TQFDJBII
NFBOJOH TVDI BT OFXIWOF CBDLTHBTI JUTFIG PS UIF RVPUF DIBSBDUFS

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

*0 USJQUF RVPUFE TUSJOHT VOFTDBQFE OFXINOFT BOE RVPUFT BSF BINPXFE BOE BSF SFUBJOFE  FYDFQU UIBU UISFF

VOFTDBQFE RVPUFT JO B SPX UFSNJOBUF UIF TUSJOH  ** RVPUF JT UIF DIBSBDUFS VTFE UP PQFO UIF TUSIOH JF  FIUIFS
PS

11 10 9 8 7 6 5 4 3 2 1
H e | | o W o r | d
0 1 2 3 4 5 6 7 8 9 10
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** TUSJOH JO 1ZUIPO DPOTITUT PG B TFSIFT PS TFRVFODF PG DIBSBDUFST - HFWFST OVNCFST BOE TQFDJBI D 1BSBDUFST
4ISJOHT DBO CF TVCTDSIQUFE PS JOEFYFE 4JNJIBS UP $ UIF GJSTU DIBSBDUFS PG B TUSJOH IBT UIF JOEFY

S )ELLO 80RLD
S< >

oviVi

S< >
OVIQW

SIF IBTU DIBSBDUFS PG B TUSJOH DBO CF BDDFTTFE UIJT XBZ

S<LEN S >
oviQWl

zFU UIFSF JT BO FBTJFS XBZ JO 1ZUIPO SIF IIBTU DIBSBDUFS DBO CF BDDFTTFE XJUI  UIF TFDPOE UP IBTU XUl BOE
TP PO

S< >
ovigW!

S< >
oviQW .

4PNF SFBEFST NUHIU GIOE JU DPOGVTIOH XIFO XF VTF UP TVCTDSIQU BT B TZOPOZN GPS UP JOEFY GTVBINZ B
TVCTDSIQUJT B OVNCFS GIHVSF TZNCPII PS JOEJDBUPS UIBU JT TNBIFS UIBO UIF OPSNBI IIOF PG UZQF BOE JT TFU TIRHIUZ
CHIPX PS BCPWF U 8 1FO XF XSPUF T< > PS T< > JO UIF QSFWIPVT FYBNQIFT ULJT DBO CF TFFO BT BO BIUFSOBUWWF XBZ
GPSUIF OPUBWPOT PST 4P CPUIT BOE T< > EFTDSICF PS EFOPUF UIF Ul DIBSBDUFS #Z UIF XBZ UIFSF JT OP
DIBSBDUFS UZQF JO 1ZUIPO " DIBSBDUFS JT TINQIZ B TUSJOH PG TI[F POF

0 1 2 3 4 5

*UT QPTTICHF UP TUBSU DPVOUJOH UIF JOEJDFT GSPN UIF SIHIU BT XF IBWF NFOUPOFE QSFWIPVTIZ *O ULJT DBTF OFHBUWF
OVNCRFST BSF VTFE TUBSWOH X1 GPS UIF NPTU SJHIU DIBSBDUFS

Plyltlnloln

6 5 -4 -3 -2 -1
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h$ONCATENATION

4USJOHT DBO CF HIVFE UPHFUIFS DPODBUFOBUFE XJUI UIF  PQFSBUPS  )FliP 8PSIE  XJl SFTVIU JO
)FIIP8PSIE

h3EPETITION

4USJOH DBO CF SFQFBUFE PS SFQFBUFENZ DPODBUFOBUFE XJUI UIF BTUFSITL PQFSBUPS XMFSFTVIU IO -
h*NDEXING

1Z01P0 < > XM SFTVIU IO 1
h4LICING

4VCTUSJOHT DBO CF DSFBUFE XJUT UIF TIWDF PS THIDJOH OPUBWPO J F  UXP JOEIDFT JO TRVBSF CSBDLFUT TFQBSBUFE CZ B

DPIPO 1ZVIPO < > XJW SFTVIL JO Ul
Ply|t hloln
0 1 2 3 4 5

h41ZE

WFO  1ZUIPO  XJl SFTVI JO

IMMUTABLE STRINGS

—JLF TUSJOHT JO +BWB BOE VOWLF $ PS$  1ZUIPO TUSIOHT DBOOPU CF DIBOHFE 5SZJOH UP DIBOHF BO JOEFYFE
QPTIWPO XJiilt SBITF BO FSSPS

5 40ME THINGS ARE IMMUTABLE

S< >
TypeError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-53-2fa9c6ft1b317> IN MODULE
S = "Some things are immutable!™
-——=> 2 S[-1] = "."

TypeError  STR OBJECT DOES NOT SUPPORT ITEM ASSIGNMENT

#FHJOOFST JO 1ZUIPO BSF PGUFO DPOGVTFE X 1FO UIFZ TFF UIF GPIPXJOH DPEFIOFT
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TXT )E LIVES IN #ERLIN
TXT )E LIVES IN )AMBURG

SIF WBSIBCHF UYU JT B SFGFSFODF UP B TUSJOH PCKFDU 8F EFGIOF B DPNQIFUFIZ OF X TUSJOH PCKFDU JO UIF TFDPOE
BTTJHONFOU 4P ZPV TIPVIEO U DPOGVTF UIF WBSIBCIF OBNF XJUI UIF SFGFSFODFE PCKFDU

A STRING PECULIARITY

AUSIOHT TIPX B TQFDIBIN FGGFDU X 13D XF XJ JIVTUSBUF JO UIF GPIIPXIOH FYBNQIF 8F XJlll OFFE UITF JT

OQFSBUPS *G CPUI B BOE C BSF TUSJOHT B JT C DIFDLT JG UIFZ IBWF UIF TBNF JEFOWUZ JF TIBSF UIF TBNF NFNPSZ
WIPDBWPO *G BJT C JT SSVF UIFO JU USIWJBWNZ GPINPXT UIBU B C IBTUP CF SSVF BT XFill zFU B C S5SVF
EPFTOUJNQUZ UIBU BJT C JT SSVF BT XFIll

—FUT IBWF B IPPL BU 1PX TUSJIOHT BSF TUPSFE JO 1ZU1PO

A - INUX
B - INUX
A is B

OVIQV 5puE

OLBZ CVU X1BU IBQQFOT JG UIF TUSJOHT BSF IPOHFS  8F VTF UIF IPOHFTU WIINBHF OBNF JO UIF XPSIE JO UIF
GPWPXJOH FYBNQIF *UT B TNBIl WIINBHF XJUT BCPVU JOIBCJUBOUT JO UIF 4PVUI PG UIF JTUBOE PG **OHIFTFZ JO
UIF ZPSUI 8FTU PG SBIFT

A —-LANFAIRPWLLGWYNGYLLGOGERYCHWYRNDROBWLLLLANTYSILIOGOGOGOCH
B -LANFAITRPWLLGWYNGYLLGOGERYCHWYRNDROBWLLLLANTYSILI0OGOGOGOCH
A is B

OVIQV spuE

/PULJOH IBT DIBOHFE JO PVS GISTU —JOVY FYBNQIF #VU X1BU XPSLT GPS 8BIFT EPFTOU XPSL FH GPS #BEFO
8eSWFNCFSH J0 (FSNBOZ

A #ADEN 8gRTTEMBERG
B #ADEN 8gRTTEMBERG
A Is B

A B
OVIQV 5RuE
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=PV BSF SJHIU JU 1BT OPUIIOH UP EP XJUI HFPHSBQIJDBI QUBDFT S1F TQFDJBI DIBSBDUFS J F UIF 1ZQIFO JT UP
CIBNF

A #ADEN
B #ADEN
A Is B

OVIQV = p| SE

A #ADEN
B #ADEN
A Is B

OVIQV gRUE

ESCAPE SEQUENCES IN STRINGS

5P FOE PVS DPWFSBHF PG TUSJOHT JO ULJT DIBQUFS XF XJIll JOUSPEVDF TPNF FTDBQF D1BSBDUFST BOE TFRVFODFT S1F
CBDLTWBTI ~ DIBSBDUFS JT VTFE UP FTDBQF DIBSBDUFST JF UP FTDBQF UIF TQFDJBI NFBOJOH X1JDI ULJT DIBSBDUFS
XPVIE PUIFSXITF IBWF &YBNQIFT GPS TVD1 DIBSBDUFST BSF OFXIJOF CBDLTUBTI JUTFIG PS UIF RVPUF DIBSBDUFS
4USJOH IUFSBIT NBZ PQUIPOBIINZ CF QSFGIYFE XJUT B NFWFS S PS 3 UIFTF TUSJOHT BSF DBINIFE SBX TUSIOHT 3BX TUSIOHT
VTF EJGGFSFOU SVIIFT GPS JOUFSQSFUOH CBDLTIBTI FTDBQF TFRVFODFT

Escape Sequence Meaning
=0FXIJOF *HOPSFE
#BDLTUBTI =
4JOHIF RVPUF
%PVCIF RVPUF
B TASH HEW H&—
-C "*4%** #BDLTQBDF #4
% ""4$** "PSNCFFE " *
E) ""4$** —JOFGFFE -~

=/\OBNF* $1BSBDUFS OBNFE OBNF JO UIF 60JDPEF EBUBCBTF 60JDPEF POIIZ

%5 5:1&4 /% 73 H#H-&4



Escape Sequence Meaning

S ""4$** $BSSIBHF 3FIVSO $3

= *"4%** YPSI[POUBI 5BC 5°*#

VYYYY $IBSBDUFS X1 Cl IFY WBIVF YYYY 6G0IDPEF POIZ
6YYYYYYYY S$IBSBDUFS XUl CIU IFY WBIVF YYYYYYYY GOIDPEF POIZ
W ""4$** 7FSUIDBI SBC 75

=PPP $1BSBDUFS X1 PDUBI WBIIVF PPP

Y1 $1BSBDUFS XTI TFY WBIVF 11

BYTE STRINGS

1ZU1PO  VTFT UIF DPODFQUT PG UFYU BOE CJOBSZ EBUB JOTUFBE PG 6OJDPEF TUSJOHT BOE ~ CJU TUSIOHT &WFSZ TUSIOH
PSUFYUJO 1ZUIPO  JT 60JDPEF CVU FODPEFE G0JDPEF JT SFQSFTFOUFE BT CJOBSZ EBUB S1F UZQF VTFE UP IPIE UFYU
JTTUS UIF UZQF VTFE UP IPIE EBUB JT CZUFT *UT OPU QPTTICHF UP NJY UFYU BOE EBUB JO 1ZUIPO  JU XJIl SBJTF
5ZQF&SSPS 8 1JlIF B TUSJIOH PCKFDU IPIET B TFRVFODF PG DIBSBDUFST JO 60JDPEF B CZUFT PCKFDU IPHET B TFRVFODF
PG CZUFT PVU PG UIF SBOHF  UP SFQSFTFOUWOH UIF *"4%** WBIVFT %FGJOJOH CZUFT PCKFDUT BOE DBTWOH UIFN
JOUP TUSJOHT

X )ALLO

T STR X

U T ENCODE 65"
PRINT U

B )ALLO
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ARITHMETIC AND COMPARISON

OPERATORS

INTRODUCTION
ST DIBQUFS DPWFST UIF WBSIPVT CVJIU JO PQFSBUPST X1IDI 1ZUIPO BT UP PGGFS

OPERATORS
SIFTF PQFSBWPOT PQFSBUPST DBO CF BQQIFE UP Bilf OVNFSID UZQFT

Operator Description Example
"*EEJIIPO 4VCUSBDUIPO

- VILJQWDBUWPO - PEVIP
3FTVI

%IWITIPO 1Z1PO
51T PQFSBUPO CSIOHT BCPWU EJGGFSFOU
SFTVIUT GPS 1ZUIPO Y LF GIPPS
EWJTIPO BOE 1ZUIPO Y

BOE JO 1ZUIPO Y

5SVODBUWPO %JWITIPO BITP LOPXO BT
GIPPSEJWITIPO PS GIIPPS EMITIPO

S1F SFTVIU PG UNT EMWITIPO JT UIF JOUFHSBII
QBSU PG UIF SFTVI J F UIF GSBDUIPOBI QBSU

JT USVODBUFE 36 UIFSF JT BOZ *G BUNFBTU POF PG UIF PQFSBOET JT B GIPBU
QPJOU OVNCFST CVU UIFSF JT B EJ6GFSFODF UIF SFTVIU

CRUXFFO UIF UZQF PG UIF SFTVIUT *G CPUI
UIF EJWJEFOE BOE UIF EJWJTPS BSF JOUFHFST
UTF SFTVIU X3 BITP CF BO JOUFHFS *G FIUIFS
UIF EJWJEFOU PS UIF EJWJTPS JT B GIIPBU UIF
SFTVIU X3 CF UIF USVODBUFE SFTVI BT B ** OPUF BCPVU FGGIDJFODZ

GIPBY 51F SETVIUT PG JOU BOE BSF
FRVBI #VUIF  EMWITIPO JT NPSF UIBO
UXP (JNFT BT GBTU =PV DBO TFF ULIT IFSF

*N < > TIMEIT
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FOR X IN RANGE
Y INT X
LOOPS BEST O
F &S PER LOO
p

*N < > TIMEIT
FOR X IN RANGE

Y X
LOOPS BEST O
F aS PER LOO
P
Y Y 60BSZ NJOVT BOE 60BSZ QIVT **IHFCSBID
TIHOT
Y #JUXJTF OFHBUIPO _
3FTVIU
&YQPOFOUBIIPO
3FTVI
PS BOE OPU #PPIFBO OS #PPIFBO *"OE #PPIFBO /PU BPSC BOED
10 &IFNFOU PG J0< >
[ | SI1F VTVBI DPNQBSITPO PQFSBUPST i
] ? FHIUXJITF OS #UXITF "*0E #IUXITF 903 ?
41J6) OQFSBUPST

*0<>
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SEQUENTIAL DATA TYPES

INTRODUCTION

4FRVFODFT BSF POF PG UIF QSJODJQBI CVIW JO EBUB UZQFT CFTIEFT OVNFSIDT T
NBQQJOHT GJIFT JOTUBODFT BOE FYDFQUPOT 1ZUIPO QSPWJEFT GPS TJY TFRVFODF -4y
PS TFRVFOWBN EBUB UZQFT

STRINGS

BYTE SEQUENCES
BYTE ARRAYS
LISTS

TUPLES

RANGE OBJECTS

AUSJIOHT INTUT UVQIFT CZUFT BOE SBOHF PCKFDUT NBZ IPPL WLF VUWFSIZ EJGGFSFOU UTJIOHT CVU ULFZ TUJIM IBWF TPNF
VOEFSIZJOH DPODFQUT JO DPNNPO

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

TEXT -1STS AND 4TRINGS CAN BE ACCESSED VIA INDICES
PRINT TEXT< > TEXT< > TEXT< >

-4
**DDFTTIOH ITUT

CITIES < 71ENNA -ONDON 1ARIS
#ERLIN ;URICH )AMBURG >

PRINT CITIES< >

PRINT CITIES< >

PRINT CITIES< >

71ENNA
1ARIS
)AMBURG

GOWLF PUIFS QSPHSBNNJOH NBOHVBHFT 1ZUIPO VTFT UIF TBNF TZOUBY BOE GVODWPO OBNFT UP XPSL PO TFRVFOUJBII
EBUB UZQFT "PS FYBNQUF UIF IFOHUI PG B TUSJOH B IWTU BOE B UVQIF DBO CF EFUFSNJOFE XJUI B GVODUWPO DBINFE
IFO
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COUNTRIES < (ERMANY AWITZERLAND "USTRIA

"RANCE #ELGIUM /ETHERLANDS

&NGLAND >
LEN COUNTRIES # the length of the list, 1.e. the number of objec
ts

OVIQW

FIB < >
LEN FIB

oVIQW

BYTES

SIF CZUF PCKFDU JT B TFRVFODF PG TNBIl JOUFHFST S1F FIFNFOUT 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

OVIW' B (L=XC =XBCCKLICHE "=XC =XBCGUNG

PYTHON LISTS

4P GBS XF I1BE BISFBEZ VTFE TPNF WTUT BOE IFSF DPNFT B QSPQFS JOUSPEVDUPO —JTUT BSF SFIBUFE UP BSSBZT PG
QSPHSBNINJOH IIBOHVBHFT IILF $ $  PS+BWB CVU 1ZUIPO NTUT BSF CZ GBS NPSF GIFYJCIIF BOE QPXFSGVII UIBO

DIBTTJIDBH BSSBZT *PS FYBNQIF OPU BIll UIF JUFNT JO B WTU OFFE UP IBWF UIF TBNF UZQF " VSUIFSNPSF INTUT DBO
HSPX JO B QSPHSBN SVO X1JIF JO $ UIF TI[F PG BO BSSBZ IBT UP CF GIYFE BU DPNQIIF UWNF

(FOFSBINZ TQFBLJOH B WJTU JT B DPMIFDUJPO PG PCKFDUT 5P CF NIPSF QSFDITF ** WTU JO 1ZUIPO JT BO PSEFSFE HSPVQ PG
JUFNT PS FIFNFOUT *U'T JNQPSUBOU UP OPUJDF UIBU UTFTF WJTU FIFNFOUT EPO U IBWF UP CF PG UIF TBNF UZQF *U DBO CF
BO BSCIUSBSZ NJYUVSF PG FIFNFOUT INLF OVNCFST TUSJOHT PUIFS WTUT BOE TP PO SIF WTU UZQF JT FTTFOUJBI GPS
1ZU1PO TDSIQUT BOE QSPHSBNT JO PUIFS XPSET ZPV XJIll IBSENZ GIOE BOZ TFSIPVT 1ZUIPO DPEF XWUTPVU B T

SIF NBJO QSPQFSWFT PG 1ZUIPO INTUT

S5I1FZ BSF PSEFSFE

51F DPOUBJO BSCIUSBSZ PCKFDUT

&IFNFOUT PG B IWJTU DBO CF BDDFTTFE CZ BO JOEFY

S51FZ BSF BSCJUSBSJIZ OFTUBCIF J F UIFZ DBO DPOUBJO PUIFS INTUT BT TVCWTUT
7BSIBCIF TI[F

SI1FZ BSF NVUBCIF J F UIF FIFNFOUT PG B INTU DBO CF DIBOHFE

— o oy ey ey =y
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LIST NOTATION AND EXAMPLES

—JTU PCKFDUT BSF FODIPTFE CZ TRVBSF CSBDLFUT BOE TFQBSBUFE CZ DPNNBT SIF GPIllP>XIO0H UBCIIF DPOUBJOT TPNF
FYBNQUFT PG ITUT

List Description
S **0 FNQUZ TV
< > ** WTU PG JOUFHRST
< 8I1BUT UIF RVFTWPO > ** TV PG NJYFE EBUB UZQFT
< 4WUHBSU  "SFICVSH ** INTU PG 4USIOHT
-e0DIF0O  /eSOCFSH
8eS[CVSH
6IN  "SJFESIDITIBGFO ;eSiDI
8JF0 >
<« -POEPO  &OHIBOE > ** OFTUFE WTU
< 1BSJT  "SBODF >
< #FSO  4XI[FSIBOE >
< )JHIVQ < GVSUIFSEPXO < BOE ** EFFQNZ OFTUFE IJTU

EPX0O < EFFQ EPXO  UIF BOTXFS
55>

""TTJHOJOH B IJTU UP B WBSIBCIIF
*0<>

LANGUAGES < 1YTHON $ $ +AVA 1ERL >

51FSF BSF EJGGFSFOU XBZT PG BDDFTTIOH UIF FIFNFOUT PG B INTU - PTU QSPCBCIZ UIF FBTIFTU XBZ GPS $ QSPHSBNINFST
X CF UISPVHI JOEJDFT J F UIF OVNCFST PG UIF ITUT BSF FOVNFSBUFE TUBSWOH XUl

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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SIF QSFWIPVT FYBNQIF PG B INTU IBT CFFO B INTU XJUI FIFNFOUT PG FRVBI EBUB UZQFT #VU BT XF TBX CFGPSF IWTUT
DBO IBWF WBSJPVT EBUB UZQFT BT TIPXO0 JO UIF GPINPXJOH FYBNQIF

GROUP < #0B (EORGE -YRIAM >

SUBLISTS

~JTUT DBO IBWF TVCIITUT BT FIFNFOUT STFTF TVCWTUT NBZ DPOUBJO TVCIITUT BT XFilf J F WTUT DBO CF SFDVSTIWFIZ
DPOTUSVDUFE CZ TVCIITU TUSVDUVSFT

PERSON << _ARC -AYER >
< OXFORD 4TR -ONDON >
>
NAME PERSON< >
PRINT NAME
< _ARC -AYER >

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

-ARC

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

-AYER

ADDRESS PERSON< >
PRINT ADDRESS

< OXFORD 4TR -ONDON >

STREET PERSON< >< >
PRINT STREET

OXFORD 4TR

8F DPVIE IBWF VTFE PVS WBSIBCIF ADDRESS BT XFll

STREET  ADDRESS< >
PRINT STREET

OXFORD 4TR
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S51F OFYU FYBNQIF TIPXT B NPSF DPNQIFY INTU XJUI B EFFQUZ TUSVDUVSFE WTU

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

OViQWy < B < C X >>

COMPLEX@LIST< >< >< >< >

oIVl

CHANGING LIST

LANGUAGES < 1YTHON $ $ +AVA 1ERL >
LANGUAGES< > ~ISP

LANGUAGES

OVIOV! < 1YTHON $ $ +AVA -ISP >

LANGUAGES APPEND )ASKELL

LANGUAGES

OVIW < 1yTHON  $  $ +AVA  -ISP  )ASKELL >
LANGUAGES INSERT 1ERL

LANGUAGES

OV < 1YTHON 1ERL $ $ +AVA ~ISP )ASKELL >

SHOPPING@LIST < MILK YOGHURT EGG BUTTER BREAD
ANAS >

8F HP UP B WJSUVBII TVQFSNBSLFU *FUDI B DBSU BOE TUBSU T1PQQIOH

SHOPPING@LIST < MILK YOGHURT EGG BUTTER BREAD
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

BAN

BAN
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PRINT SHOPPING@LIST SHOPPING@LIST
CART APPEND ARTICLE
PRINT CART CART

BANANAS < MILK YOGHURT EGG BUTTER BREAD >
< BANANAS >

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

8l B X1IF IPPQ

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 SHOPP ING@LIST
PRINT CART CART

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 >

** UVQIF JT BO INNVUBCIF TV J F B UVQIF DBOOPU CF DIBOHFE JO BOZ XBZ PODF JU IBT CFFO DSFBUFE ** UVQIF JT
EFGJOFE BOBIPHPVTIZ UP WTUT FYDFQU UIF TFU PG FIFNFOUT JT FODIPTFE JO QBSFOUIFTFT JOTUFBE PG TRVBSF CSBDLFUT
SIF SVIFT GPS JOEIDFT BSF UIF TBNF BT GPS WTUT OODF B UVQIF 1BT CFFO DSFBUFE ZPV DBO U BEE FIIFNFOUT UP B UVQIF
PS SENPWF FIFNFOUT GSPN B UVQIF

8IFSFIT UIF CFOFGIU PG UVQIFT

hSUPLES 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

hSHE MAIN ADVANTAGE OF TUPLES 1S THAT TUPLES CAN BE USED AS KEYS 1

N DICTIONARIES WHILE LISTS CAN T
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SIF GPIlIPXJOH FYBNQIF TIPXT IPX UP EFGIOF B UVQIF BOE IPX UP BDDFTT B UVQIF *VSUITFSNPSF XF DBO TFF UIBU
XF SBJTF BO FSSPS J6 XF USZ UP BTTJHO B OF X WBIVF UP BO FlIFNFOU PG B UVQIF

T TUPLES ARE IMMUTABLE
T< >

OV TUPLES
T< >  ASSIGNMENTS TO ELEMENTS ARE NOT POSSIBLE

TypeError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-13-fadace6c4d57> IN
-—--> 1 T[O]="assignments to elements are not possible"

TypeError  TUPLE OBJECT DOES NOT SUPPORT ITEM ASSIGNMENT

SLICING

*0 NBOZ QSPHSBNNJOH IBOHVBHFT JU DBO CF RVJUF UPVHI UP TWDF B QBSU PG B TUSJOH BOE FWFO IBSEFS J6 ZPV WLF UP
BEESFTT B TVCBSSBZ  1ZUIPO NBLFT JU WFSZ FBTZ XJUT JUT TWDF PQFSBUPS 4IDJOH JT PGUFO JNQIFNFOUFE JO PUIFS
IBOHVBHFT BT GVODWPOT XUI QPTTICHF OBNFT ILF TVCTUSIOH ~ HTUS PS TVCTUS

4P FWFSZ WINF ZPV XBOU UP FYUSBDU QBSU PG B TUSJOH PS B IIJTU JO 1ZUIPO ZPV TIPVIE VTF UIF TWDF PQFSBUIPS SIF
TZOUBY JT TINQUF *"DUVBINZ JU NPPLT B IJUUIF CJU WLF BDDFTTIOH B TIOHIF FIFNFOU XJUI BO JOEFY CVU JOTUFBE PG KVTU
POF OVNCFS XF IBWF NPSF TFQBSBUFE XJUI B DPIIPO 8F IBWF B TUBSU BOE BO FOE JOEFY POF PS CPUI PG UIFN
NBZ CF NJTTIOH *UT CFTU UP TUVEZ UIF NPEF PG PQFSBWPO PG TIDF CZ 1BWJOH B IPPL BU FYBNQUFT

SLOGAN 1YTHON 1S GREAT
FIRST@SIX SLOGAN< >
FIRST@SIX

OVIY 1YTHON

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

OVIQWW N 1S GREAT

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

OVIRY1YTHON 1S
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4Z0UBDUIDBINZ UIFSF JT OP EJGGFSFODF PO WTUT 8F Xl SFUVSO UP PVS QSFWIPVT FYBNQIF XTI &VSPQFBO DIUZ OBNFT

CITIES < 7I1ENNA —~ONDON 1ARIS #ERLIN :URICH )AMBUR
G >

FIRST@THREE CITIES< >

# or easier:

FIRST@THREE CITIES< >
PRINT FIRST@THREE

< 7I1ENNA -ONDON 1ARIS >

/PX XF FYUSBDU BIlf DIWFT FYDFQU UIF WBTUUXP JF ;VSIDI' BOE )BNCVSH

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

< 7I1ENNA -ONDON 1ARIS #ERLIN >

4WIDJOH XPSLT XTI UISFF BSHVNFOUT BT XFill *G UIF UIJSE BSHYNFOU JT GPS FYBNQIF  POIIZ FWFSZ ULSE FIFNFOU PG
UIF TV TUSJOH PS UVQIIF GSPN UIF SBOHF PG UIF GISTU UXP BSHVNFOUT XJilf CF UBLFO

*6 TJT B TFRVFOUWBIN EBUB UZQF JU XPSLT WLF VT

S<BEGIN END STEP>

SIF SFTVIWOH TFRVFODF DPOTITUT PG UIF GPINPXJOH FIFNFOUT

S<BEGIN> S<BEGIN STEP> S<BEGIN 1 STEP> FOR ALL BE
GIN 1 STEP END

*O UIF GPINPXJOH FYBNQIF XF EFGIOF B TUSJOH BOE XF QSJOU FWFSZ UIJSE DIBSBDUFS PG UIJT TUSJIOH

SLOGAN 1YTHON UNDER -INUX IS GREAT
SLOGAN< >

OW 1H D N E

SIF GPIPXJOH TUSJIOH X 1ID1 IPPLT IILF B WFWFS TBIBE DPOUBJOT UXP TFOUFODFT OOF PG UIFN DPOUBJOT DPWFS!
BEWFSWTIOH PG NZ 1ZUIPO DPVSTFT JO $BOBEB
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510YRTOHNOTNO CIOSU RTSHEES LIANR G5EOSRTO N$TIOT YB Y1 N# O$DA
ENNASDEAO

587 P GJOE PVU UIF 1JEEFO TFOUFODF VTJOH 4IDJOH SIF TPIVWPO DPOTITUT PG TUFQT

S 510YRTOHNOTNO CIOSU RTSHEES LIANR G5EOSRTO N$TIOT YB YI N#
O$DAENNASDEAO
PRINT S

510YRTOHNOTNO CIOSU RTSHEES LIANR G5EOSRTO N$TIOT YB YI N# OS$DAE
NNASDEAO

S< >
OVIYl" 50RONTO IS THE LARGEST $ITY IN $ANADA
S< >

OVIQW" 1YTHON COURSES IN 50RONTO BY #ODENSEO

=PV NBZ CF JOUFSFTUFE JO IPX XF DSFBUFE UIF TUSJOH =PV IBWF UP VOEFSTUBOE WTU DPNQSFIFOTIPO UP VOEFSTUBOE
UIF GPIIPXJOH

S 50RONTO 1S THE LARGEST $ITY IN $ANADA
T 1YTHON COURSES IN 50RONTO BY #ODENSEO
S JOIN < JOIN X for X in ZIP ST >
S

OVIWW " 510YRTOHNOTNO CIOSU RTSHEES LIANR G5EOSRTO N$TIOT YB YI N
# O$DAENNASDEAO

LENGTH

—FOHUI PG B TFRVFODF JF B INTU B TUSJOH PS B UVQIF DBO CF EFUFSNJOFE XJUI UIF GVODWPO
IFO "PS TUSIOHT JU DPVOUT UIF OVNCFS PG DIBSBDUFST BOE GPS IWTUT PS UVQIFT UIF OVNCFS PG
FIFNFOUT BSF DPVOUFE X1FSFBT B TVCIJTU DPVOUT BT POF FIFNFOU

" TXT  )ELLO 8ORLD
LEN TXT

oVIQW!

A < 4WEN #ASEL >
LEN A
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OVIQWU

CONCATENATION OF SEQUENCES

$PNCIOJOH UXP TFRVFODFT WLF TUSIOHT PS WTUT JT BT FBTZ BT BEEJOH UXP OVNCFST UPHFUIFS &WFO UIF PQFSBUPS
TIHO JT UIF TBNF STF GPIPXJOH FYBNQIF TIPXT 1PX UP DPODBUFOBUF UXP TUSJOHT JOUP POF

FIRSTNAME )OMER

SURNAME 4 1MPSON

NAME FIRSTNAME SURNAME
PRINT NAME

)OMER 41MPSON

*UT BT TINQUF GPS WTUT

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

PRINT COLOURS

< RED GREEN BLUE BLACK WHITE >

S1F BVHNFOUFE BTTJHONFOU XD JT XFill LOPXO0 GPS BSJUINFUD BTTIHONFOUT XPSL GPS TFRVFODFT BT XFill
T U

JT TZOUBDUJDBINZ UIF TBNF BT

T T U

#VU JUJT POIZ TZOUBDUWDBINZ UIF TBNF STF INQIFNFOUBUWPO JT EJGGFSFOU *O UIF GISTU DBTF UIF NFGU TIEF 1BT UP CF
FWBIVBUFE POIiZ PODF **VHNFOU BTTIHONFOUT NBZ CF BQQINFE GPS NVUBCIF PCKFDUT BT BO PQUINJ[BUWPO
CHECKING IF AN ELEMENT IS CONTAINED IN LIST

*UTFBTZ UP DIFDL JG BO JUFN JT DPOUBJOFE JO B TFRVFODF 8F DBO VTF UIF JO PSUIF OPUJO PQFSBUPS GPS ULJT
QVSQPTF SIF GPIIPXJOH FYBNQIF TIPXT 1PX VLT PQFSBUPS DBO CF BQQWFE

ABC < A B C D E >
A 1n ABC

OVIQV gRyE

A not in ABC
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OVIQW = p| SE

E not in ABC

F not in ABC
OVIQV) 5RUE

SLOGAN 1YTHON 1S EASY
Y 1n SLOGAN

OVIQV gRUE

X in SLOGAN
OVIQW = a| oE

REPETITIONS

4P 6BS XF IBE B PQFSBUPS GPS TFRVFODFT SIFSF JT B PQFSBUPS BWBJIBCHF BT XFill OG DPVSTF UIFSF JT OP
NWVIWQWDBWPO  CFUXFFO UXP TFRVFODFT QPTTICIF JT EFGJOFE GPS B TFRVFODF BOE BO JOUFHFS JF T O
PS O T *TB LJOE PGBCCSFWJIBUIPO GPS BO O WNFT DPODBUFOBWPO J F

TUS
JTUIF TBNF BT
TS TUS TUS TS

"VSUIFS FYBNQIFT

XYZ
OVIQW xyz XYZ XYZ

XYZ
OVIQW xyz XxYZ XYZ

<A B C>
OVIQW < A B C A B C A B c >

51F BVHNFOUFE BTTJHONFOU GPS ~ #1- "0 31%$ 11 5%+ 1 OJTUIFTBNFBTT T O
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THE PITFALLS OF REPETITIONS

*0 PVS QSFWIPVT FYBNQIFT XF BQQWFE UTF SFQFIWPO PQFSBUPS PO TUSIOHT BOE GIIBU TUT &F DBO BQQNZ JU UP OFTUFE
WTUT BT XFl

X < A B C >

Y <>

Y

OVIOW << A B C> <A B C> <A B C> <A
B C >

Y<><> P

Y

OVIW << p B C> <P B C> <P B C> <P
B C >>

51T SFTVIU JT RVIUF BTUPOJT1JOH 6PS CFHIOOFST PG 1ZU1PO QSPHSBNNJOH SF
IBWF BTTJHOFE B OFX WBIVF UP UIF GISTU FIFNFOU PG UIF GISTU TVCITU PG Z J F
X Z< >< >BOE XF IBWF BVUPNBUDBIIZ DIBOHFE UIF GISTU FIFNFOUT PG BIN UIF
o H TVOWTUTIO Z JF Z< > > Z< > > Z< > >

SIF SFBTPO JT UIBU UIF SFQFUWJPO PQFSBUPS DSFBUFT  SFGFSFODFT UP UIF
“ WTU'Y BOE TP JUT DIFBS UIBU FWFSZ FIFNFQOU PG Z JT DIBOHFE J6 XF BQQNZ B OFX
WBIVF IP Z< >< >
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CHANGING LISTS

ST DIBQUFS PG PVS UVUPSIBI EFBIT XJUT GVSUIFS BTQFDUT PG INTUT =PV XJIlll IFBSO
1PX UP BQQFOE BOE JOTFSU PCKFDUT UP ITUT BOE ZPV XJWli BITP HIFBSO 1PX UP
EFIFUF BOE SFNPWF FIFNFOUT CZ VTIOH SFNPWF BOE QPQ

"* JTU DBO CF TFFO BT B TUBDL " TUBDL JO DPNQVUFS TDJFODF JT B EBUB
TUSVDUVSF X 1D 1BT BU NFBTU UXP PQFSBUIPOT POF X1IDI DBO CF VTFE UP QWU
PSQVTI EBUB PO UIF TUBDL BOE BOPUIFS POF UP UBLF BXBZ UIF NPTU VQQFS
FIFNFOU PG UIF TUBDL S1F XBZ PG XPSLJOH DBO CF JNBHJOFE XJUI B TUBDL PG
QUBUFT *G ZPV OFFE B QUBUF ZPV XJIll VTVBINZ UBLF UIF NPTU VQQFS POF SIF
VTFE QIBUFT XJili CF QVU CBDL PO UIF UPQ PG UIF TUBDL BGUFS DIFBOJOH *G B
QSPHSBNNJOH IBOHVBHF TVQQPSUT B TUBDL ILF EBUB TUSVDUVSF U X3l BITP
TVQQIZ BU NFBTU UXP PQFSBUPOT

hPUSH

5H1IS METHOD 1S 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

S5HIS METHOD RETURNS THE TOP ELEMENT OF THE STACK 5HE OBJECT WILL B
E REMOVED FROM THE STACK AS WELL

hPEEK

40ME PROGRAMMING LANGUAGES PROVIDE ANOTHER METHOD WHICH CAN BE USE
D TO VIEW WHAT 1S ON THE TOP OF THE STACK WITHOUT REMOVING THIS ELE
MENT SHE 1YTHON LIST CLASS DOESN T POSSESS SUCH A METHOD BECAUSE

IT 1S NOT NEEDED ' PEEK CAN BE SIMULATED BY ACCESSING THE ELEMENT

WITH THE INDEX

LST < EASY SIMPLE CHEAP FREE >
LST< >

OVIQY  FREE

POP AND APPEND
filTU BQQFOE Y

ST NFUIPE BQQFOET BO FIFNFOU UP UIF FOE PG ULF WTU NTU

LST < >
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LST APPEND
LST

oVIQW ¢ S

*U T JINQPSUBOU UP VOEFSTUBOE UIBU BQQFOE SFUVSOT /POF  *O PUIFS XPSET JU VTVBIlNZ EPFTO U NBLF TFOTF UP
SFBTTJHO UIF SFUVSO WBIIVF

LST < >
LST LST APPEND
PRINT LST

/0ONE

filTU QPQ J

QPQ SFUVSOT UIF J Ul FIFNFOU PG B WTU NTU  STF FIFNFOU XUl CF SFNPWFE GSPN UIF IJTU BT XFl

CITIES < )AMBURG -INZ 4ALZBURG 71ENNA >
CITIES POP

OVIQW™ y AMBURG

CITIES

OVIW <« _ 1Nz 4ALZBURG 71ENNA >
CITIES POP

OVIW" 4ALZBURG

CITIES

OVio « _INZ 71ENNA >

SIF NFUIPE QPQ SBJTFT BO *OEFY&SSPS FYDFQUPO JG UIF WTU JT FNQUZ PS UIF JOEFY JT PVU PG SBOHF
fTQPQ

SIF NFUIPE QPQ DBO CF DBIlIFE XJUTPVU BO BSHVNFOU *O ULJT DBTF UIF UBTU FIFNFOU XJli CF SFUVSOFE 4P T QPQ
JT FRVIWBIIFOU UP T QPQ

CITIES < "MSTERDAM SHE )AGUE 4TRASBOURG >
CITIES POP

OVIQW ATRASBOURG
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CITIES
OVIOW' < **MSTERDAM 5HE )AGUE >

EXTEND

8F TBX UIBU U JT FBTZ UP BQQFOE BO PCKFDU UP B INTU & 1BU BCPVU BEEJOH NPSF UIBO POF FIFNFOU UP B IWTU - BZCF
ZPV XBOU UP BEE Blll UIF FIFNFOUT PG BOPUIFS WTU UP ZPVS INTU *G ZPV VTF BQQFOE UIF PUIFS INTU X CF BQQFOEFE
BT B TVCWTU BT XF DBO TFF JO UIF GPIPXJOH FYBNQIF

LST < >
LST < >
LST APPEND LST
LST

oVIQW ¢ < o>

"PSUNIT QVSQPTF 1ZUIPO QSPWJEFT UIF NFUIPE FYUFOE *U FYUFOET B IWTU CZ BQQFOEJOH Bl UIF FIFNFOUT PG BO
JUFSBCIF WLF B WTU B UVQIF PS B TUSJOH UP B IJTU

LST < >
LST < >
LST EXTEND LST
LST

oVIQW ¢ S

"*T XF 1BWF NFOUWPOFE UIF BSHYNFOU PG FYUFOE EPFTOU IBWF UP CF B IJTU *U DBO CF BOZ LJOE PG JUFSBCIF S1BUJT
XF DBO VTF UVQIFT BOE TUSIOHT BT XFill

LST < A B cC >
PROGRAMMING@LANGUAGE 1YTHON
LST EXTEND PROGRAMMING@LANGUAGE
PRINT LST

<A B C 1 Y T H 0 N >

/PX XTI B WQIF

LST < +AVA $ 11 >

T $ +YTHON ~ 1YTHON  *RON1YTHON

LST EXTEND T

LST

OVIW <« vavA 8 11 $ +YTHON ~ 1YTHON  *RON1YTHON >
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EXTENDING AND APPENDING LISTS WITH THE '+' OPERATOR

S1FSF JT BO BIUFSOBWWF UP BQQFOE BOE FYUFOE DBO CF VTFE UP DPNCJOF WTUT

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

OVIOW < BEGINNER INTERMEDIATE ~ ADVANCED  NOVICE  EXPERT >

#F DBSFGVII ZFWFS FWFS EP UIF GPHIPXJOH

ovIQWl < S

&WFO UIPVHI XF HFU UIF TBNF SFTVIU- JU JT OPU BO BIUFSOBUWF UP BQQFOE BOE FYUFOE

— < >

- APPEND

oVIQW ¢ S
— < >

- EXTEND < >
oVIQW ¢ S

SI1F BVHNFOUFE BTTJHONFOU JT BO BIUFSOBUIWF

oVIQW ¢ S

*0 UIF GPINPXJOH FYBNQIF XF XJilf DPNQBSF UIF EJGGFSFOU BQQSPBDIFT BOE DBIDVIBUF UTFJS SVO WUNFT 5P
VOEFSTUBOE UIF GPIPXJOH QSPHSBN ZPV OFFE UP LOPX UIBU WUNF UINF  SFUVSOT B GIIPBU OVNCFS UIF WNF JO
TFDPOET TJODF UIF TP DBWFE S5I1F &QPDI  UJNF WNF  TUBSU@WNF DBIDVNBUFT UIF UJINF JO TFDPOET VTFE GPS UIF
GPS IPPQT

—*454



import time
N

START@T IME TIME TIME
L <>
for 1 Iin RANGE N
L L <I >
PRINT TIME TIME START@TIME

START@T IME TIME TIME
L <>
for I 1n RANGE N
L <] >
PRINT TIME TIME START@T IME

START@T IME TIME TIME
L <>
for 1 in RANGE N
L APPEND I
PRINT TIME TIME START@TIME

ST QSPHSBN SFUVSOT TIPDLIOH SFTVIUT

SFDBOTFFUIBJUIF  PQFSBUPS JT BCPVU WNFT TUPXFS U1BO UIF BQQFOE NFUIPE 5IF FYQIBOBUIPO JT FBTZ
*6 XF VTF UIF BQQFOE NFUIPE XF XJill TINQIZ BQQFOE B 6VSUIFS FIFNFOU UP ULF ITU JO FBDI IPPQ QBTT /PX XF
DPNF UP UIF GISTUIPPQ JO XIIDI XFVTFI | <J > SIFWTY XJW CF DPQIFE JO FWFSZ IPPQ QBTT SIF OFX
FIFNFOU Xl CF BEEFE UP UIF DPQZ PG UIF ITU BOE SFTVIU XJi CF SFBTTJHOFE UP UIF WBSIBCIF Il **GUFS UIBU UIF PIE
T XJW 1BWE UP CF SFENPWFE CZ 1ZU1PO CFDBVTF JU JT OPU SFGFSFODFE BOZNIPSF SF DBO BITP TFF UIBU UIF WFSTIPO
X1 UIF BVHNFOUFE BTTHONFO UIF IPPQ JO ULF NJEEIF JT POIZ TWHIWZ TIPXFS UIBO UIF WFSTIPO VTIOH
BQQFOE

REMOVING AN ELEMENT WITH REMOVE
*UJT QPTTICHF UP SFNPWF B DFSUBJO WBIIVF GSPN B INTU XJUIPVU LOPXJOH UTF QPTIWPO XIUI UIF NFUIPE  SFNPWF

S REMOVE X
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ST DBl X SFNPWF UIF GISTU PDDVSSFODF PG Y GSPN UIFINTU T *G Y JT OPUJO UIF INTU B 7BIVF&SSPS XJilf CF
SBJTFE 8F XJIli DBIN UIF SFNPWF NFUIPE UISFF UINFT JO UIF GPIIPXJOH FYBNQIF UP SFNPWF UIF DPIPVS HSFFO  **T
UIF DPIPVS HSFFO PDDVSST POIZ UXJDF JO UIF WTU XF HFU B 7BIVF&SSPS BU UTF ULISE WNF

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

OVIOW < RED BLUE GREEN YELLOW >

COLOURS REMOVE GREEN
COLOURS

OVIOW < RED BLUE YELLOW >

COLOURS REMOVE GREEN

ValueError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-26-278a6b3f3483> IN
----> 1 COLOURS.REMOVE(''green')

ValueError LIST REMOVE X X NOT IN LIST

FIND THE POSITION OF AN ELEMENT IN A LIST

SIF NFUIPE JOEFY DBO CF VTFE UP GJOE UIF QPTIWPO PG BO FIFNFOU XJU1J0 B INTU

S INDEX X< I< J>>

*U SFUVSOT UIF GJSTU JOEFY PG UIF WBIVF Y ** 7BIVF&SSPS XJIll CF SBIJTFE JG UIF WBHVF JT OPU QSFTFOU *G UIF PQUIPOBI
QBSBNFUFS JJT HIWFO UIF TFBSDI XJW TUBSU BU UIF JOEFY J *G K JT BITP HIWFO UIF TFBSDT XJili TUPQ BU QPTIUWIPO K

COLOURS < RED GREEN BLUE GREEN YELLOW >
COLOURS INDEX GREEN

oVIQW

COLOURS INDEX GREEN
oVIQW

COLOURS INDEX GREEN
OVIQW
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COLOURS INDEX BLACK

ValueError 5RACEBACK MOST RECENT CALL LAST
<ipython-input-30-b6026e7dbb87> IN
—-——-> 1 COLOURS.INDEX("'black™™)

ValueError BLACK IS NOT IN LIST

INSERT

8F 1BWF lIFBSOFE UIBU XF DBO QVU BO FIFNFOU UP UIF FOE PG B INTU CZ VTIOH UIF NFUIPE BQQFOE 5P XPSL
FGGIDIFOUZ XJUT B TV XF OFFE BITP B XBZ UP BEE FIFNFOUT UP BSCIUSBSZ QPTJWPOT JOTJEF PG B WTU S1JT DBO CF
EPOF XTI UIF NFUIPE JOTFSU

S INSERT INDEX OBJECT

"0 PCKFDU  PCKFDU XJ
XJW CF PCKFDU BOE B

CF JODIVEFE JOUIFWTU T PCKFDU X CF QIBDFE CFGPSF UIF FIFNFOU T<JOEFY> T<JOEFY>

I
W UTF PUIFS FIFNFOUT XJill CF NPWFE POF UP UIF SIHIU

LST < (ERMAN IS SPOKEN IN (ERMANY "USTRIA AWITZERLAN

D >

LST INSERT AND

LST

OVIOW < (ERMAN IS SPOKEN IN (ERMANY "USTRIA AND AWITZE
RLAND >

SI1F GVODWPOBIUZ PG UTF NFUIPE BQQFOE DBO CF TINVHBUFE XJUT JOTFSU JO UIF GPINPXJOH XBZ

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

OVIQW ¢ A B C D >

" PPUOPUFT

&QPDI WNF BITP LOPXO BT 60JY WINF PS 104*9 WNF JT B TZTUFN GPS EFTDSICIOH JOTUBOUT JO UINF EFGIOFE BT
UIF OVNCFS PG TFDPOET UIBU IBWF FIBQTFE TJODF $PPSEJOBIFE GOJWFSTBI 5INF 65$% 51VSTEBZ
+BOVBSZ OPU DPVOUJOH IIFBQ TFDPOET
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SHALLOW AND DEEP COPY

INTRODUCTION

*0 ULJT DIBQUFS XF XJIll DPWFS UIF RVFTUWPO PG IPX UP DPQZ
WTUT BOE OFTUFE WTUT STF QSPCIFNT X1JD1 XF XJMi
FODPVOUFS BSF HFOFSBI QSPCIFNT PG NVUBCIF EBUB UZQFT
55Z)0H UP DPQZ WTUT DBO CF B TUWWNQJOH FYQFSIFODF GPS
OFXCIFT #VU CFGPSF XF XPVIE WLF UP TVNNBSI[F TPNF
JOTJIHIUT GSPN UIF QSFWIPVT DIBQUFS  %BUB S5Z0FT BOE
7BSIBCIFT ~ 1ZUIPO FWFO TIPXT B TUSBOHF CFIBWIPVS GPS UIF
CFHJOOFST PG UIF NBOHVBHF  JO DPNQBSITPO XJUI TPNF PUIFS
USBEJWPOBII QSPHSBNNJOH IIBOHVBHFT  X1FO BTTIHOJOH BOE
DPQZJOH TINQUF EBUB UZQFT WLF JOUFHFST BOE TUSJOHT SIF EJGGFSFODF CFUXFFO TIBINPX BOE EFFQ DPQZJOH JT POIIZ

SFIFWBOU GPS DPNQPVOE PCKFDUT J F PCKFDUT DPOUBJOJOH PUIFS PCKFDUT MILF INTUT PS DIBTT JOTUBODFT

*0 UIF GPINPXJOH DPEF TOJQQFU Z QPJOUT UP UIF TBNF NFNPSZ IIPDBWPO BT © 8F DBO TFF UIJT CZ BQQIZIJOH UIF JE
GVODWPO PO Y BOE Z )PXFWFS VOWLF SFBIF QPJOUFST ILF UIPTF JO $ BOE $  UIJOHT DIBOHF X1FO XF BTTJHO B
OFX WBIVF UP Z *O ULJT DBTF Z XJIll SFDFJWF B TFQBSBUF NFNPSZ IPDBWPO BT XF IBWF TFFO JO UIF DIBQUFS  %BlB
570FT BOE 7BSIBCIFT BOE DBO TFF JO UIF GPINPXJOH FYBNQIF

X
Y X
PRINT ID X IDY

Y
PRINT ID X IDY

PRINT X Y

#VU FWFO JG UIJT JOUFSOBI CF1BWJPVS BQQFBST TUSBOHF DPNQBSFE UP QSPHSBNNJOH IBOHVBHFT ILF $ $  1FSIPS
+BWB UIF PCTFSWBCHF SFTVIUT PG UIF QSFWIPVT BTTIHONFOUT BSF X 1BU XF FYQSFDUFE J F J6 ZPV EP OPUIPPL BU UIF JE
WBIVFT )PXFWFS JUDBO CF QSPCIFNBUID J6 XF DPQZ NVUBCIF PCKFDUT ILF WTUT BOE EJDUPOBSIFT

1Z01PO DSFBUFT PONZ SFBI DPQIFT JG JU IBTUP JF J6 UIF VTES UIF QSPHSBNNFS FYQIIDJWZ EFNBOET JU

8F X JOUSPEVDF ZPV UP UIF NPTU DSVDJBI QSPCIFNT X 1JD1 DBO PDDVS X 1FO DPQZIJOH NVUBCIF PCKFDUT TVDI BT
WTUT BOE EJDWPOBSIFT
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VARIABLES SHARING AN OBJECT

=PV BSF PO ULJT QBHF UP IFBSO BCPVU DPQZJOH PCKFDUT FTQFDIBINZ IWTUT /FWFSUIFIFTT ZPV OFFE UP FYFSDJTF
QBUFODF 8F XBOU P TIPX TPNFUIIOH UIBU IPPLT WLF B DPQZ UP NBOZ CFHIOOFST CVU BT OPUIJOH UP EP XUl
DPQIFT

COLOURS < RED BLUE >
COLOURS COLOURS
PRINT COLOURS  COLOURS

< RED BLUE > < RED BLUE >

#PUIl WBSIBCIFT SFGFSFODF UIF TBNF ITU PCKFDU *G XF NPPL BU UIF JEFOWUWFT PG UIF WBSIBCIFT COLOURS  BOE
COLOURS  XF DBO TFF UIBU CPUI BSF SFGFSFODFT UP UIF TBNF PCKFDU

PRINT ID COLOURS ID COLOURS

*0 UIF FYBNQIF BCPWF B TINQUF IWTU JT BTTIHOFE UP DPIPVST ~ ST INTUJT B TP DBINFE  TIBIIPX WTU  CFDBVTF JU
EPFTOU IBWF B OFTUFE TUSVDUVSF J F OP TVCINTUT BSF DPOUBJOFE JO UIF WTU *O UIF OFYU TUFQ XF BTTJHO DPIPVST  UP
DPIPVST

SIFJE  GVODWPO TIPXT VT UIBU CPUI WBSIBCHFT QPJOU BU UIF TBNF WTU PCKFDU J F UIFZ TIBSF ULJT PCKFDU

8F 1BWF UXP WBSIBCIIF OBNIFT
COLOURS BOE COLOURS  XIIDI
XF 1BWF EFQJDUFE BT ZFIlIPX PWBIT STF String objects
CIVF CPY TZNCPW[FT UIF WTU PCKFDU ** WJTU

PCKFDU DPOTITUT PG SFGFSFODFT UP PUIFS /éolszrsl\ /
PCKFDUT *O PVS FYBNQIF UIF WJTU PCKFDU N “red”

X1ID1 JT SFGFSFODFE CZ CPUT WBSIBCHFT

SFGFSFODFT UXP TUSJOH PCKFDUT JF  SFE L B “blue”
BOE CIVF /PX XF IBWF UP FYBNJOF ‘*\90|0Uf5§/\/ -
XI1BU X 1BQQFO J6 XF DIBOHF KVTU POF o

FIFNFOU PG UIF TV PG COLOURS  PS

COLOURS

List object

/PX XF XBOUUP TFF X1BU IBQQFOT J6 XF BTTIHO B OFX PCKFDUUP COLOURS ~ **T FYQFDUFE UIF WBIVFT PG
COLOURS  SFNBJO VODIBOHFE —JLF JU XBT JO PVS FYBNQIF JO UIF DIBQUFS %BUB 5Z0FT BOE 7BSIBCIFT B OFX
NFNPSZ IPDBWPO IBE CFFO BIllPDBUFE GPS COLOURS BT XF IBWF BTTJHOFE B DPNQIFUFIZ OFX WTU J F B OFX
WTU PCKFDU UP UIJT WBSIBCIF

COLOURS < RED BLUE >
COLOURS COLOURS
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PRINT ID COLOURS ID COLOURS

COLOURS GREEN
PRINT COLOURS

< RED BLUE >

PRINT COLOURS
< RED BLUE >

PRINT COLOURS
GREEN

8F BTTIHOFE B OFX PCKFDU UP UIF WBSIBCIF DPHPVST ~ *O UIF GPINPXJOH DPEF XF XJif DIBOHF UIF WTU PCKFDU
JOUFSOBIlZ CZ BTTIJHOJOH B OF X WBIIVF UP UIF TFDPOE FIFNFOU PG UIF WTU

COLOURS < RED BLUE >
COLOURS COLOURS

COLOURS < > GREEN

—-FUT TFF XIBU I1BT IBQQFOFE JO EFUBJI JO

UIF QSFWIPVT DPEF 8 BTTIHOFE B OFX
WBIVF UP UIF TFDPOE FIFNIFOU PG DPIPVST

JF UIF FIFNFOU XJUT UIF JOEFY — —PUT PG

“red”

CFHJOOFST XJilf CF TVSQSITFE BT UIF WTU PG

DPIPVST 1BT CFFO BVUPNBUIDBINZ /
DIBOHFE BT XFili OG DPVSTF XF EPO U IBWF

UXP INTUT 8F IBWF PONZ UXP OBNFT GPS UIF

TBNF WTU

SIF FYQIBOBWPO JT UIBU XF EJEO U BTTIHO B OF X PCKFDU UP UIF WBSJBCIF COLOURS  8F DIBOHFE UIF PCKFDU
SFGFSFODFE CZ COLOURS  JOUFSOBINZ PS BT JU JT VTVBINZ DBINFE JO QUBDF  #PUI WBSJBCIFT COLOURS  BOE
COLOURS  TuJ QPJOU UP UIF TBNIF WTU PCKFDU

COPYING LISTS

8F I1BWF GJOBINZ BSSIWFE BU UIF UPQJD PG DPQZIOH WTUT SIF LIST DIBTT PGGFST UIF NFUIPE COPY GPS ULT
QVSQPTF &WFO UIPVHI UIF OBNF TFFNT UP CF DIFBS UIJT QBUI BITP 1BT B DBUDI

SIFDBUDI DBO CF TFFO J6 XF VTF IFIQ PO COPY
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HELP LIST COPY
)ELP ON METHOD@DESCRIPTOR

COPY SELF
3ETURN A SHALLOW COPY OF THE LIST

- BOZ CFHJOOFST PWFSIIPPL UIF XPSE  TIBWPX TFSF HELP UFINT VT UIBU B OFX WTU XJill CF DSFBUFE CZ UIF
COPY NFUIPE ST OFX INTU XJM CF B TIBWPX DPQZ PG UIF PSIHIOBI INTU

*0 QSJODJQUF UIF XPSE TIBIWPX JT VOOFDFTTBSZ PS FWFO NJTIFBEJOH JO UIIT EFGIOJIPO

"JSTU ZPV TIPVIE SFNFNCFS X1BU B TV JT JO 1ZUIPO ** TV JO 1ZUIPO JT BO PCKFDU DPOTITWOH PG BO PSEFSFE
TFRVFODF PG SFGFSFODFT UP 1ZUIPO PCKFDUT STF GPIIPXJOH JT B ITU PG TUSIOHT

\ “Kevin” ‘

| “Jamina” |

‘ “Lars” ‘

‘ “Maria” ‘

SIFITU X 1D UIF WBSIBCIF FIRSTNAMES JT SFGFSFODJOH JT B WTU PG TUSJOHT #BTJDBINZ UIF INTU PCKFDU JT TPIFIZ
UIF CIVF CPY XWUI UIF BSSPXT JF UIF SFGFSFODFT UP UIF TUSIOHT SIF TUSJOHT JUTFIG BSF OPU QBSU PG ULF IJTU

FIRSTNAMES < L,EVIN +AMINA -ARS -ARIA >

SIF QSFWIPVT FYBNQIF UIF WTU PG GJSTUOBNFT FIRSTNAMES JT IPNPHFOFPVT J F JU DPOTITUT PONZ PG TUSIOHT
TP Blll FIFNFOUT IBWF UIF TBNF EBUB UZQF #VU ZPV TIPVIE CF BXBSF PG UIF GBDU UIBU UIF SFGFSFODFT PG B IJTU DBO
SFGFS UP BOZ PCKFDUT S1F GPIIPXJIOH INTU WHATEVER JT TVDI B NPSF HFOFSBI INTU
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“Pythonista”
7.8
3.54
l‘rkm’!
WHATEVER < ,EVIN 1YTHONISTA < RKM >>

8I1F0 B IWTUJT DPQIFE XF DPQZ UIF SFGFSFODFT *O PVS FYBNQIFT UIFTF BSF UIF CiIVF CPYFT SFGFSFODFE CZ
FIRSTNAMES BOE CZ WHATEVER SIF JNQWDBWPOT PG ULJT BSF TIPXO0 JO UIF GPIIPXIOH TVCD IBQUFS

PROBLEMS OF COPYING LISTS

$PQZJOH INTUT DBO FBTINZ CF NJTVOEFSTUPPE BOE UIJT NJTDPODFQUIPO DBO HFBE UP VOQIFBTBOU FSSPST 8F XJIll
QSFTFOU UIJT JO UIF GPSN PG B TWHIWZ EJGGFSFOU NPWF TUPSZ
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*NBHJOF B QFSTPO IJWJOH JO UIF DIUZ PG $POTUBODF S1F DIUZ JT NPDBUFE JO UIF 4PVUI PG (FSNBOZ BU UIF CBOLT PG
—BLF $POTUBODF #PEFOTFF JO (FSNBO S51F SIWFS 31JOF X 1DI TUBSUT JO UIF 4XITT **lQT QBTTFT UISPVHI -BLF
$POTUBODF BOE IIFBWFT JU DPOTJEFSBCIZ NBSHFS 51JT QFSTPO DBIIFE 4XFO IWFT JO  4FFTUSBTTF  POF PG UIF NPTV
FYQFOTJWF TUSFFUT PG $POTUBODF )JT BQBSUNFOU IBT B EJSFDU WIFX PG UIF WBLF BOE UIF DJUZ PG $POTUBODF 8F QVU
TPNF JOGPSNBUIPO BCPVU 4XFO JO UTF GPIPXIOH WTU TUSVDUVSF

PERSON < 4WEN < 4EESTRASSE ,ONSTANZ >>

“SeestraBe”

“Konstanz”

OOF CFBVWGVI EBZ UIF HPPE IIPPLIOH 4BSBI NFFUT 4XFO IFS 1SJ0DF $1BSNJOH 5P DVU UIF TUPSZ TIPSU —PWF BU
GJSTU TIHIU BOE TIF NPWFT JO XTI 4XFO

/PX JUJT VQ UP VT UP DSFBUF B EBUB TFU GPS 4BSBI 8F BSF IIB[Z BOE XF XJIll SFDZDIF 4XFO T EBUB CFDBVTF TIF XJll
WWF OPX XJUT 1IN JO UIF TBNF BQBSUNFOU

8F Xl bPQZ 4 XFO T EBUB BOE DIBOHF UIF OBNF UP 4BSBI
PERSON PERSON COPY

PERSON < > 4ARAH
PRINT PERSON

< 4ARAH < 4EESTRASSE ,ONSTANZ >>

“SeestraBe”

“Konstanz”

S51FZ WF JO QFSGFDU IBSNPOZ BOE EFFQ IPWF GPS B iPOH WNF lIFUT TBZ B X1PIF XFFLFOE 41F TVEEFOIZ SFBIJ[FT
UIBU 4XFO JT B NPOTUFS )F TUBJOT UIF CVUUFS XJUI NBSNFIBEF BOE I1POFZ BOE FWFO XPSTF IF TQSFBET PVU IJT
XPSO TPDLT JO UIF CFESPPN *U EPFTO U UBLF IPOH GPS 1FS UP NBLF B DSVDJBI EFDITIPO 4 1F XJW NFBWF 1JN BOE UIF
ESFBN BQBSUNFOU
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41F NPWFT JOUP B TUSFFU DBIIFE #eDLNFTUSBTTF ** SFTIEFOUWBN BSFB UIBU JT OPXTFSF OFBS BT OJDF CVU BUNFBTU TIF JT
BXBZ GSPN UIF NPOTUFS

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

51F TUSFFU DBO CF BDDFTTFE XJUI PERSON < >< > 4P XF TR UIJT UP UIF OFX lIPDBUWPO
PERSON < >< > #9CKLESTRAIE
8F DBO TFF UIBU 4BSBI TVDDFTTGVINZ NPWFE UP UIF OFX IPDBUIPO

PRINT PERSON
< 4ARAH < #gCKLESTRAIE ,ONSTANZ >>

*TUNT UIF FOE PG PVS TUPSZ - 8JIll TIF OFWFS TFF 4XFO BHBJO —FUT DIFDL 4XFO T EBUB

PRINT PERSON
< 4WEN < #gCKLESTRAIE ,ONSTANZ >>

4XFO JT DIOHZ 41F DBOOPU HFU SIE PG 1IN SHT NJHIU CF RVIUF TVSQSITIOH GPS TPNF 81Z JT U IWLF UNT S1F TV

PERSON  DPOTJTUT PG UXP SFGFSFODFT OOF UP B TUSIOH PCKFDU  4XFO  BOE UIF PUIFS POF UP OFTUFE WTU UIF
BEESFTT < 4EESTRASSE ,ONSTANZ > 8IF0 XFVIFE COPY XF DPQIFE PONZ UIFTF SFGFSFODFT
51JT NFBOT UIBUCPUI PERSON < > BOE PERSON < > SFGFSFODF UIF TBNF IJTU PCKFDU 8 1FO XF DIBOHF
VLT OFTUFE INTU U JT WITJCHF JO CPUT INTUT

“Konstanz”

DEEPCOPY FROM THE MODULE COPY

** TPIVWPO UP UIF EFTDSICFE QSPCIFN JT QSPWJEFE CZ UIF NPEVIF COPY  S1JT NPEVIF QSPWJEFT UIF NFUIPE
EFFQDPQZ  X1JDI BIlPXT B DPNQIFUF PS EFFQ DPQZ PG BO BSCJUSBSZ WTU J F TIBIPX BOE PUIFS IWTUT
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—FU VT SFEP UIF QSFWIPVT FYBNQIF X1 UIF GVODWPO DEEPCOPY

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

PERSON DEEPCOPY PERSON
PERSON < > 4ARAH

**GUFS UT UTF JNQIFNFOUBWIPO TUSVDUVSF IPPLT WLF ULJT

8F DBO TFF UIBU UIF OFTUFE INTU XJUT UIF BEESFTT XBT DPQIFE BT XFill 8F BSF OPX XFilll QSFQBSFE GPS 4BSBI T
FTDBQF WLF NPWF

PERSON < >< > #gCKLESTRASSE
41F TVDDFTTGVINZ NPWFE PVU BOE IIFGU 4XFO GPS HPPE BT XF DBO TFF JO UIF GPINPXJOH

PRINT PERSON PERSON

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

"PS UIF TBLF PG DIBSIUZ XF BITP QSPWJEF B EJBHSBN 1FSF
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