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CHAPTER 1. YOUR FIRST PYTHON PROGRAM
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1.2. DECLARING FUNCTIONS

,RMAA® NG <MEBBE&LNM AB:IG @ N;:NoB>NMH >GEHM OL>> 1 : K AP =2 REBID> HK
JOUFSGBNRMFNFOUHUIPMEBOQE< EFA>RHAE>>=NG<NVBHSB<EBKHEABMABL

EFG BQQSPYIJNBUF@TJ[F TJ[F B@LIJMPCZUF@JT@ @CZUFT 5SVF



OAD>RPHRKEM: WMBENG<MBHEGK:MBHG
?HEEHKRMA>N G <MBAPEGH E E HRM A >

K@ NFBGMNE G M A)RNENBH E>N F >GM L
L>I'K:MBMAFF:L

ELE HNAMAZN G < MBHIGHMB B>MNKG When you
=M MRRMAMNG <MBEBMU><MAR M:MRI>
HM A XBKM OKIENPA =R GG > < BAR M A KK
GHMAXRMNRGE NG <MO>KRRVMAMHNG <MBHG
K>MNKGEBRA>PNG<NMBEHQ><NMPULVSO
LM:M>mBMNBEEM MAGME MM A>KPBBREE
K>MNOGEM AR M AGIKBE EE N >

need a

function,
just declare
It.

GHFE:G@N2KGLMB AIGAM N K G
OENM:RKBIMXODUIP®EN;KHNMBG>
M A= MG HW> M N R GE NLM : KRIBNIAC
OA>KKEXSH N; KHNBGRWAHG KRMBABN @< VMBENG < KB INGIIK G
O:ENOBBMPOF : G=EEN G <M BHIGRIM AG

OABQQSPYIJNBUF@TMNGEG<MBIMEIAMPHK@NFPGME: G=
B@LIJMPCZUF@JT@ [@0CZ68FrBMK@&K FISIGNB?B M .. MBIRMAEB XB:;EX>0>K
>QIEBMBMRERRMAMTBGD NKRA:MRIXO:KBBEGHD>>MK.:HBBGM>KG:EER

%&. QGHMALNK: MB<:EER @& RREB®NLIM > < BIAR: M : MIRMA >
?NG<KNBMBKEN>>:<ANG < MBAHGFHERVMARBE >0>@IEB<BMER
LI>S<M2AR M. MRI&GERMABGE@GCA.- W ERHMNLB@G A MK:<D
HMA=>M:MRGM>KG:EER
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, RMAHEG HRLG < MKBAHIGF MGAMQ=>> ? : DEBNBNML A>N G < Bl B HEGP>B-M AMINXKI@ N FMG@ M
" KOQNFOGMMLE?: DEBMNNKMA> KKEKNFxCOWIL I ><BBBEGRIK=pRNLBG:®> =
" K@QNF>GML

(>MMLDSHMBEHKIMABMEQSPYIJNBUF@TNEG <MB4HEGK:MBHG

EFG BQQSPYIJNBUF@TJ[F TJ[F B@LIMPCZUF@JT®@ @CZUFT 5SVF

OAX><HEXDNFEPG@IMMPCZUF@JT@ lAdezBRB>1: OEEMN3SVFOABL>:GMA>
K@ N FBdfstidnal RH&: G : BVEAPN G < MBM S3IMGW R M AHBE<BVLBR HAN : =< : E EBSWB MV F
'L L><HIGK:F>M>K

*HPEHHIMAH M MMM A<KB I M

JG @@OBNF@ @ @@NBJO@ @
QSJOU BQQSPYIJNBUF@TJI[F '‘BMTF

QSJOU BQQSPYJNBUF@TIJ[F

OABRLEMABQQSPYINBUF@THNGEG<RBWE®HK Q@NF3BMIAMMBQQSPYINBUF@TNG<MBF
B@LIMPCZUF@JT@ P@BEHEBMTH BGREBNQIEBI<KBIMEBRTEFLMALD><HEDNF>GM
OABRLEMABQQSPYIJNBUF@TNE<NBMSG&HRE>K @ N FINMWIA: M ML ><:NMAB><HG=
K@ N FB-KBINY B H B GEVIPAS: E EHIC L GI>M BPAR> < H:ED N F=>>GMNVEBSV F L=>?B 3> =
MAPNG<MBHEGK:MBHG

SHN:GELIHLIO: E NBXAMMN G < ME5H B>



GSPN IVNBOTJ[F JNQPSU BQQSPYIJNBUF@TJ[F

BQQSPYINBUF@TIJ[F B@LIMPCZUF@JT@ @CZUFT 'BMTF

, H#

BQQSPYINBUF@TJ[F TJ[F B@LIMPCZUF@JT@ @CZUFT 'BMTF
, H#

BQQSPYINBUF@TJ[F B@LIMPCZUF@JT@ @CZUFT 'BMTF TJ[F
H#
BQQSPYINBUF@TJ[F B@LIMPCZUF@JT@ @CZUFT 'BMTF
'‘JMF  TUEJO MJOF
4Z0UBY&SSPS OPO LFZXPSE BSH BGUFS LFZXPSE BSH
BQQSPYIJNBUF@TJ[F TJ[F '‘BMTF
'IJMF TUEJO MJOF

4Z0UBY&SSPS OPO LFZXPSE BSH BGUFS LFZXPSE BSH

OABLEMBABQQSPYINBUF@7IMNE<NBMSE ?HMA>BKK@®NFPGM:G=BMTRP HHUA >
"K@NFGGEGMBE@LIMPCZUF@JT@ @AZMAT> GIH>MAL><H.E@ NFANWH>LG M
F-MMARHNMSEEGFBGNM>

OABLLEMABQQSPYINBUF@TNE<NMBME ?HMAK@NFGGEMRI[F:G=BMTRPHMA>

" K@NFGCGETFME@LIMPCZUF@JT@ QOAZIFTF>K@NFAGMWMIMH>B®™ AL FHK=>K
MAX @ N F >IGEBR L BIGA>N G < MBHEG K ;M BIHGM > L B:'MIVSBM A > K
OABLLEMABQQSPYINBUF@INEG<NMBWMM TR HHAX @ NFGGM=
B@LIMPCZUF@JT@ :@czZUPRPTHMAK@NFGGEMREI[F />>WMHEBEHMARK==R=G"M
F:MM>K
OABLPEPEBPIK:NRHMA:O>G:F>K@NF>HGEMEHRSGN G G : F*H LB M BK@ NE >GMA : M
G>0OPKHKD:>:=BB &K @ N FEERMHE>MM B HCOMRHAN: O>SLBG@E@.E>K @ NFMABKH> L M
HMAX@NFFEMMLEG:F>=

OABLPEBEHAHMAS FX>.LHMAIK>OBHEREMALMKIKBERMGERHNLL>= ?HK
MAKXK@NFGGEMEI[FMAXG;, OBHNIAERTO : ER>LF>: GMHM A >
B@LIMPCZUF@JT@ :RO@ANFINWRMAHGLBAKWMAPMR LLHHGRHA:O>G:F>=
K@ NF>EHE@ N F MGMNAKB @AM G SMEH>G . F>K @ N F SM3HVHL



1.3. WRITING READABLE CODE
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1.6. INDENTING CODE
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1.9. EVERYTHING IS CASE-SENSITIVE
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1.10. RUNNING SCRIPTS
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CHAPTER 2. NATIVE DATATYPES

Wonderis the foundatiorof all philosophynquiryits progressgnorancds end.

N Michelde Montaigne
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2.3. NUMBERS
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OA> HI>K:MHIKKG\K: B AHP>K? | BL

OA> HI>K: \OHBKMAK>F . BG2MEKK ?HKBEB B @BOCRLBIB®OBR>BLPBMK>F:BG=>k
H? LHVAK>LKXEKBL

%RMAHIBA>HI>K: MHK:FEERB/GM=®0 R LBWR BXNHNE:D BM
;> A: (B DEH : MBEE®I0 B;IRBISG E N £ B-G® BK > EMEBH-ONKI = % G
, RMAHIBA>H|>K: MK Rb:GLEH: MBEEBIOBLBHG  ?HK

=>M:BEL


http://www.python.org/dev/peps/pep-0238/

2.3.3. FRACTIONS

, RM ABHLGEBNF BWIB-G M >:@ 2KElH : MBBAGAM F ; > %t GELFHH EMA> GERMRHE> : KB &=
AB@rAHBEKHFIMER@HNM

JNQPSU GSBDUJPOT
Y GSBDUJPOT 'SBDUJPO
Y
'SBDUJPO
Y
'SBDUJPO
GSBDUJPOT 'SBDUJPO
'SBDUJPO
GSBDUJPOT 'SBDUJPO
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF
'JMF GSBDUJPOT QZ MJOF JO @@OFX@ @
SBIJTF ;FSP®%JIJWJTJPO&SSPS 'SBDUJPO T OVNFSBUPS

yFSP%IWJITIJPO&SSPS 'SBDUJPO

OHLM :KIMBTX@< MBHIGIK Mz>sBD U JARHT= N E >
OH=>?BGK:<MEKHGMSBDUIAHD C>ECM: LIBMAGNF>K:BEHEKGHFBG: MHK
S5HN:G>K?HEBANLNEEMA>F: MB<KEVBBIBK : <MBIHGLM KEHGIN&SPSBDUJPO
H,;C><M

OA>SBDUJHO C>RBHEEMHF: MMB<= EER<MBHGL

, RMAA MA@ HH=GGHMK K> :M>K: < NPBHWI& >K++ GHFBG: MHK

2.3.4. TRIGONOMETRY

SHN:GEL#+H; : LBAK B @ H CBHIRMAKHRG



JNQPSU NBUI

NBUI QJ

NBUI TJO NBUI QJ

NBUI UBO NBUI QJ

OANBUFH=NA> <HGLMHXW Ak: MBM< B K <<EBK'€¥ N F ? MEBNEIR >F > M > K
OANBUFH=NAXEMA>LB%KB @ HGHW¥G MNBB3+EIN B O@T UBO :GO:KB EKBWDL>
BTJO

*HMAHP>OPAK RMAHGGHM OBG ? B BMIUBH G LAHNKEMNKGHM

2.3.5. NUMBERS IN A BOOLEAN CONTEXT

SBHN:GNL&GNF;>K&; HHE x<HG MEKQMA: G
JGLM: M>PB>BEE.ENKE EL6GGHG SCGHKEHNN >L
KMKN >

Zero values

are false,

and non-
zero values

are true.




EFG JT@JU@USVF BOZUIJOH
JG BOZUIJOH

QSJOU ZFT JU T USVF
FMTEF

QSJOU OP JU T GBMTF

JT@JU@USVF
ZFT JU T USVF
JT@JU@USVF
ZFT JU T USVF
JT@JIJU@USVF
OP JU T GBMTF
JT@JU@USVF
ZFT JU T USVF
JT@JU@USVF
OP JU T GBMTF
JNQPSU GSBDUJPOT
JT@IJU@USVF GSBDUJPOT 'SBDUJPO
ZFT JU T USVF
JT@IJU@USVF GSBDUJPOT 'SBDUJPO
OP JU T GBMTF

BRHNGHRPH&HX: G >? RGN G N G < BESHAGR M AB1&M > KLAM & BB 1811583 MM A>G =

H?:<EBGG=/5&8HG ;E-CHBMBRBGBLA

%G HHE<XK:GMGRAGE SBEM>@MKNBR:EL>

*HG SKEHH : MBBAGAM F ;> KIMKN> BR:EL><:K>PBBAIBG oM A>KWPAEB@AM>LM

KHNG>BRGHEXHBW IHL L B;FEEEN: PB® AKX >0 BlHNIM BIAGBM AMBEEEEM>LMB G @
BGLMP? =GP BEEMBEKG

"Ki<MBHGHLBENL>B-G,HHEx<KGMsOMIJIPO O BR:EPHKEG:ENPL EHEMA>K

? K < M:BKEMEKLN >



2.4. LISTS

(BLMIEZRMAHGIKID AB KM >M BRA> G4 : REBJIRMHNB @AM A B G\DIBIGR&\ H ILB Se& : OMH
=><EBIG=O:GMAMG GERG M SHFMAL> FMREB< ] HG/MABWGAD(B L MKLFN <A
<HH BBANGA : M

EBEGRMABIESBDZ KK BRG>KEW G KEO:KB: VEAHM HIKXK : FHP: R L
LM RBINA>S<A: K <BIGRKMAB KXB: <EGEG: F>GRMABEGRMAHG
D>>MK:HIMA>M: MBREGM>KG:EER

EBEGRMABIESN<AHKMA:G:KKBER&: O:EMABNM@ANL>+tHGB?
MA: M2 LEERHR:GNMNMWMEB?>>MMGKEHP@E RE=MMA'SSBZ-JTU
<E:PIAB<AAHEK;BMHK;RR<®HK:GQI:GRG:FBLEEBM > KL>

2.4.1. CREATING A LIST

K>MBEHBRIM LRLEIN: K <DMWIIK:t <HFF: L>1:KEBH&E:EN>L

B@MJTU < B C NQIJMHSJN [ FYBNQMF >
B@MJTU
< B C NQIJMHSJN [ FYBNQMF >

B@MJITU< >

B@MJITU< >
FYBNQMF

B@MJIJTU< >
FYBNQMF

B@MJIJTU< >
NQJMHSJN



"BKRMAN>?BGBH BB M>FHMMA MA KR MNVBAGHKKB GHEKG #HA BUG HING: <<B=>GHBLM
BLGHK=>K>NBM>FL

EBL.NG>NL>EBDS>KH [ IKK=RA*BBIMHRPGIKEHG >FHHBERMEP:B&®MJITU< >
OAX:IBWMHFRM ABRO > BBREBMR MITUS ><NEBLWHEP:BBEKH ;:L>=

GC>@: B8O >LBM>TFHHWA>GH MABBIHWNGMBO R KEFAE I BMHRPGIREHG >FIM
EBRINEP.:R®OMJITU< >
%WNAG>@ :BBEBRHG?NLIREB M ABGEOMABIRB@MITO< B@MJITU<MFO B@MWMITH
BGMABBR®MMITU< >B@MJITU< > B@MJTU< >

2.4.2. SLICING A LIST

+G<RHN~C2?BGEBERMN: @ >MR:KMBM
: G>EBQMBBLk : E BleingM ABB L M

B@MJTU
<B C NQJMHSJN [ FYBNQMF >

a_list[0] 1Is
the first

B@MJTU< >

N

C NQJMHSJN >

B@MJTU< >

N

C NQJMHSJN [ >

item of

B@MJTUK >
< B C NQJMHSJN >

a_list.

B@MJTU< >
<B C NQJMHSJIN >

B@MJTU< >

N

[ FYBNQMF >
B@MJTU< >
<B C NQJMHSIJN [ FYBNQMF >

S5 HN: G@>M:KM? EBEMEE XEEBKRI><B MMBBEGE BAK>MROKEREG>EBLM
<HGM : BEWBAB-@>HFMAEBBE K=>K : KMB #M&>B K EMB<G=B@ ABILBE@MJITU<NIMH
;N I1G HB/G < E WMARSCGHIGEEEB<G=B@ ABILe@MJITU< >



/| EB<BHK@B B GH KH MM ALE B<G=BtG+@ : MBP8I>E RHX: 01 ABGEM ABIRK>: =BG @
M AEB21HHE> MM B @VAA#*B K ENB<G=>I1Q < BIM B>B BIMMRH R : G MG :M AL>> < HIGEEEB<G=> Q
L1><BIMB>RB BIMRH &NH GP'NG BIA XK >M DKIEBR B O > KR BIGBVGR® > G

(BLMES>KH ;:LEB@MJITU< K>MNWKAZB MAKBM >HFM ABEBLM: KMB@ @I TUN+MH
NG HB/IG<EN@BMG@< >

%N AB>REMB<G-BQRHN: &E>:BMNMs= BBFIEBHBE@MITU<BMAL>F>LB@MJITU< >
 ><:NMAGM:KMBBR EB > =

/BFBEBINEARB @ EBB<G=-BR] AE>GC @ MAEBRMN: &> BMNMIB@MITU<BMAL> F>L
B@MJTU< ;><:NMABBANBBM>CGA>IBY |E>:LBISKF > NKIK:S B ABRO > BBISNF
B@MITU<K>MNWKAZB K BW>FEB@MJITU<K>M NWKAEL IMWP BM > ®%I&G: <da MITO<PBEE
"EP:REMNKSB KWIBW >F&L8@MJDw<P BEEM NKE> LKWP @ : K HRPAER>GC @MAEBL M
%;H MLAE BB<G=B KEL>H M MEEM >HF M ABB:IKMB G < E NN MEABIG HWAL> F>LMABKB @B G E
B@MJOUKB :%Bt G>EBMMNAMII>GILA: O EMASFBM>F@MITUBREAHKMAHKRDBG @
:<HFIExMPR? EBLM

2.4.3. ADDING ITEMS To A LIST

OA>KE*HNWYKRMH==-BM>MHEBLM

B@MJTU < B >
B@MJTU B@MJTU < >
B@MJTU

< B >

B@MJTU BQQFOE 5SVF

B@MJTU

< B 5SVF>
B@QMJTU FYUFOE < GPVS i >
B@MJTU

< B 5SVF GPVS i >

B@MJTU JOTFSU i
B@MJTU
< i B 5SVF GPVS i >



OA> HI>K:MHE<:M>EBMWK>:M>>EBLMBLNEHGMGEENF ; HKB M > MIA >KG H
LBEBFBEMASLK:G :BEE-H-HKRHP>OBR>FHIBR <HG<RHMAHNEP :KMAENBLM
<HG<:M>&6KMBGE < HEBR ®I1> F H KKRM AB:LL M A GW E BRBIF F > =B : M>E@VGN A >
>QBLOKBBEMITHMABBRBXH=BK>:EBMPH LIMHI<}LLHG<:M>BAWBHG
LLB@GFP&SBKAGM>FIHK <HBER EHMF>FHPR>BHN~K>E BB @AKBB-L M L

EBLNEHGMBEBSESFEGR:M: MR3MABM>FG L B GREBE WG EHE>>MH>MA> FMRI >
$>KP>A:0>EB4H/IGM:BG IGEEEH : MBBEGMF ;> K=GBGM>@ >K
OABQQFOHEH>MAH=LLBGEMMIVA>GHMAEB L*M PP >A : Cour =B ? ? >K MGNWIB 4 A >
EBLM
(BLMKIBFIE>F>GNMEA L>K>:MB EGEBKI>: BESR. M : GINKEENMMB GNe<:AEBANF>MAH=L
MAHI>K: W@ MAFXYUFOEF>MAMDBEHGK @NF>EBBLOEII>G=>L<AMABM>HMA >
K@NFMBWMHKB @BG M
OA3OTFSUF>MABIGL > KM GCRBMBRG MEBQM? BKK @ N FB-I3 AB-G =H ® A>B IBUIWBRM A >
EBMANPB@EMFI|I>HNM?HLB M B HBW >FHG HM>>MH>N G B JINEKQ : F I BPA > KSG H P
MPH>I: KBM>FBRNAGC:EN> MAZB BIMBRR MITU< GMABE: IBWM BRMJITU< >

B@MJTJOTFSU WBMVBEBMAPX OTIIJGU? NG <BIGHKE M =LGB M MH
MA;> @ B GGCN &3 Lo EM ABM ABM>AIOMA3IBKBMBBGNEF | > =
NIMIH:DXHHF

(>MEHHEHLMKA>B??>K>IBR>BURFOEGFYUFOE



B@MJTU < B C D >
B@MJTU FYUFOE < E F G >
B@MJTU

< B C D E F G >

MFO B@MJTU

B@MJTU< >

G
B@MJTU BQQFOE < H J >
B@MJTU

< B C D E F G < H I J >>
MFO B@MJTU
B@MJTU< >

< H I J >

OAXYUFOEF>MAM=D>LBG@ENFPGBBAEP  REBLGE==b: <A MABM>HMAEBLM
MH@MJTU

%R HNM :RBINM E BHLM A KB>M >:Fl> Q M BEH M E BHL MG H M IMAKEBM>RHNGNIPBMEBLM
H2 BEM>FL

+GM ABM ASIG M ABQQFOEF>MAMD>LBGC@BNFPGB<KAG>:GR:M: MBIKRHNAK >
<:EEBABQ@QFOE >MAPBMEBHMAKBM>F L

%R HNM : RBINM E BHL MBEM >:F5l=11>G=EBHLGIMM HNG N IPBMAEBHYM>0BG >8AR
L>0>86<:NMAE: [BW >FABRAGNLM G = jsitselfa list (BLMIGHGMGERER H2:M:

BG < E MMAGBIOMLFM: R >PA:RHR:GMK M: RGHM N MPA: RIHN D 2-H KG B8 MP'A: M
RH®HM



2.4.4. SEARCHING FOR VALUES IN A LiST

B@MJTU < B C OFX NQIJMHSJIN OFX >
B@MJTU DPVOU OFX

OFX JO B@MJTU
5SVF

D JOB@MJTU
'BMTEF

B@MJTU JOEFY NQJMHSJN

B@MJTU JOEFY OFX

B@MJTU JOEFY D
5SBDFCBDL JOOFSNPTU MBTU
'‘JMF JOUFSBDUJWF JOQVU MJOF JO

7TBMVF&SSPS MJTU JOEFY Y Y OPU JO MJTU

LRHRNB @AM>¥MDPVOUF>MAK=MNWKABIN F; HKH<<NKKHG EKPI<BEZ?BERGEBLM

%ERHR:GMB GHBFPPA>MAGOKERB M AEBHIG HMATOHI>K: BHEKB @ ALIMEAKNG. B G @
MADPVOUF>MABAIOHI>K: MEHK REMNISGHKBMTF MIBG BHW>EHAHF:GRIBF>L
MAG:EN®>:KBRGIAEB LM
*>BMMAKOHI>K: HIM ADPVOUF >MAPBHE BREEHMhere B & ABB.LOL EN P> KLRHE>> =
MIBD G HPA > B> ABB.LOL ER B : BVEATOEFY F>MAHR=>? : BRIBEEX: KMA>GC MBEBE>M
"EMAHRNH@IAL |><BGHRIMBHS<H. &K@ NFER®M> ;:L>BG=M@M: KWHFG>0>G
HIMBNMABEK@NFR®EMN> ;:L>BG=M@MHP:K<ABG@
OA3IOEFY F>MAMB-QWAirst H< <N K KT >E B & AEB WNH AB:LL >0 F X H < < NKR_.BB<® A >
EBBEH@MITU(GB@MITUSNM ATOEFY F>MAPRBEKEEM NIGERBG =W A>BKLM
H<<NKK>G<>

LRHNB@&MQI>BMAGC:EREHMINBG& ABBMMIOEFY F>MARBEBIGQ<>IMBHG

3S:BNPA:MA: MKBEAVMOEFY F>MAKIBLSEQ<>IBBRIB>LGBGIAC: ER® ABBQMBL
BGHMsBR? >KHCHEM LM G @ NP @BRBREKEEMNKEB G OBEB=E@B D >3ABBMABIRL>>F
"GGHRBXB@MABRGIRBEHFMHI I K><B MM :GRHNKH @ RBEIK: L KM A>H N KK?>



MAXH;EBELMP2 -BEHBKQ@GC@+BRE>E MBI >F;>K BL O: EBBE M= %{@ ATOEFY
F>MAKK=MNKGMAMNE=XMHHFGHM LE>N®I>BEGBHGL

2.4.5. REMOVING ITEMS FROM A LIST
(BLMIGQI:GE<HGMKNNMMF: MBH NEIER G

MA>Q |:GLIBKIMA>KEK> >0 >KBE? K REM
K>FHBM>FH{HFEBILM>EE

Lists never

have gaps.

B@MJTU < B C OFX NQJMHSJN OFX >
B@MJTU< >

EFM B@MJTU< >
B@MJTU

< B OFX NQIJMHSJN OFX >
B@MJTU< >

OFX

SHN:GNLMABFM-M:M>WMHEGM > Mb>< BMRXKHFEBLM
<<>LLBGQ@M>KE>HB&x)H nbt K>LBBEG>KKHKB M>RPIMMK=>>E>BM:+RAB?M

MAXBKBMBS8EME? BEAD : 1 K> : MR=>E > M BBN> F

HG'ENG HWACHLBMBB8G6*BM IKH ERHN: KX>FHBM>RIO:ERGLM>: =



B@MJTU SFNPWF OFX
B@MJTU
< B NQJMHSJN OFX >
B@MJTU SFNPWF OFX
B@MJTU
< B NQJMHSJIN >
B@MJTU SFNPWF OFX
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF

7TBMVF&SSPS MJTU SFNPWF Y Y OPU JO MJTU

S5SHN:GELK>FHGBM2KHFEBRBIMWMASFNPWH>MABASFNPWH >MAM =D >Alue
:GK>FHOPA>B KM N K K ASME R HWAEB L@: BGEM >:PIMM K=>> E > BIM B & EO >
MA3BKBMBBGBEFL>=HPMN?BEAD : | (BLEIR2OAKO®@ :IL

SHN: & :BVEASFNPWHF>MAHH?M*BHEBDNBRMBEBIG Q<> BBRH®&® KM >FHO >
O:EMABM GB@WAEB L M

2.4.6. REMOVING ITEMS FROM A LIST: BONUS ROUND

GHM A >KE BMAVABIZPQ 0A®PQ F>MABIR>NGHMR>RMIK>FHBM>FHHFEBLM
'NMBMMPBLM




B@MJTU <B C OFX NQJMHSJIN >
B@MJTU QPQ

NQJMHSJIN

B@MJTU

<B C OFX >

B@MJTU QPQ

B@MJTU
< B OFX >
B@MJTU QPQ
OFX
B@MJTU QPQ

B@MJTU QPQ
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF

*OEFY&SSPS QPQ GSPN FNQUZ MJTU

3A>GE: EBPBMAKMW F MAgLQ E BRMWMM AKI=F H OFAE: IBWM BRY AEBhdveturnsthe value
it removed

S5HN:GHI:K;BMEMSHFHHFEB& ML ML IHLBMB B8 GMEYM APQ F>MAPRBEEFHO >
MABW SLFABEMABM >PIMBK N?BEADR . | . GK>MNKG:ERM>FHO>=

" EERB@HGG>FIMERBL.BLSEQ<>IMBHG

:EEB/G\@P Q E BRWM APIBEM AKBNMD N FBEEEBM AP Q ? N G <BIGHGE
%> F HOPAE: IBW 2K HWF AEB:IGMK > M NWKARL E N ‘M AK> F H B3> F
CKELGHMARG<VMBEG PABKAFHOPA2B BIME G K > M NBKMGLL
O:EBSRMAMGEBIEJNB O MIEBEGW Q@ Q



2.4.7. LISTS IN A BOOLEAN CONTEXT

SHN:GELNML>EBB®™; HH E x<:H:G M>IQNA: G
JGLM:M>F>GM

EFG JT@JU@USVF BOZUIJOH
JG BOZUIJOH

Empty lists

QSJOU ZFT JU T USVF
FMTF

are false: all

QSJOU OP JU T GBMTF

JT@IJU@USVF <> Other IIStS
OP JU T GBMTF

are true.

JT@IJU@USVF < B >
ZFT JU T USVF

JT@IJU@USVF <'BMTF>
ZFT JU T USVF

% G; HH E x<:HG M>GR M| MBRBRLBL E L >
G REBRBIMME >:HKB M BM KN >
GREBRBMME> HEBBMBMKNAOD ENMABM>BFBKK>E>0:GM

2.5. TUPLES

MNIEEGBFFNMEELMNIEGHM<A:C@B@SER RHGCBBKK>:M>=



B@UVQMF B C NQJMHSJN [ FYBNQMF
B@UVQMF
B C NQJMHSJN [ FYBNQMF

B@UVQMF< >

B@UVQMF< >
FYBNQMF
B@UVQMF< >

C NQJMHSJIN

MNIEE>?BB®-A>FP :RL: EBRR<>MMMAPAHE>NM?>E>F>EBEMI<E BIGEK>GMA>L
BGLMPEIN:KK:<D>ML
OA>E>F>MMUNIAE>O>=>?BBKR=CNEBDEBONIBG=BK3S>KH ;:CNEBDEBLM
MA>BKREMFHEMHG >FMMHREEBEP:B®OUVQMF< >
*> @ MBEBEPNGHWHEA>G H MAMN IENEBIDEBLM
/EB<BHKMHEBNEBDEBREM>GRHNEBEBRM@® >N>EBRPM>BHNEBMNIRH® =M
G>MNIE>

OAF . CHIB??>K>GR>MIBIEGEBBMIAMNIE>G HM<A:GC@CE><AGBKENIE>L
KBFFNM %ER: <MHBE =2 KBMIA AROGH >M A WFALPNH N EEFEE IRPIM K A : GI@A>FB LAM:IO >
F>MAHEBIBQFOEFYUFOEJOTFSUSFNPWF.G®OQPQ ONIEALOGHGEMA>SE>MAH=L
SHN:GEBIMNIE><:NMAKM > MGEMNIESRHN: GA>PBD>MAMNIERGM:BGL
[:KMBONENSC<:NMA=M>LEANMGRDAMNIES =YW A : M MHINBW



DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
B@QUVQMF
B C NQJMHSJN [ FYBNQMF
B@QUVQMF BQQFOE OFX
5SBDFCBDL JOOFSNPTU MBTU
'JMF JOUFSBDUJWF JOQVU MJOF JO
"UUSJCVUF&SSPS UVQMF PCKFDU IBT OP BUUSJCVUF BQQFOE
B@QUVQMF SFNPWF [
5SBDFCBDL JOOFSNPTU MBTU
'JMF JOUFSBDUJWF JOQVU MJOF JO
"UUSJCVUF&SSPS UVQMF PCKFDU IBT OP BUUSJCVUF SFNPWF

B@QUVQMF JOEFY FYBNQMF

[ JO B@QUVQMF
5SVF

SHN:GM>E>F>NINMNMNIBNIEALOGHBQQFOBHKYUFOEF>MAH-=
SHN:GRMFHOBE>F>TKMWIAMN IBENIEALOGHFNPWAHKOPQ F>MAH=
SHbbn ?BGE>F>EG/MN | EBGMABH>LGANMNGDAMN | E >
SHN:GELMLMAMOHI>K: MUK >B8DG>E>F>QNBMB ®IAMNIE >

/HPA: MM N | E2>H R H K

VONIEX?:L MPAKESB INRIHN ~k2B GCBIE@L M>®&IND : ENGE ERH N 210>aXH B/GH@IP B \B8 M
BB M > MSHBNNELA M N IEG L M2 EBLM

V%M D>RHNK=>?BRHNKBM> [IKKHMAMI>LG2MEH><A:GCAEBGC@NIEGLM>: =
H? EBRIMBR>0BGEFIEBPFSIUM: M>MAGCM HMABIMBKHGL MGGWA LM><BI:/AHN @ A
G LI><BPNBx< BEKHEGN BKiH © > K KIRA= M

V/IHFMNIE>G>NL>+=B<MBBIRKIR <B ?B §:IHBERM G MnButableO : ENESBIDM KB G @ L
GNF;> KdHMAMKIECBLMIG >O>NL>+=B<MBBISRER:NEBLMGHBFFNM:;E>



ONIE®IG><HGO>B™EBIL MO B<> MAKINBEMW F? N G <M BIHA
: EBIGMK > M NKMINLIEE NAL F>E>F>GMMAWITU ? NG <M BDIHA
MN I'E5>K>MN KEGBW®WE? ? VM MF?K>>SEBRLGMITU MA:PMNIE>

2.5.1. TUPLES IN A BOOLEAN CONTEXT

SHN:GILMNIBE, HHE x<IHG MEIQMA: GIGLM:M>F>GM

EFG JT@JU@USVF BOZUIJOH
JG BOZUIJOH
QSJOU ZFT JU T USVF
FMTF

QSJOU OP JU T GBMTF

JT@IJU@USVF
OP JU T GBMTF
JT@JU@USVF B C
ZFT JU T USVF
JT@IJU@USVF 'BMTF
ZFT JU T USVF
UZQF 'BMTF
DMBTT CPPM
UZQF 'BMTF

DMBTT UVQMF

% G; HHE <G M>G M1 MMRN IER:EL >
GRMNIEBMME>:HKBBMBMKN >

GRYNIEBMME> HEBBMBMKNAOD:ENMABM>FBKK>E>NOPAMMMAKM FF-HBG @
MA>K>
OH<K>:MWNIBEHGBM>FHE>>=<HFF:?MMKRO:ESBMAMNMMHFF; RMAGNGLLM N F > L
RHN:OG>QMKBKH?:K>GMAPABBA KFEXNB MH>LGK M MPN I E >



2.5.2. ASSIGNING MULTIPLE VALUES AT ONCE

$>K>NHHEH@ K : FIEBISKMBGRMARBN: GQNL>MN IE BL L BRONGE MBIENMLG <>

w B 5SVF

5SVF

WBLMNIEMAKSE>SF>@MY zZ [ BLMNIEMAKGSKB:;E:B QIEBMMEDARFRMA >K
' LLB®@GAMAG.ENBUME:<AMAG:KB: EGK=>K
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2.6. SETS
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2.6.3. REMOVING ITEMS FROM A SET
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2.6.4. COMMON SET OPERATIONS
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2.6.5. SETS IN A BOOLEAN CONTEXT
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2.7. DICTIONARIES
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2.7.1. CREATING A DICTIONARY
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2.7.3. MIXED-VALUE DICTIONARIES
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2.7.4. DICTIONARIES IN A BOOLEAN CONTEXT
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2.8.1. /PORKN A BOOLEAN CONTEXT
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2.9. FURTHER READING
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http://docs.python.org/3.1/library/stdtypes.html#boolean-operations-and-or-not
http://docs.python.org/3.1/library/stdtypes.html#numeric-types-int-float-long-complex
http://docs.python.org/3.1/library/stdtypes.html#sequence-types-str-unicode-list-tuple-buffer-xrange
http://docs.python.org/3.1/library/stdtypes.html#set-types-set-frozenset
http://docs.python.org/3.1/library/stdtypes.html#mapping-types-dict
http://docs.python.org/3.1/library/fractions.html
http://docs.python.org/3.1/library/math.html
http://www.python.org/dev/peps/pep-0237/
http://www.python.org/dev/peps/pep-0238/

CHAPTER 3. COMPREHENSIONS

Ourimaginatiors stretchedo the utmostnot, asin fictionto imaginehingswhichare not reallythere,but just
to comprehenthosethingswhichare.

N RichardFeynman

3.1. DiVING IN
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3.2. WORKING WITH FILES AND DIRECTORIES
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http://en.wikiquote.org/wiki/Richard_Feynman
http://docs.python.org/3.1/library/os.html

3.2.1. THE CURRENT WORKING DIRECTORY
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"EP:RENKKPIGHD BEKD> < MIAXKNMRR HIN BIG>
MARMAIKAGC KB G GBHIEP GR M ALK B KNH F
MASHFF:. EBGEKK NG GBRB®WA HGL <K BIIG/
P> L>KQAHKE>PA>K>

directory.

OA®TFH=NEFGC MMBPEIN G < \VBHHGIEB MWAAN K KB IGHRID BBK» < M H KR


build/examples

JNQPSU PT
QSJOU PT HFUDXE
$ =1ZUIPO
PT DIEJS 6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT
QSJOU PT HFUDXE

$ =6TFST=QIJMHSIN=EJWFJOUPQZUIPO =FYBNQMFT

OA®PTFH=NEHBFPBMRAMARBN. B@FIHEMGRMBGERPA>K>

IL>MAPT HFUDXE NG <M EBHIWVASN K KB IGHD BEBKD < BIADKIRHKINKB A@ K TABRMB H G

| A > BMEA>N K KB & KD B BKe> <IMVH: KBM_LA=>B K > <IMAKIRA R MAIAGEG ><N B i+ 6>
SBG=HWMABLI>GHEPA>KHBGLM,EHAMG>>? . NBEKI><BIHKIRUIPO%RHKNIKA >

, RMAKGEEKEHWA<H F F: @B (AN K KP 16 WD BBK> <IVMH. K BM_A=B K > <RIHHRKRKB G
PA>BHK:@ZUIPO

ILSMAPT DIEJS?NG<MBAGE@ASN KKPIGKID BBK> <MHKR

SA>O:EBWA>T DIEJS?NG<MNEBIHG(BGNQ IELMRE>PHKPLE=L ASH KBE>M MO K G
MAHNR@HPGBG=HPABIHGHEH MAX : <PA>KRMAMIGBHH: 1> K O MA>B ??2>K>®IP>> G
HISK:MBRG@>FL

3.2.2. WORKING WITH FILENAMES AND DIRECTORY NAMES

SABP>"KIXMALN ; CHZM K>< MR KEBMHH B @ MMA>T QBUIHH=NEP QBWKWHGM:BGL
?NG<MBRGILBINE?BBxEFE=BK><GIHEKR

JNQPSU PT

QSJOU PT QBUI KPJO 6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT Y,
6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT IVNBOTJ[F QZ

QSJOU PT QBUI KPJO 6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFET IV
6TEFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT=IVNBOTJ[F QZ

QSJOU PT QBUI FYQBOEVTFS
D =6TFST=QJMHSJN

QSJOU PT QBUI KPJO PT QBUI FYQBOEVTFS _ EJWFJOUPQZUIPO FYBI
D =6TFST=QJMHSJN=EJWFJOUPQZUIPO =FYBNQMFT=IVNBOTJ[F QZ



OAPT QBUI KPIBNG<NMBEIGMKINMMG HFRMHGH K HKE=KMBMAG: BB A8ILBM
LBFIERG<: MOt KBEG @ L

% W ABEB @A MEBQB*E EEBA® QBUI KPIBGNG<RNBEE G>QMKE: MAMWMAIZMAG : F>
>?HEHBBBGA>BE>CGHNMAL<DLEBGAMP2Z2HKP LE=LA<:N%>H G L M KNNABIL> =
>Q:FIH&KEBG=H®BRHK>IEBMABR:FIHEBGNR:<+/ 4 RHNWSEE?PHKPLKE=LA
BGLMHG?M PBME:LAEP:RLPT QBUI KPJOG £ >R MA+HHM AKB @AM G @

OAPT QBUI FYQBOEVINS <NBH® :GF MAG MANL>IMK>1K>IMASMN K KN GM ML
AHF>BK><NMARIRKBIGGRE:M?AKFRL >K1I0O>AHF>BK><BEKRNBEBI@ +/ 4
:G3BG=HPAX>MNK:®AH>EHM O>M K : BIHB G A>T QBUI KPJBN G <MIBHLGE "M
FBG=
HF;BCBA&BU><AGCRHNEG L BREHRS LMKNWAG®!: P HIKB K> < MG £ B BSSLANL > AMHLF >
=BK><MAKIRQBUI KPIBNG<MEM@DGSKBNF; HRK @ N F 8 MH O > K CHARS
=BL<HOWAKBBEGCEE4MBTI*G/FDFTTBHGH MAGCMNEBMME x MEBFGBE>MIRPKB M >
PA>ONBENBFRWM HHEBBQ>E: G @ No @tP K BMIABNI N EBB-V M € x Bl GRHNGA HFS: K M
I>HIRA>OE K> M xXHBPMHRKHN

PT QBUEL4HGM?BIGK MMBBHEBNMEE A G . EFBK><MHFKRBEG2?BE>GBEMA<BIKGLMBMN
[:KML

QBUIOBNF 6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT IVNBOTJ[F QZ
PT QBUI TQMJU QBUIOBNF
6TFST QIMHSJN EJWFJOUPQZUIPO FYBNQMFT IVNBOTJ[F QZ
EJSOBNF GJMFOBNF PT QBUI TQMJU QBUIOBNF
EJSOBNF
6TFST QIMHSJIJN EJWFJOUPQZUIPO FYBNQMFT
GIJMFOBNF
IVNBOTJ[F QZ
TIPSUOBNF FYUFOTJPO PT QBUI TQMJUFYU GIJMFOBNF
TIPSUOBNF
IVNBOTJ[F

FYUFOTJPO

Qz

OAFSQMIPNG <MIEB®NEMRAG :FI>K>MNKELIERGM :BIGBEM & 2BE>G:F>



S>F>F;>5KA>@ :BRHNHNEEFPNEMB O 1K B:@ENMESWNKE MBIENKIHFPNG<MBHG
OAPT QBUI TQMIANG<MBM®@ :<MERH NL L BNM@A&> M DKEN M ATQMJIDNG<B G ME
MNIEMPBO:KB:EAO: KBKE&>BOWLENMASHKK > L | BE>B GI@MAK> M N KOS E >
OAX*BIKL KB EESOBNF><>BONSLENMA2ZB KIEM F HAGWMAM N [IE>M N R & BINFA >

PT QBUI TQMJAN G < NRABERIE M A
OAX><HGHKBGEMFOBKPFP<>BMOASLENMAL> <HXE>F HAGMAM N IIE>M N R & BINFA >

PT QBUI TQMJAN G < WRABEE >G: F >

PT QBUEL+HG MVMBASTL QBUI TQMJUFYNIG<WVMBBGLE B PMRBE >GGES>M N KMALI E >
<HGM: BIGQBEE® GGEFA>BEQ M > GELHBMNM GM AL>: F M > < A GNBHINSBX@GA ‘M A >S\NFH
L>I:KMXB:;E>L

3.2.3. LISTING DIRECTORIES
OAMMPEH=NEEGHMKNHB&® ARMAHG G=ER=KUWKNRCE: LR: RMK) SMMA<HGMBG M L

=BK><IKHKRK : F F: M@B8 NELERACH KIMP BE = <MKA-RMHN: R EK>;=R:FBPBNKHF
PHKDBOW@<>HFF.&BG>

The HMPC
module uses

shell-like

wildcards.




PT DIEJS 6TFST QJMHSJN EJWFJOUPQZUIPO
JNQPSU HMPC
HMPC HMPC FYBNQMFT YNM
< FYBNQMFT==GFFE CSPLFO YNM
FYBNQMFT==GFFE OT YNM
FYBNQMFT==GFFE YNM >
PT DIEJS FYBNQMFT
HMPC HMPC UFTU QZ
< BMQIBNFUJDTUFTU QZ
QMVSBMUFTU QZ
QMVSBMUFTU QZ
QMVSBMUFTU QZ
QMVSBMUFTU QZ
QMVSBMUFTU QZ
QMVSBMUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ >

OAHMMPEH=NM>D>RPBE=<Gd&>MNKAHMHA?EEBEG EBK><MHMBAB B E = %IG=
MABQ:FIBARPBE =B IK=BK><IMMMERNLYNY PABRBEEBM<EENMWBBGSLARYBNQMFT
LN;=BK><MHKR

*HP<A:GASN KKPIGHD BEBEKD> <MIMIRIRYBNQMFN ; =BK>GMPTKRIEIS ?NG <MBHG
M:DKS>E:MBMAX:F>L

S5HN: @G <BEHN-BEVMBBE=<BIBHNKEHMM 0KR@IQ:FIEBGEEA>B BELASNKK>GM
PHKDBBK®> <MAHIRB G Qz>QM>GGBRHGEG M BEBH KFFTUGRPABBPAXBIE>G F>



3.2.4. GETTING FILE METADATA

IO>KRI=>RBERLMMHEK>M:=:MHNM<2ABEK>:MBMB:LM FH=BWBBIEEBSG 1+ H
HG RMAIKG OB +3BLG @ BVWH< <>MIABXM : = SWH:N H GG M>M Hl | > Gl A>B EEfEH E > >B-L
MA>BE>G:F>

JNQPSU PT
QSJOU PT HFUDXE

D =6TFST=QJMHSJN=EJWFJOUPQZUIPO =FYBNQMFT
NFUBEBUB PT TUBU GFFE YNM

NFUBEBUB TU@NUJNF

JNQPSU UJNF
UIJNF MPDBMUJNF NFUBEBUB TU@NUJNF
UJNF TUSVDU@UJNF UN@ZFBS UN@NPO UN@NEBZ UN@IPVS
UN@NJO UN@TFD UN@XEBZ UN@ZEBZ UN@JTETU

0AXNKKPIGHD BEBKD> <BIMAERBNQMFHE =>K

GFFE YBBML ?BE® A BNQMFHE=>KEB/GN& TUBU?NG<KBMEBKB LC>MMMGM:BGL
L>O>KB E?>\KR IBNF > M : =: MH:NWA>B E >

TU@NUBIY APH =B ? B ¥:B/BMEGEVB'E ? H K AV I BNL BASMK KNBL B RBE< A G BBRVE AGRN F ; > K
HE><HGBGMAIH<RABBE>?BAMAP>BKEMHIEE : G N KN /I>KBHNLER
OAXYINFH=NEEKMMARMAIHWG G £ R K% G M?BIG kK MVB4HILO;>IINP >=>B5? ? >K > G
MBK>IK>L>GNMHKBWBO> E BXAMMKBGCG@B=PBMWMBF>SHG>L

OAXINF MPDBMUZNG<MBGEG>KMBBD>ERKHFE<HG=L LBG<>?MAFAIHNUINF
IKHI>SKMRNRGHNFAPT TUBU? NG < BEBHAGH KR L>2NMEKN <HVIRNK KH G MARAH N K
FBGNMxHGCG+HHGOARBEAE: IFH=BMHBERENER MKHNG=,)

DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
NFUBEBUB TU@TJ[F

JNQPSU IVNBOTJI[F

IVNBOTJ[F BQQSPYIJNBUF@TJ[F NFUBEBUB TU@TJ[F
,J#



OA®T TUBU? NG <MBKHSM NKAEB &% ?BB® ATU@ TJI[KHI|> KM BERFE Y BN

RM>L
S5HN:G.LIMATU@TI|IKHI>KNNNRABQQSPYINBUF@TNE<MBHG

3.2.5. CONSTRUCTING ABSOLUTE PATHNAMES

%M AX>OBUIHPNMBHAGPC HMPENG<KIBMEK EBHM> E : M BIAX : DAL B RIOMF | E >
A4 MAG:EBIF¥BNQMFT=GFFE GRWAL> <HXE: FIE > O 3G\ H KKK M BRIAS : EBID >
SPNBOUFTU QzEHGL@®HDNM BRM AL> F>x<NKKPIGBKIDBEBKD> <M KA KHR>E . MBI@A X% . PBIEE
PHKDHKI>G B8 BXD >MVBEE :=.: MBRHR:GMHHGLMEGNEKEMENMAG [Fie. HG >
M A BNG < E NEA>B K> <GIHF,R< DM WM AKH HIB K > <iVIKE K BEO>MM M ARG NG &3 A >

PT QBUI SFBMQEPING<MBHG

JNQPSU PT
QSJOU PT HFUDXE

D =6TFST=QJMHSJN=EJWFJOUPQZUIPO =FYBNQMFT
QSJOU PT QBUI SFBMQBUI GFFE YNM

D =6TFST=QJMHSJN=EJWFJOUPQZUIPO =FYBNQMFT=GFFE YNM



3.3. LIST COMPREHENSIONS
EB4dHIF I K>A>EKUBMHES=<HFI|: PMRH ?
F:11BGeBBRBMMIHMEBKMIIERBGNG<MBHG

> <AMA>E>F>EMAEBLM

B@MJTU < >

YOou can use

any Python

expression

In a list

comprehension.

<FMFN GPS FMFN JO B@MJTU>
< >
B@MJTU
< >
B@MJTU <FMFN GPS FMFN JO B@MJTU>
B@MJTU

< >

OHF:D*>GHMABH HIB FK HEB @AER B i@ MJ BUM AEBBRININ FKINB Q@ >RMAHG

B G M > K EKH-HMEAKK HENa@MAHLG >E > F > K& NI B AVt> F | H K : KIBEEGRVCABGKEN 2 : < AE > F MGIM

MAG: KB FNEFN R M AMIA>IG E BMAZN G < MMBAHNG : G =1 1> G MA KM L MENVAK> M N EB & M
EB4HIF IK>A>GHK BHI(G L EBBMH>GEHM : GIMAHK B GEBG ME

%BIL : ?M HL L BM@AG> L NE M B4HIF I K>A>M INBASGK B MBRMH N FKINBG @MAHHEG LMK N <

MAG>EBRG>FHKBPA>BAEBBIHIFIK>A>BKBHRKE BW>L B @ &> L NIEMVARRK B @ B G : E

O:KB:;E>



S5HN:GNL>GRRMAHITE K>LEBR 6 HBLH/IF | K> A> B GEE G- BN @< \BESHABLF H = NEHK
F:GBINE2BIBEEBK><MHKB>L

JNQPSU PT HMPC

HMPC HMPC YNM
< GFFE CSPLFO YNM GFFE OT YNM GFFE YNM >

<PT QBUI SFBMQBUI G GPS G JO HMPC HMPC YNM >
< D ==6TFST==QJMHSJN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE CSPLFO YNM
D ==6TFST==QJMHSJIN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE OT YNM
D

==6TFST==QJMHSJIJN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE YNM >

OABKCMNKEGBHYEM A ¥NM B BBLASN KKRIGRID BBK> <M HKR
OAHIB4HIFIK>A>/M LBMIUSENBHL P NMW BEGEBMK : G L BEKGNMEBH MINIERMAG:F>L

(BIKMHFIK>A>GELBHIGB EBIW-KALH = N < BG @NMEAMMG > L F : E BISAKNGARK B @EB G ME

JNQPSU PT HMPC
<G GPS G JO HMPC HMPC Qz JG PT TUBU G TU@TIJ[F >
< QMVSBMUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ
SPNBOUFTU QZ >

OH?BEMEBRMN: BG<ERIG<E:NMAA>G HMAEBBLHIFIK>A>0 ABKGK > L1L?BVMHARA >
JGD>RPHWBEHE O: EN?MX~< B M B AEB WM A>Q | K> L+ B8 HEONVNES L FM AB-M B BE
BG<EHN&PARNMINAMEIB4{HIF IK>A>E5H BB ABBHRYE B 2?7 B BXGLASN K KB < MHK R
MAPG>QIK>LEBEMNMAENSRW>LNPBGC DNAKB 52 <ABEI® K> :MAKS ;RMBA>K>
K32 BION<BBHM AEBB4HIF IK>A>KrBNEBHLMBTBE>G:F>L

EMASQ:F|BEPEBLHF I K>A> G HBHGQ?> : MNKBFHEQ | K > L [ BFHNEMBGER ; >K:
<HGLM:EHE B GTBNG< MBUHBGE IIERM MRBK B @ BENE P> M>KE M > K BIGA@ IGHEIB AVBHV
AHRHFIE>EBLHF | K>A>6&:IHG



JNQPSU PT HMPC
< PT TUBU G TU@TJ[F PT QBUI SFBMQBUI G GPS G JO HMPC HMPC Y NN
< D ==6TFST==QJMHSJIJN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE CSPLFO
D ==6TFST==QJMHSJIJN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE OT YNM
D ==6TFST==QJMHSJIJN==EJWFJOUPQZUIPO ==FYBNQMFT==GFFE YNM >
JNQPSU IVNBOTJI[F
< IVNBOTJ[F BQQSPYJNBUF@TJ[F PT TUBU G TU@TJ[F G GPS G JO HMPC
< yJ# GFFE CSPLFO YNM
yJ# GFFE OT YNM
NE: GFFE YNM >

OAHIB4HIFIK>A>GRGEHKBA¥NMW B BBLASN KKPIGHD BEBKD> < @E MRI>B §2 . <ABER
<:EEBA@ TUBU?NG<MBEG GLMKMKNNAM A>BEEEBSGMAXLHENMA > :<ABER

<:EENBA@® QBUI SFBMQEWNG<MBHG
OAKIHFIK>A>AQNBHGI AIX >0 BHHONL K . VEABQQSPYJIJNBUF @7 NG < M B WE&A>BIEBS >

H2:<A'NMBE>

3.4. DICTIONARY COMPREHENSIONS

=B<MBHHGEKKR>A>BEBBEB4{HIF IK>A>GNBKBG LMKABRMBBIGLKHRZEBLM



JNQPSU PT HMPC
NFUBEBUB < G PT TUBU G GPS G JO HMPC HMPC UFTU QzZ >

NFUBEBUB< >

BMQIBNFUJDTUFTU QZ OU TUBU@SFTVMU TU@NPEF TU@JOP TU@EF)V
TU@OMJOL TU@VJE TU@HJE TU@TJI[F TU@BUJNF
TU@NUJINF TU@DUJNF

NFUBEBUB@EJDU \G PT TUBU G GPS G JO HMPC HMPC UFTU Qz ~
UZQF NFUBEBUB@EJDU
DMBTT EJDU
MJTU NFUBEBUB@EJDU LFZT
< SPNBOUFTU QZ QMVSBMUFTU QZ QMVSBMUFTU QZ QMVSBMUFTU Q2Z
QMVSBMUFTU QZ SPNBOUFTU QZ SPNBOUFTU QZ SPNBOUFTU QZ
SPNBOUFTU QZ QMVSBMUFTU QZ SPNBOUFTU QZ SPNBOUFTU QZ
SPNBOUFTU QZ SPNBOUFTU QZ SPNBOUFTU QZ BMQIBNFUJDTUFTU Q
QMVSBMUFTU QzZ >

NFUBEBUB@EJDU< BMQIBNFUJDTUFTU QZ > TU@TJ[F

0 A BLUG H:M= B < M BHHEE KKR> A > B MBEHESLHUF | K > A > GMBIBGE B z? B PBIMATB G1 A>BK

G:F>MAXG GLMKMKNAMAPB E > GGRAAPBES>M : = : MK KEE EBA® TUBU?NG<MBHG

11 < B MHM AKe> L N ENMBRBNGN | E >

OABLL =B<MBHMF KR A>CARIRG B LB F BVEH IE BLHIF | K > A > G BBWARGHDB ? ? > K'SBAKLML

BBIbG<E HBISNKER<BIGLMPE IN: K <DFMIHBSLM2 EBGAHEK>LLBKGBM>F

BNMHGMMBPGIQ IK>LILBHELVMR<HEBG> QK> LIPHBASHE G ®1 ABQ: F I BMA >

=B <MBBISRKAQ | K> LIBHMIRSHERG TUBU BGIABQ: FIBMAG:EN>
=B<MBHIGFKR A>K+BNEBIKMBHG: KR

0AD>RIMABKMB <NBE MKB HKG:KRIE R>B E > GK F MIN R & b\ A<>: BVEH

HMPC HMPC UFTU QZ

0AD :ENLH<BPBMA<E>BMAK>MOKBREHEART TUBU? NG <M BHWG : GR><: G

\EHMD]: ?BRG:FB G ABR<MBM @ BRPBE>M: = \GHMAB><HE>M:=BMU@TJ[F

M A>BIER- DA 2 BEWQIBNFUJDTUFRLU QZRMEHG @

(B DEB4LHF | K> A > GRHB#H BLG < EBIG<E: NB.G=B <M BHHEE KKR> A > BB HBIABIG | N M
L>IN>GE>HGG>QIK>LRBRBBEO . ENPBM-A<BM>F



JNQPSU PT HMPC IVNBOTIJI[F
NFUBEBUB@EJDU \G PT TUBU G GPS G JO HMPC HMPC A
IVNBOTJ[F@EJDU \PT QBUI TQMJUFYU G < > IVNBOTJ[F BQQSPYIJNBUF@TJ
GPS G NFUB JO NFUBEBUB@EJDU JUFNT JG NFUB TU@TJII
MJTU IVNBOTJ[F@EJDU LFZT
< SPNBOUFTU SPNBOUFTU SPNBOUFTU SPNBOUFTU SPNBOUFTU
IVNBOTIJ[F@EJDU< SPNBOUFTU >

CJ#

0 A BB <M BHHEE KKR> A > GH 68 HG KINBHVRIE M A2>B B-GLA<N K KB IGHRID BEBK>» < MH KR

HMPC HMPC @>MA>BE>M:=?MKX.<ABEP TUBU GG=x<HGLMKANERMMBAAHIKR R L
KXBE>GGEGPAHIGCENKIMARP>M  =?MX: <ABE>

OABIB<MBHHE KKR> A> NBEHGI AKX >OBHNUK>A>GBENGERBREFLEBAKG ;RM>L
JGNFUB TU@TIJI[F :GANL>MA?B E VEBWMH G L M IKkB<M BPAHIDR RK-MAZ>BE>G: F.
FBEGMEA>QM>GRBHEEUI TQMIUFYU GGFPAHIOENKIMMAIIKHQBEBWES® . <ABE>
IVNBOTJ[F BQQSPYIJNBUF@TJ[F NFUB TU@TIJI[F
LRHN:PBGIK>0BHNE | BFA > K>k BION <28 EMA NMIA > K>t BEIM >SBE® ABR<MBHG: KR
OAD:ENZ:<B>BMAGMKBSNON R & HNEABQQSPYINBUF@TNGE<MBHG

3.4.1. OTHER FuN STUFF To DO WITH DICTIONARY COMPREHENSIONS

$>K>"MK BPBD% R <M BHHEE KKR> A > GILABANBEL.AML>PNE>=LR: I IBGAD>>RG O ENL
:=B<MBHG:KR

B@QEJDU \ B C D A
\WBMVF LFZ GPS LFZ WBMVF JO B@QEJDU JUFNT ~
\ B C D~

+?<HNKMABGERKBREAG: ENM A>B <M BHGB KRNM E BPM K BIGMoNL E4RHM KMRA B L
PBMAB<MBMGsMIE MEBGBMWIBEBHLIM><M:<NE:KER



B@EJDU \'B < > C D n

\WBMVF LFZ GPS LFZ WBMVF JO B@EJDU JUFNT ~*
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JIMF TUEJO MJOF JO NPEVMF
'IMF TUEJO MJOF JO EJDUDPNQ

5ZQF&SSPS VOIBTIBCMF UZQF MJTU

3.5. SET COMPREHENSIONS

*HMWMH>E>ANM> MLOMAHPKGE HF IK>A>GR 6 MG BABRIK > F : KDL ,BEEFRBMEWKAISR G M : Q
? HKB <M BHIHGE KKR> A > QLABHHGER ? 7 > IBRMALM NCINA MOG : E NBAL MBD> R Ol::BX®

B@TFU TFU SBOHF

B@TFU
\ A

\Y GPS Y JO B@TFU~”
\ AN

\Y GPS Y JO B@TFU JG Y n
\ AN

\' Y GPS Y JO SBOHF n

I>MHFIK>A>GLBHOHE>MBGINKNBI>#HFIK>A>&IEBHNEAALI N : KM AL>> M ?
GNF;>>KHFMH

(BDEB4HIF IK>A>GGEBG MBHIGE KKR> A> A BHELK>A>GLEHGIM (BBG&G< E : NMLH
?BEEMEM>%?HK>MN ICBEGA®>LNEM
I>MHFIK>A>GHB H@:>MIM . DXL>MBGINMXRM:DSER>IN>G<>



3.6. FURTHER READING

VPTFH=NE>

VPT[  HKM:iESSMIHI>SK: MBRGRAIF<BP2BMNK>L
VPT QBUHH=NE>

VPT QBYyl ,E:M?HKF BG¥>GBINEBWBHEG- > L
VHMPEH=NE>

VHMP[IC "BE>GI:IMoM FKNG<ABG @

VUINFH=NE>

VUIJNF "NG<MBHKGG B | N E< M IBNGE- >
V(BIKMFIK>A>GLBHGL
V*>LMEB4HWFIK>A>GLBHGL

V(HHIBMGX®AGBJN>L



http://docs.python.org/3.1/library/os.html
http://www.doughellmann.com/PyMOTW/os/
http://docs.python.org/3.1/library/os.path.html
http://www.doughellmann.com/PyMOTW/ospath/
http://docs.python.org/3.1/library/glob.html
http://www.doughellmann.com/PyMOTW/glob/
http://docs.python.org/3.1/library/time.html
http://www.doughellmann.com/PyMOTW/time/
http://docs.python.org/3.1/tutorial/datastructures.html#list-comprehensions
http://docs.python.org/3.1/tutorial/datastructures.html#nested-list-comprehensions
http://docs.python.org/3.1/tutorial/datastructures.html#looping-techniques

CHAPTER 4. STRINGS
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4.1. SOME BORING STUFF YoU NEeED TO UNDERSTAND BEFORE YOU
CAN DIVE IN
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4.2. UNICODE

EnterUnicode
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4.4. FORMATTING STRINGS

(>MMLDSEHMBHKM@MVYNBOTJI[F QZ

Strings can

be defined




with either

single or

double

quotes.
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4.4.1. COMPOUND FIELD NAMES
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4.4.2. FORMAT SPECIFIERS
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SFUVSO \ G\~ GPSNBU TJ[F TVGGJY

\ * BK>1E: BMWAMALE> <H:E®@ N FI>GIMMM M AGPSNBUF>MARABBAVGGIWNM A BIL

\ G" %MI'REMABGQ@RABRAK><H@GBSc PABRAANHGONE><HASEBG<EN=BG
:G=?MMRKR<H E B 6 ? BIG Adematspecifier P AB 2 N K MKARIBAGPRM AK> TE: O>KBLABRNE =
?HKF:MM>-=

"HKFLVM><B?BERPINHANG @ AKL>IE:<>NM>@WO:KBEHNR>?NE
P.:REBMAQSIOUG?’NG<BIBHGI N:G==S>KHHK I:<> |:==BB8@G
LMKBGIOG MKEBFKE<BLBEBO® <GIGOGKM >MKA>Q:=><BF:E


http://www.python.org/dev/peps/pep-3101/

SBMAKGIE:<>FBGMHEHG : KDMALM - HKMA>HK R IM<B OB K KHA:IM <B\? §>K
F>:GAIKHNKMAG>:KMSNE MAFBLIHGREHE =B @BWHAR>><BFHBGW2*HKHR:IM<B?B>
\Gl F>:G\?BQ>= GHBEGMNIHIIHLMBH QIHG>GNB:BREHEBN MA>K<BRK>HK>L>GM: N
OAN@BO®»QGFH? :GIFVeeH?2(# MAPHKF: MMKBIGNE= (# ;><:NL>

@ >KHNGMMHG=><BFEE<MAMALN?BBIQ>G =>2MMKRGNF ; >K

\ GM\ "~ GPSNBU (#
(#

"HKEM A@ HKRM HBB®H K Az IM < B 2<BEIMAMKF /M <B?B ¥Bld BH(GGC BM A@>?B<B: E
, RMAHXNF>GM:MBHG

45. OTHER COMMON STRING METHODS

>LB=HKF: MIMVBK@@EH. GNF ; HKH M ANIK> MNKBB <D L


http://docs.python.org/3.1/library/string.html#format-specification-mini-language

T 'JOJTIFE GIMFT BSF UIF SF
TVMU PG ZFBST PG TDJFOUJG
JD TUVEZ DPNCJOFE XJUI UIF
FYQFSJFODF PG ZFBST
T TOQMIJUMIOFT
< 'JOJTIFE GIJMFT BSF UIF SF
TVMU PG ZFBST PG TDJFOUJG
JD TUVEZ DPNCJOFE XJUI UIF
FYQFSJFODF PG ZFBST >
QSJOU T MPXFS
GJOJTIFE GIJMFT BSF UIF SF
TVMU PG ZFBST PG TDJFOUJG
JD TUVEZ DPNCJOFE XJUI UIF
FYQFSJFODF PG ZFBST

T MPXFS DPVOU G

S5HN:@BGINNMEMBHME 8&@ R MABGM > KLAMB®<RHNM . KWNEMBHE EBEBN@XK B | E >
JNHM: M:EKHDG NA B#VI5& 3 G M ABG M > KLAMBEBEI FIRVHM K H G M BIGINWK B B |@ I3 &>
<E H LMBIGERDE H M : M:EKHD&G -MLA>M K B&IDAG> QM &P BER><NIMHFF: GBM ABIL >

'L LB ONGARGI @8 B @

OAXSQMIUMIOFP MAM-DEHGBENEMBHBBSK> M N KEBH MM KBHEG@HK: <EBBMA >
HKB @ BIGIMEA MMA>: KK BK @MPN KIGA>G H 2 < EB GGG HBIG<EN=>=
OAMPXFSF>MAHHG O MKAMG MBM KR i @P >K <//BBFB EMREFQRFSF>MAHEGO>KML
LMKBB@>K<:L>
OA®PVOUF>MAHENGMENF ; HKH<<NKKHG K NLLMEBIM@>K> EERBQ]B®MA: M
L>GM>G<>

$>K>AHMABMRFHKGL¥>MLLIRHAN:O>EBHT>R Ol BNBLM A>HKF
LFZ WBMVEFZ WBMVEGRHR:GMHIEBM>NI:GF+:D>=B<MBH®TARRKEFZ

WBMVFLFZ WBMVF #



RVFSZ VTFS QJMHSJN EBUBCBTF NBTUFS QBTTXPSE 1BQBZB8I1JQ
B@MJTU RVFSZ TQMJU
B@MJITU

< VTFS QJMHSJN EBUBCBTF NBTUFS QBTTXPSE 1BQBZB8IJQ >
B@MIJTU@PG@MJITUT <W TQMJU GPS W JO B@MJTU JG JO wW>
B@MITU@PG@MJITUT

<< VTFS QJMHSJIN > < EBUBCBTF NBTUFS > < QBTTXPSE 1BQBZB8IJQ >:
B@EJDU EJDUB@MJIJTU@PG@MJITUT
B@EJDU

\ QBTTXPSE 1BQBZB8IJQ VTFS QJMHSJN EBUBCBTF NBTUFS »

OAXSQMIULMKBGWAA #H Gk >J N B K @-N F>G3ME B FBAMS KM AHIE B MM KB G EEIBHL ®M
LMKB:G&@HGMA>>EBF8MSMA>>E B FBUIG>K > KL G K: <NNMKNMHNE=GRMABG @
*HPP>A:O>EBHMMKBGGRBMA>RHEEHRXS>INIEBRB@BEEHKHR>G:EN> <:GIL>

: EB4LHIF I K> A > BBHE:MWAS>GC MBBISVW | EBMAMKBGMAEHM KB:G@H OGN A>BKLM
>IN EBR@SHIMBHGS<HE&E @ NFMBIMQMIUF>MABIM AGNF; HKMBFRHR:GMHIEBM
F>:GMHGEREB®&M<t: HMATOQMIUF>MARMBEEMNKGBGH BBEBLPMGA>HIORENENE=
<HGMGGNIEB®BHWRHANNM>EFZ WBMVF GPP TQMIJRHRHNEGNIPBMMAK>>
BMEB4d MWz WBMVF GPP >

"BG:EEMRAHGINKIGEB LM HBT HBR #N BIHEF KERR: L L BEAMAM AB DU ?NG<MBHG

OAIK>OBHNEIEHMHDEHEMBD KL BGI@KK:F>MB&®L. ( ;NM>:E EB?>
1.(l:KLEBA@MNFEHEKRHFIEB M MMABRHNA2KR>EBBI@A(IJN>KR
l:K:F>MRHKNAKMMKL BGAZSMMIC QBSTF QBS PINGRTM BB 6A
A:G=EBMEGHG H;GCBBNL>L

45.1. SLICING A STRING

+G<RHN%=OG2?BGEMKBEB® G@=>MR. KMBM: G>RMKB ALk : E BlieingM Al>M K BEB@& B C
LMKPE®BRO:<MERF>LLEBEBE@RBEAD>U>G><:NLMKBIGENILMIN>GE<L>L
<A:K:<M>KL


http://docs.python.org/3.1/library/urllib.parse.html#urllib.parse.parse_qs

B@TUSJOH .Z BMQIBCFU TUBSUT XIFSF ZPVS BMQIBCFU FOET
B@TUSJOH< >

BMQIBCFU
B@TUSJOH< >

BMQIBCFU TUBSUT XIFSF ZPVS BMQIBCFU FO

B@TUSJOH< >

B@TUSJOH< >
.Z BMQIBCFU TUBSUT
B@TUSJOH< >

XIFSF ZPVS BMQIBCFU FOET

SHN: @3NM:KM?2 LMKB&E&®& XEEB <RI | >< B MMBBEEEE BAK >MOKEREG>RMKBG @

<HGM : BEBRAE: K: <MMAS>M KB G ®=*K : KMB BA&>B K EMB<G=>Q

(BODCEBEBERPIN: NLE>@ BB OBKEBREBMKBG @ L

IMKBBE&&®EKH ;:LEB®@TUSJOH<K>MNKAZB WMAMBM>HMASMKBE&EMB@@SJOH< >

NIMHN @ HBAG<EN @B GSQOH< >

%N AB>REMB<G=BQRHN: &E>:BMNMs= BBFIEBHE@TUSIJOH<BMAL>: F>L

B@TUSJOH< ;>X<:NMAGM:KMBBREB>=

/BFBEBINEARB @ E BB<G=B] AB>C @MACMKBE® &E>:BMNMB@TUSIOH<BMA>

L:F>LB@TUSJOH< ;>@¥<:NMABMKBEO<A:K:<NMAKIBLIE>:_LBRERKF>NKIHSBRAABL
<AK: 4NIKMB@ T SIOH<K>M NKAZB KLMA:K: <MGEBTUSIJOH<K>M NKIGLKRMAB ¢

INMAZPBKLMA: K: <Nt TUSI@HP BHEHE : REMIMKBB KIKM . K: <MGE @ TUSJOH <

PBEEM NKE> LW @ : KHRPAER>GC @MASMKBG @

4.6. STRINGS VS. BYTES

RM>H>RMxXA:K: <MH A, LMK <NGBHFGENMLAEIN>BASEB<HA>K  <BEKHE>=
sting GBFFNML>EIN>B®NF;>KL ;>MP>>GBk:BEEbyesH;C><M



CzZz C BCDE=Y

Ccz
C BCDEF

UZQF CZ

DMBTT CZUFT

MFO CZ

Ccz C =YGG

Cz

C BCDEF=YGG

MFO CZ

CzZ< >

CzZ< >

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'‘JMF  TUEJO

5ZQF&SSPS

OH=>?BG2UFH;C>NMMAC \;RMEBMXR.EW:QARM>B MNB®R VBB M<IGE G /

JO NPEVMF

<AK:<HMKEGC G<HA>Q : =><BYFFEPKHF MHYGG Z

OAMRMB? CZUFH ;C>BUMPUFT

CZUFT PCKFDU EPFT OPU TVQQPSU JUFN BTTJHONFOU

% %

&NEBEBLM+ MK BRHAILG SMAE>GC @Mz UFH ; CSBWWANBEWFB GNG<MBHG

ENEBEBLME MKBRGHRILANLMA>SHI>K: MK G<- MeBUMB C>OMIK>LBEM>P

CZUFH;C><M

HG<:M>G: MBRGIRUFH ; C > GM

"RMZUFH ; C>@ BB HIN

T RMZUFH ;C><M

ENEBEBLML MKERHALWLBG=GAM: MBEHEVG=BQRBRNMBIICZUFH ;,C>&CMB M>H1
LMKEKGE® KBEVGABM >R CZUFH ;C>KM GM>@>KBR.? BBCHMERMRE ZG
CZUFH ,;,C>B<BFFNMRBHX: GGHMLBBGGBQBNMYWIRHE >>MHA:GRG=B QR MMNIEN

<:GBMNAEKMKBEBRBS @G <:M>BIMBIMHEHKBRAKWA> F>LLMKBIGH®HX: G

<HGOMAKMUFH ; C>B<GMALZUFBSIB,ZC><M



Cz C BCDE=Y
CBSS CZUFBSSBZ CZ
CBSS

CZUFBSSBZ C BCDEF

MFO CBSS

CBSS< >
CBSS
CZUFBSSBZ C GCDEF

OH<HG O>a&¢MFH ; C>B<GMMAN M : dZ® FBSIBZC >N MM ANBEM BFBSSBZNG<MBHG
EMARP>MAHGHI>K:MBH&IGHHG CZUFH ;C>RNHN:GHHG CZUFBS 38,2 >\ INMH
OAHG=B??>RBMAHB WACZUFBS 3B;ZC >R NX: GL L BRALG B QR MNIEBEGEGRM: MBHC
OA>LLB@GERNLM:GBGM >x@aVvK>ZG

OAHGMABRGI@nneverdo BEBRM>GA+ MKBG @ L

Cz CE
T BCDEF
cCz T
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IJMF TUEJO MJOF JO NPEVMF
5Z2QF&SSPS DBO U DPODBU CZUFT UP TUS
T DPVOU CZ
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IJMF TUEJO MJOF JO NPEVMF
5ZQF&SSPS $BO U DPOWFSU CZUFT PCKFDU UP TUS JNQMJDJUMZ

T DPVOU CZ EFDPEF BTDJJ

SHN:G&MG<:M>RONMELMKBA@KMPHB??>KMARNI>L
S5HN:G&AMNHEMI<<NKKHGRMBGLMKB@NMA>KSHRMBGLMKBG@KBIG @
L>IN>BTA K <V>KARIHN>: GMHNIGMP<<NKKH®MABM KB & EHRHN B= MM >K



=><H=-MBAEAIN>BZRMBGI|: KMB <MEKKM><KH=-BGCEEMASRHNGCERAH : RMA: M

> Q| E B <BWAHRCH GB MI E B<IB GI1E RKWNHIH M K BIGL@ K B/GH@ N > L

R:G:F:SBGHB G<BMABRBXH=> RISHNGMr<<NKKHG<ABEMKHE &REHRHN =M
?M>K<H=MBSEAIN>BZRMBMABKMB <MEKKM><KH=BG @ ]

G =A>KBMAEB GIM P >>MBK BGARIMM e UFH ; C>AMYX>EFDPEFF>MAMAMMD > L
<AK: M><KH=B&@M N LBIK B&HoM K B G@E&FODPEFF>M AMAMID >4 A K:<M>K
>SG<H=B&@MNKQGUFH;C>%MAX>OBHNE I BMA>><H=B.GKZFE:MBO>ER
LMK:B@AMXHHIGRO KKIMPBIGBI@B ZRMB M A > %3G < H =BBAAMEHV KIB 8 & K : < MN WILA >
L:F3¥KH<PIHKPBMG@ARG<H-MA®IIHKWMELA :K: <MMA>MK[BG@E> @ :ERG
1GB<H=G<H=BG@L



B@TUSJOH 1ZUIPO
MFO B@TUSJOH

CzZz B@TUSJOH FODPEF VUG
Cz

C =YF =YC =YC =YF =Y =YB 1ZUIPO
MFO CZ

CzZz B@TUSJOH FODPEF HC
Ccz

C =YD =YFF=YD =YFC 1ZUIPO
MFO CZ

Ccz B@TUSJOH FODPEF CJH
Cz
C =YC A=YB + 1ZUIPO

MFO CZ

SPVOEUSJQ CZ EFDPEF CJH

SPVOEUSJQ

1ZUIPO

B@TUSJOH SPVOEUSJQ
5SVF

OABLLMKB®BMAGB&A:K:<M>KL

OABLLCZUFH ;C>%M:L ;RMMUBMAS>IN>BZRMRH® SPA>BHM: B TUS JGH
>G<HBEBIG 0"

OABLLCZUFH ;C>%M:L ;RM3BMAS>IN>BZRMRH® SPA>BHM: B TUS JGH
>G<HEBE&

OABLLCZUFH ;C>%M: L ;R M 3dBIt Gentirelydifferentsequencef bytesMARM & SPMA>BHM : D >
B@TUSJGH> G <HB-BIGB @

OABL LMKB®@GC B A :K: < NeBMAL>IN>BXA K. <RHBEPMW>BHM: cZ:G=><H=>
BMLBNGAOB @ G<H=B@®& KBMBRF>GC MBKAHEK B @ BIGEG @


http://en.wikipedia.org/wiki/GB_18030
http://en.wikipedia.org/wiki/Big5

4.7. POSTSCRIPT: CHARACTER ENCODING OF PYTHON SOURCE CODE

,RMAHGLNFMARWNK N kK+T>i.e.>:<AQz?B[EBEG<HBG0 "

WRMAHBA>>?  NENMHZBER@?BP>L/ %% RMAHIBA>>?:NEM
>G <H-=BRG®®

%RHRHNEBMML>=B??>>GMPBOMRBERMAHG-RHN:GNMG>G<H=PG@®: K:MB
HOMA>BIEIBMB 2> . <ABBABL<E:K-MBBGoL?BHEME>PBG=HPL

DPEJOH XJOEPXT

0><AGBMABE K : <M><KH 4+ BI>@ K BGELBH H GV A>> < HIEB-BG 81 A2B KEIB\BE1 * % £BD >
A LA ;<HBF:G=

VTS CJO QZUIPO
DPEJOH XJOEPXT

"HEHKBG?HKF<MBHBEM >?BGRG@A@MBKP=3G<H=BG@L

4.8. FURTHER READING

+Gl1GB<BH&RMAHG

V,RMAIHGB <i$=30+



http://www.python.org/dev/peps/pep-3120/
http://www.python.org/dev/peps/pep-3120/
http://www.python.org/dev/peps/pep-0263/
http://docs.python.org/3.1/howto/unicode.html

V3IA:M*2PUOYRMAHG OO - M%GLMZ16B<i®D+>;BM
V., 1, >QIE:BRRMAMG=ECMKA K: <MNKILBMA>LBINEMBEBGERENE:K:<M>1|

PAHIHK =BG BN B K> :MA K&

+Gl1GB<B®>G>K:E

VOA>,LHENBMGBFNS KR?MP XO->EHIEKENMBIEBRRMBNOMERP; HNMG B <HG =
A K:<M>MEH!Q<NL>L

V+GMAPHH=GHRAIGB<H=>

V+G A:K:<NMKBG @ L

V A:K:<MZ>KRM>L

+ G<A:K:M><KH BBBGMEA>HKK F : M L

V A:K:<MBSKH=83) @
V A:K:<MSK H B30

+GLMKBGOMKBHKF: MMBG @

VTUsJdH HFFHGMKBIG®: MBHGL
V"HKF/IMKBRE@M : Q
V'"HKF/IM<B?B¥B@BHGG@N: @ >
V., 1, =O:GIMKBIBKGF:MMBG @



http://docs.python.org/3.0/whatsnew/3.0.html#text-vs-data-instead-of-unicode-vs-8-bit
http://www.python.org/dev/peps/pep-0261/
http://www.joelonsoftware.com/articles/Unicode.html
http://www.joelonsoftware.com/articles/Unicode.html
http://www.tbray.org/ongoing/When/200x/2003/04/06/Unicode
http://www.tbray.org/ongoing/When/200x/2003/04/13/Strings
http://www.tbray.org/ongoing/When/200x/2003/04/26/UTF
http://feedparser.org/docs/character-encoding.html
http://blog.whatwg.org/the-road-to-html-5-character-encoding
http://docs.python.org/3.1/library/string.html
http://docs.python.org/3.1/library/string.html#formatstrings
http://docs.python.org/3.1/library/string.html#format-specification-mini-language
http://www.python.org/dev/peps/pep-3101/

CHAPTER 5. REGULAR EXPRESSIONS

Somepeoplewhenconfronteavith a problemihink Olknow,IOliseregularexpressionsNow they havetwo

problems.

N JamieZawinski

2.1. DIVING IN

>MMBG@EENMM>EGMNM? E:K@EHEHIM>0B M<A:EE S IRMAHGK RG@E>MAH=L
2HIK>: K<ABEK @ E:<IBEMY GIJOE TQMJUDPVOUSFQMBDE& < NNA>H>MAHK:
EBFEWNMACBFIEBREM>HKQ:FIBAOEFY F>MAHBHHDHKLBG @:K= <HAN+ MKBG
GMAL>>:KBRAEP:RILL> L>G0BMB(O> BGLAGLB#BASMKBRBKWNNLMEE
T MPXFSHK VQQFS:GF:DENKHNK: KEMKBIGAFI IKHIKB: MM IF: M <A >
SFQMBDEGTIQMIUF>MAKA=OMA>FEBFBM:MBHGL

%R HNIKH<EG>:<<HFIEBLBANCMKBGVEA HRHNAHMEMA>SFA>R?KSB 1+ BFIE>>:LR
MHK>:=GMA>KEHWH>L:B=HK. LMBFIKE>:=: <Gb=>NMBRH®NXNB & #H N KN & BECEGHWP

=B ? ? A KWIGBIG@E@: NPBHIGL M : M > A& MG=lH><B:E>HHKBRH N € A>B GBEHI QM J U
:GKPJO MHEB<> : R HANBAKBERHBILRG >>MIFHONIMK>@ NBRIK>LLBHGL

S @NEQKK>LLEBHEAP>KTONHFHLMBRG= KRB 2>  K<ABGR <BG @ L B\G@ M
PBMAFIE>RM>HKBA:K: <MEMAHWARAQ@ NBRIK>LLBE R MB @GHVGC EBG B K KIHE=>
MAK>LNERMGNI;>Blae K>:=: EA:QA:G= KHEEN-MBNGEHG®: BIAMKBG @
?NG<MBWHEE>OFGRH?>F;>==BBEF>PRMKBE@ NBIK>LUBRBN: B G <EMNBG>
@ K: B 3+<NF > G A BWBXBE F

%WRHNNQ>>@ NBIK>L IBEBHVGAEIGC @ NE@ BIKE&: O : /< KBV
, RMAHBGMBEEO >RRFBEB:XMAGNFF: KRMASFFH=NM K >4

HO>KOBWRO BE?NEG<MBHIAERKNF>GML


http://www.jwz.org/hacks/marginal.html
http://docs.python.org/dev/library/re.html#module-contents

5.2. CASE STUDY: STREET ADDRESSES

OABLKBRQ:FIFPLBGLIBR>K> E IKBI?2EY¥: BER=FCHL>O>K>EK@ IPA>%
G>>=M#HEH<KNG+M:GC=: KMKS>MN>IQGIH KMHFE>@LRRM>FHBEBEIHKMBGES M H
:G>P2RLM*5>HGCNEM MABMN?BM4&IMNNERNEBLQ : FIEAH RAIH Po
TTKH:<APAEKH;E>F

T /035) ."*/ 30"%

T SFQMBDF 30"% 3%

/035) ."*/ 3%

T /035) #30"% 30" %

T SFQMBDF 30"% 3%

/035) #3% 3%

T< > T< > SFQMBDF 30"% 3%
/035) #30"% 3%

JNQPSU SF

SF TVC 30"% 3% T

/035) #30"% 3%

JR@QHBBMHM:G=KEBIEK>>MNIAIHMA:M" "% BLEP:RLK>0B: M3 M?B LM Ox >
MAHNWABNML B FIEGHNVGAAMHNENN MM AM KBXGVWOASFQMBDF ? M >KEEM A= MP : L
"EK>NIR>K< 1< LBEBLF:MRAMNEHM: IKH;E>G=MA>>:KEMKBG'@ P :L
<HGLMGGBE®™ ABX<>IMBBPFPIER:FIESFQMBDFH>B.G=>HKD

(B?MG?HKMMBE \MEEEHRN G M >K > QG RBRBUBNB <PEH R HOMABGOAIKH, EARPKBMA M
30"% 1> KMLPBERBHIA==K>HG<BEI . KMMABDMKG&>M#30"% . GHG<EBMIP@HK=
OASFQMBDF>MAI=>NMA>MPH<<NKK>X&GERGEHRE . <BPMAMASEF> . GPABRBES R
==K>L@>MMBOIBHR>=

OHLHEMAXH;;EBMRP==K>ABMANKMAHG30"% LN;LMRB&KWNE=LHWKEIM\HF>MEB DB @&
MABGER:K<KAK>IE:30'% BMAEB: PM NK K <MMAL==K>1d > :GE>:OABMKBG
"EHG=2 > NMHN G>MAMABILIEK>@RMNGBEFHMR) :FIBAISMMBKEGI>G=>GN\
HGOMAB>G @MACM KB IB KK FE : < BIRRKIR > K> | E : <BHGE&&5PBWMA RHRHNB>>MH



NLP< >:G3I< > SFQMBDF 3HNERRHEBMKHFx<BGBRHGMGE>;NMABDGHP
WPHNE=G*"M

% MBS HORIM K> @ N BRIK > L L% BROGAA HEEN G < M B BVBHARD RBDIK >LBRHG L

<HGM:BGASFFH=NE>

O:D>EHHIM A>BKLKMF>M2K% OABLLBFIE>@ NBRIK>LUBHABM<AZW1'% HGER

PA>BM<<NKMA>GH? LMKBG&XF>:G\>GHMAGCMKBGA> Bt <HKK>LIHKA-BGEG® > |
MA>K>MWABEA:G\L>@BGGBAR KBOGL@ GE&F TVC ? NG <RBINS: KMASM KBBHK
MAK>@ NBRIK>LBBHG:GK>IEBRMBMA: OABLM<ABA0"% M A>G HMAGMKB G @
s NMH>»bat F: M MAD"9WM A MKIMMAPHK#=30"% > <:NMA : BGLARB = =HE®

HGMB BBROM HKR<K N ; ;B6 k> LW>HH G
=BL<HOWAMAX>OBHNEIE>M<ABG ®@
TMASGHMA==K>RULGHB®IHBSEHN@ A
><:NGHME=K>BGKENEMK=>MB@ G:MBH
"MEEHF>==K>UWBHRIER=PB NMASMK>>M
G:FY@ HRM:RPBBAMHLIWMAMBENBMA >
LMKS>MP :L#30"% MAMAK>@ RBRIK>LLBHG
PHNE=M<20"% : MM A>GHMA>M KBG @M ?
MAPHK=#30"% PABBSEHRMA . MP:GM>=

N matches

the start of

a string. $

T #30"%

matches the

SF TVC 30"% 3% T
#3%

SF TVC ==C30"% 3% T end Of a
#30"% .

SF TVC S =C30"% 3% T Strlng'
#30"%

T #30"% 30"% "15

SF TVC S =C30"% 3% T
#30"% 30"% "15
SF TVC S =C30"%=C 3% T

#30"% 3% "15



SA:MtealyP:GMPAMBE - M<20"»%w PA>BN: L MM A>G H M A>M KaB@GEW : LB NHIP ® HK =

" GCEHM:KM2ZLHFE.K@HKHH>QIKMABGK>@ NRIK>LRBIIMNG=>C PABEA:G\L
PHKAHNG=FRNRHK <KR@AKSNRMAMGBKHFIEB<RWMAZ <WAMA= <A:K:<BU>K
LMKBG@ML>ER<: I DABLHF>MBE2b KKELMA><DLBHE. A N>BBHGK>:LAGR
K>@NBRIK>LLBHAIBBE KMA BSSGRMAHGMA=HPIGB=>KEBQKbE @ N BIK > L IPEBBH/GL
HMASRKGMHRHN:O>N@BM:R>A:KMIM>SEA>SMBMKIN@GRGMKO N@ ®HNK
K>@NBIK>LLBHG

OHPHKKHNRKA><DLEHB.AORHN:NLPA:Bk:EErawstring ; RI K> ? BK) BLSIK B BN@XA >
E > MMGABUL> ERENM AMI AGVMH M BBESGABM KIBACHAN E=L <:I1>=U BLM:<A:K:<NN3¥K=U BL
K> BVEAR <DL EAA: <WHKE E HRM AB> MMMWK> <HFF>EP= RLBIGB.MKPG &&>: EB G ¢
PBMA@ NBRIK>LLHBBMAXKMBBS @8NHHH G ? N\LBIN@ <DER> @ NRIK>LLBHGL
<HG? NLBHNABKA> - = R
*sigh* 1G?HKMNGE HHAE RBERKs: LSMAKM G MK : FIRREM &8AKAB:IL MADM K >>3M >L L
<HGM B&PHK=30"% :L: PAHBHMKRBMLNERN:LGCM A>GC 5s><:NMA==K>AEG

T KMFSBIM ; > KMMKASM K=>MB @ G >M BNHLE® "% B L GMNWAGC > KIS H M ASM K B 8> L G ™ v
F:M<lAHM A>G MB:KVBEIF TVC >GANIK> | E: < GBHOMA B G 85 R H® >MARK B @ BI& S
PABBESEHMA:RIHR:GM

OHLHEMAIKIH ;EK>FHOPA><A K <IB=K=>GCHMACKHPMAK>@ NBRIK>LKBHG
\F:M<30"% PA>SBMAAHBHKRBMLGSGRP AB BPA>M K BFGA@ M AMKASG MA;> @ BG G B C
HKHF>PAB®&APB==E>

5.3. CAsSE STupY: RoMAN NUMERALS

SHNNOHLBEBDI>EBRB F: @G N F>KsBEBR HNB = & 2 MH @GMABFH F : RA : OL>> >NBA >B-G
<HIRKB@AHARHOBGEM>E>ABUIBNGI IRKB$@AM BGLMXHIRKB@AMHKIGIA>
=>=B<MEHEB ; K:KB>3B O >K\>BEMBHBilsA$-9997}BGLMM=LM:;EBLA>5HN
F:RELA OB>>MA>HG NMEBGBLEBH @ KAABK>BMAIRL MPEK>1K>L>GNVMB;G KL
MAKM : EHRL M><IMMAXS<B>GAMG FIBKA>GMAG: F>



WAHF GNF>KMRACK®E>O0xG6: K:<MAKNMXKX>I>:NGx<HF; BB KBANRMMK>IK>L>G
GNF;>KL

Vo*
V7
Vo
V-
V$
V %
V.

OA®HEEHRBGE @& >GC KNEHKHGLMKMFMBGI @>K:EL

V/IHF>MBFAIK : <MCHCI=BMBQA>* BL :G=z2** BL 7*BL EBM>K:BER 7**BL :G=
7x%% B L

VOAM>GA K:<M>9KIL:G= <:G>K>I>NMIMMNMAKMBF>M RHGAE>>MHN; MR IKHFA >
G>QM @ ABOML K: <BMHX:GKMIK>L>GM* BGLMBBK>IK>L>GM>=E>MA: G

BPKBMM>G E>MA:Q o cL9-*x L9-*** :GMA>G:L9-*7 \ E>LL

MA:G MA>EGE>MA: G

V/HF>MBFAIK :: < MKW ARLTH L BIRI>=B M B ON-M MB-E& @K A8 & : < MK M A SRKHN
LN;MRIKHFA>B @:EENBKQ:FIEM RHE>>MHN;MRIKHNEFAG> QB @ M>I1QR:K:<M>K
Biz*** ;NMBt9 \ E>MA:G GHM*** LBAKA><A K:<M&HMK>I> MHMNKBF>L
BRs Bk.

VOARBGALK: <MXBHMK>I> M>BLEP:REIK>L>GMG = OtK7 BLEP:RIG>0>K

V.HF: @GNF>KKEHL>:E>NMMB QAMABK =HKEKA:K:<MMWMOKKR <fo$BL $%BL
<HFIE>WMBEREKNGMK \ E>MA:G] $*BL *$BGHMO>®: EBF - GNF>K:E
; ><:NRHXN:GLM; MK:<BK>RKHR RHRHNB=>>MIPKBBM9$*9\ E>MA:G MA>G
E>MA: G



5.3.1. CHECKING FOR THOUSANDS

SA:MPHNBM:DWIO:EBMM®: K;BMKMKBIG@ E.BI+: G NF>K>BMMLIBMG>=B @\B M
MBHFBG<BF:&NF>KKEIE P : RKB VAMBXAGAMEH/P >H WV ML KBINVAAAB @ AVVAMVAHNL : G =
[E:<>HIGNF;>KL :G-AB@ NARMAHNLIGKEIK>L>BM>>=KBIRL<A:K:<M>KL

JNQPSU SF
QBUUFSO ?. ..
SF TFEBSDI QBUUFSO
@TSF 43&@.BUDI PCKFDU BU "#
SF TFEBSDI QBUUFSO
@TSF 43&@.BUDI PCKFDU BU $
SF TFEBSDI QBUUFSO
@TSF 43&@.BUDI PCKFDU BU
SF TFBSDI QBUUFSO
SF TFBSDI QBUUFSO
@TSF 43&@.BUDI PCKFDU BU

0ABLMM AKIGI AKI>kMLF: M < A>AL BIH E EHHEENM A;> @ B GG A K Bo@ @B+ KG H M
LI><BMBABM M PKIBI E =M <GAHF : M VPAGC WPA>< A K <NM>KRABBESEHMA:RIHR:GM
S5HNW:GMIF: D+ NKPAMA><A:K:<BRIK> RMASKS>MA> @BGCBAN KBG @
HIMBHG: MERYIB G.G<E> K :: <NBXWABK > 1>: NMPAKMBFRHNFKM<ABER® AZ2KHF
S>KMHMAK>A:K:<BGKHPG= F:M<A®AS>GH MA>MKBGXE HF ; B@®BMMA>
<A K:<MMK> @ B GI@& BE*Q@GN A MAI>M M FINGM M {MAA>G MBM K B 8 IBAH M A > K
<AK:<MKKKE? MMIR><A:K:<M>KL
OA>LL>GIMASFFH=NEMATFBSDI ?NG<WBHMWGD>K>@ NRIK>LRQBHGFSG =
LMKBG@MNMKMRIF:M<® :BBAK> @ NDIK>LMERAMBLHNGEBSDI K>MNKB IC><M
PABAAO:KBHNMAWH>L<KMBABR. M<BGH - MBLHNGFBSDI K>MNKGAMARMAHG
GNEENERHN:K=HNMMAPHF>BRA>MMAKMM FKMG<APABRAN: 1>RENLM
EHHDBNGARS> M QKGN FFBSDI . F:M<APAB>r@ NBRIK>LILBHAOEMA>BKIULMBHG : E
F:M<ABSIMAG> <HG=MABKMBHGAEK: <MCEB® GHK>=
F:M<A>KE:NMA>BKGM ><HKBIMBHGAEK: <MK SEMAMABKBB @ GHK>=
F:M<A>EK:NIEEAK>A:K:<M3\K4LA



“TH>XGHM M<ABMAK>A K <MAKIAMAMAKL>@ RDIK>LBES8 HBGWASM KB G @
>G=BC@ NHMA><A:K:<MCG¥ ALMKBIEXD SGR>NM><:NHMAPHNKMAMANTFBSDI
K>MN KGR
% G M >K>:IG¥ B GQVIBAEIREEGE M < APABT@ NBRIK>LLBBEMA><A K. <MSGKIMBHG:E

5.3.2. CHECKING FOR HUNDREDS

OAANG=KE=B-EHK>B??BANGAM AHNL:G=L

;> <INMA>K>E >0 >KN M N>BEE NPLBRE M
<HNBE>QIK>Lt>I>GC34B®@ WL EN >

Vv
v ss ? makes a
Vv $$3%
VN pattern
Vv % .
v ws optional.
Vv %3$$
V %53 S
Vv $.
IHMA>SKHNKLLB:BEASM>KGL
Vs$.
V $%

V6>KHMIMAKS<A: K: < Ne>KEH AN G =K E={BL
V% ?HEEHRS=KMHM A K><>A:K:<M>KL

OAE.IMPHMM>KGE<HF;BG>=

V:GHIMB k@ HE E HRS>=KMHIM A K<>A :K: <M >KL

OAPIQ:FIEAHRAIHMI®  EBMMMNG=KE=d$P? HF GNF>K:E



JNQPSU SF
QBUUFSO ?2... $.]18%]% $ $ 9
SF TFBSDI QBUUFSO . $.
@TSF 43&@.BUDI PCKFDU BU
SF TFBSDI QBUUFSO . %
@TSF 43&@.BUDI PCKFDU BU
SF TFBSDI QBUUFSO ...$%%
@TSF 43&@.BUDI PCKFDU BU
SF TFBSDI QBUUFSO .$.%
SF TFBSDI QBUUFSO

@TSF 43&@.BUDI PCKFDU BU %

OABLMM 2 KMIGKINMIMIALS: F > LM AIX > O BHHOBLA > < D’BI @ > @ B G-EN8 A K B GMNEA MA >
MAHN LLE <B. . OA>BM. IMAG>P. KB G K>GMAPABEA?BASINMAKENMN :EER
>SQ<ENLMBO>KGLK: MROE>KMBKISE $%:G% $ $ $ PABBIEGHIMBBGHE EHRS=KH
MMAKESEMBHSAEK : <MAKH > @ NBRIK>LLBEHS8K ><THK: <A MA>ILMM>SEK&K =>K

? K HE=> MM B @M ND MIA2B KILGW A FMM < AXE-B @ G MKeE L M

$. F:M<A>E:NMAZ2BKIEFMM <AM A>><H.G=MABKA:: K:<MCE® G H K3MAS>
F:M<ABHWAS%: G% $ $ $1:MM>KE>0>B><GHGLB=3KBMAHF:GNF>K:E
K>IK>L>GHWP. MBHG

% F-M<A>E:NMAZ2BKIEEMM<AMAL> <HG=MABKA K. <MCBE@ GHBIMA% $ $ $
I:MMFKBE<A® B <BAMAMAKS<A K. <MCKIMBHG=EB @ GHKeBIMAHF:.GNF>K:E
K>IK>L>GH:. MBHG

..$%% F:M<A>E:NIEMMAK>A K. <MAMNLALMA%S $ $ $I:MMFKNE< A8 MASBL
HIMBHGBB @ GHK3$$$sBMAHF:GNF>K>EK>L>GH?. MBHG

.$.$ = H>GHM M<®PA2XBKIEMM <AM A>> <H.G=MABKA : K:<MCEK® G H KA
F:M<ANMAMA>S=H>GEHM M<SA<:NRHN GKENM A>G H M AM KB SN®HINV B EEG
NGF MsAA=K: <A =H»t F-M<Al:KMMA%Z $ $ $SI:MM>K& NMAPNMN: :EER
>SQ<EMNLBOMAKIGEK>FERI<A>=

% G M > K >:1G¥ B GV RBNEHKOBVES ACVAIBM M > K &: N1EHE A>< A K : < MGHKIIM B H&GBEHD G HK >
CMASFIMRMKB.G®@APA% $ $ $1:MMPRGKEMA<A K <MCGHKIIMB H&BHED GHK > =



3A>P/>>AHBNB<KDERNRRBIK>L <B&EGGALMEB=-RHNMGERO>KAMAHNL:G=L
ANG=KEs{HPHF  GNF>KNEMRHRHEEHPBA NAM>GEHGCGIE: <>HK>:LR><:NL>
MA>RXKXMERF3I MM>KE&E>MMHHMGHMR>RIEQIKMA>MM>KG

54. USING THE \O N’SYNTAX

%MEAAX>OBHNMBHEB>K>>EBB@AMM>KG
PA>KAPA Fx<A:K:<dMPNSEK > 1>: NI3IM H
MAKMBFOA>KBEXGHMR>RMHQIKMABG
K>@NBRIK>LLUBABXIAFP>HIRPBGHK>
K>:=:;"BBKENHIMAP> M API= E K > N-FIRB-G

MAIK > O BHNE | E > {144}
JNQPSU SF matches
o rrasor qsourso between 1
@T§;U4U3SS@O'BUS.I .P.CKFDU BU Y & & and 4

SF TFBSDI QBUUFSO

occurrences

@TSF 43&@ .BUDI PCKFDU BU Y &&#
QBUUFSO ..

of a pattern.

SF TFBSDI QBUUFSO

@TSF 43&@.BUDI PCKFDU BU Y &&

SF TFBSDI QBUUFSO

0 A BL M < ABAI>M (KM Al>M K BGIDA MA>B KU M B H GNES HWAL> <HG=MABKANMA:M~"L
HD:R<:NMA>RNMBHGH®AMASGCHMAGMKBG @

0 ABL M<APALM (KM AM K B&GIDA MA>B KG M > < HIGIM B H GNES HMAMABKANMA: MM L
HD:R<:NBWIWMBHG:®AMA>GCHMASMKBG @



0 ABLM<APLALM (KM AM K B&GHDA > B AKHIPM B HGGEM A MGA>GC H MAGMKB G @
0 ABL M <APALM (KM A>M K BGIDA > B A KB I>M B H GNEBH A =6 >GHM M MMAS>G H M A >
LMKBS<QNMA>KCMBEEGF:M<AEEMA>MM =KIGEHM M<& K>M N KGHL

QBUUFSO 2NN
SF TFBSDI QBUUFSO

@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO

@TSF 43&@.BUDI PCKFDU BU Y &&
SF TFBSDI QBUUFSO

@TSF 43&@.BUDI PCKFDU BU Y &&%"

SF TFBSDI QBUUFSO

OABLMM:2KRL) : M <MABCM KM ASM K BIG @GR P A 2 KHF> KMHIW A K ><A : K : < NAKAGA >
>SGHMADMKBIA®@ :G=<:G>.GKBNF;> BRHR:GMH:M<AMNE>:HBNMGBHHKMA:G
MAK>A:K:<RRHKHNIE:R »

OABLM<APACM KMAGDMKBA@EE&>HNM? IHLLBVBXKMAMA>GH MASMKBG @
OABLM<ASLACM  KMACMKBIG &P HHNWNM? IHLLBMBRKMA MAS>GCH MASMKBG @
OABLM<ALASM KM ALGM K BIG&GA K>BNW?2 IHLLBVBKMAMASGCH MASMKBG @
OABLM<ASASM KM ASM K B1G @IGA K >EBNIM? | HL L BMRX >N\-M A gagsnot match M A>G H ?
MABGM KB &> @ N BIK > L1IEEEHIHKIM H G KR K ><A : K : < MK A>G H ‘M AM K BNGM@
RHAN:OZ2HNKMAI>MM=KGEHM M<GS K>MNKGHL

5.4.1. CHECKING FOR TENS AND ONES

*HPE>MQU:OFAHF G NF>K>E NRIK>LUBHOMKAM>GGEHGHE: <CABIQ :FIE>
LAHRMA<A>2BM>GL



QBUUFSO 2. .. $.13%]% $ $ $ 9$]9-]1- 9 9 9
SF TFBSDI QBUUFSO .$.9-
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO .$.-
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO .$.-9
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO .$.-999
@TSF 43&@.BUDI PCKFDU BU Y &&#

SF TFBSDI QBUUFSO .$.-9999

OABLM<ASLACM  HKMACM KB @A>BKILMBHBMASGCGMASGMAMASGCH MASMKBG @
>F>F;>MA>#]$ LRGHE>QGIF: MR : <NMEGR? HK] SHF:M9A LHRHB @ GMK>
9$:G=9 9 9 <AHB<GMAFEHOBQIMA>GH MASMKBG@BMAHF:GNF>K:E
K>IK>L>GHW>MBHG

OABLM<ASLACM  HKMACMKBG@A>BKILMBHBASGMA>G 9 9 +?MA>9 9 9 BM
F:M<ABA> G+ DBHEMAKHRPMBHSGAEK:<MAKBHRNHOMMNMA>GH MASCMKBG @ M A >
HF. GGNF>K>EK>L>GHW? MBHG

OABLM<APLACM HKMACMKBIG@A>BKILMBHBMASGMANMARIMBHGEEBMAZBKLM
HIMBWH GIEBVMIAS><HG=MABKNMBEHGEMASGCHMAGMKBG@BMAHF.-GNF>K:E
K>IK>L>GHW>MBHG

OABLM<ASLASM  HKMACMKBA@A>BKIULMBHBASGMANMARIMBHGGEEEMAK > >
HIMBKH&AEK : < MAKNGA>G H MADMKBG@IBMAHF: G NF>K>EK>L>GH MBHG
OABLM<ASLASM  HKMACMKBAG@A>BKIULMBH G ASGMANMARIMBHGGEEEMAK > >
HIMBMH&AEK : < M>Kai3to match M A>G H M ABM KBG @GN MA SKCMBEEH KSNG:<<HNG M
?HKHMA>G MBKIM 2 KEBEHE : M <A K>MNKGHLS$.-999B GHM EBIF:GNF>K:E



OA>QIK>LEBWA+G X E: <>H EEMIAXF >
IMMI2KEKRHMA>> M I BELIAHRHMA>G =
K>LNEM

(A[B)
matches
either

pattern A or

pattern B,

but not
both.

QBUUFSO 2. .. $.]13%]% $ $ $ 9%]9-]- 9 9 9 *9]*7]7 * » *

/HP A : NMH >NL A ENH HEB B b BNBAGEELM > K\G W R G M:ABLQ : FIEAH MAG>RRGM: Q

QBUUFSO 2.\ " $.1$%]% $\ ~ 98$]9-]- 9\ A~ *9]*7]7 *\ A
SF TFBSDI QBUUFSO .%-7
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO ..%$-97*
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO ... %$$$-9997***
@TSF 43&@.BUDI PCKFDU BU Y &&#
SF TFBSDI QBUUFSO *
@TSF 43&@.BUDI PCKFDU BU Y &&#



OABLM<APACM HKMAGDMKBA@&E&H? IHLLBVRX >A : K: < MAKIGS\ » +?M A BWM
F:M<APARIMBBMGCGE >KHHM AKIHL LB EA: K. <NEH®BKE@E M: M<AL ~ ;RF:M<ABG
MAEBIMBHGGE >KHHMAKHL LB, EA: K. <NMAKBM: M<A>)\ » ;RF:M<ABSIMBHRAG:E
CS>KHMAKHLLB EA K. <MGRBGMAERB HMACMKBG@ MAHF. GNF>K:E
K>IK>L>GH>MBHG

OABLM<ALACM HKMACMKBG®P H? IHLLBVBRXK>A: K: <MWAKNGVY> $\ "PBM%
"CGHGHMAKHLLB EA K. <NAKIGB\ »~ PBNMG& :GHGHMAKHLLBEA:K:<M>KL
MA¥G\ ~ PBMA.GHGHMAKHLLB EA:K:<MARNASGCHMASMKBG®@o7BMA>

. HF:GNF>K>EK>L>GHW?. MBHG

0 ABLM<ABLASM KM ABM K BIG @IGA K- IRIVIM A K ><A K < NIAKMGS. "PBM#A:GMAK>>
HNINMMAKS<A K <MAKIG\ » PBNMG@ : GMAKEBNRNMMAK>A : K: < WMAKIG  ~
PBMA:GMAKEBNNMMAK>SA : K: < NAKNASG H MASM KB Gu@$$-9997*BE-MAHF: G
GNF>K>EK>L>GHP:. MBHGB MM AEBH G @HEN& N F >R HRN: B K BRBM ASHNWE G RXG=M : Q
S:M<AEHLYEREBDP: @B<B: @ <AEHLDEBER4"® HB/GHRE K : ; ; BIMIMF RA: M QABL
F:M<APLASM KM ASM K BIG &G KHNIWMMAK>MAFGM <A\ ~;RLDBIIBRGHOMB kG : E
CF M<ABGEBNNMAKSMAFGM<A>0L ~ ;RLDBIIRGHEMBHGGE : M<ABGEN M
HMAK>MAFGM<A>\ ~» ;RLDBIIRGHAOMBHGEGE: M<ABGHMNNMAK>GA>KA>
>GHMABMKB &K

%RHRHEEHP®A: @ NG =>KLB/MMA>B MKIRHN =KBGCE® MK B*HPBF: @M &RBG
MING=>KLMEHELKAI@ NBIK>L LBBMARB ==HE2><KBMWBIGEMBH X IEH @ Kk
>O>BF: @BI6PB.GAMRHNMKR E>@ NBRIK>LLBHBHG MAM%K O GMG B M3 H:M
IK>MNBR AM

*HPE>MOUE HE&E M > KIGR GIMAXMA >BDI>>RHNKQ K> L IFBBIGM:BG: ; E>



5.5. VERBOSE REGULAR EXPRESSIONS

/IH?  RHNCTO3>M G>.EBB @A . M <EEEHFI|: KW@ NRIK>LLBREBNLO>MA>R>
=B??BHNENM >O>BRHRB @QHNNMA : MG>H>MA: BPM@ N : K: GIM RW N >E FE M H
NG=>KIBWMBEHGMAMSK: RHK>:EEGERBEBGEBGNF>GM:MBHG

,RMAHKGHPHMEHHM ABB M A F >M A BE@E@Bboseegularexpressions O>K; K> RBIK>LLBH
BEB??>KHCHINHFI . KM@ NBDIK>LR®HE:RL

V3IABM>LBBE® GHKx>M: ;LG x: KKEK@GWNK&GIHM M<AREI:<>M:;LGx<:KKB: @ >
K>MNKAGIRGKIMI M<AMEBERHR: GMHE:-M<A 1:<BGO>K ;K> NRIK>LRBHGEE
G>>MHBL<:BMRINMMB G@ L BB GK HEGBIM

V HFF>GCMB @ GHKSHFF>BMMO >K; KX NRIK>LRBNEBIDSHFF>BGR M AHG= >

BMM:IPBMA<A:K:<IBXBHNIGMBEGHMAEB G A8B8IILBMNHFF>BEBMABNGEMB EB
LMKBGI@GMPBMRBEK N Kd=pNB RFHKDIA> FP:R

OABPBBEEF HK<E>PBMG>Q:FIE>MKEOBIABNFI: KM@ NRIK>LRBNGO>BHKDBG @
PBM&F:DBMO>K; K@ NRIK>LDBB®:FIEAHRIHP



QBUUFSO

? CFHJOOJOH PG TUSJOH
AA UIPVTBOET up . T
$.18%]1% $\ A IVOESFET $. $% UP $T
PS % GPMMPXFE CZ UP $T

9$]9-1- 9\ ~ UFOT 9% 9- UP 9T

PS - GPMMPXFE CZ UP 09T
*Q]*7]17 *\ A POFT *9 *7 UP *T

PS 7 GPMMPXFE CZ UP *T

FOE PG TUSJOH

SF TFBSDI QBUUFSO . SF 7&3#04&
@TSF 43&@.BUDI PCKFDU BU Y &&#

SF TFBSDI QBUUFSO .$.-999*9 SF 7&3#04&
@TSF 43&@.BUDI PCKFDU BU Y &&#

SF TFBSDI QBUUFSO ... %$$%$-9997*** SF 7&3#04&
@TSF 43&@.BUDI PCKFDU BU Y &&#

SF TFBSDI QBUUFSO

OAFHLBFIHKMABMIHE F>F ;PK>BLBGXX ; K> N BDIK>L BBEMHAGRMHGAE >>MH: LLG
SQMK@NFRPANBHKDBBNMA >FF 783#0BEL <HGLM>GBBGIASFFH=NEMALB @ G:EL
MAMA>MMEREBNEMK>:M>9>K; K> NBIK > L LIBRIKGN: G >>M AIBM M AKIGN B:M >

' BMPABM>LIEEPABBB @ GHIGE>O>KHEF>GMEPAB<KB @ GHKG=RHB @ GHK
MAPABM>LG#PASHFF>GWABIEQ:<MEBIRFX>@ NBIK > LLLBRHH®: PB®AK>0OBHNL
L><MBHEM HHAWH K> :=:;E>

OABLM<ALACM KMAGCMKBG@#E&GH? IHLLBVBK>MASGMA>GGMAKH2IHLLB;;E>
MAKSMA>*GMANMASGCHMASMKBG @

OABLM<APLACM HKMACMKBIG @A KH2ZIHLLBVBRAK >M A %GG MAKH2 I HLLBVERXS >
MA>GGCGMAKH2IHLLBVRAKSMAFGGCGMAKERZIHLLBVEAK>MAMAS>GCH MASCMKBG @
OABIH>GEHM M <PAR ><:NB¥H>LSDMASF 7&3#02& LM ASF TFBSBNG<BIBHG
MK>:MBIEGM@M>KGEGHFI: KM@ NRIK>LPBNG® @ G PABMGSMEEBMAK A KDL

, RMAHG"WMH =PM>VMMKKQ@NBRDIK>LEBHK; HUIGHM MAKHGNF>Q>KR@ NE: K
>QIK>LBBHEI: &t ERHINQ | E BI<N3 NVIEXBNBIO > K ; HL >



5.6. CASE sTuDY: PARSING PHONE NUMBERS

/IH? :RHNXBI % <>GC MIKE MVb<ABGHE MM >K G L
IBMAPASCMM FKNB<ABKB MH>LGNM>@ NE: K
>QIK>LLBHAEEKAHKEHP > KN BGA A > G
K>@ NBIK > Ldo&H GV <RH&: GB <HDNIM ><B ?B <
IB><HBBMHN:GBGEHNRMA:M: M<APA>K>

\d matches
OAPIQ: FIEF*KHIEHMRK>KE P HKE £ %F
>G<KHNGMa KBEHHK>0OBHRNIHQA>
IKH;E*KKLBG®>KB<4AG G>NF;0A<EB>G M
P.GMMHE>.;EMBGMMWAGNF; 2K>> ?BEF
L B GTBEEN-M A PGGC MM#H M HKAXK ><H=>

any numeric
digit (0D9).
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QIPOF1BUUFSO TFBSDI HSPVQT

QIPOF1BUUFSO TFBSDI

QIPOF1BUUFSO TFBSDI HSPVQT
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EP: K> K>@NBRIK>LEPEKHEBGELYIM B @AMLGE: M < APA> @ B GG Ad K B&IDA > G
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IAHG>NF;>K

QIPOF1BUUFSO SF DPNQJMF S ? =E\ * =% =E\ *" =% =E\ * =% =E
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BGLMPARIA>GL

+?2<HNKIAHGEN F; > : K : MRAR T A LGB I ENDH H
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+HILOABIMBHEBMMAKH ;EBK>INBKEBGXS FBARBSHA: OMPHKH; E>RNMRRHN: G
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OAG>QR:FIEAHMAK> @ NRIK>L2ZBAG=HBB @>N F; »houtL>1:K:MHKL
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OAKB@AKMGMA>NBRK><H=BLEK>AKRB=BMIK>:M>6HG GNE>KEB<MGK
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QIPOF1BUUFSO SF DPNQJMF S
EPO U NBUDI CFHJOOJOH PG TUSJOH OVNCFS DBO TUBSU BOZ.

=E\ 7 BSFB DPEF JT EJHJUT F H

=% PQUJPOBM TFQBSBUPS JT BOZ OVNCFS PG OPO EJHJUT
=E\ 7 UsSvoL JT EJHJUT F H

=% PQUJPOBM TFQBSBUPS

=E\ 7 SFTU PG OVNCFS JT EJHJUT F H

=% PQUJPOBM TFQBSBUPS

= FYUFOTJPO JT PQUJPOBM BOE DBO CF BOZ OVNCFS PG EJHJUT

FOE PG TUSJOH
SF 7&3#04 &
QIPOF1BUUFSO TFBSDI XPSL HSPVQT

QIPOF1BUUFSO TFBSDI
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CHAPTER 6. CLOSURES &« GENERATORS
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6.1. DIVING IN
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%RH® KNABGG!G@EBLA KHNDBKE®: K GG @ BEL?AH K L:€A HE M MRBHIN@KH ;. ; ER
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wife ; > < H Fwiles ; N wlife ; > < H Flovldifes G == H G*"M>@>Fv L M : KNIGPH K MA : KIM A SHFKG
| E N KE Bsbeepdeer : G haiku
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6.2. | KNOw, LETOSUSE REGULAR EXPRESSIONS!
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JNQPSU SF

EFG QMVSBM OPVO

JG SF TFBSDI <TY[> OPVO
SFUVSO SF TVC FT OPVO

FMJG SF TFBSDI <?BFJPVEHLQSU>I OPVO
SFUVSO SF TVC FT OPVO

FMJG SF TFBSDI <?BFJPV>Z OPVO
SFUVSO SF TVvC Z JFT OPVO

FMTEF

SFUVSO OPVO T

OABLK>@NBRIK>LLMEMML > RGRHXB =G» BRegulaExpression© A IJN:KK:<D>ML
F>:CGF . MR <MERMA>A: K:<MHKLY[F>:G\IL HKW HK] ;NMGHEHBHMA>FA>
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JNQPSU SF
SF TFBSDI <BCD> .BSL
@TSF 43&@.BUDI PCKFDU BU Y § '
SF TVC <BCD> P .BSL
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SPPL
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EFG QMVSBM OPVO

JG SF TFBSDI <TY[> OPVO
SFUVSO SF TVC FT OPVO

FMJG SF TFBSDI <?BFJPVEHLQSU>I OPVO
SFUVSO SF TVC FT OPVO

FMJG SF TFBSDI <?BFJPV>Z OPVO
SFUVSO SF TVvC Z JFT OPVO

FMTEF
SFUVSO OPVO T
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JNQPSU SF
SF TFBSDI <?BFJPV>Z WBDBODZ
@TSF 43&@.BUDI PCKFDU BU Y $'"

SF TFBSDI <?BFJPV>Z CPZz

SF TFBSDI <?BFJPV>Z EBZ

SF TFBSDI <?BFJPV>Z QJUB

WBDBOPD:AM<APABE@ NBRDIK>LILBHAUBMG-BGz:GHBGHMF J P HK/
CPZH>GHM M<A<:NBMG=HBzZ:GRHNI><B?B:BMEANRAA :K: <M2KHKMAZ<HNE =
GHMP EBZ=ZH>EHM M<A<:NBMG=HGB~Z

QIUBH>EHM M<A<:NBNMH>GEHMGB G

SF TVC Z JFT WBDBODZ
WBDBODJFT

SF TVC Z JFT BHFODZ
BHFODJFT

SF TVC <?BFJPV> Z S =JFT WBDBODZ
WBDBODJFT
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NL> :G= :G+HG



S>@NEQKK>LLBH®™ BMKNMB M & RIFFERK 268 A> LRGHA:R>MASSFOSFAHKPHP > K ? N |
NMHF;BOBSEVMBKK: MBBE3HMEK>@ NBRIK>LBBEH &GN <A:K=MK>:=GBMH>LG""M
=BK>EMEM AR RRHRB KEM< K BI;A¥E N K : EKBNCEEHEGH K B @ B GHER EEB.0BM A >

PHK=GHBG 4 HKt MA>E=/] WRHEHHIM ABNG < RBIMGOM P BB GI{H=MALNMRB ?
MAPHK=GHG 4 HKK MA>6=/] %¥WH>LQ@MN <AHK=>B K MAWGA : M

6.3. A LIST OF FUNCTIONS

*HPRHN@KHBGI@= E>OPELMK: <MBMHN: KMR=>?BGCBEHMNEEBERMABHVMA: M

HMA>K® BLNMAG>EM E>MNMEFIHK<KFERBISKMMAIKH@ KHRHN: G BFIEBGRRIA > K
[:KM



JNQPSU SF

EFG NBUDI@TY[ OPVO
SFUVSO SF TFBSDI <TY[> OPVO

EFG BQQMZ@TY[ OPVO
SFUVSO SF TVC FT OPVO

EFG NBUDI@I OPVO
SFUVSO SF TFBSDI <?BFJPVEHLQSU>I

EFG BQQMZ@| OPVO
SFUVSO SF TVC FT OPVO

EFG NBUDI@Z OPVO
SFUVSO SF TFBSDI <?BFJPV>Z OPVO

EFG BQQMZ@Z OPVO
SFUVSO SF TVC Z JET OPVO

EFG NBUDI@QEFGBVMU OPVO
SFUVSO 5SVF

EFG BQQMZ@EFGBVMU OPVO
SFUVSO OPVO T

SVMFT NBUDI@TY[ BQQMZ@TY][
NBUDI@! BQQMZ@I
NBUDI@Z BQQMzZ@Z

NBUDI@EFGBVMU BQQMZ@EFGBVMU

EFG QMVSBM OPVO

OPVO

GPS NBUDIFT@SVMF BQQMZ@SVMF JO SVMFT



JG NBUDIFT@SVMF OPVO
SFUVSO BQQMZ@SVMF OPVO

*HP > <A.TMXKANBBMIPGNG<NMABBIKGAMNKAR> LNEMEEBAS@ TFBSDI?NG<MBHG
I'<AIIERNBLRELBINHIPGNG<NMABBGAEMASF TVC ?NG<MBHBERAX*IKHIKB:M>
IENK:EBANEBHG
%WGCGLMAOBEE@NG<MBM&SBVMPBWAEMBNERHAN: OMASYMFT: ML M K N <RVANBKBA
L>IN>BEBHKHIL2?NG<MBHGL

/ B G M»AKNEAIO;>>GKHDHEABIG M1 : K AMMEMKN <MAGSR MVSBMW N G < MBERHG
KS=NWH?>EBGRAH=LBC@ EHHIHN:GNEHENMAR: M<&=IIERNBYRHV MBF >
HGPE: M<AGAIER KHWASY MFIOTM K N <MINVKA2B BIMP- K HVMBAGE € HHNIBUD IFT @ PVBIEE
@NMUDI@TYGBQQMZ@ PB@EBQOQMZ @ FGM ALS> <HEEM > K : MB NGB 6 & WA 2MK
NBUDIFT@PBEELLB@BLCEFI@GCBQQMZQPBIEELLB BGoOMZOAPNG<BBHG
@N:K:GMEt>MNKE>MABSEM N ERRA>BG: M KN EBBUDI@QEFGRABWFUEKERMNKGL
5SVFF>:GBWA@HKK>LIHOEREB®OQMZ@EFGBBEHHEP : RL:I|IEB>=

OAKX>:LNGBE<AGBHNBMA>N>KRBGBG @

, RMABILGH ; C >BGI< E R NEBG @B\ MFT: M :

LMKN<NHNGHW2 BIGK Y BGHHESL F>HH?NG<MBHGL
TNM<M NG <MBIHEME @I A XR> ML B @BB&> =
MAGPEHHUANBUDIFT@SGMFQQMZ @ SKMF > Z
<M RNG < MVBAHRHIN: & : EHEGM A2B IBIMP K : M B H ( The OrUIeSO
HMAGPEHHIABEINBOM EMBG @ . .
NBUDIFT@TY[ ORV8B8BKI>MNKGM<AEEBG @ Varlable IS a
BQQMZ@TY[ OPVO

sequenceof

%M ABL=BMEBHGFELMK: <BKBHZ? NMR R @ . f
NGKHERBGECE@<MHBHB A>INBO . DBAGGMBK > palrs O
GPEHHIEIJNBOMEMGRXMEEHPBG @

functions.



EFG QMVSBM OPVO
JG NBUDI@TY[ OPVO
SFUVSO BQQMZ@TY[ OPVO
JG NBUDI@I OPVO
SFUVSO BQQMZ@I! OPVO
JG NBUDI@Z OPVO
SFUVSO BQQMZ@Z OPVO
JG NBUDI@EFGBVMU OPVO
SFUVSO BQQMZ@EFGBVMU OPVO

OA>>G>ABKBMAMARPMVSBWNG<BIBHEBBFIEBMD>L>IN>BKNE>*?BG>=
>EL>PASKBM>KMMKHWAEG @ > G 2KIBABH G

#>MF : M <KAN E >
H>BM: M<@A>G BVEAFIERNEGXK>MNMKE>LNEM
*HF: M<iAHMHM > |

OAKXKNEHNEBE=>?BGRPABIGGR:ROA®YMVSBWN G < MBHLGS: "KW

*HPP:L==BGAB*OPELMK:: <AHBKHEE@ > E & HR/> > MY H G L PA> KIMH N M= DW= =
G>KN KM A>N G < oBAAGB KRIOMF | BRIHNE=JNBIKBG@EL M : M > MNGAPMV S BM
?NG<MNBEHBA<HGE: FIBRHNE=IJNBKBIBRRANG<MBHGI@GPEBQQMZ@GPE =
MAMNG=MBEGS@MFO>IN>HBHI><BAR BMABK=MRG>F . M<G&=IIERNG<MBHGE=
;> < E BCSE  MBYOARM AKNE > L

NWABK>: ERNRIMM > | I BIG BGMW AG> QM<MBHMEFHOHG Y



6.4. A LIST OF PATTERNS

>?BOABG®R GLF>ZNG<MBHKGEIER:M<&6=I1ERNB: E>NMEBER > L 5:HKNR > O<:KVEA > F
=B K> RMERMASNFIM Asv M FIT> J N > G5<=2: BVEA >NFA K HWAASANK MA>KEKH RN G<MBHG
?HEEHHPHMPHMM > KEEMLABR: M <XANG<MBHBEELFBSDI:G=EMAIIERN G < MBHE L
SF TvVC (>M?2 i< MHMMAI>M M >SIKHBIA =M ?BGB B @E=G>>:LB>K

JNQPSU SF

EFG CVIME@NBUDI@BOE@BQQMZ@GVODUJPOT QBUUFSO TFBSDI SFQMBDF
EFG NBUDIFT@SVMF XPSE
SFUVSO SF TFBSDI QBUUFSO XPSE
EFG BQQMZ@SVMF XPSE
SFUVSO SF TVvC TFBSDI SFQMBDF XPSE

SFUVSO NBUDIFT@SVMF BQQMZ@SVMF

CVIME@NBUDI@BOE @BQQMZEGAMNG ¥ MPBRANB F-MA>NKG < MRIGGE B %M :DR> L
QBUUFSEGBSDIGSFQMBIMFA=G ?B:.GVBIUDIFT@SVMEG < RIBBIGAEEL. TFBSDIP B NIA >
QBUUFBIAPML : LL>MACVIME@NBUDI@BOE@BQQMZZENE OMBM@TP S M A PNIL
[:LLMMWMANBUDIFT@SVM¥G<RBNG@GKBE 3B\G@

NBE MAGIEERN G<NBKHMIAS FP:ROAITERNG<BBHNGG<MBMGDHGEK:F>M>K
G EEFLTVC PBNATFBSDIGSFQMBDK : F>MMKEW KI>LLWIMA >
CVIME@NBUDI@BOE@BQQMzZENFOMBM@FP SV APMLI: LL>MMABQQMZ@SVMF
?NG<RBN{KBE -0BA\GE®> <A GBNNBNAD : E NS N M U BK=F > MPEBEKM ABRSG : PBN<G<BIBH
<:EElostresSHNKAL >GMB?BEBGOV . EMKMB.ESIERNG<RBNSKBE BBVG.OH G >
['K:F>MePISE;NBMAS>GVHOGAIATEINMLPHMAG KE NTFIBSDIG SFQMBIPFABRAKE>> M
PA>BHN>?BMBAFIERNG<MBHG
"BG:MARVIJME@NBUDI@BOE@BQQMZUNVOKHBIMORMNIEM PO . ENVVAMPRING<MBH
RHANEK>: MA<HGLMRBMA?BBENMNBGING < MBHICGEBB MNBEBUDIFT@SVMF
?NG<MBHEBSDIGSFQMBBBMNBEQQMZ @ SVMYG <N BIHIB WA HLN-G < MBOH®&IM > K
RHK>MRKBF/IJME@NBUDI@BOE@ BQQMZ @A \NBKRL FRH FFE

%M ABBG <K><BGERILBBEAHNEMABE>BKNMNBNM. R ><HRE>. RAKBHN>AHP
MHMLBM



QBUUFSOT =

<TY[> FT
<?BFJPVEHLQSU>I FT
RV]<?BFJPV> Z z  JFT

SVMFT <CVJME@NBUDI@BOE@BQQMZ@GVODUJPOT QBUUFSO TFBSDI SFQME
GPS QBUUFSO TFBSDI SFQMBDF JO QBUUFSOT>

+NKENK:EBENBHEGHR>?BA>MNIEMMN I EHSItings GHNNG < MBAEGEKMKBG @

> <@ KHB\M AK> @ MBIK>LIL BWGMKAERMHRHNEEBGF TFBSDIMH>BMABNE>M<A>L
OAL><HGEGMABWKBGE@LE® KHKMAL> . KKAK>IE><QGIK>LIRBHRGINEEB G

SF TVC MHKMN:BERACGNEN NKGHNG&G BMENK : E
OA>K>PEBOPAGA>KEBEM A EE KNEFRAIK>OBHNE I BPANBUDI@EFGBPMG <MBHG
L B FIERM N KSFE > : G BMGABNE H GBM APH KB I > < EKNBEE= M < AMA<H =PHN EB F I ER

GTMIMASGH MA@ B PHEBEBAPBIQ :FIEH>SIHF>MABG AV BH 8 BEEERSSESBB H N E : K
>SQIK>LUBERA>MMARHKA: LG>G= F-M<ABASGH? LMKBGG@HNKLO>KRKB:.G@
G>G>0>G>FIMRMMKBBV@ABQIK>LIEBFHEB LM <AGANBM>KOQPAS FEINKIHILMA >
NBUDI@QEFGB?PMWG<MBHYMEF . REMNRSHSB MG LNMKAB H HKEI > < BKNBE>M < AM A >
<H===LGT MM AS>GH MA@ B PHEK =

OAEBBE: @ BAM: DMIAS>IN>BEMKB@@®UUFS.GFM N KMGASBFG MIHB>IN>B2NG<MBH
$HP R\F:I11BGN@A>M K BIGMAAV IME@NBUDI@BOE@BQQMZENOMBHBBRE M : D>1< A
MKBHEE>MWK BG®:IEM ACVIME@NBUDI@BOE@BQQMZENEY OB BMEGHN A KIVMK BIG @ L
"K@NF9@MVIME@NBUDI @BOE@BQQMzZENwoKBIMIRRVENIE NP AN G < MOB\HEEL: G L
MASMMFIGNI;>BGEG<MBHSBEBRMGM>OBHNEIEEBHMNIBPA>SK><MNIER
c1'BH?NG<MBHBRNNG <BBAE MXANG<MBEMEELTFBSDI:GMAS><HTENG<MBH
BMAIERNG<MBHMEELTVC

. HNG=BSMNB L KLBMAB><KBMARP:BSGCGMKRB GMPMVSBWNG<MBHG



EFG QMVSBM OPVO
GPS NBUDIFT@SVMF BQQMZ@SVMF JO SVMFT
JG NBUDIFT@SVMF OPVO
SFUVSO BQQMZ@SVMF OPVO

/BGMASYMFEBBMALS: F>LMAIXKX >0 BHNE | B&> . BEBRB MA HNEHF >LG H. N K | KVBALMVA >
QMVSBWNG<KNBHKGAMG OMEBHMHFIE>@>ERBMBD>EBHNMNENG<MBGHGHMA>F
BEK=UMNH>LE'KMkHMAKLNEKIE=>?B GRAIK>OBHNEIBPAPRK>>?BAE=1:K:M>
G:F>2NG < MBIFPGIA >R>N BERG : F B<RIE:ERB GAAHN M HNNA >

CVIME@NBUDI @BOE@BQQMZENSFOHBMEBH NM: PL MK B/GAE & LB MMM KPMV SBM
?NG<MMBBIEE MIA>. FP R

6.5. A FILE OF PATTERNS

S5HNO % M HKNNEEE A>N | EB<HM G ===>=GHN@QMK : < MB/HGBAMIENK : EBSNHE R G
=>?BBGEBH MM K BDA@L> EW @BWHBEIM M : DA >SLM K BGENM A>B-GL > 1 : K ME >
PA>KPAXRG>F:BGM:B(d>k: MKEWRA<H =M ANM >SMA > F

"BKEMMKLE :M#>QBM A<M G MVBA&EN BRHR: GNMH ? . G=RMLMKN<MNRMBM>LI:<>
=>E B FIBWMKB®I@ K<HEN K SU<L1IBHIMVSBM SVMFT UYU

<TY[> FT
<?BFJPVEHLQSU>I FT
<?BFJPV>Z z JET

*HPE>M2AHMRHN: NLMAIBN EZ>BLE >



JNQPSU SF

EFG CVJME@NBUDI@BOE@BQQMZ@GVODUJPOT QBUUFSO TFBSDI SFQMBDF
EFG NBUDIFT@SVMF XPSE
SFUVSO SF TFBSDI QBUUFSO XPSE
EFG BQQMZ@SVMF XPSE
SFUVSO SF TVC TFBSDI SFQMBDF XPSE
SFUVSO NBUDIFT@SVMF BQQMZ@SVMF

SVMFT <>
XJuUul PQFO QMVSBM SVMFT UYU FODPEJOH VUG BT QBUUFSO@GJMF
GPS MJOF JO QBUUFSO@GJMF
QBUUFSO TFBSDI SFQMBDF MJOF TQMJU /POF
SVMFT BQQFOE CVIME@NBUDI@BOE@BQQMZ@GVODUJPOT
QBUUFSO TFBSDI SFQMBDF

OAXVIME@NBUDI@BOE@BQQMZENOMBGHBNA : G @ HAN NKMB EBCE® L MKINIB E =
MPPING<MRGGEBM ARNEIR : KB . 7sBE2BBG®I-ABRN MNKG<MBHG

OAX@ EHP,QE0O ?NG<MBHEE? BES>K>MNKGBHE C>% M ABIL MAPBE>"KII>GBE@M:BC
MA>MM2:KEBEBEIENK: EBSBGAXIUILM: M>EKG MARALMNE E eontext PA>KB AU |

T EH<BG=IRMAHEEENEM HF . MB<HE BERB EO BEG> Q<> | BEKHEBIBGLEB AU, EH<D
SHNEBERE K> HNMUI; EH <52 BIE>C > B MIAB E<A: I M>K

OABSPIMIOBO GIMFPCKFBEBHKF. =L M2KHWAEI>GBHSEBGWL MBES=LLB@ AL
M>@ M AWIOD:KB:SENEBERE K= HNKW: = B& @FB BBLAB E<A: | M>K
I'</ABB®MA>BEKE> RERRIAKGCENNIMA>SRSM>K: MRPPABM>LM<HHK |:<>BM:D>GH
=B??>KCHKL4EBMNMLMATQMIULMKBGMEGA DA BKK @ N FMBIMQMJIUF > M ABIl=
IPOFPABEA.GILIEBMIGRABM>LM<HK | :<>BM:D>GEHB??>KIB&><HE@NF>GN
BL PABERA:G\WWIEHBBG ABM>L IM8FMIA EG : AK> IHVM ABB (3H G >E|BEB DY [>
FTPBEEKHDN@mBGMHABEBL Mry|[> FT >PABEA.GMNAQHUUUFBB@EM Y[>
TFBSDRB@EBM :GsFovBPBEEMT OA-MMHEHHMWMHP>BKGGEBMBBXH=>
"BG:RHRLIQBUUFSG6BSDIGSFQMBMIMACGVIME@NBUDI @BOE@BQQMZENSHOMBH G T
PABKAMNKVALIE? NG < VeBHNGI>GM ABN I WM ASYMFEB LS VMFTG A\LIL M H WBG@

EBHM:M<G&=IIERNG<MBAHMARPMVSBWNG<NMBHEML



OABFIKHO>A>KBHIN ARVHN G+ | E>IMXER MARE N K : E BN BEEMI QM > RKBEBB M
<:G>F:BGM:BGA>k: M KERASH=MANLBMH=BkKH==>:MBE:M:GEBRPB@HH=

6.6. GENERATORS

SHNE=EEMM K: B :0>@>GC KBsSBWNG<MBHWL MAKNE>BE>MNE<A>22B K
F:M<AIERIKHIKBLIK:S L ? HK® NMMBHE&WN DA MEMAPMVSBMW NG <KMBMIEH: G =
MA: MEMAPMVSBMW N G < MABHNEE=

EFG SVMFT SVMFT@GJMFOBNF
XJUl PQFO SVMFT@GJMFOBNF FODPEJOH VUG BT QBUUFSO@GJMF
GPS MJOF JO QBUUFSO@GJMF
QBUUFSO TFBSDI SFQMBDF MJOF TQMJU /POF
ZJFME CVIME@NBUDI@BOE@BQQMZ@GVODUJPOT QBUUFSO TFBSDI

EFG QMVSBM OPVO SVMFT@GJMFOBNF QMVSBM SVMFT UYU
GPS NBUDIFT@SVMF BQQMZ@SVMF JO SVMFT SVMFT@GJMFOBNF
JG NBUDIFT@SVMF OPVO
SFUVSO BQQMZ@SVMF OPVO
SBJTF 7TBMVF&SSPS OP NBUDIJOH SVMF GPS \' #~ GPSNBU OPVO

$HPMAA><PHHat PHKD>MEHHMGBGM>K>QNBIEBKLM



EFG NBLF@DPVOUFS Y
QSJOU FOUFSJOH NBLF@DPVOUFS
XIJMF 5SVF
ZJFEME Y
QSJOU JODSFNFOUJOH Y
Y Y

DPVOUFS NBLF@DPVOUFS
DPVOUFS

HFOFSBUPS PCKFDU BU Y $ $
OFYU DPVOUFS

FOUFSJOH NBLF@DPVOUFS

OFYU DPVOUFS

JODSFNFOUJOH Y

OFYU DPVOUFS

JODSFNFOUJOH Y

OAK>L>EWAZIFME>RPBIBLF@DPVEBBFGM A MABIG HM5 HK P:NEG < bBMH Gl ><B : E
DBEZNG<NABBGA G>IOMNGM MBFRHN:GMABGEM: K>LNF2ESG <MEHBH@
P BEEM NderatorM AKMG > N L >M K > G > KNM = > O B OH3L
OH<K>:M6BGLMHAKANBLF@DPV@HFG >KCM & MBE]B DRI M A>NKG < MIBMISA MVABHL > L
GHMMN>EER NIMA>N G <MBHGI N : 01 >MEBI<: NMA2B KBS M ANMBLF@DPVOUFS
?NG<MHEHSIOU ;NMGHMABGX GKBGRI>M
OANBLF@DPVOLPMNSG < KIBM K KIELG > Kt MCHK M

OA®FYU ?NG<MBMH@ > G > Kt MCHIGMK > M NBK\NGLE @ME QA 2 BHWIBURHXN: BOEYU PBMA
MADPVOU@s>G>KBMEB K< NWASH =BEE@BLF@DPVOWAM MW AZB RLAIMME M : M > IVBAGNG
K>MNWKADL EMAPNMILRB>E®%&-ABIL MAPBEE ;><:NRHMNKB@BIGENRD >G>K:MH
;R<:EENBGK® DPVOUFS

SIS M><ERBG@PB WAL FX>G>KHMBICM NBEXL <MARBN>AMG <HGMBGN >
NGRBRBBEMAG>QMMEM:M>FEBMB: EEB4. M &% KL :OHFIFMEG K>L MHIIG =
OFYU OAG>EBBXH=P.BMBB>@ Q><NMBEJI0oU PABKKB GMIOASFNFOUWIOHM >K



MANASM:M>F>GM O0A>BNHHHMAKHWARAAMEHH@ : BG-M A>B WMLAVMB®®@ BIM A >
LM:M>E>Q/M P ABKAO MABSM:M?2 0O >KR MABGNENKASN KKO ENW¥ GHP
OAX><HMGBRHXN:BEYU DPVOUWRKHNH EMAS FMAB@OBSGM ABBNBGHP

/IBGRBLF@DPVOUNSHL: GB G ? EGIBIRIENHNMEA > H K >#MBKABHEKR> OGRB RIHN EXND M> |
BCG<K>FYGWBIB® MBE:@N N > M MHLHIFHKPKH=N<N\MBIQ® > G > KBNGH KIS : =

6.6.1. A FIBONACCI GENERATOR

EFG GJC NBY
B C
XIJMF B NBY
ZJFME B

B C C B C

OA*B;HGI<<IBN>BKPE>IN>BENF ; >KA>K >
> <BNF; BMASGNHMAMPENF ; >KR2HEBM
%M IPBMAG= @HMNLLEHPMHB KMMFG K >
" GFHKEK: IB-OHRM - MM>IN>RHE>>MPH
O:KB:pASM:KMLG==LM:KML
BBMA<NKKGES WM; BKM A>>J N > G KRB >BAw
CBMAG> @MW F; BKM AL>>J N> G K : L BMAGM
B NMELHE<NMABR>OMEMNM> Cc :GsLLB@G
MAME ?HK: MK HMMAMASB LI > BIG
I:K:EB2BL:GxBL MABGC Cc B CPBEE
L>MMH MAK>OBMHNENEZ :GEMH MAXNF
HMAX>OBMHENSA: G<

/IHRHAN:O>?NG<MBHMBMMNIMN<<>LLBO>
"B;HG&NB;>KNKRH&HNEEBMAPNB MA

OyieldO
pausesa

function.

Onext()O

resumes

where it left
off.

K><NKLBWABIRBE:LBMK>:=ELBNMHKPEPBMAEHHIL



GSPN GJCPOBDDJ JNQPSU GJC
GPS O JO GJC

QSJOU O FOE

MJTU GJC

SHN: QNL>@>G>KEBBIK BGGPEHHBK>9WMERE HHIBHEEVHF: M8 8VHAGHRY U
?NG<MBHOIE NXKIHWAGIC @ >G>K Gkl K BMQAGNFIM AP £ H BBIG =G (KB :QE >
l<MBMAKHWAAAEHHI @ >MG&>®  ERKHEFAZIFMEM:M>B8GM :G=EEHN: OMH
“HBLKBBMN MG <cJC KNGINMEGNF;>K|><HF>BQ@ ®@AKBYPABBAMABILBL
MAMAGP EHHIQBMH:<>?NEER

OABLNL>BNBHREL @>G>KMMKAKITU ?NG<NVBHB EBBEHE > M MCHWMAAE M B K >
@>G>KOWHEBMAGP EHHBIMAK>OBHNEIEGK>MNEBLRMEMACG:EN>L

6.6.2. A PLURAL RULE GENERATOR

(>MOH<MEBMVSBM :GZE>AHMABREKLBNMABPMVSBMWNG<NMBKGL

EFG SVMFT SVMFT@GJMFOBNF
XJUl PQFO SVMFT@GJMFOBNF FODPEJOH VUG BT QBUUFSO@GJMF
GPS MJOF JO QBUUFSO@GJMF
QBUUFSO TFBSDI SFQMBDF MJOF TQMJU /POF

ZJFME CVIME@NBUDI@QBOE@BQQMZ@GVODUJPOT QBUUFSO TFBSDI

EFG QMVSBM OPVO SVMFT@GJMFOBNF QMVSBM SVMFT UYU
GPS NBUDIFT@SVMF BQQMZ@SVMF JO SVMFT SVMFT@GJMFOBNF
JG NBUDIFT@SVMF OPVO
SFUVSO BQQMZ@SVMF OPVO
SBJTF 7BMVF&SSPS OP NBUDIJOH SVMF GPS \ ~ GPSNBU OPVO

*HF: @ BxK.>F>F; >MKA MMAEB GI>NM AKN EZBESOMA KOS EN>L: K: MRPPABM > LUHR B N
NLMJIJOF TQMJU /POM I SMAMAKXHENEGEL L BMAGNHFIM AKEER<QEKB:;E>L



Andthenyouyield. 3A: M HRHR B >ERH? N G < M BIB£R/G : F BR BEEARNHKEZK B > G =
CVIME@NBUDI@BOE@BQQMZBABB8BUIPGMBKAIK>OBHNEIE®»BMAPKK =L
SVMFTBL@>G>KMNHB NNM M<& =11 E RN G < diBlentahd
/IBGS¥MFTBL@>G>KRMNMKNLBNMBK>BBERE HHIA ® B WMBWPA KHWABAE HHR HN
PBEHVEASYMFT?NG<VMBBBRHE G A>MM2BE&> . MA>BIKIBERG:FBNBER M<A
?NG<MBHEGIERN G < MIBHNEAI>M M >SHK@IA ENB GG R B SMEAR G . F BN BENRG < MOBARG L
L><HGBMAKHWAPAEHHRIHRBEENDI>Q  <MARKRHE>AMGVMFT PABRABGIA>
FB==HEMAGP MIOBOQBUUFSO@EHWDA =B MABFREEBBK>MAG>EBBMA>BE >
PABBEAMBEE=RG.FBNBERIMAIM<S=ZIIERNG<MBHEAOM AI>M M >HK@&IIA ENB B G
MAZ>BEGRBMAMPRAING<MBHGL

SA:M\:ORH® :BGX=tH: @AM : K MNBIREGM : @PA>BHBFIHKMAEMVSBRMH=NBM
K>:MA>G MIBKM>KBEH>5 N BEEMBHHREMAHLLBK HE;>I? HRH&EHNEGNCGAB GODNME E B G
MAPMVSBMWNG<NMBM®@>G>KRHKGEG H> 0 >KR M /SEEHRK > : M A>B KINNEG=<K >: M >
?NG<MB HGNRA >Fc BNMAPW KBHNH G XK : M AK> IHVM AZBHE B< K > ::NGRI M A > K
?NG<MBHGL

SA:M\:ORHEHLMK?HKF!O=xBWB RHN: BVEAPMVSBMW N G < MBSMAMFT @ > G > KL:N:HKH L
HOXKHWA>@B(JGBABEA:GH> HI>GIRG M >KBEHK >: =BG BFA> @ B GIEGERD >
‘M MBF>

SA:MBRH&NHNA=OMA;>LN?HMRPH K EFFR.G BIFME K #HNLU MH G"Qb> < NO/R-H =BG NQPSU
and F:QBFINFK?HKF GKkGNBHEAS F2NG<MBEHG&GEHO>E® :BKA :GRHNMB EEMH
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http://www.python.org/dev/peps/pep-0255/
http://effbot.org/zone/python-with-statement.htm
http://ynniv.com/blog/2007/08/closures-in-python.html
http://en.wikipedia.org/wiki/Fibonacci_number
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CHAPTER /. CLASSES & ITERATORS
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MA@ OFYUBBMAHHG MB%GI>EGHMBEBBKHNWFARI>GBENBE=M<&=IIERNG<MBH
HNINMMAI>MM>KEEt: <AMIA>F

VOAKL>:= ;NBE= X H<RAEHGCGMBENGEL® AKNE>B B®@: 2KHWA>MM2BEEFG "M
F:MAMPARH KE> N {BK RN IBED K : BoRPS>H? BGE: M < ABMGEZ? HMA>G H MA>BE>LBFIER
NLBMs+ MHIB WA>BIEMB EBED A 2 BIHSB G RIBEM FRA > K >B>1LKM H | Ik=: = BPG BIM BHEKD
MAG>Q@NMBEMIORHFF:GFMAR> . GMBFRAS. <AGHRA IFHKBEM>FBG MG BP >L M KENE
HO>® :BIGRBBED K. EBSPHK=<AMAHBM>F® A <APBEEMKB>2HK>: = BAA®@
G>EBEKHWEA>MM2BGEG >

3> A:O0x<xAB>IEGENK: EBGBM B HGES:

Minimal startup cost. 0 AH G MR BVGA@NMI | > GIIGNQPBIBGLM . GMB.GKEEBEELHI>GBG @
?BENMHK>: =BG @M



Maximum performance. OA3K>OBHNEIEMNE=MAKHMAPBE>SsNBENG<MBHGL
—RG:FBxOBKMB RHR: GMMHENK : EBIS K6 A BOL> K LBBHES AN G < MBIHHGILEGM A> R MK >
' NBEGMBGAPHKEM.- BNMBHGEER .M AKHWMARMM2BBEG <GH : MMASHKF:GRHKRIHN
IENK:EBS>

Separation of code and data. EMA>MM>KGIMHBSL > K MEP=BEH=>G=:MBL

= M:GG>OMKMP . B& EE>M

%MARBL: EBBRRKOZISER>1G G H$>K>MMF>M NBIG @ L BP-BNHAN >
-B[Z3VMPIQ :FIBMAI>MM2BEHI>G>NKP@@IuU@d BKI>F:BGL
HI>0GMBEB ENBK>:<ARMARMHBEE>GC MN\EHEARBEA>BMQB ML
HK? MMKRE:IBMG LM GNIBIABBHIXWMKIE :BE>LMKHEHRMM BMMAEM N E =
;> longMBPRAAABE:BL:KM? EHG @ KNRG/GBHGEE >MARMAHG
BGM>KKRE>B>@EBGI-MAB[Z3VMHN, C<RGC>0@KEMLMKHR>=

OA>KKEP:RIKHNBABIG L MH £ G BIQABBENK B@@0JU @@=
E>:OBMI@B ABEHK>:KNBPGEBGSY MBRHNHNER G A>BEK>: =
"EMARKNEXABFF>=B<MHER>BEKRHNHNER GA>BE>:HG>
KNE>OMA>BIEHH. B NPBHGASFMM F>MAKHEHMA>BEGE MK HI>G
BMGNLMADFFL F>MAMEHGMRSNPA@KRHBE>HMPKRHKHNE =
GHRMHKEKR NBM5 € NE M: OA>BIEE> EBMABQ:FIEBR=>H>L
 KHOK:FEBOLB:@ & >L BBREBEHNWK:=>:6=HG LMK >B G ME &E >
HI>G HEHHG @@ AMH KH; E¥*FDBRKKINK =FPHK<HFI| EB :BA& A M
IKH;EBRB<IAGBMAB@ @KHKE>FI>CHERHNKO>EHIWM>GMW NK
NMEB<:MBRBXWNGMWMBFOBKHGF>GM

/.7. FURTHER READING

V %M >KMR HKL



http://docs.python.org/3.1/library/stdtypes.html#iterator-types
http://www.python.org/dev/peps/pep-0234/

vV,I, IBFIE>G>K:MHKL
V#>G>K . MHBKRRHIRLM>KH@K:FF>KL



http://www.python.org/dev/peps/pep-0255/
http://www.dabeaz.com/generators/

CHAPTER 8. ADVANCED ITERATORS

Greatfleashavelittle fleasupontheir backsto bite Oem,
Andlittle fleashavelesseffleas,and so ad infinitum.

N Augustu®e Morgan

8.1. DIVING IN

\] NLMK>@ NBIK>LILE MG K BG@I> K WBLF S U P PRvH = NIRSVBLM > K HVIGHM & K HBM L
? B KPMG M A HRH N< E : LINBS<S E >

)"8"**  *0%")0 *08" 0)*0 45"5&4

R 01 ~ O

, NS S EBMABRL<: E EryptarithmsH KlphameticsSOAXE>MUBKHEM MNP HKSsNBRHK>IE: <>
> <E>MRMB-MAB@BME BMLHI>EEL:LKBMABINBKBAN K BMI B @HNNRAA B < A
E>MMPIME:<AB @QBMAR<<NKKHG<E> MMM | M IM A F = B @BHB @ B3%
K>I> M8 HPHK=}G& M :KBNAA>B @ B M



% HEABA IMPKMEEGS MIB G <K>FBVBHG
IKH@ K:KB @ BKBMER:BFH &>MM B@GA®B £ K
IKH @ K HE OBIIA : F > M B Sik judt 14 linesof code

The most

well-known

alphametic

puzzleis
4 &%
.03&
0/&:




JNQPSU SF
JNQPSU JUFSUPPMT

EFG TPMWF QV[[MF
XPSET SF GJOEBMM <" ;> QV[[MF VQQFS
VOJRVF@DIBSBDUFST TFU KPJO XPSET
BTTFSU MFO VOJRVF@DIBSBDUFST 5PP NBOZ MFUUFST
GJSTU@MFUUFST \XPSE< > GPS XPSE JO XPSETA
O MFO GJSTU@MFUUFST
TPSUFE@DIBSBDUFST KPJO GISTU@MFUUFST =
KPJO VOJRVF@DIBSBDUFST GJSTU@MFUUFST
DIBSBDUFST UVQMF PSE D GPS D JO TPSUFE@DIBSBDUFST
EJHJUT UVQMF PSE D GPS D JO
[FSP EJHJUT< >
GPS HVFTT JO JUFSUPPMT QFSNVUBUJPOT EJHJUT MFO DIBSBDUFST
JG [FSP OPU JO HVFTT< O>
FRVBUJPO QV[[MF USBOTMBUF EJDU [JQ DIBSBDUFST HVFTT
JG FWBM FRVBUJPO
SFUVSO FRVBUJPO

JG @@OBNF@@ @@NBJO@ @
JNQPSU TZT
GPS QV[[MF JO TZT BSHW< >
QSJOU QVI[[MF
TPMVUJPO TPMWF QV[[MF
JG TPMVUJPO
QSJOU TPMVUJPO

SHN:&KNBAXHQ@RKHWASHFF: EGBGS(BGCBA@HNEHHBMABILA>E>RM:OHF >
MBFE>I>GCa4B@IES >>HRHNKFINMGEMA>SKEHKH @ KK&SN|I"M: MB>G M



ZPVIMPDBMIPTU _EJWFJOUPQZUIP@QZEYBOQBMQIBNFUJDT QZ )"8"** *9%")Q
)"8"**  *06")0 *08" 0)*0 45"5&4

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBOQBMQ@IBNFUJDT QZ * -07& :06
* -07& :06 %03"

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO QBIMQIBNFUJDT QZ 4&/% .03&
4&/% .03&  .0/&:

8.2. FINDING ALL OCCURRENCES OF A PATTERN
OABMABGCAGEL A F>MBEGHKBRRPBGEAAE>MMZKBRIBMAINSSE>

JNQPSU SF

SF GJOEBMM < > CZ T JO SPXT PG
< >

SF GJOEBMM <" ;> 4&/% .03& .0/&:
< 4&1% .03& 0/&: >

OASFFH=NERMAHBGTE>F>GCNKXVBHDIK>LL9BMGIGB?MB <MHEHESIOEBMM
PABNMAD>K>@ NBRIK>LILBHWGBSLMKB&GEB GEE<<NKKHGIKAMMM PBG KNBG
LMKB®E@BIL MA>MMFKMB<A>UIN>G<GNF; >BABI0OEBMANG < KBWM IS KEBGBH VE E
M AN ; LM WBAGMEM < A AI>M M > K G
$>KMAK>@ NBIK>LIL BIHMGKG< AN > G<EIM M@KBGAKR> M DKEBR EEBLGA 1 <A
BMBRY ABBRIML MK EYIM < AMAK> @ RBI1K > LIL BIMG K G

$>K>AHMAQKFIHAPBEM K >RVHNWK: BE&B MM E >



SF GJOEBMM T T 5IF TJYUI TJDL TIFJLI T TJYUI TIFFQ T TJDL
< TIYUI T TIFJLI T T TIFFQ T T >

INKIKBLAX>@ NBRIK>LEBHDGLKLI:<>G

T :GMANMALAHK MPLLIMBLERBIRIGRA:K: <M>K
MA>GI:<MA>GHMASKEEHHDBIG@

MABNG INMKBIG@BO>M<A>L

This Is the

5/F TIYUMIDLTIFJLI TTIJYUNMIFFQ TJDL
S5/FTJYl TIDLTIFJLI TTJYUNIFFQ TJDL hardest
S5IFTIJYUMTJC TIFJLI TIOYUITIFFQ TJDL
S5IFTIJYUMJDLTIFJLI TJYUNFFQ TTJDL
S5IFTIYUMJDLTIFJLI TTIJYL TIFFQ TIDL

NMW ASF GIJIOEBMMNG<MBHEBMN KIGQX=> >
F:M<A4:<B?EBNEHR KA>B KMLAM A B IG= the English
M A2B 73WRB M A : M < : Nitdoesn@eturn
overlappingratches 0 A * B kL M <20 > K B Bl WA > |anguage_
L><HGEMA2B BIKM M N KG#H-AL> < HBL=
LDBIIGA>KEAMA BHKO=> K P B WA>H N LMW A >
MABK=MNKGHM-A>HNBUBBII>BG: MAR
? B BNKAMNKAKF>M<AGHM O >

OABAL IGHMABHEHBB NAEITA:F>MBEOENMMHNBRAIBGM>K>LMBG @

8.3. FINDING THE UNIQUE ITEMS IN A SEQUENCE

/>VMA: DB MKBWMBBEIANG B BNV>EFGL>IN>G<>


http://en.wikipedia.org/wiki/Tongue-twister
http://en.wikipedia.org/wiki/Tongue-twister
http://en.wikipedia.org/wiki/Tongue-twister

B@MJTU < 5IF TIYUI TJDL TIFJL T TJIJYUI TIFFQ T TJDL >
TFU B@MJTU
\ TIYUI 51F TIFFQ T TJIDL TIFJL T ~
B@TUSJOH &"45 *4 &"45
TFU B@TUSJOH
\ & * 4 57
XPSET < 4&I1% .03& 0/&: >
KPJO XPSET
48&1/%.03&.0/&:
TFU KPJO XPSET

\ & % . 0 / 4 3 A

#BO>BEBHM>O>IKME BMA@AHU ?NG<NFMBEEVMNKSNNGB LWVK B&G @EAEBQMB-L D> L
L>GBRHMABGHNMB DeP £ HHI: DMA2B BIMP K HWF ABB LNMB BI®& AL>> > <H ®ABK =
"HNK'MBRMR:BMA: B®AS>ME K> I=HB MG BR MR LINMG <> <: N |RMAIHGAH G/ENEH P
=NIEBBWIPAO>GEM@® BENIEBKHBIMGCERMBRLNMG<CA>GK>LNEMANMGBJN>
BM>F® ABK B @EBE8 BEV A:KBNRNW | EB <OMB K B GEBEHE LSO M >MH>LHKMBK LM
OAX:FM><AGCBHKNPBMNMKBGB@EMKBGMLIM>IN>BXA:K:<M>KL

#BO>BEBH MM KB GK® LoB@ MJTYH G <: M > GEMEM K B/IG@L>B/GAM @ >
/H@BOEBHMMKBVGA@RB % H=k>MNEMBEANG B XM>K : < MKKHLEIE AI>M K BPGB@EA
=NIEB<:M>L

OA>EIA:F>MBEQEREMABE<AGBHNBEIE>M?EM ANG B XM>K: <BIGIKALN S S E >

VOJRVF@DIBSBDUFST TFU KPJO XPSET

0 A EELBR. B1: MN IK>SME HL L BB GVBHVAL: K - < MUWKALSH E B MKe KMM KIHMIARHAL LBLIHENMBHGL



8.4. MAKING ASSERTIONS

(BD=~ GRKH @ K : FEEB3GAoN, RAMAA.GGBTTFSIUM : M > B>BMAH B MHKD L

BTTFSU
BTTFSU
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF  TUEJO MJOF JO NPEVMF
"TTFSUJPO&SSPS
BTTFSU OOMZ GPS WFSZ MBSHF WBMVFT PG
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF

"TTFSUJPO&SSPS 0OOMZ GPS WFSZ MBSHF WBMVFT PG
OABTTFSWUM:M>BRGEMEE HR: X : E,lRM AHIE K> L PBEIHASBIL MA>QIK>LLBHG
>O:ENVMMSUFLHMABTTFSIUM: M>EHGAMHMABG @
$HP>OBMARMAHETE K>L:B HENVMMBNMTAMABTTFSILM . M>PBEBB LG TTFSUJPO&SSPS
S5SHN:GELBIG<EMMNF:G K> F>1H>@ABUKBGBMAITFSUIPO&GBI:BL>=
OA>K>NHABBBXH=>

BTTFSU MFO VOJRVF@DIBSBDUFST 5PP NBOZ MFUUFST

YBEJIJNBOM¥MGBIL

JG MFO VOJRVF@DIBSBDUFST
SBJTF "TTFSUJPO&SSPS 5PP NBOZ MFUUFST

OA>EIA:F>MBEQLEMABQ: 8 MTFSWWM : M > MHGBHENM K BRI AN S SBHGC MEBIBE A : G
M>EGB ENMMBEE><E>MBILLKB @ G SB FBX6 #M A >K>H G MREGB @:B N5 SFEB>M A
FHKMAN>NKGGBENMMM>GEHMLLBAERLHENMBHG



8.5. GENERATOR EXPRESSIONS

@>G>KQIKKLRBBO® >G> K:NMEKNBMSWAPMI G<MBHG

VOJRVF@DIBSBDUFST \ & % . 0 / 4 3 A
HFO PSE D GPS D JO VOJRVF@DIBSBDUFST
HFO

HFOFSBUPS PCKFDU HFOFYQS BU Y #"%$

OFYU HFO

OFYU HFO

UVQMF PSE D GPS D JO VOJRVF@DIBSBDUFST

@>G>K KK LBBBO>*GHGRFHNNG<MBRB>EG=ENCA>QIK>LBEBHESHHORDEBLM
<HFIK>A>GNB NRBL: | 1 >BEG:K>GMMBXALMPEINKKe:<D>ML

OAX >GC>KQIKKLKBMSBSKGB¥M >K: MHK

"EEBG@ FO K>M NWKASL> @ME Rk HWAB-M >K: MHK

%RHEBRHN: GM>MMSHNEBAHLLBOEENGEK >MNKG | EBHK > VRI : L L B\GA®>
@>G>KNMHKKELMBMGMFMITU HKFU % MA>3 >RHAH GG M>6>Q MK:M?
[:K>GMA>SCNLMIMA>: K> QIK>LRABHIEGP D JOVOJRVF@DIBSBM AR QMF
?N G <NMBHRGEM AHBGD N KIMIA BNt & > G > MK LLBH G

1LBG@>G>KNIKK LBSH? EBLHF IK>A>GIBHKEGHMAL :G=
) YRHNAKNBE=-GEBRANMMW AKBM :Re.g.1:LLBESMAdVQMFHK
TFU NL>@>G>KMIKKLBBHKE>: =

$>K>AHMR > H< < H F | BVBALAF M A BNGL@:Ga> G > K2:MG<KM B H G




EFG PSE@QNBQ B@TUSJOH
GPS D JO B@TUSJOH
ZJFME PSE D

HFO PSE@NBQ VOJRVF@DIBSBDUFST

OAX>GC>KNKKLEBHKGEHFI: <MANG<MBHSBEER>GM

8.6. CALCULATING PERMUTATIONSE THE Lazy WAY!

"BKEHR®EBA:MAA><BE*>KFNM: MBKFEENM: MBHGMA>F . MB& E0M>KK><MN:EER
L>O>3CGEBGBEMBHGIB@B @ MBEF . MRHNAKB G @K% "M EDBGNHF ;BG: M NMBR<L
MA=M>LBE*NsG R M MBRGHE® H GPIMK KGRINB/ML :EP:RBBDB | SB-EBH NPK B > G =

OAB=BMARWHM:DEBHMABGBNEENF;>KHNBEBE>MMHNE=:G<BG LG =
?BGEHAHLLBR, ERMHIENBM>NIB G MH E EBK ME ASF : E EBHAMAQM A FX B FPAB<A
<:G>:LLF:EE :G=LE:K@QMAMHMGNF; HKBM>FA . GGCGHMABGXX>|>:M>=
):MA>F:MB<BI/ACBERIE> MBMAI>KFNM: MBHB2? >BMOMMD >GMt MBFP AB<A
F>.GRHN:O>L>IN>BXRBM>FKERHR:GMRBGEMAHLLBHE=>K>3BKL


http://en.wikipedia.org/wiki/Permutation

JNQPSU JUFSUPPMT
QFSNT JUFSUPPMT QFSNVUBUJPOT < >

OFYU QFSNT

OFYU QFSNT

OFYU QFSNT

OFYU QFSNT

OFYU QFSNT

OFYU QFSNT

OFYU QFSNT
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'‘JMF  TUEJO MJOF JO NPEVMF

A4UPQ*UFSBUJPO

OA3UFSUPPAMH=NAXEEBG+2NIGMBBBGC<ENQBENRUBUIPONG<MBENG>IEMA >
A:KBRHKID?BG3BIGKONM: MBHG L
OA®RFSNVUBUIPODNG<MBIHA>IN>GAKEBHMAKBGM> @=KENF ;S KABBMA>
GNF; HKBM>FHR:GBG:<AF:EEPKKHNAXNG<KNBUWEBKBM>KPMWBRANX: NLBG
GPEHHIKGR EIE: <M ABW >K$M K L BVEM A K HWAB-M > KEMGINK M HR HFEEEMAG: EN>L
OAX*BKEKMFNMHBHG > M:D>GVM MB Bx®

*HMMAIMKFEFNM: MBHHIGH> K >= B EB ? ? >NKA GM
OA:-MBNMAHLK>EEMAI>KFNM:MBHGL >~M:D>GM MBFE>BKELBD > :G=
G>OBLAHRI;><:NMA xR GMKBIG IMMA>IR>COMIBKFNM: NMBHGIA > K> HFHK>
I>KFNM: BB E KKMBLKAUPQ*UFSBLOIPO>IMBHG



OAX®FSNVUBUJPONG <MIBHLIGS DM M : D >
EBWRI I DER>IN>G#O>GAMKBG@

The
JUFSUPPM

module has

all kinds of

fun stuff.




JNQPSU JUFSUPPMT
QFSNT JUFSUPPMT QFSNVUBUJPOT "#$
OFYU QFSNT
# $
OFYU QFSNT
$ #
OFYU QFSNT
# " $
OFYU QFSNT
# $
OFYU QFSNT
$ " #
OFYU QFSNT
$ #
OFYU QFSNT
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF
4UPQ*UFSBUJPO

MJTU JUFSUPPMT QFSNVUBUJPOT "#$%

< # $ $ #
# $ # $
$ # $ # >

LMKBGKLIM>IJN>BXA:K:<MBKIANKIHHAB G 3 BIGKAN M : WBENG K B4 @B L
>IJNBOMMGERBLM # $ >
OA*BK:2MFNMHMBASBM>FL # $>M:D>GMt MBRL ™ # $ OA>KEK>
?BAMASKFNM:MBIHAGIFMAKSA K <BGREKRG <>BHXK fBEX
IBGMAQRPFSNVUBUIJPONG<MEBPHREMNKBM>K:@HKR:RME>; N@KFNM: BB HGL
M A BN > KMNWHAKCN B EWD BUIG? NG<MBHEEMAI>KFNM:BBHGIB: M>ER



8.7. OTHER FUN STUFF IN THE JUF S U P RMEDULE

JNQPSU JUFSUPPMT

MJTU JUFSUPPMT QSPEVDU "#%

# # #
$ $ $ >
MJTU JUFSUPPMT DPNCJOBUJPOT "#$%

< " # " $ # $ >

OA3UFSUPPMT QSPEVWNWGE<NBHMIBKBM>K<MEBK : BIGBKGND> B H=N<NMPH>IJN>G<>L
OAJUFSUPPMT DPNCJOBIUNBXINIBMEIKBEM >K<ME K : BEMBAGHA. LBSHF ;B G : M BIHAG L
@BQ>CGN>B¥MA@BE>G OMBLEBMAYWFSUPPMT QFSNVUBANGBEMBHESIM
<HF;BG:MBGESHM<EBENF:>MA:KI=NIEBHMMABM>BEG =B ? ? SHKGHH

JUFSUPPMT QFSNVUBUJPOTP BEEM NHKNBA # G=# " . FH M A >NV
JUFSUPPMT DPNCJOBUJPOTP B EHWEGMNKG ' ><:NBBIL=NIEBKH?M> # BG
;=B ? 7?7 3K

OBNFT MJTU PQFO FYBNQMFT GBWPSJUF QFPQMF UYU FODPEJOH VUG

OBNFT
< %PSB=0O &UIBO=0 8FTMFZ=0 +PIO=0 "OOF=0
.JLF=0 $1SIT=0 4BSBI=0 "MFY=0 -J[[JF=0 >

OBNFT <OBNF STUSJQ GPS OBNF JO OBNFT>

OBNFT
< %PSB &UIBO 8FTMFZ +PIO "OOF
JLF $I1SIT 4BSBI "MFY -J[[JF >

OBNFT TPSUFE OBNFT

OBNFT
< "MFY "OOF $I1SIT %PSB &UIBO
+PIO -J[[JF JLF 4BSBI 8FTMFZ >

OBNFT TPSUFE OBNFT LFZ MFO
OBNFT

< "MFY "OOF %PSB +PIO JLF

$I1SIT &UIBO 4BSBI -J[[JF 8FTMFZ >



OABI=BKFMN KEGBH M AEB BXM > Q BIE >

1G?HKMNGHMWAEBER FI EMAWITU PQEOMFOBNB =B HHHL.BIG < E M A<LK K BK XaM>N KIG A >
>GH? . <EBOGAHBIHWFIK>A>SLBEASTUSIQL M KBXGMEAM H M KBK : BEEABBIVE> 2K & ¥+
>:<BEBGMKBEIGLOXGMTUSIQF>MAMEMKBRI:=BABM>LIGETUSIQ F>MAMRMAB<A
LMKBIMA
OAXPSUFE?NG<MBIHEBIGW>M NBKMHIK MR=>? . BBMAKMLA:;>MB<:EER
NMWMATPSUFE? NG<MBIHEGM:D2NG<MBMAG-zI . K:F>MGKB MHK,RMADW Bo & AB L
<:LMAGHRMG<BBHG LHBMHKMUFGEBDIJUFN/AHKIB>K>HF2BKMMEG G ®IAK G
EHG@>LM

SA:MH>NABIOMEHP B MIAJUFSUPPRIMH =N E*® ERHN.D>=



cDPOUJOVJOH GSPN UIF QSFWJPVT JOUFSBDUJWF TIFMMc
JNQPSU JUFSUPPMT
HSPVQT JUFSUPPMT HSPVQCZ OBNFT MFO
HSPVQT
JUFSUPPMT HSPVQCZ PCKFDU BU Y ## $
MJTU HSPVQT
< JUFSUPPMT @HSPVQFS PCKFDU BU Y #" #°
JUFSUPPMT @HSPVQFS PCKFDU BU Y ##
JUFSUPPMT @HSPVQFS PCKFDU BU Y ## >
HSPVQT JUFSUPPMT HSPVQCZ OBNFT MFO
GPS OBNF@MFOHUI OBNF@JUFS JO HSPVQT
QSJOU /BNFT XJUI\ EA MFUUFST GPSNBU OBNF@MFOHUI
GPS OBNF JO OBNF@JUFS
QSJOU OBNF

/IBNFT XJUI MFUUFST
"MFY

"OOF

%PSB

+P10

JJLF

/IBNFT XJUI MFUUFST
$1SJIT

&UIBO

4BSBI

/IBNFT XJUI MFUUFST
SJ[[IF

BFTMFZ

OA3UFSUPPMT HSPVONOZ<MBIHA>IN>GE>D>RNG<MBHSMNKBEM > KMMHM
@>G>H:BKRL<A:BKHGMMBA&EL NEMZ@GVODBBPOBUFN:G=GHMBMKK<MEB8K :BGB
" EMABM>MALM:KMADWR>LNEM

"EEB/GN@ITU ?N G <MBHGN LMWMABM > Ki:eMRIKKN 2DBKk> @ RG > K OI>BER B ABM > K : M H
MIF:DMAEBQM>KESHK>L>NWYMHEGEBM>K RMHHIKGCMNL M : HKOIHKG RHN2QANLM> =



BNMoRHR:GMIEHHAKHBNN@ABIGHB MIANI<HFBS®HHRHE>>MHK:.EE

JUFSUPPMT HSPV@CHBIGEK>:MG>BM>K: MHK

% M ABQ:FIEE>B O EBGH T : F salteadysortedby length JUFSUPPMT HSPVQCzMEBRBEERVE E
MA>SE>MOAMFKRG GBM>K: MIHASE > MOt FKRGCGHMBMIKK: B#HKHGOAHSPVQCZ
?NG<BBHEIE>@>ERBMHNG K HNWM K BRE?@ IECNW B N K ; > IRM A XBN\KF ; HK? : <M HKL
GRIMADKRN G <R BHN@/IABZD

OAJUFSUPPMT HSPVONCG<MBBBKBNABG INMIN>BEKEK>: =R
LHKNRMA@ KHN?7R G @QUBHSQ . FIEHORH® KHNIEBH®:F>L
RMAWFO ?NG<NBHMEGPRKD><:NMABGINBRM: EK>1HKNR =
E>G@MA

K>RHR:M<ABEH®D >ER

MJTU SBOHF

< >

MJTU SBOHF

< >
MJTU JUFSUPPMT DIBJO SBOHF SBOHF
< >
MJTU [JQ SBOHF SBOHF
< >
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OABL EBHBGMGS® F KK BBMA % > K BR:E>N- B <EMABHP M NGNF;>MAXB @ A>L
GNF;>IO>G6RF; MMAMK . GLEHMBIG@E> <MK GMFKKGE K:G=HFFIE BIGI@M A >K
O . EBRF;>KHNHGGM>MNM>tM>KR LBB 6 NWR HNAH NBSRM > LB AR; OB BHN@ >
<:L>L
IO>BRE=BOBBBHHPGE>MAHM>ENMMAM=DGH :K:F>MKKMNXHOLE NG+ NLMO >
. G:F>»> @ B GRBBWAEH NEK M MPTKUW:?M > E MM AHG BAWHK F FEEENRAKE B MBSG @<>IMBH G
MAM>BEHGLBA>2K>BMARP>MAKBLSEQ<>I MWVMBAMG BHHGLB 2>BRE==

$>KRHN: BVEAXMNPE) SPNBON G < MBHEEAPNG<KNBKGNMB KB MRAHMSM G BBIIMAB L
BMAEBMAPBEHBEMHMBKARMAN: OGHR>?BMA= %? HHAPP @ SPNBON G <N BINGM
M:DESBGCGM>ASKNF ; MKEHG O >EK>MNKBKBA® F: &G NF>K>EK>L>G NoMVABHG
BEB??>KANGN WABEBMHGLB=2>REE+t8BHMBARM NG HWK : 1 I B&GREQ<>IMBHGL
PA>BHN:. E@SPNBOABBGM>GUVMBIHPNBIOAHNEK=BIGH Q<> WBHBHN: BERIBMA
O EBGINMMA>SBGIOMENKEEG.EBPP@SPNBO:BLSEQ<>IMBABZBEMHGLB=>K>=
?:BE>=

LLNFBGAG@ @ SPNBONG<RBHG?BEH KK ><NEERHK K><IVEIR >IMM<<>LLGNEER
K>MNKG>ENAE: LM BIMKA>PBA>MBKEKMN KGght O:ENABL <HFFHG >LMBHG
CGMASFTUSBRE LIHHOB+F>IMABFTFSU&RWBWA>PB>MNPEO ENKEJIN %A A>
K>LKEMNRGHEFEF @ SPNBOFTVMEH>EHM M MMADGHBPGERBMR>K>Q | ><MBEGSKSBM
BTTFSUG&RRBEBIG-Q<>INGNAGM>PREBEIAMPO . ENKEINBETFSUL&RNBEIR
GHMABLOGRREKN>MNRGHE @ SPNBFO: M<APADGH PGERBNQI>BMIFSU&RGEND > K
K:BLEEQ<>IMBIHFGU@UP@SPNBO@ L O PX@WeNQVEERHRK F .EAREA: GUP@SPNBO
A:L:LLMABELM



+G<RHAN:O>M>kKkM RHH&: G M :KH/\= BA@
UP@SPNBDON G < MBKEMNAHNBMIBMNNM: G
>FIMARNG<MBH:® 2 N KWPAM > LN BRAR AM>L M L
LN<<>>ZHRHNPEBMMRG=RHNMELML
CK> O RBIGK® =M EEG BM L BB G (@ <>
M>BWL=<H=>HEEBKEMM>MM?MBE A>G
<H=NGHEBEL>L

Write a test
that fails,

SPNBO QZz

then code

EFG UP@SPNBO O 1 .
DPOWFSU JOUFHFS UP 3PNBO OVNFS L”1t| It

passes.

QBTT

MMABM: RHR:GMHKE >?BWCA> oH MAPP @ SPNBTON G < VB BANH GPNGMHK H=BR>M
SHNK>GM>MIR BBKONCMBMNMLMARMAKPGA >KROPKFBTIPAB=<A>IK><BL>ER
GHMABG@

IQ><MNHMN»BOUFTUHQZAHFF . GBRHKHNKBAM> %R HN: BEWBNWMAW<HFF:G= EBG>
HIMBBIREB @ BHKO > K ; HHINNM LNHHRIHK: & >> Q< RMARMDI HBHGE®@>: <M>KM. KN GIB MA
:GEN<RCH NMHKN M LMW NEEFHHEB M A B L



ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBOQSENBOUFTU QZ W
UFTUQUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT

UP@SPNBO TIPVME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU .

'"*- UP@SPNBO TIPVME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTUQUP@SPNBO@LOPXO@WBMVEFT
TFMG BTTFSU&RVBM OVNFSBM SFTVMU

"TTFSUJPO&SSPS * IPOF

3BO UFTU JO T

""*.&% GBJIJMVSFT

.NGGBGAKKBENMSOIJUUFTU NBPABKAGL<N>KM > <M>kMBLF>MAPBEMABG
<E:BSPNBOUFTWAZKBLGHK>INBKS@ : GBISMABNGKEH: L IMAXRG :<AHGM:IBBXG @ E
M>EMMAH®RHN: Q\:OBG=E:MA<M GMEBIEMNB PENMMAHAHG ERIJNB K BRASAGM
>S:<M>KM.ENLBGA2KBWOJIJUUFTU 5FTUS$BTF
"HER:<NM>KEMMAPOJUUFFH=NEBBE B NWMAESPDTUS N ABR>M AHK=P A>M NMAKWS L M
[:LLHK:BEE>QI><MABEEKM2:BEL

"HKR:<A:BEM>K M YOJUUFFBLIBMRMK:BS?HKAMBMEQ @ MARM: I1>GCGY%AABL
<LMASBVMEHTTFSU&RVEBMBLS=TTFSUJPO&SSRSNBRI:L>QI><MB@GIPNBMHK>MNKC
* 'NBMB=G'BVGMA>KIGCH QIER=BMKGM>RMAZMG < K BM B KF®FM AR M AGIGE E
O:EN>

?M MKA>> MHBE <M >VMJUUFTFBLIE!IRNFF: KRHF:GR > IAWKI>K? HKFE>AHEHG @
BMHHD

+O>KMAM>KMEG BE><:NIME> . HBM>KM. =BG HIMLL3A>G M>KM>H>LIGEM
VOJUUFFBLMBG;@® MBBEABIE NK=>KKHKZL: BEBNK< BMBIGBTTFSU9F>MAHBD >
BTTFSU&RNBEM TFSU3BIMA?MBEK : NMAXL>K#MPG=BEBMBHNEK NMA>Q |><M > =
>Q<>|\NPBUIGEGEIHL B L>G>KKBIKG R MASHKKING Q <> | MBBILB>E& A<H =R H N MK>>L NH BNGAD
NGBMKM.BML>E?



Now ?B G FEHEMRR @ KBMWAPrP @ SPNBONG<MBHG

SPNBO@OVNFSBM@NBQ
$.
%

$ %

9%

9-

*9

*7

EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIMF O JOUFHFS
SFTVMU OVNFSBM
0] JOUFHFS

SFUVSO SFTVMU

SPNBO@OVNFSBUGMNEHBMNIPAB=<A?BEAKMABG GIA  K:<dWPIK>L>GCMMWBHGL
FHLMLBEHF:GNF>KMABK=HRMAHF: G NF>KBE>L<>GCCGHEMNR=-KHFEMA>
P.RRHPMH MAG ENZ <AHF: GNF>K:E8 GCAPKIEELI:BK?0VNFSBWMBMYV B M'HM
CNLBG@E> <AK GMFKKBEELH>?BGEGBH <A:K:BKBK >\HGANG=EK>BMA HG >
MAHNL:@GAELD>MAPP @ SPNBONG<MBHBFIE>K
$>K>PA>KHPAKB<AMELM KN HVBYKBO@OVNFSBNRENED<:NRHNHGGM>GRI><B:E
EH@®B< G=NASN; MK: KNBDHSEHG OMKHWF: G NF>KLBEIER> M MCHN @ A
SPNBO@OVNFSEW® DEMEAEE: K aB>XANOQ@EEK>MA HGe INMVMEV ABG INM<2HN G—



MAHF:&GNF>K>EK>L>GWIWMAWEE &M ARN M IIN\M M kvt AdvH K K > L | HBG&-MB-O@iE-MIL H F
MAB-G | R VM ACEKGH.>|>: M

%WRHNLKIB HEE >SAKKMAPP @ SPNBONG<NMBKBt= QSIOU<:BVBMAS>GH MAAIMF
EHHI

XIIMF O JOUFHFS
SFTVMU OVNFSBM
O JOUFHEFS
QSJOU TVCUSBDUJOH \ ~ GSPN JOQVU BEEJOH \ " UP PVUQVU GPSNBU J(

3BMMA=>>  NQ@JOULM: M>FMGHNM BENHVHEDBRM A B L

JNQPSU SPNBO

SPNBO UP@SPNBO
TVCUSBDUJOH GSPN JOQVU BEEJOH . UP PVUQVU
TVCUSBDUJOH GSPN JOQVU BEEJOH $% UP PVUQVU
TVCUSBDUJOH GSPN JOQVU BEEJOH 9 UP PVUQVU
TVCUSBDUJOH GSPN JOQVU BEEJOH 9 UP PVUQVU
TVCUSBDUJOH GSPN JOQVU BEEJOH *7 UP PVUQVU
.$%99*7

IHMAGCP@SPNBOING<MBHRMIRPHKIOVE>:BW ABIGNLEH#A><NNWBBHELIMAM>LM
<:LRHRKHM >

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO Q® FNBOUFTU QZ W

UFTU@QUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT

UP@SPNBO TIPVME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU PL

3BO UFTU JO T



SHHKORXYP@SPNBONG<MBHMADGHPGENMEEM S0 NG HMHFIK>A>GNB @E> L
INMAP>NG<MBKBBNNGLA>EBNM A : KBHB G| NBMA< E BB BAAL KIH = N<C> KRG @ E >
<AK:<MFKGNF>MAS. KQBHLMBBEPNM GMABGIMMKIKIH=NMABH G @HLLIMB ; E >
.HF:GNF>K:E MMABIBR®WN:G>K>:LHGHER BMARBW>N G<NMBKBHIGK HH=
BGIOMERBHXNHNMEMAKHB M

\#HHB|GISKHAF 3A:M;HN;M=BGINM

9.3. OHALT AND CATcH FIREO

% BIG HMG H NV@GNA> MM ?M G < MLBIK € PA=> G
@B @HEBS | RM NN LM LM > MM MA2RPR > G
@BO=BGINGGHGINLORHKN :BENMK>R
FNLMBEBIAPR:RRHNQI><M

JNQPSU SPNBO The

SPNBO UP@SPNBO

Pythonic

SPNBO UP@SPNBO

way to halt

and catch

OA:M">?BGBHMERHR:GM>MA: MMM >G flre IS tO
O EBHF - GNF>REG. <M <AMA>SGENF; >EKLL
HNMIMBAKS G @2<<>IMBEBNWM AZNG<MBHG
K>MNKB@OLENGRP/BE>GMMERKGBG @

O : E BhdaaaaaadB? I KH @ BI® H B/GR@EBEIR : K> M MB:BK: BIENB <:[GERHB L 8:HERG <: M <A
?BKEMA>: RBGHWA>RMAHGRBKA - EM<:M2BRMIKH:BLG>Q<>IMBHG




OAIN>LMBHERHNKBEERP<: G QIKMABL
L: M>LMKPEINBK>BE MG MLABHIKM : KM >K L

OAYP@SPNBUONG<MMBHMEBLG
OVUOG3BOHF&SAP@ B OGESG M xadk>KM > K
MA:G

3A NP HNEAMSEM HEB D > exception.

raise an

DMBTT 5P3PNBO#BE*OQVU VOJUUFTU 5FTUS$BTF
EFG UFTU@QUPP@MBSHF TFMG
UP@SPNBO TIPVME GBJM XJUl MBSHF JOQVU

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

(B DMAIK > O BNHANKIM. R H&IK > ::M<E - MIABNMG A >KKBHMQJUUFTU 5FTUSHNFE Q\: OBPHK >
MAHGM>LMSE: LILR HNSEE: MB®IABA: IM>KM<AHMKHK> MG>RE:ABEK><:NL>
MABEBUMHF>MABGOMNA NGNS IHVG 3>"DPE>EMA@HBS IMMUIMH.@ >B/ABAGKE : L L
:G=EMA>=BGIMMIMH@ >B/GHM A > K

(B DWAIK >0 BBWNIM. M AM>BM IBXEF> MAHMAE: PBMG&:FtM:KMB@ & U
OA¥OJUUFTU 5FTUHBBIIHHOBEABE TFSU3BIFFPMARABNADMIA>HE EH R BGI@ SMAWL
>Q<>INRBINGIQY} > < MBACKHIGC <RBNWBCLMB&AA K @ NF RGIM LK+ BNGHDA 2N G < MIB M G
MAPNG<RBN®CL WBOEH KMAMG>K@NFEGIMA>EMHBTTFSU3IBIJBREK=>GBM
PBEEIMA>B @QAHBI @ AN G<RBN®ICLMBG @

,: RREH:IM"M > QWINB AEGLLIENB B X H=% G L MX £ HEBP@@PNBOB K> <QHERG N : EER<IMB/G @
BM:BL3LKMB<NE XK MRPK: | IBESBEbUSZ FYDFEHEH<MABTTFSU3BIFPMAA: AL
>G<:ILNEEEMA?MNXL ERHNHB M >ERA : ¥Q <> | RBIHNGIO¥><MBG @

SPNBO OVUOG3BOHHMABNG <MBEHSPNBOGMAXPNG<ME@ONH>GMLA>
BTTFSU3BIJIFPMAM=D=1KH % :EBB@®PNBG <A><IMBAB®:BL>L

SPNBO OVUOG3BOHF&SSPS




EL8HNMARWNMNEBNGARP @ SPNBON G <BIRHKE?K @ N FR &8 NGBV E EBBNGS@R HN MK >
GHIMLLBWGAG:FHBM: LMKBGO@F>GCGMBHKGS<=@GMBRARG BBMA >N >K R B GRBNGABILG

IHPA NM:11>®A>BHKNEK AM>L NBIVBWABGE M >L M

ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI MBSHF JOQVU &3303

&3303 UP@SPNBO TIPVME GBJM XJUl MBSHF JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JOUFTU@QUPP@MBSHF
TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

"UUSJCVUF&SSPS NPEVMF PCKFDU IBT OP BUUSJCVUF OVUOG3BOHF&SSPS

3BO UFTUT JO T

'""*-&% FSSPST

S5 HNAHMES>QI><MABRB:BIEB@RtPAN:O>BREMMBRG =MH:LIBR>NINMBMB=G"M
<MNYEBEN: =G\>KKBIGILMOCABLL LN;MEBFIHKMB&EM B G N\GEBHMEIMM N AE E R
three K>M RDKBEN>LL? . BE>KKHKLHXHNKAE> GMAMAM>LML 3=MA<H ==>BRA: M
RHNQI><M>=>BBPA:MAXK>OBWNM =B-NGRBEKHMH=ME:DBMLL BMQ><NM>
M A<H =N M A> L IR EUG HIVMA : RIHNQ | > < MIXXK HAG: GMAMASH =>B =G OM@ ><N M >
IKHI>KER

3 AR=B=GIAMH =>0Q > < NKM > KOBRRM K : <> M BERA ¥ H = NEEB N MSL M Bl S Q6 "G
>Q<>IMBEHEBYY0G3BOHF&SFPSF ; >KHNLL>MABQ<>|NBNHABST TFSU3BIJTFP> MAH=
;><:NBMVMA>Q <>| RBIRGGMA>N G <M KHEQ@>B OGHEN M H ? BKGGNIWVMW A>Q <>IMBHG



=H>LSQBILLHN A BVBVM ABSTTFSU3BIJTFP MAM.BEAE>O0O@KI MA : GM N > MM >
UP@SPNBYN G < 8 BB S@SMA ?2MK

OHLHENMAIBH ; ERHE>>ME>?BMABVUOG3BOHF&IIRSIMBBHRGBEBO QZ

DMBTT OVUOG3BOHF&SSPS 7TBMVF&SSPS

QBTT

IQ<>IMBHHCELLLEGAHNHIK :GC @ KIKBKDBGD :ENKRKHKAX @ NFCE&W B NMB ML
(<<> I MK E@HM ABQ < > | B BHAGKKBHIFA;>N B EM NBVG- & S S X< > | MOB\HIBEG HIMM KB <M E R
G><>L|BKIRNENB R AKBMA>L_XYDFQUXPE:LIINIE M>>KBR@ AM

IQ<>IMBHGEWM N-HEGRRMABRRBE>>HME> HBEEBBXH=MIF:D><E:LLIEERG@
=H>K><BGHBERA B @M HBB2RMA4H=EHVMAFMD >BEM<E :LL

*HPKNKAM>LMB@=BG

ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYRBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIlI MBSHF JOQVU TR

'"*- UP@SPNBO TIPVME GBJM XJUl MBSHF JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@QUPP@MBSHF

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

"TTFSUJPO&SSPS OVUOG3BOHF&SSPS OPU SBJTFE CZ UP@SPNBO

3BO UFTUT JO T

'""*-&% GBJIJMVSFT



OAXG>RM>BUMGHIEL L BGN@E M3 HHE> M N K GBKK@I BM AL MPAM > B : B EBBAG @™ L
IKH@ K&t GMA<S: BVBM ABSTTFSU3BITHFP> MAEHNS< <> M-ABBES MAMNGEMRK:F>PHK
<MNMHMASP @SPNBONG<MBHG

+?<HNKMAPP @ SPNBON G <BIBBBILEB SX@PU0G3BOHF&IFRS | RBIIGI £ M? B G><NL>
RHA:O>MHMEMHBEHMARW MA : MQ<>EE>ROIAMP:GNMABLO :EM=KM[> BM:BERHK>
RHRKBMWASH=MIF:DBMLL

*HPRHN: @ KBMWMASH=MEF:DMABELNML

EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
JG O

SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF MFTT UIBO

SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIMF O JOUFHFS
SFTVMU OVNFSBM
O JOUFHFS
SFUVSO SFTVMU

OABLLMK:B@AMPHAIGEB ®@CHM I K> :MAKE K:BLGOVUOG3BOHF&IIRSI MBRERG
NGBMEM>GEHM>N¥ASLNF:G K> I=MKEKREE@<HFI:GB0Q<>IMBMA& HRNHERANEKB M >
" GHMN>KM=B<A>8B8MNRFW: M HNMVMHEG M >K G : M BBIA: & BIKGMMW BBANG@WUK, RM ANL >K "L
E-:G@OANKGcOBKHGF>GM

H>IMABIDMAM>LML(>M?2BE XN M



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI MBSHF JOQVU PL

3BO UFTUT JO T

$HHK:RMM>UMILL ><:NRHRHKDBM>K: MBXNG ERGCOHDG 2 HKMN P >MSL MB6 @
<H=BRGH&: G>LN WPAMVAM PHEHB GI*H=RHANRKHM>KMA< NIHMAHGM>@GVWHB G @
?KHP :BVENI:LLOJA:PMBGXHG?B=HG<{EMNM=2A>:INMWNBER? HEM IHERKAEB ?>MBF
HRHNK=>

9.4. MORE HALTING, MORE FIRE

EH®® WA L NGBIG@MA: KM HE: K @HE>>MM >GCMN F; >MA: KBIMHIHF : EE P >G H MB-G
HNRKNG <MBHGIBEK>RPRE BN F> KIBIGHMK>HIG>@ : MR >KL

JNQPSU SPNBO
SPNBO UP@SPNBO

SPNBO UP@SPNBO

3> BIEatOG HE®IH H=M/9=M > L2NHIK: <A MA>XBHG=BMBHGL



DMBTT 5P3PNBO#BE*OQVU VOJUUFTU 5FTUS$BTF
EFG UFTU@QUPP@MBSHF TFEMG
UP@SPNBO TIPVME GBJM XJUl MBSHF JOQVU

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

EFG UFTU@[FSP TFMG
UP@SPNBO TIPVME GBJM XJUIl JOQVU

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

EFG UFTU@OFHBUJWF TFEFMG
UP@SPNBO TIPVYME GBJM XJUIl OFHBUJWF JOQVU

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

OAYFTU@QUPP@MBSHWFAMAG HVA: G @B EM AIXK > O BLIHINW "BFG < E BB BMeH A H P
PA>KPAG>RH=2>BML
$>K>NE>R>IMACFTU@[FSP>MAHBDWASGFTU@UPP@MBSHWFA B M > MRAL>
BTTFSU3BIJTFP MAH=?BB@SJUUFTU 5FTUMRBRTEERNKP @ SPNBONG<NBMEK:F>M>K
H? :G=<A>4DABW:BLIWAIIKHIKBQ > I MBBOEG3BOHF&SSPS
OA¥FTU@QOFHBUBWNWABIEEFHBEM>GMB<>BMLL>LMMAUPP @SPNBUON G < NEPB K A >K
HMA>G>RM>=\HEnOt K: BLGOVUOG3BOHF&SBMMEAXKNMAZN G <KBMWMEIKGIM ND::HEE N >
HK><:NBKI:BULIHFHMA>E<>IMBANMGE>BKHGLB=Z>RBRE==

*HP<A>#DAMAM> IPMB E



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTU@OFHBUJWF @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU v
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UFTU@[FSP @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI JOQVU v

"*- UP@SPNBO TIPVME GBJM XJUIlI OFHBUJWF JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@OFHBUJWF

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

"TTFSUJPO&SSPS OVUOG3BOHF&SSPS OPU SBJTFE CZ UP@SPNBO

"*- UP@SPNBO TIPVME GBJM XJUIl JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@[FSP

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

"TTFSUJPO&SSPS OVUOG3BOHF&SSPS OPU SBJTFE CZ UP@SPNBO

3BO UFTUT JO T

""*-&% GBJIJMVSFT

IQ<>EEHGM>INNBEE=QI><NMHBE>MPB MOAVKMASH =X+ >PA:F><:.GHMH
F:DMAS>SELL



EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
JG OPU O

SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF

SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIMF O JOUFHFS
SFTVMU OVNFSBM
0] JOUFHEFS
SFUVSO SFTVMU

OABL GB<sRMAHGB XK MNNEMWSBHE$: KB LMIGI<C-A BBl J N B O ME3®M U O BOE

o) N MVPNL<A:LBMK>:9ABLGEBBXH=AHNEM84& | NVMAL KI'M HE: K @ >
G>@: MBXO>>XKH

%R HNA: GRHNK G =B MBIHCONKPN I =: RHMWNF: G K> =K K K BIGHDN <A >
VOJUUFTK:F>PHAKOB<MN >N B VFIDEB MB ? ? BIHNE NG N=B ; N @ BIFB-ONGKH =BM AKHP B G ¢
BG<HKK><MERQ=<>ILMBB,GE

%< HNIEAHRHNPAHE>KBXNGK>BEQ>HHBMHEAHRAMABPNEMBIE> <HFI:KBLHGL
LAHKMENKENNBG L M-TENK MKBANGB ML KB HEKH @M



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTU@OFHBUJWF @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UFTU@[FSP @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

3BO UFTUT JO T

9.5. AND ONE MORE THINGE

OA>K>LHGPHK2NG<MBHGHEK2HKBGBO>EGNBGCHBHHF: G NF>K=EILEBBIBA G
BGM>@>KL

JNQPSU SPNBO

SPNBO UP@SPNBO

SPNBO UP@SPNBO

+AMA:MAL

+AMA:MOBRHKLHMAMA>LI IIAHNKEBLG> Q <> MBGEIGWPA ERB;GIX@ KELNEML

O0>LMBHBB® G BGBES@ML?BBKEMPBGU*OUFHFS&SQRSIMBHG



SPNBO QZ
DMBTT OVUOG3BOHF&SSPS 7TBMVF&SSPS QBTT
DMBTT /PU*OUFHFS&SSPS 7TBMVF&SSPS QBTT

*>SQRKBME>EMMASM><THHAPU*OUFHFS&SORS IMBHG

DMBTT 5P3PNBO#BE*OQVU VOJUUFTU 5FTUS$BTF

EFG UFTU@QOPO@JOUFHFS TFMG
UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU
TFMG BTTFSU3BJTFT SPNBO /PU*OUFHFS&SSPS SPNBO

*HP<A>¥DAMAM >R MBIKH I >KER

UP@SPNBO



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTU@OFHBUJWF @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL
UFTUROPO@JOUFHFS @@NBJO@@ 5P3PNBO#BE*OQVU
UP@SPNBO TIPVME GBJM XJUIl OPO JOUFHFS JOQVU v
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU
UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UFTU@[FSP @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

"*- UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@OPO@JOUFHFS

TFMG BTTFSU3BJTFT SPNBO /PU*OUFHFS&SSPS SPNBO UP@SPNBO

"TTFSUJPO&SSPS /PU*OUFHFS&SSPS OPU SBJTFE CZ UP@SPNBO

3BO UFTUT JO T

""*-&% GBJIJMVSFT

3 KB MASH =M A FMD >M AM > L:M L



EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
JG OPU O
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF
JG OPU JTJOTUBODF O JOU

SBJTF /PU*OUFHFS&SSPS OPO JOUFHFST DBO OPU CF DPOWFSUFE

SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIMF O JOUFHFS
SFTVMU OVNFSBM
0] JOUFHEFS

SFUVSO SFTVMU

OA>NBEMIBGUBODFNG<MBHI®>MAOGKKBBEKKMBMREMKKM><AGBEREER
=>L<>GMR3 M
%N AXK @ N FoBAB/MHNIOUK:BHNG>PERBRGMPU*OUFHFS&SQRSIMBHG

"BGEERVMAMASH=H>BG=F>DMAM>LNML



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
UFTURAUP@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
UFTU@OFHBUJWF @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL
UFTUROPO@JOUFHFS @@NBJO@@ 5P3PNBO#BE*OQVU
UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU PL
UFTURUPP@MBSHF @@NBJO@@ 5P3PNBO#BE*OQVU
UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UFTU@[FSP @@NBJO@®@ 5P3PNBO#BE*OQVU

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

3BO UFTUT JO T

OAXYP@SPNBONG<MBHXEHEDB N> LNGLEEK : GMM BHRIG R HKM > LIMB MMB VB H OB G
MIBSPN@SPNBO

9.6. A PLEASING SYMMETRY

HGO>KMBIEKBIGHF HF : G N F >KMHGEB G M1 @NBEHK>B ? ? BANEN O > KOBBGI@I@ > K
. HF:@GNF>K2EM: BIGERM ABL LMD : EB = %MBHIR K A>B8DGB G M B@KS M A 1G
'NM;BM:K=MIKA>®PD>MALK KBIGGE E.BIF : @ N F >KNER >: E K> <HG L M K NKSMBN-E : K
>QIK>LMBIAG 2BMIF: G NF>K:BMAIMKBEHG >

OA:E>:OQWAIKH;EHREHG O >K MBVGKE I3 @t P> "NEEB G F B G NMA>: QDM AKB < AM :
LMKN<PWNK?BRIH=I BG=BQBEN&GA F>K BIGMOQEN*AGBMMRHB®KRBMMR
GSPN@SPNBNG<BIBH®K:B@AMMAP acksPNBONG<MBHG



NNMBKMLAMA>LIWMNEBEE>ADGHPGENMEMM IHM <AHMKENK+<NRM>LNBHEK>:=R
<HGM:BGQLBGI@ GHBPGE NEXLMA~INMA : M

EFG UFTU@GSPN@SPNBO@LOPXO@WBMVFT TEMG
GSPN@SPNBO TIPYME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU
GPS JOUFHFS OVNFSBM JO TFMG LOPXO@WBMVEFT
SFTVMU SPNBO GSPN@SPNBO OVNFSBM
TFMG BTTFSU&RVBM JOUFHFS SFTVMU

OA>K>ME>:LBREFF>NKKPAYP@SPNBG ESPN@SPNBNG<MBBGD>H2>XAMA>K
OA®BKIHNG O BIGW>MIPIKRkB: EER 1THKEM@E2<HGHGOEKIIB:EER RMKB/GI® E
BCGM>®BRBKEHICRAHNESEMMKHNG = :M3INBH]>KI: L L B\GHPAP @ SPNBONG<MBHG
@>NMKBG®GLBGAAN KBMASPN@SPNBRNG<MHEHGIABGM>@=>IG N IP B N\VA >
L:FXNF;>K

O GSPN@SPNBO UP@SPNBO O GPS BMM WBMVFT PG O

%WMABIL*EE.ENPL]IGIGKENF;>KMP>>G LBGMABW AG: ERB:GC @B G | NVMNLA >
UP@SPNBING<NMBHOGQIKMABRFF>B&GR>EMMAKNN MAKHEBAS . EN>L
<:EEEH@SPNBQO:EEdPN@SPNBG <A ><NDAMAERN M BNMVAL: F> LM ABK B @3 BGNE

DMBTT 3PVOEUSJQ$IFDL VOJUUFTU 5FTUSBTF
EFG UFTU@SPVOEUSJQ TFMG
GSPN@SPNBO UP@SPNBO O O GPS BMM O
GPS JOUFHFS JO SBOHF
OVNFSBM SPNBO UP@SPNBO JOUFHFS
SFTVMU SPNBO GSPN@SPNBO OVNFSBM
TFMG BTTFSU&RVBM JOUFHFS SFTVMU

OA>IG>RM>1IAMHIGA VS CGRE B> A:O>62*RBGESPN@ SPNBRN G < MBEHEF-M A>RNEEB L >
>KKHKL



ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO QS FNBOUFTU QZ

& &

&3303 UFTU@GSPN@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT
GSPN@SPNBO TIPVME HIWF LOPXO SFTVMU XJUIlI LOPXO JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTU@GSPN@SPNBO@LOPXO@WBMVFT
SFTVMU SPNBO GSPN@SPNBO OVNFSBM
"UUSJCVUF&SSPS NPEVMF PCKFDU IBT OP BUUSJCVUF GSPN@SPNBO

&3303 UFTU@SPVOEUSJQ @@NBJO@@ 3PVOEUSJQS$IFDL
GSPN@SPNBO UP@SPNBO O O GPS BMM O

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@SPVOEUSJQ

SFTVMU SPNBO GSPN@SPNBO OVNFSBM

"UUSJCVUF&SSPS NPEVMF PCKFDU IBT OP BUUSJCVUF GSPN@SPNBO
3BO UFTUT JO T

""*_.&% FSSPST
JNBEMNNG<NBHEEDAIKIH E>F

SPNBO QZ

EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS

$>RBRHEHMBAMM >?BG>NG < MBS MARB@H < L MKB: G QRE A%G: <IVH F >
IKH@K:FEPKIRBM HGAMNEH<NF>GM ]



*HPMAM>KM PIBEEM N ?EER

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO QS FNBOUFTU QZ

"*- UFTU@GSPN@SPNBO@LOPXO@WBMVFT @@NBJO@@ ,OPXO7BMVFT

GSPN@SPNBO TIPVME HIWF LOPXO SFTVMU XJUIlI LOPXO JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@GSPN@SPNBO@LOPXO@WBMVFT

TFMG BTTFSU&RVBM JOUFHFS SFTVMU
"TTFSUJPO&SSPS /IPOF

'""*- UFTU@SPVOEUSJQ @@NBJO@@ 3PVOEUSJQS$IFDL

GSPN@SPNBO UP@SPNBO O O GPS BMM O

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@SPVOEUSJQ

TFMG BTTFSU&RVBM JOUFHFS SFTVMU

"TTFSUJPO&SSPS /IPOF

3BO UFTUT JO T

""*-&% GBJIJMVSFT

*HPBMWVMB MNP KBMAGSPN@SPNBRG<MBHG



EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS
SFTVMU
JOEFY
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIJMF T<JOEFY JOEFY MFO OVNFSBM > OVNFSBM
SFTVMU JOUFHFS
JOEFY MFO OVNFSBM
SFUVSO SFTVMU

OAF MMARGMAL FXLMACP @ SPNBONG <M B MB®™ > M MKCHRIKENAF : G NF>K:H:

LMKN<MWNXBEMNIEANB GLMPE=M<AB &AB @ B SIMVO@ENEH ? M2 GH L L BREN
F:MAMAAB@AHIEMG N F>KAEK : <IMPKBIGH@ M [HLLB; E>

WRHNXHME>AKIBESPN@SPNBEHKDE= QSJOUM: M>MWNEAAGCG H MAGIMEHHI

EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS
SFTVMU
JOEFY
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIJMF T<JOEFY JOEFY MFO OVNFSBM > OVNFSBM
SFTVMU JOUFHFS
JOEFY MFO OVNFSBM

QsSJOU GPVOE OVNFSBM PG MFOHUI MFO OVNFSBM BEEJOH



JNQPSU SPNBO
SPNBO GSPN@SPNBO .$.-99**

GPVOE . PG MFOHUI BEEJOH
GPVOE $. PG MFOHUI BEEJOH
GPVOE - PG MFOHUI BEEJOH
GPVOE 9 PG MFOHUI BEEJOH
GPVOE 9 PG MFOHUI BEEJOH
GPVOE * PG MFOHUI BEEJOH
GPVOE * PG MFOHUI BEEJOH

OBFMHK> KMA®>LML

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO Q FNBOUFTU QZ

3BO UFTUT JO T

OPHB><i® Q<BGIBRAGKGA 2 B BIMWAMAGSPN@SPNBRG<FBKBH® HBS | NVE >: L M
? HIEM ADG H DGE NOAE > < HESIM AMAK HNIG K BA$ LBMLIML L >HF; BGBBMWMADGHP G
O:ENBLLRMHLA: G>K > : L H GL: NERA ; MMMAPP @ SPNB@ GSPN@SPNBN G < NBIHK®GL
IKHI>RBREIH L L BQEMD=ENSABIG HEIN : K : GBIBIMA > H K >INHR + BMIBRM @ S P N BA: L

C N@ AIKIH=NMABKHGHF : G NF>RHKHF b KMB 4N EIG | MiMilM AGM PN @ S P NA OL

' K><BIKN@IBIKH=NMAL FPKHB @M O@BRHKQ : <MEBRWM?2HF: @ NF>HKJE LM
UP@SPNB@ >G>KB Bl=H K K> IVGERBIGRAH NK E B < : MeBRIGNKK: JN B K > RABAMIL B ;B:IRB M

T HMARKBRHP KBMMHPKESHFIK>A>1G2 B >NG & BH> LGl MARKN



9.7. MORE BAD INPUT

*HPMAMPAGSPN@SPNBNG<NMBKD{HI|I>RBROAH BS | IBMM B i1 BB AB: LU BI> M A >
INSSEPBBRHKIKHI>RBRIABGINN:M>:GI1BG=PCGRIIEHHM LMKBG@M>KFBG
BBM Q:EBF:GNF>KRABBGA>KPFIGHABR ? BANE MB =GWNE-G BB «B® AP @ SPNBO
?NG<MMBRBAN:O>HP>KMNEMRHNBLIHK>E NBIK >L L BFREN GHM F B PB:NKA
K>@NBRIK>LLBHBHNE= @ HINB M > M AK> @ RBIK > L IKBHIGI> K

LRHN:PBGL>MN=RF:GNF>K:MA>K> >0>KBEIKENE>HMKHGLMK:N £¥ B& @
GNF>KNIEBNAB> MM »KEL- 9 7 :G= (>MKE>OBPARCNE>L

V/IHF>MBFAIK : <MCHCI=BMBQA>* BL :G=z2** BL 7*BL EBM>K:BER 7**BL :G=
7x%% B L
VOAM>GA K. <MK :G= <:G>K>I>NMIMMNMAKMBF>M RHGAE>>MHN; MR IKHFA >
G>QMB @ ABOML K: <BMHX:GKMIK>L>GM* BGLMBBK>IK>L>GM>=E>MA: G
BPKBMM>G E>MA:Q o cL9-*x L9-*** :GMA>G:L9-*7 \ E>LL

MA:GMA>EGE>MA: G

V/HF>MBFAIK : < MKSKW AT TH L BIRI>=B M B ON-M MB-E& @K B & : < MK M A SRKHN
LN;MRIKHFA>B @:EENBKQ:FIEM RHE>>MHN;MRIKHEFAG> QB @ M>I1QRA:K:<M>K
Biz*** ;NMBt9 \ E>MA:G GHM*** LBAKA><A K:<M&HMK>I> MHMNKBF>L
BRs Bk.

VOARXBGALK: <MXEBHMK>I>:M>BLEP:REIK>L>GMG = O:3K7 BLEP:RIG>0>K

V.HF . GNF>KKEL> E>NMMB QAMABK=HKRA:K: <MW MOKKR <f$BL $%BL
<HFIE>¥BEREKNGMK \ E>MA:G] $*BL *$BGHMO>®  EBIF : GNF>K:E

><:NRH&:GLM: MK <BK>KHER RHRHNBEB>>MP KBBMN9$*9\ E>MA:G MA>G
E>MA: (G

OANHGNL>MMNEPMNE=MBHEGLNKAMAGSPN@ SPNBN G < MBHNBERRA >BHNL IBM
LMKBEBN@AIH GR>1>: M6NF>KEHEBF:GRLMHH GRI>1>GHGMAGNF>K: E



DMBTT 'SPN3PNBO#BE*OQVU VOJUUFTU 5FTU$BTF
EFG UFTU@QUPP@NBOZ@SFQFBUFE@OVNFSBMT TFEMG
GSPN@SPNBO TIPVYME GBJM XJUI UPP NBOZ SFQFBUFE OVNFSBMT
GPS T JO .... % % $$8% -- 9999 77 *RxE
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO

GHMAYXK MNEPMNEMKEA>HMAKMKM: B >KGBSM>: MHR Q:FIE®»BL ;NM*9
BG>OCGKEB=

EFG UFTU@SFQFBUFE@QBJST TFMG
GSPN@SPNBO TIPVYME GBJM XJUI SFQFBUFE QBJST PG OVNFSBMT
GPS TJO §$.%. $%3$% 9%$9% 9-9- *9*9 *7*7
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO

MABKSK MNEA>SNAGWN F>KIBEL IB® AcH KKEBK M2K HAB @ MELHP 0L Nk K
>Q:FIE>BL NMiBG>OCKEP<: NMAGNF>KHK <:G>0<KF>?HMAGNF>K:E
?HK OABU>BRB<ENK>QG=HEERLGXNBGO:EB><>2>6RMHK?2 ;>?HK>GLHG

EFG UFTU@QNBMGPSNFE@BOUFDFEFOUT TFMG
GSPN@SPNBO TIPVME GBJM XJUI NBMGPSNFE BOUFDFEFOUT
GPS T JO **.9%% 79 %$. $.. *9*7
.$.8 9%9 *T7* - -% -$
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO

H<AMASM> IKWIEBARSPN@SPNBNG<NMNBHBGEXR Q<>IMBWBMIE3PNBO/VNFSBM&
PABRAA.:O>G*RMBR>M

SPNBO QZ
DMBTT *OWBMJE3PNBO/VNFSBM&SSPS 7BMVF&SSPS QBTT

EMAKEMA>M>UMIHNERB GMAGSPN@ SPNBN G < MBHIGGN KIK >AGC MEBERD:EB=BMR
<A><DBR@=R GNGH M APA . MAA><BMAMRLMBG @



ZPVIMPDBMIPTU _ EJWFJOUPQZUIPQZEYBO QS FNBOUFTU QZ

'"*- UFTU@NBMGPSNFE@BOUFDFEFOUT @@NBJO@@ 'SPN3PNBO#BE*OQVU
GSPN@SPNBO TIPVME GBJM XJUI NBMGPSNFE BOUFDFEFOUT

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTU@NBMGPSNFE@BOUFDFEFOUT
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO GSPN
"TTFSUJPO&SSPS *OWBMJE3PNBO/VNFSBM&SSPS OPU SBJTFE CZ GSPN@SPNB

""*- UFTU@SFQFBUFE@QBJST @@NBJO@@ 'SPN3PNBO#BE*OQVU
GSPN@SPNBO TIPVME GBJM XJUI SFQFBUFE QBJST PG OVNFSBMT

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JOUFTU@SFQFBUFE@QBJST
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO GSPN
"TTFSUJPO&SSPS *OWBMJE3PNBO/VNFSBM&SSPS OPU SBJTFE CZ GSPN@SPNB

'"*. UFTU@QUPP@NBOZ@SFQFBUFE@OVNFSBMT @@NBJO@@ 'SPN3PNBO#BE*O

GSPN@SPNBO TIPVME GBJM XJUI UPP NBOZ SFQFBUFE OVNFSBMT

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@QUPP@NBOZ@SFQFBUFE@OVNFSBN

TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO GSPN

"TTFSUJPO&SSPS *OWBMJE3PNBO/VNFSBM&SSPS OPU SBJTFE CZ GSPN@SPNB

3BO UFTUT JO T

'""*-&% GBJIJMVSFT



#HH=>:EHP EE>G>>MHHBL=-MAKL>@ NBDIK>LUBIHEMB:EBF+F . GNF>KBEGMHA>
GSPN@SPNBNG<MBHG

SPNBO@OVNFSBM@QBUUFSO SF DPNQJMF

? CFHJOOJOH PG TUSJOH
A UIPVTBOET up .T
$.13%]1% $\ A IVOESFET $. $% UP $T
PS % GPMMPXFE CZ UP $T

9$]9-1- 9\ UFOT 9% 9- UP 9T

PS - GPMMPXFE CZ UP 09T
*Q]*7]17 *\ A POFT *9 *7 UP *T

PS 7 GPMMPXFE CZ UP *T

FOE PG TUSJOH
SF 7&3#04 &

EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS
JG OPU SPNBO@OVNFSBM@QBUUFSO TFBSDI T
SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM \ * G

SFTVMU
JOEFY
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIJMF T<JOEFY JOEFY MFO OVNFSBM > OVNFSBM
SFTVMU JOUFHFS
JOEFY MFO OVNFSBM
SFUVSO SFTVMU

G=K> KM&%>LMLY
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3BO UFTUT JO T

G=MAX MB<EBKKHMAR> :® HKIHW APHK\s,] PABBAKBGMNMALOJUUFFH=NE >
PA>EMAM > U MLL



CHAPTER 10. REFACTORING

Afteronehasplayeda vastquantityof notesand morenotesijt is simplicitfhat emergess the crowningeward
of art.
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10.1. DIVING IN
L BDBMKGHM @AL | 1>G>L I BRIENKLM? 2 HKIMK BWHF | K> A>IGGE B BIEMI@AL || > G
SA:MHA>.GR\;N@] ;N@LM>KkM.RHA: O >BREB MMM

JNQPSU SPNBO

SPNBO GSPN@SPNBO

OABL ;N@G>F| MRV KBAGHINKEBLG*OWBMJIE3PNBO/VNF SBY<3 ENMBNHE®IDGRI M A > K
L>IN>BTXAK:<MAKMGKMK>LXGHEB+:GNF>K:E

?M KK | KH= NABG@G = > ? HRKB QBN NA H PKB:MW>KMMANBEABEENLMK>MBG
N @

DMBTT 'SPN3PNBO#BE*OQVU VOJUUFTU 5FTU$BTF

EFG UFTU#MBOL TFMG
GSPN@SPNBO TIPVME GBJM XJUI CMBOL TUSJOH

TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO G


http://en.wikiquote.org/wiki/Fr%C3%A9d%C3%A9ric_Chopin

,K>MNBRIEMMA2KEESPN@SPNBBMG@>FIMRM KBGKOD * NKBXI: B L SL
*OWBMJE3PNBO/VNFSBW<SEMB\HG KE KM : L? B G MAGMIds HM ARV NG H:PH NB/M
M>LMBEBEMA>LRKM

IBGRHNK=A:L  N@GRHEHR:O>M>kM.MA MP LMVALBNLGM AM>EM. PBEBE

ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
GSPN@SPNBO TIPVME GBJM XJUl CMBOL TUSJOH

GSPN@SPNBO TIPVME GBJM XJUl NBMGPSNFE BOUFDFEFOUT PL
GSPN@SPNBO TIPVME GBJM XJUl SFQFBUFE QBJST PG OVNFSBMT PL
GSPN@SPNBO TIPVME GBJM XJUl UPP NBOZ SFQFBUFE OVNFSBMT PL
GSPN@SPNBO TIPVME HIJWF LOPXO SFTVMU XJUI LOPXO JOQVU PL
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
GSPN@SPNBO UP@SPNBO O O GPS BMM O PL

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl OPO JOUFHFS JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

'""*- GSPN@SPNBO TIPVME GBJM XJUl CMBOL TUSJOH

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF SPNBOUFTU QZ MJOF JO UFTU@CMBOL

TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO GSPN

"TTFSUJPO&SSPS *OWBMJE3PNBO/VNFSBM&SSPS OPU SBJTFE CZ GSPN@SPNB

3BO UFTUT JO T

'""*-&% GBJIJMVSFT

Now R H#: @ B\DA;N @



EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS
JG OPU T
SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OQVU DBO OPU CF CMBOL
JG OPU SF TFBSDI SPNBO/VNFSBM1BUUFSO T

SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM \* G|

SFTVMU
JOEFY
GPS OVNFSBM JOUFHFS JO SPNBO/VNFSBM.BQ
XIJMF T<JOEFY JOEFY MFO OVNFSBM > OVNFSBM
SFTVMU JOUFHEFS
JOEFY MFO OVNFSBM
SFUVSO SFTVMU

+GEWRPHB G H=XXKX>IJNBIK>QIEBAB®BIG>FIMRMKB&GI@EBBITEM:M>F>GM
% HGMNB&B>GMBMGBBENE RPABBPABIHDHE >WABXK OARHNB GE>H [BHBBM KB G @

L1><BOB>BIB G LM>N+ BNGAZH K A= IM < B\?B MHK > ?M W A2B KLKM F > MBI AGP SNB U
F>MARHN:GBFIER>» :GSRMAMBEEEHMAIKHI3KLBMBEB 62HRKHRABRIHKDHIGR
GNF; HRK@NFMA#BKLBRL" MA><HGBLY :GEHHKMA



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
GSPN@SPNBO TIPVME GBJM XJUl CMBOL TUSJOH PL

GSPN@SPNBO TIPVME GBJM XJUl NBMGPSNFE BOUFDFEFOUT PL
GSPN@SPNBO TIPVME GBJM XJUl SFQFBUFE QBJST PG OVNFSBMT PL
GSPN@SPNBO TIPVME GBJM XJUlI UPP NBOZ SFQFBUFE OVNFSBMT PL
GSPN@SPNBO TIPVME HIJWF LOPXO SFTVMU XJUI LOPXO JOQVU PL
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
GSPN@SPNBO UP@SPNBO O O GPS BMM O PL

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

3BO UFTUT JO T

OA>E-QAIMKEMSKOMGHP:LL>UHVMAN@RBQ>=
EMABRMAMKEKM IIMBEEP ABEA:GMAMABL@B(B=CKMIGERMABG®HIH=BG @

H=BGA@BIIRH>EHMD2?BQ,BNG@As R: LBAKFIEN@EBWMAIBG K>IJNBEKFIEM>KM >L
<HFIEN@PLBEEINBKEIEMQKM > GM>LMB G @ O BHWHKBM>FBeemMEBBM :D>L
EHG@BRQN @BGRHEE>>MHKMB <BIEHM=>Q :<PMARMAN @ LMAKBMWAWM>KM >
MA2BWAN &M LOCASBM AM>KM =H>LIGE M B @AMRR HE > >M 2 B @HNNKAA > M MARB Q
PIIPKHGI@&@ A>MNAR>KMBMIASEZIN@BGMHP>OB®AEBHB®GIABKD :G= ?HKMA
i >SMP>MSKEM=6G=<H=M>LMRLHBML,>?NBM.:D>BEMHKEBDMEN@K=*BQ>=
<HKK>MAPBRABWF EL HBGREN:G L EKERKaN G AM>KM >EH B BINRA NGK> IH G R HNK >
FN<B>EBDWHR . IBE<H=-PA>BBQBGROH=6H=RVGBMBM HFHK KPR K>MEB MG



10.2. HANDLING CHANGING REQUIREMENTS

>LIBRIEBENKLM? ? HKINBLE H NN L M H MINKA@ KH N&=Q M K:& MKM J N B K >HSHBAA > F
HG:BEAHKKGB;EMRBBEGEOIHEOBLG@A@ARIHM: QK>INBK>FB&HEAG L MNLMHFE>KL
=HGD G HPA: MAPRGNG MBERB MG >0>BMA=RMA>R>MMAH HM KM B < NFEA MVB G (
MAPRGM><B:GHRMMHANL>? SE>O>BMA=RMA>RN&EMHKEBE® AG>EME>:GRP:R
IH; >ITK>1T:KM# 1= HNMS KM = LK>JN B K> GNIL>

INITTHL>HBGLM MCARMHR: GMM B QI :OFAKR. CBMAHF GNF>KHEGE O>RNBHGBHGL
*HKF:EEHRA: K:<BBKF . GNF>K:G>K>1>: EHKMANMAKMBFBEGKHPNNA>
.HF:GR>KPB E MBAG >G> Q <> | WMBNHACKNN ERA:OBG @A K:<BGKHMK>IK>L>GM
YRHN:DMABA.CGEBN~EEMHRQI: OFAK: G @%HG O > IGNIE;;BXKH F MH
NMBKRHE>>MHE:DEPHFA.GCE@RHNMSEKEM >L



DMBTT ,OPXO7BMVFT VOJUUFTU 5FTUS$BTF
LOPXO@WBMVFT *

..$.9%*9

.. %
o %EE$-9997 HHx
...$.9%*9

DMBTT 5P3PNBO#BE*OQVU VOJUUFTU 5FTUS$BTF
EFG UFTUQUPP@MBSHF TFMG
UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU

TFMG BTTFSU3BJTFT SPNBO OVUOG3BOHF&SSPS SPNBO UP@SPNBO

DMBTT 'SPN3PNBO#BE*OQVU VOJUUFTU 5FTU$BTF
EFG UFTU@QUPP@NBOZ@SFQFBUFE@OVNFSBMT TFEMG
GSPN@SPNBO TIPVME GBJM XJUI UPP NBOZ SFQFBUFE OVNFSBMT
GPS T JO ..... % % $$$% -- 9999 77 FAR AR
TFMG BTTFSU3BJTFT SPNBO *OWBMJE3PNBO/VNFSBM&SSPS SPNBO

DMBTT 3PVOEUSJQS$IFDL VOJUUFTU 5FTUS$SBTF
EFG UFTU@SPVOEUSJQ TFMG
GSPN@SPNBO UP@SPNBO O O GPS BMM O

GPS JOUFHFS JO SBOHF



OVNFSBM SPNBO UP@SPNBO JOUFHEFS
SFTVMU SPNBO GSPN@SPNBO OVNFSBM
TFMG BTTFSU&RVBM JOUFHFS SFTVMU

OA>QBLNMBIBRIGE N-HIGIM G @A > REEKMBEHRE HGO;EMMY>LMRHGAE > >MH==

?>FHKBE®MA> K:G@>K%"BG<EN=>MAAHKM>LMMA><HIGAAHKM>LMM A >

EHG @ %l=M MAK@>LM

OA=>?BGBMBKEBGIMVMKA:GC@ABAI>NUSMNE  DE@SPNBRBMA :G=>QI><GM

>SKKIBKMA:M KX HIO=ENRPHE>>MEHNF IMABILIM H

O0A=>7?BGBMBHAHGG R>1>: NBXNF > KAELE LHA : G @QABL>NM>MKE . EEPN@SPNBBMA
G=QI><GrKKIBKMA:M BEHGLB=XKEBIF GNF>IRHEE>>MEHNFIMABIL

MH....

OAXr:GBEMREBIHVMIAKHN@>&RF ; BIM AKL: G @K HFMH /IBGMAK:GCAAGHP

>QI:G=MABRAEHHI>>MH>NI=MIP>BME® NIMH

*HPRHNMSE KM >KNIME: MPBWAG>K>IJNBK>ANBIMMK =BG HMHRHNQI>KMO >K |
HMAM>KM SMR:BE



ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYBO QSFNBOUFTU QZ W
GSPN@SPNBO TIPVME GBJM XJUlI CMBOL TUSJOH PL

GSPN@SPNBO TIPVME GBJM XJUl NBMGPSNFE BOUFDFEFOUT PL
GSPN@SPNBO TIPVME GBJM XJUl OPO TUSJOH JOQVU PL
GSPN@SPNBO TIPVME GBJM XJUI SFQFBUFE QBJST PG OVNFSBMT PL
GSPN@SPNBO TIPVME GBJM XJUl UPP NBOZ SFQFBUFE OVNFSBMT PL
GSPN@SPNBO TIPVME HIJWF LOPXO SFTVMU XJUI LOPXO JOQVU &3303
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU &3303
GSPN@SPNBO UP@SPNBO O O GPS BMM O &3303

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

&3303 GSPN@SPNBO TIPVME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTU@GSPN@SPNBO@LOPXO@WBMVEFT
SFTVMU SPNBO GSPN@SPNBO OVNFSBM
'‘JMF $ =IPNF=EJWFJOUPQZUIPO =FYBNQMFT=SPNBO QzZ MJOF JO GSPN(
SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM \ * GPS]I
SPNBO *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM

&3303 UP@SPNBO TIPVME HIWF LOPXO SFTVMU XJUI LOPXO JOQVU

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTUQUP@SPNBO@LOPXO@WBMVEFT
SFTVMU SPNBO UP@SPNBO JOUFHFS
'‘JMF $ =IPNF=EJWFJOUPQZUIPO =FYBNQMFT=SPNBO QzZ MJOF JO UP@S!|
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF
SPNBO OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF



&3303 GSPN@SPNBO UP@SPNBO O O GPS BMM O

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF SPNBOUFTU QZ MJOF JO UFTU4BOJUZ
OVNFSBM SPNBO UP@SPNBO JOUFHFS
'IJMF $ =IPNF=EJWFJOUPQZUIPO =FYBNQMFT=SPNBO QzZ MJOF JO UP@S
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF
SPNBO OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF

3BO UFTUT JO T

""*-&% FSSPST

OABSPN@SPNBGHBPGENIPBEBIH HHGBNBML ;><:N&SPN@SPNBMEEBGDL
MABEGBGO:HB=&G&NF>K:E

OAx»P@SPNBDGHBPGENMIPBEBIHHHGBNMBML ;><:NuP@SPNBOVMEEBG ARIL
HNIWMK:G @ >

OAXHNG=<MKPBHHAHBIHHHGBNMBML ;><:NUP@SPNBOOVREBK BRHNMMK :G @ >

*HPMARWAN:OM>KM.SMA?MBE M IMAG>K>IJNBK>RMH&NMUA B GETNM QN & =M H
;KBBEB)EBBEB WAM>KM >13A>® HRB K IMVIKH/= BNGG@ MLB/NLB @7AM- B K : 8 @MAH = >
>BHE@LBE>0=K>: HMAM>KM >3IABBM2ABBHNMBEEHFPHKWMHEH: G=L
LHHGBM: M<AMNMAM>KM>RHNMHEH=BGI@RK&® N >MBRHNEG=AKMRHN
>03KH@ K : FFB-M AMNUW L



SPNBO@OVNFSBM@QBUUFSO SF DPNQJMF

? CFHJOOJOH PG TUSJOH
AA UIPVTBOET up . T
$.18%]% $\ A IVOESFET $. $% UP $T
PS % GPMMPXFE CZ UP $T

9$]9-1- 9\ ~ UFOT 9% 9- UP 9T

PS - GPMMPXFE CZ UP 09T
*Q1*7]17 *\ A POFT *9 *7 UP *T

PS 7 GPMMPXFE CZ UP *T

FOE PG TUSJOH
SF 7&3#04 &

EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
JG OPU o
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF
JG OPU JTJOTUBODF O JOU

SBJTF /PU*OUFHFS&SSPS OPO JOUFHFST DBO OPU CF DPOWFSUFE

SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
XIIMF O JOUFHFS
SFTVMU OVNFSBM
O] JOUFHEFS
SFUVSO SFTVMU

EFG GSPN@SPNBO T

SHNHGGKM>MIEF:D>GRA:GC@®MNMAGSPN@SPNBN G < MWBEHHEAH G ER: GEMWH
SPNBO@OVNFSBM AMBHEHSE HLRERGHEBAMA: G MAB QBFIBSNF; HKHIMBHG : E
<AK:<MKHKEMHB®MA>BKEMMBMEK>@ NBRIK>LDBEPBEHENRAHF: GNF>K:E



>IJNBO:E2GMAGLMP? = O0A=><MNIPN@SPNBNG<BBHIGIE>® >5REWBNE MHDHK
K>1>:MBE:&NF>KAEK: <M>HKA=MA>NIPBMAHKBECCE :GRIBFMA KR | > 0M >
HGER:LBEB=G"®&=E> ;>?HEBEMARWNQ IE BI<NMNIERRIB WAK>@ NBRIK>LLBHG
I:MM¥FKMB<ABG @
OAXYP@SPNBONG<MBBR>HIGLF . ER:GCB® AK: G @~4>3A>KRHNL>MKHA><D O

RHE@HRA><D O G=RHNA:GN@A>KKHXLL :@ARMHSBITM K >? BVWAM
G>P<<>IMKE@ > BGLMP? = SHNHGGKM>MIF:D>GRA:G® WAK> IHWM A >
?NG<BBHG=-EMAG>R:L>EK>: 38 KKBEER ?HK <NAHNMGBW®BG@BO>GBM
PBEEBEMNM.. OAHGER:LBEB=6HAWAPBL? HEKM ARWNQ | E BI<NB NMIEERRI B NVAAK: G @ >
<A><D

S5H¥:R>LD>IMBAMA>MPHF:ER:G@CHEMARMAE >>%>R=H GV M>RP H KZHEBM
L>2HKHNKL>E?

ZPVIMPDBMIPTU EJWFJOUPQZUIP@QZEYRBO QSFNBOUFTU QZ W
GSPN@SPNBO TIPVME GBJM XJUl CMBOL TUSJOH PL

GSPN@SPNBO TIPVME GBJM XJUl NBMGPSNFE BOUFDFEFOUT PL
GSPN@SPNBO TIPVME GBJM XJUl OPO TUSJOH JOQVU PL
GSPN@SPNBO TIPVME GBJM XJUI SFQFBUFE QBJST PG OVNFSBMT PL
GSPN@SPNBO TIPVME GBJM XJUl UPP NBOZ SFQFBUFE OVNFSBMT PL
GSPN@SPNBO TIPVME HIJWF LOPXO SFTVMU XJUI LOPXO JOQVU PL
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUI LOPXO JOQVU PL
GSPN@SPNBO UP@SPNBO O O GPS BMM O PL

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI OPO JOUFHFS JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

3BO UFTUT JO T

EMAM>KMILLUMHIH=BG @



HFIK>A>GILGEDML MFB GGG > OA& KO BVGH> EHIRE | KH @ K : APRAHK: RO K NEEM ]

10.3. REFACTORING

OA>>LMAB@H®BM FIK>A>IGE B BENEBEGHWHA>> > BFBHOEDPW > ERH MSC KM IBGEER
I:LLHK O>XN\NGA?> > BRBHEDPW >GHF > HE B F-RHRAHK >: D BIG @Bk RHHN: G
:<MNprBvE R ARVHAB=GAM>LMAB GHANG B ML \B B/A@N®D B @ HIM A>K > > =NHHE > ? : <M HK
F>K<BE>LLER

.>7?: <M HBHWBABKaH < *H'M : D PG @D 816G + : D BBRIH K;D M MI>LKN : B BRI MBX|G L
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SE>@:GMNBR|BM:GMIRHNMRHNKHC BEGWH NIGOBKHGF 2 GMWBIEBIG @ W:H AM>
EHG @ AP>EKHWRAG RKH@K: F

$>K¥*;>MMBEXIGIHMA : L M:CKY>: LBWIK:BGMIBG B ? BRABEFRN @ SPNBR G <BIBH G
LEHPSKFHKeHFIEM Q% EBD><:NHMA;B@:LKR@ NBDIK>LUBRMENLMID:EB=:M
HF:GNF>K-HIER RHRNB GMWAB\GNDK M AK> @ NBD1K >LEBEH@ A:BKRMHPELEF %
LNIIHLMI® EBMMS: K;BMKMKBIGE EBHF:GNF>K:E ]

GLP>A>KPGER HMA>FARHGRMNMGANLINVBEEHH VN | BEA BL=>@ >MQL > 6 M MPAK G
R HK > : EB 8ysMdonOteedto useregularexpressiorst all L RHNBEABHHDIN |RHEKHG O >K MB (
BGM>NHHKLE G NF>KREHN: GNBHAK>O>SKHM DN | B HG O HEMG NF>KM BIGM > @ >
RMAMBRHAE>>MKA>PBA>MAGK ;BMKMKBIG@ E.Bl+: G NF>RHERBERESHEE><M
"EMAG . E.BIF:&GNF>K:ZEEB=: BRSxON|#EL B G@BEM BHIGH ORI |

G=>LM?ERHNEK>AR>HFIEEMMNGEBMLIVHN : X A GKOAK BWPAH =B ®1 A >
FH=NENMW ANGEB MLIPMBIEM MRAL>: F>0A:M>:GRHN:GKHO>MIRHNKIGH M MAP KMA : M
MAG>RH=PHKONUVM>EEMAKB@BG:E



DMBTT OVUOG3BOHF&SSPS 7TBMVF&SSPS QBTT
DMBTT /PU*OUFHFS&SSPS 7TBMVF&SSPS QBTT
DMBTT *OWBMJE3PNBO/VNFSBM&SSPS 7TBMVF&SSPS QBTT

SPNBO@OVNFSBM@NBQ
$.
%

$%

9%

UP@SPNBO@UBCMF < /POF >
GSPN@SPNBO@UBCMF \~

EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM
JG OPU O
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF
JG JOU O 0]
SBJTF /PU*OUFHFS&SSPS OPO JOUFHFST DBO OPU CF DPOWFSUFE
SFUVSO UP@SPNBO@UBCMF<O>

EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS
JG OPU JTJOTUBODF T TUS
SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OQVU NVTU CF B TUSJOH
JG OPU T



SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OQVU DBO OPU CF CMBOL
JG T OPU JO GSPN@SPNBO@UBCMF

SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM \ 7
SFUVSO GSPN@SPNBO@UBCMF<T>

EFG CVIME@MPPLVQ@UBCMFT
EFG UP@SPNBO O
SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
JG O JOUFHEFS
SFTVMU OVNFSBM
o JOUFHEFS
CSFBL
JG O
SFTVMU UP@SPNBO@UBCMF<O>
SFUVSO SFTVMU

GPS JOUFHFS JO SBOHF
SPNBO@OVNFSBM UP@SPNBO JOUFHEFS
UP@SPNBO@UBCMF BQQFOE SPNBO@OVNFSBM
GSPN@SPNBO@UBCMF<SPNBO@OVNFSBM> JOUFHEFS

CVIME@MPPLVQ@UBCMEFT

(>M/YX> DA=MPBG MBI@ > LIB >»€3KH @ N : MEABH LB/ | H K ¥ Bl AE: LH\G >

CVIME@MPPLVQ@UBCMEFT

S5SHWYBEGHNMABM ? NG < MHEHGHA>IKGHGLM: M>EFRIGNEE ABUG HNIG@ @OBNF@ @
@ @ NBJO@&® <B0@ > ¥ [E Evhenthe modules imported %BvB F | H K M:H6 &= > K LIMVA B#= N EK:
HGBRIHKNG=MAXG<AYRHBFIHKMEK>:=R BFHXNBEMH>EH M ABIG @8H = >
P BH & EDR<ME BV-A2B WIBMR*H BIF | HIK MBH. = N E >

/IHPA:MH>MACVIME@MPPLVQ@ PENOBIFENMIBH G ERHN. D >=



UP@SPNBO@UBCMF < /POF >
GSPN@SPNBO@UBCMF \~

EFG CVIME@MPPLVQ@UBCMFT
EFG UP@SPNBO O
SFTVMU
GPS OVNFSBM JOUFHFS JO SPNBO@OVNFSBM@NBQ
JG O JOUFHEFS
SFTVMU OVNFSBM
0] JOUFHEFS
CSFBL
JG O
SFTVMU UP@SPNBO@UBCMF<O>
SFUVSO SFTVMU

GPS JOUFHFS JO SBOHF
SPNBO@OVNFSBM UP@SPNBO JOUFHFS
UP@SPNBO@UBCMF BQQFOE SPNBO@OVNFSBM
GSPN@SPNBO@UBCMF<SPNBO@OVNFSBM> JOUFHEFS

OABL <E>Q0BM?TKH@K:FFBE@WHHE > MAKP@SPNBONG<BIBHBGHOBMHHDL
NIO:ENB-MABHH DN | EG K>MNWKASLIN M ACVIME@MPPLVQ @ PBNOMIEFN BHGHEM G > L
UP@SPNBONG<MBHWVENEHERKEBMAX >OBHNE I EBs>?HRBMN=>=EHHD/N|E >
SBMABAGVIME@MPPLVQ@ PENIG/I<M BEHB@@P N BROB EEHVEAIBL=>7BGCKEBHE &M A >
CVIME@MPPLVQ@ PRNOMEN@ BNBAK>=>?BGKEBBIGI I J: BIBBHGER?BB®-ABH<:E
L<HFMACVIME@MPPLVQ@ PBNOMEMBHG
OAHEIBBXH=PBEHBRVEAK>=>7?8B@SPNBONG<MBB&AMNEERNMMBE: G NF>K:E
+ G <RHAN:OM AK> L NBMHWFAK> = > ? BI5@>$PNBON G < MVBHN&=M ABCG M >@B KIHF : G
GNF>KINBOMIHOWAHH DN |E>L

+G<MABHHDW | EXIZNBHEMC> IHWMASH=BLHMA LRG=2:LM



EFG UP@SPNBO O
DPOWFSU JOUFHFS UP 3PNBO OVNFSBM

JG OPU O
SBJTF OVUOG3BOHF&SSPS OVNCFS PVU PG SBOHF NVTU CF

JG JOU O 0]
SBJTF /PU*OUFHFS&SSPS OPO JOUFHFST DBO OPU CF DPOWFSUFE

SFUVSO UP@SPNBO@UBCMF<O>

EFG GSPN@SPNBO T
DPOWFSU 3PNBO OVNFSBM UP JOUFHFS

JG OPU JTJOTUBODF T TUS

SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OQVU NVTU CF B TUSJOH
JG OPU T

SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OQVU DBO OPU CF CMBOL
JG T OPU JO GSPN@QSPNBO@UBCMF

SBJTF *OWBMJE3PNBO/VNFSBM&SSPS *OWBMJE 3PNBO OVNFSBM \

SFUVSO GSPN@SPNBO@UBCMF<T>

?M=KBRBA>F>HNG<A><DB;G@HKArP @ SPNBON G < MBHIGBERAFA S | KH | K B)::NEN >

BGAEBHHD/N|EGK>MNBM L
IBFBEMKAEERPN@ SPNBRN G <BIBHON IHFHFPHNG<A><DBG@EBBXH=*HFHK>

K>@NBRIK>LLUIBHHGIKEHHIBG@HGO > MEHSHXXK HHF: GNF>K:EL

NMH>>BRFMHKBARR>R>BMH>LG =% :GKH @M

AN

C



ZPVIMPDBMIPTU _EJWFJOUPQZUIP@QZBYBO QSFNBOUFTU QZ W
GSPN@SPNBO TIPVME GBJM XJUlI CMBOL TUSJOH PL

GSPN@SPNBO TIPVME GBJM XJUl NBMGPSNFE BOUFDFEFOUT PL
GSPN@SPNBO TIPVME GBJM XJUl OPO TUSJOH JOQVU PL
GSPN@SPNBO TIPVME GBJM XJUI SFQFBUFE QBJST PG OVNFSBMT PL
GSPN@SPNBO TIPVME GBJM XJUl UPP NBOZ SFQFBUFE OVNFSBMT PL
GSPN@SPNBO TIPVME HIJWF LOPXO SFTVMU XJUI LOPXO JOQVU PL
UP@SPNBO TIPVME HJWF LOPXO SFTVMU XJUIl LOPXO JOQVU PL
GSPN@SPNBO UP@SPNBO O O GPS BMM O PL

UP@SPNBO TIPVME GBJM XJUIl OFHBUJWF JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl OPO JOUFHFS JOQVU PL

UP@SPNBO TIPVME GBJM XJUIl MBSHF JOQVU PL

UP@SPNBO TIPVME GBJM XJUI JOQVU PL

3BO UFTUT JO T

*HMWMARWHND>NBMNLMHEBDEFHLM:L? :LM?<HNKBMZHMEMBK>BERIFI:KBLHC(
 ><:NMAB:EKLBHDEHG @BKIHKM>ESMNBEBFABEHHD/N |E>NMB GMABFIHEBENMGER
=HGPG <M ABGM : KMHNIBMLF HK M BI®=>EKM A< EMIM AP @ SPNB®G ©SSPN@SPNBRG<MBHC(
/ B G ¥AM > LAMD % > O >MAH N 2 NGG-< M:EEHMGACH N G =MVKLB/H G >D > L MABIOBG@L
:==NIBGANKKR

OAF*HKHEMABGMHKR

V/BFI|EBBWMRKMN >

VILI><BPRER>@ NBRIK>LLEBGIOHEO>=
V1GBM L<ME BORENASHG?B#EHE>K @ > K<X?ESMHKBG @



10.4. SUMMARY

1GBWNV L BB GHAP >KINGE<PAB BAKHI>BERE>F>& MGHMKA>S =N<B G M > G HLNBL=
BG<K2E>QBBERBMEB@ IMHKCBEBME LBIF | H K M :H &= > K LMVA G B ML NB B>G @
[:G:<>:):@BKH;EFHFEOBK LBEONBEEXKB MBE @>kM BIA:K=GDH>>|BAG@GFIMH
=:MM:D>BL<BIEBS<*PAER LMHRACKLK>: FEHX®B MB @B8Q * G BN L \B BG @
K>IE:<>PHEMA>HKK AMM > L MBB3X@&@ R NEBEG @\BHOBEV@® OM>MBBBI@=>K<>IM:G<>
M>LMEB@PR>:LB,EBMH>>HHKDGHGCRHNLOSESMHKRHNPHGEG =AK R HNO >&KH M

: EH 8 BM ABINN M

OA>?>RA. IMAKRSHO>KEHHV@ KHNGFN<ABWM:LGH*O>BMAHG LOASEKEBENG BM
M>LMBGF@ PHPKIEKILGE:G @ NEEPIABKAINBHMHN G=>KIMAISE>:LB<HG<>IML

V >LBOQEBGNEMA:KLI><BABKHF: M>BG=>1>G=>GM

V 3KB M8 Sk béfore M AH=MA>RM>LMBG @

V3KBME SIEVAMA @GVMH BS I NG A>QBIKKHI KK LNEML

V3KBMNB SIEVAMP LMBGINM<A>2BIKHIKBEKNKAIHGL>L

V3KBMEBEGNI=: MRS MK >? E<KI>IJNBK>F>GML

V.>?2 . <MHKEBEGBEVBEERHOK?HKFLE<E: ; KEBM RBEBK R : B Gt KBA:BMR®M K B B M
RHNEK*DBG @



CHAPTER 11.FILES

A ninemilewalkis no joke,especiallin the rain.

N Harry KemelmarTheNine Mile Walk

11.1.DIVING IN

IVI R3B G =HP:UMA:I= ?BE>?2HYW>GLM. EBSHEB<: WEHG, EHBREB&=>=
EFHLM ?B BN AMH MBE: XM AIK B F:IKNRH K = @:= BKI?FO >KFC HHK > K : MR G @™ A >
<HG<BINBG @ KMBAG-MHEHLIM HIIPH N B=OM K H NB;[E: X0 B GEO® K GCo: IMNB¥PIF I N B & K
F>M:IAHKIB=:DPBRE@&P CGBB3B@& > L

11.2. READING FROM TEXT FILES

S?HRHN: K>:2KHFBRHAE>>MHI>B8MI>GBGEA®EGR MAHN E=G"MB >K

B@GJMF PQFO FYBNQMFT DIJOFTF UYU FODPEJOH VUG

, RMAAG ;NBEMBEG?NG<VMBBEBAD>PBE>GLFGK @ N F$SKWW A>BE > B LF >
FYBNQMFMOFTF UYUA>KK2BBG M>KMABEBBEMABRE >G: F>

% M HOINMMG: FH? ?BBM/NAHF;BG HIBBX ><INMAR= ?BE>G RRIHMAZ2BIBx:E
HI>GCBE@<NMBNESOM:DMPH @NFPGMBK><IMMAR: ?BE> G ABM APQFO
?NG<MEBGHERBDHGS% RMAPLG>GC>REHE>>A?BE>GRHAHN]®GC<BN-FHKEHE?
=BK><INMAR>EE
OA=BK><INMKR>1?HKPLE=LANMB=GWA:MI>K: MBRG @®FLN L B&RG = HWILL> L
;:<DP:KE:LMH>GHM>=BK><mABEB>H/ 4 :G{BGNQ2HKPLE=LANMBGRMAHG
?HKPLE=LABR:RNBMKD OHIEZBG=HPL

OA=BK><INMKR>EHM @BBMAE : HK =K BEO>M MEBWBI Kk : E E refativepath . >E : MBI >
PA:RMHNB@AM : MB>@K>LLAHII>K


http://en.wikipedia.org/wiki/Computer_file#History

% MAIM K BEE® =>KG> K: MBRG@>F1L 836 G=HRMLL +G B < WM HKAG: F>HL?BEG E
=BK><MRKBHI2N EERIHIGMIG %lsMAG:F>L

%WH>LGAMEE>H QR HNEK < BELTH N B @A K:>G >M P HKBROHN G MA=W B EB|@,AM

?B @ AEMG M BKBERBIE B L RARMNAKI F IN MBS L BEMKBE>=<: G<<>BM.: ?BERMAHG
<:HI>6M

NN AMBVEM APQFO ? NG < MBHENMVM AZBE > Q:A>K>GHMAC@E N F* ENE®HPEJOH
+A=>MALMNGKE>:=7NEBERB : K

11.2.1. CHARACTER ENCODING REARS ITS UGLY HEAD

RM>M>RMxIA:K:<MCHA;LMK:<MBMIKBIGL@ IN>BE2SB<KHA>K:<MM¥MWRBHEG
=BBIEHM>IJN>B28B<KHA>K:<M2BEGBBRL>IN>BZRM*HBRHK>:=\M>QM
?BEXKHHBLAOHEH>SRMAHIG OMKMAIN>BZRMBG M IN>B XA K <Mk H=>L
MARMMXN<HKMHEAL@ <BEKPABK: M><KH=B@E&KBWCMNKGIN>BESB<HA>K:<M>K
HMA>KP@BHPIG LMKBG @

S5IJT FYBNQMF XBT DSFBUFE PO 8JOEPXT OUIFS QMBUGPSNT NBZ
CFIBWF EJGGFSFOUMZ GPS SFBTPOT PVUMJOFE CFMPX
GJIJMF PQFO FYBNQMFT DIJOFTF UYU
B@TUSJOH GJMF SFBE
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'‘JMF  TUEJO MJOF JO NPEVMF
'JMF $ =1ZUIPO =MJC=FODPEJOHT=DQ Qz MJOF JO EFDPEF
SFUVSO DPEFDT DIBSNBQ@EFDPEF JOQVU TFMG FSSPST EFDPEJOH@UBCM
60JDPEF%FDPEF&SSPS DIBSNBQ DPEFD DBO U EFDPEF CZUF Y G JO QPTJU.


http://en.wikipedia.org/wiki/Filesystem_in_Userspace

SA:MCNAMI>GH5HNB=GMKB2R:K:<M>K
>G<H=IBHGRAM ABIZH K M L MA>>?: NEM
>SG<H=3GC @MA>>? . NENMH=BRBHENHHD
<EHLMERMK:<>;RHX: G > M A BW-R BE@
DQ QzF>:GBVGARORNMABINGLBG @ :LMA>

=>7?7: NENMHABEK®, BL<HFFHP&G<H=BG@ The defaU|t
HGEHFINMONGGB&KKHBB GMH PIA > - .

, <AK:<IM¥K>LGNMHMMA:K:<M>KL enCOdIng 1S
MA:KIB & ABREBRMAK>:2: BEEBNMGN @ ER

60JDPEF%FDPEF&SSPS platform-
NW:BBIVPHKMANMAM=>?. NENMH-BAGC @ dependent

platform-dependent HV ABH. sight P H KHDAR H N K
<HFINMBRHNK? : NEMHBBO®@ ;NMA>G
BRNBEHHR>BHXNBLMKBMNMM*> > HGSL >
PAHE>? . NENMHBEB@? >KBEDGM

%RHE>>MIP SMA>>? K E MK : SM<KH =BFE @K MwPDB¥MH = NES>><:EE
MPDBMF HFUQSFGFSSFEFOBGPFPRIBIG=HP.ULMBK>MNBEKGL ;NM
HGER(BGNHNILM:BMEMNEKGL % : G2 M >GB G MHBG&L B LBMBR <R
HPAHNBLHNK>LNERE=B??>KOGNEBBG=HRBRLI>GC3B@B AB<A
O>KLBREBNMH>K: MRG @BRHAN:OBGLM:GEAHMRHNKK @ BEHHG &N : @ >
L>MMBEGE@G?B @ANBEFP-ABMYBF|HK WM< BIARG <H=>BG®R
MBRHNI>G?BE>

11.2.2. STREAM OBJECTS

/H? :KEE>DGHBPM A ; M AALG ;NBEMNBG MEEHE®FO0 OAPQFO ?NG<KBMREKGL

streamobject PABAAF>MAHGEMMKB?NE > MBGBBGHKF ;M B:IMG-: GBI N E: MBI F
<A:K:<M>KL



B@GJMF PQFO FYBNQMFT DIJOFTF UYU FODPEJOH VUG
B@GJMF OBNF

FYBNQMFT DIJOFTF UYU
B@GJMF FODPEJOH

VUG

B@GJMF NPEF

OA®»BNFMMKEBEGNMEMAGILF RHNLLB-GMMNMAPQFO ?NG<NBHEHNI>G MA>B BHBIL
GHMHKF:EBI3GsLHENMAG:F>
(BD>PBA>PrEJOWM K BGNMEM AME<H -FRBHINQ L BB IMAPQFO ? NG <NMbBRHEB =G\ B ? F
MA>G <H=FPBAGBHNI>GMAZBE>=>0>E HIAKRMGODPEJOWM K BP;BIRVE? E > < M
MPDBMF HFUQSFGFSSFEFODPEJOH
OANPEFMMKBIANREIBGABEA=MAP?>BEAHI>GSHN:G:LLGHIMBNBEE K:F>M>K
MMAPQFO ?NG<MBNB=G'"MhABPR=PA>BHNI>GMABREKRMA+>E : NEHd L
PABEA:G\HI>GHK>:=BG@RYM >QN=> [ RHN/EE: MBE® ABA: IMMK>BEE=>KO>L
L>O>IN:KEIH =872 ? SACR>SRAVMHRK B ?BEIX>GMH?BBEKI I >G?BEGB G KIR=>B G
PABRANN>EBNRMBGLMPEMKBG @ L

OA=H<NF>GMHMBEGO ?NG<EHBHNMAAHLLB?,BEBEH=>L

11.2.3. READING DATA FROM A TEXT FILE

?MRKINI>G? BEBK> . =BRHAKEE : ;ERGMK >:2KHBEFMWLHFPHBGM

B@GJIJMF PQFO FYBNQMFT DIJOFTF UYU FODPEJOH VUG
B@GJIJMF SFBE
%IWF *OUP 1ZUIPO 1ZUIPO =0

B@GJMF SFBE


http://docs.python.org/3.1/library/io.html#module-interface

+G<RHNI>G?BEPBMASHKK>GNH=BRG@BGEFBCNLM MMPXK: EENBAE K> F
H;C>sMBE F>MABAX>LBEMMKBG @

, >KALHF>PANKIKB KBEG@®BYBE>: BB>EHWM BIG>Q<>IMBMGBGHGGHM GLB=>
K> =BG®G= HMBABES>KKBKBFIERMNKSEIMRMKBG @

SA-MBRHR:GMIKK> K>»>2BE>

DPOUJOVFE GSPN UIF QSFWJPVT FYBNQME

B@GJMF SFBE

Always

B@GJMF TFFL
specify an
FODPEJOH

parameter

B@GJMF SFBE
%IWF *OUP 1ZUIPO

B@GJMF SFBE

B@GJMF SFBE

when you

B@GIJMF UFMM

open a file.

/BGRHNLKBWEA>GC HMA>BENK MWAEM H
MABM K>H FC > sMe'd F > M AIHB-F [IEXRM N& G
>FIMRMKBG @
OAXFFL F>MAHHOMHLI><BRBI% L B NBESH B E >
OASFBE F>MAHOI:DSHIMBHE&::E>MPAGNF; HKK A K: <MHKKL=
WRHEBRHN: GO HG®A :K: <M>KBF >

Y

(>MMKMRA: @ :B G



DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF

B@GJMF TFFL
B@GJIJMF SFBE

B@GJMF UFMM

YHOMMASMARM >
> =HG=2A: K:<M>K
*HPRHNHMGHASMARM >

HRHN>BR>MAXFFL :GIYFMMF>MAHER:RHNugtés ; NMB GRENI>G M-ABRH>
M>QMsFBE F>MAHHEN Ehsrdcters ABG <IA> K:<K>KNBKEMRIMEMIEN G <HB-Go "
OA3GO@ KRLK:<B®KR2PBEGKRINB&RM><AHRHNB @ AMB L BBBGM A B GND/BNMC>
TFFL :GSFBE F>MAHKKHNGMBS @MABG®@ A: MCGIEIKRHIKHF=A:K:<M>KL

NNW:BBI@>RIHLKL>
B@GJMF TFFL

B@GJIJMF SFBE
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IMF  QZTIFMM MJOF JO NPEVMF
B@GJMF SFBE
'JMF $ =1ZUIPO =MJC=DPEFDT QZ MJOF JO EFDPEF
SFTVMU DPOTVNFE TFMG @CVGGFS@EFDPEF EBUB TFMG FSSPST GJO

60JDPEF%FDPEF&SSPS VUG DPEFD DBO U EFDPEF CZUF Y JO QPTJUJPO

JHOMMASMARME MKRK>:HG=A:K:<M>K
3AR=H>NMABIBE<:NMA>KS>G XM : K: <M EK>MARMGA S >: KxAMK : <M KIMAA >MA
"RM>G @ H2HMA K RM>UKR BIGH@ : =< A : K : <MCHNFABB = =FEBE-HP B M A

60JDPEF%FDPEF&SSPS



11.2.4. CLOSING FILES

+I>EBEHIGLNRLMSH HNKE=E1>GC HBGI@A>BER=HMAXK @ KEFFRGH;M:;EMH
<<>MIA>% MB'HI H K M:MBVHTLBERLIH HGR HN ? 8% BR B MWBEA > F

DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
B@GJMF DMPTF

3>Biat P.LGMB<EBF:<MB<

OAXMK>HFC>BaMGIUMBEBEkMEEBNGNP TFF>MAHE>LEXIMM KM AHR; C >BWIL NE&@®M ~ L
G HWI> K KNBL ERN E

DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
B@GJMF SFBE
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IMF  QZTIFMM MJOF JO NPEVMF
B@GJIJMF SFBE
7TBMVF&SSPS * 0 PQFSBUJPO PO DMPTFE GJMF
B@GJMF TFFL
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IMF  QZTIFMM MJOF JO NPEVMF
B@GJIJMF TFFL
7TBMVF&SSPS * 0 PQFSBUJPO PO DMPTFE GJMF
B@GJMF UFMM
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'IMF  QZTIFMM MJOF JO NPEVMF
B@GJIJMF UFMM
7TBMVF&SSPS * 0 PQFSBUJPO PO DMPTFE GJMF
B@GIJMF DMPTF
B@GJMF DMPTFE
5SVF

SHN:GRM:ZKHKEHLBHMAKVMBLS10&SSPSQ<>IMBHG



S5HN:GEM>SEG<EHEPBEBMA>K
O0A>KSMNNKKPHLB BEBEHEG H2BEBMASFMMF>MAHEMHBEL

, KA LNKIKBEKBEGEBERIPTFF>MAHG LMK>H FCSKAHPBA S, >>&E H I=H=nht
K:BI&GQ<>I MWBNEE®LGIH HI

EHLEMKHFC>=NAL OBFGNL>?NME KBRS TESM MK BP;BDIEMEG ?I@ K MMAZBEEBEHL > =

11.2.5. CLOSING FILES AUTOMATICALLY

IMK>HEC>AMIG>QIEBMBMMF>M A HN-M
PANM:II>BRHNK=A:L ;N@G=<K:LA>2HK>
RHN:BMPTF OA:MBEBHRNEMA>HK>IMBIREGR
?PHRN<BEHG@AKS> <>LBAKRRHN=2KE>N@ @BG
HQRHMNEK<EFINMGAK QMM B @>: EG:
IKH=N<IMEHER ; B BIL

, RMAHG = LHEN MHBWABIIAPSZ GJOBMMZ
 EHOA:MMBEEBGRMAHG RHN:RL>BM
BEMA>KIE=xNE=EHKB G E=K=MAPMLHKM>=

LHENRMBBBE HRAIX>?>KKENBERINGAHG
MASRSUILM:M>F>GM

XJUlI PQFO FYBNQMFT DIJOFTF UYU FODPEJOH VUG BT B@GJMF
B@GJIJMF TFFL
B@DIBSBDUFS B@GJMF SFBE
QSJOU B@DIBSBDUFS

OAKIH=<EFEQFO ;NBM>0=KEQGIMF DMPOAXJUILM:M>EMGWNH = H<HB D>
JGLM.-M>HKEGMEHHAGCGLBABH = EH<HN. QZNLMAG:.KBB &G IMEM ACGMK>HFC><M
K>MNRGHWA BVBHQFO EMAKR> @ NEMKCH FCSFR=M AHK2O:BE[.;EFFL SFBE
PA:M>RHE>>3A>GIAXUI, EH <G PythorcallsB @ GIJMF DM RAtBmatically



$>K>MBDB < I5H : M MASHKR P A>BHNQ BIMXI UILEH<BMAMBEEHM A 2B E>® >BR H N
\>QBMIBGNGA:G=>Bx>| MBHGKBE@OMBR HNK =k:BLSEQ <> MBRE MIGMBK >
IKH@ K HFSMH L <K > > < BEIG/EPNBEB @B<ME H LISN-: K: G M > > =

%WME><AGMBKHBMEASUILM: M>EKGMIKNGMBFGMBQ@M>IQ:FIE>L
MABDMK>H FC><ML: <HGME QM2 RMAHG : MIADMK>H FC><M
B@GJIMGM>BHNIABWBIEGM>KBE@VBFGMSAAMM AIUIKH=EH<D
B kHFIE>MMAMSKALM K >H FC SMABNBI L Q B WBRERG MBFGM>Q M
GCMABMKH FC><<HENHIP GMPTFF>MAR=I11>G=BQ® E:LLCA:M
G >1L>BGXxJUIl EH<PHK>M:BEL

OA>KEHMABE® LIpHBWIAKSUILM: M>BMINMLE@ >G 2KBK> P PIHEK > : MKBNG@ B F >
<HGM >@&-M t E H BEG>@IM MVA > R'KM > KBS@B M B 8§ @VKBFGM%I@ Att; C >B<GN > L MBB.H G
LMK>HFC>MMB&H>NL >?B E >VMABIE@DEH LIBAZ@HENMHF: MBNNEARIA: OBHK
=>?BB®HAGDMK>H FC>GMBM AN UILM: M>RPAGMEEHNMEHMARPKRKMINL=HGM>QM

F:G:@MAIAMOGHMABEHRB M B BHN : G O ><(X > :RIBPNHK G LR H N“EEE: MB®I AB L
<A:IM>K

11.2.6. READING DATA ONE LINE AT A TIME

\EBGIXIM>QBEENRN: RHMAB®BDR RHMRI®Z>PHK-G3K>RKBI5&83:GEHGHRHNANK>
HG G>EBGEBBM>QML>IN>BXA K <M>KBFRWPA  MQ:<MERBMHFIEB<:M:
 ><NM>QBE>@ILE>O>KBE?><KEGBGMMHAKKMA>G H? EBGO>KIR>K: MBRG @ E
BNHPGHGO>GNBNG><  KKEKXAMNKXK: <NMANKEEBG>><A:K:<NG"HKHFN L >
yHMPA K <MWIKABG H 2> O >KRBRG >

*HP;K>:MAB @ K > E B><? NRythorhandledine endinggautomatically R=>7? : NMERW N: R % : GMH
K> MABEQBIEGEB GWY MBF>RM ARMBEE @HNNMIABBDB GIEBSG=B/AB > QBEL> G =
:GBNMBHENBNKD



WRHE>>2BG> QKHBGHEHA : MHGLB = EBSG=BRHAN: G:LL
MARIMBIBEXHEIOK: F>NHMAPQFO ?NG<MBMGBPQFO ?NG<MBHG
=H<NF>GC MHMBAAN® HKRM:BEL

/IHAHEHRHNMN-HER>:= ?BHEGEBGWY» MBAVGABWROMMHBFIBMA>LNMB?NE

MIJOF@OVNCEFS
XJUl PQFO FYBNQMFT GBWPSJUF QFPQMF UYU FODPEJOH VUG BT B@GJN
GPS B@MJOF JO B@GJMF
MIJOF@OVNCEFS

QsSJOU A\ ~\* GPSNBU MIJOF@OVNCFS B@MJOF STUSJQ

1LBE @& UI: M MRKHN: ? >HEIR @ A>B E>>E >R M AHEHB MHKHN

OHK>:=?BHEGEBGW MBHA®GL>GPEHHIA: MB"NI>L BA>10 BG®E BxB MHEBIOFBE the
streamobjectis alsoan iterator P AB Kk FBNIN:M_. B GEEBESS >MB RHN. P HKO : EN >
1LBE@PSNBUMKBGVA RHN: GKBEBNMAEBGNF ; >B-MAEBBM LOCARPHKHR:IM<B?B
\ ~ F>:GULKBKMXL@NFHREMAM ERMMBEBE>HAB@MIOFKB<SES MMBAGHFIE>M:
EBG>KKBKAMNIKGEBASTUSJIQL M KBXMAK=F H G/ANM K : BEEBEWD> LB G<E WAB>G @

<IKKEK@AMMAXK: <M>KL

ZPVIMPDBMIPTU _ EJWFJOURZUUVRPOFYBNQMFT POFMJOF QZ

%PSB

&UIBO

BFTMFZ

+PI10O

"OOF

JLF

$I1SIT

4BSBI

"MFY

SJ[[JIF


http://docs.python.org/3.1/library/io.html#module-interface
http://docs.python.org/3.1/library/io.html#module-interface

BRH® SMABKKHK

ZPVIMPDBMIPTU _ EJWFJOURZUUVPRPOFYBNQMFT POFMJOF QZ
5SBDFCBDL NPTU SFDFOU DBMM MBTU

‘JMF FYBNQMFT POFMJOF QZ MJOF JO NPEVMEF

QsJou \ ~\» GPSNBU MIJIOF@OVNCFS B@MJOF STUSJQ
7TBMVF&SSPS [FSP MFOHUI GJFME OBNF JO GPSNBU

W?PHRHNTMKH ;. ERBERE@AHGHNAHNKE=-BE® KMFHRMAHG

\"4

,RMAHGNIIHKIMFKBHEKEF : N MEGC@BRMA | EBEB MERHK ALIM<B?B]
,RMAHGEEHPHNMNH FBWAX @ N FB-GM-BE& H NP K K A= IM < B 24B>>KBLIM A >
, RMAHG<HFI:MB3KbEBHHKBE FI:KBLHG

KL

QsJoUu \ ~\ ~ GPSNBU MJOF@OVNCFS B@MJOF STUSJQ

11.3. WRITING TO TEXT FILES

S5HN: @ KBWE2BBEN<MNA>FP:RMARMN
K>:2KHFA>BKRNNI>G?BE>0 >N MK>:F
H;C>MMNRGNLBF>MA HEU ASM K >H FC >\ I
P KBM MM W A>B KA RGI NE HM A>B E >

OHHI>G? BERKK B MBLM@PQFO ?NG<MBHG JUSt Opena
LI><MARKBMP=HDA>KEKMPRPBER=>1HK fl d
PKBMBG @ e an

V\SKBM=H=PBHE>KPMB2XBEX* INPEF XMH
MAPQFO ?NG<MBHG




VNV II>GHH=PBEE=:MNMIMA>GHMA>BE >
,'LINPEF BMMAPQFO ?NG<MBHG

IBMAHCPBEKE> MA>BESMHF: MBBB<MBE RGMM
: E K> >=RBILHH A > IG>'Q>E@> >22H:KG R H KINM

? B =FEHRA>BER>LSQ BRMIK > :M>>P FIMR Start
?BENLNRHN: Gl1>68MHMA>B WMBWF2N G<MBHG
&NHM>G?BE>t M KKBMBG @

writing.

5HMNAHNER:REH.L2BHE:HHGRHNAKX% >
P K B MVBESNRIK > E >SMIAZBA G = E5>=> G L NKA: M
MA=>: MBL<MNPEKBRVW=ELDPBMA:=BGMR2KHFBRHN: G: BVEAM K >H FC > ODMPILF
F>MAHRHN. QNLMARUILM: M>FGEMR M A+EFHNM A>BEBRKH B > NR H&N: G NS PLAB <A
M><AGEKPNHFF>G=

XJUlI PQFO UFTU MPH NPEF X FODPEJOH VUG BT B@GJMF
B@GJMF XSJUF UFTU TVDDFFEFE

XJUlI PQFO UFTU MPH FODPEJOH VUG BT B@GJIJMF
QSJOU B@GJIJMF SFBE

UFTU TVDDFFEFE

XJul PQFO UFTU MPH NPEF B FODPEJOH VUG BT B@GJIJMF
B@GJMF XSJUF BOE BHBJO

XJul PQFO UFTU MPH FODPEJOH VUG BT B@GJIJMF
QSJOU B@GJIJMF SFBE

UFTU TVDDFFEFEBOE BHBJO

SHN M KM s BRRK>: MBAG@P BERTU MPHIKI O > K P KVBASB B @VBBEREH | > G BIGA\@B ER K
PKBMBAGN®REF Xl :K:F>N>KGH.I> G A>BERKK B VBB-GMIA : VB =: G @ > KIHBNVIH N G% L
AHIRHHNB =& M HNWAIXK >0 BHNAM BHGMMEPB BG R; ><:NMA=MMBI@ HGH P
SHN:G==:MNMIMAG>PHR-G2BEBMWACSIUF F>MAHM AEM K>H FC >W N KA A >
PQFO ?NG<VMBWHMIKASIULEH <G =IRMAMMH F : M<B=<H MEARB E >
OA:M:LLH’NE>MMBMD :BGMWM ABBFRF>BMAEF BMHII>GMMAZ>BEGL MPHO>KPKBME
B M I>G=B@@&¥rA: KMA>Q B L MB&NaH G/IMBB E >



HMMARKB @BEFHERKHM>MALS> <HEBRHNI>G=>kGHB®MA>BERTU MPELBHM>
M A GW B MA K K B< @MPNKHEKB &>> =H. B G <E MB 6 R H &B = 8 KN A >FQ | E BM M EBRRE >
>BMNBRKMAPBER>LBOMBWNASRFHN: @ KBMEKKBEKXAMRBO®IA =S <A:K:<N#HKK
EBG>>PBNM =20 <A:K:<NBEGRHNB=GFHMBMABDK KRRABRIGKEM W AZBEG=N4HG
HGEBG>

11.3.1. CHARACTER ENCODING AGAIN

BRHEHMBARODPEJOK :F>NPAKAMHML>B-MIMAPQFO ?NG<NMBBEHR>KEI>GBG @

<HG MtriBIS M A xR G MytBsG > : =BO\@MKB& @AV > QBIES PRK DA< NRHMHERMAHG
PA:MG<HMIBIEGMK>:=LMK>HERM>E=<HG OB-MMNL MK BKGEMB SEH ? BIEC> L > B Mt
L:F¥KH EBB>O>BHN :GPMBM>K:<MBERBEA:K: <MHGE: LMK : <% B KSMK

P K BMIB AZB ER-M AGI>S> MUID G HAPH M K H G ORI KBG MH>J N >B 2R M 914 H G PRR

M E> LN KM 4K ? H KA BSHEK K&K 610 > BIVBHH G < BI2ARODPEJQ K : F> NPAKBHNI > Gl A >
?BEMKKBMBG @

11.4. BINARY FILES

*HMEEB EHIG M B@WNFHMA>FH G MBBEM MKPR=H @



BO@JNBHF PQFO FYBNQMFT CFBVSFHBSE KQH NPEF SC
BO@JNBHF NPEF

SC
BO@JNBHF OBNF

FYBNQMFT CFBVSFHBSE KQH
BO@JNBHF FODPEJOH

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF TUEJO MJOF JO NPEVMF

"UUSJCVUF&SSPS @JP #VGGFSFE3FBEFS PCKFDU IBT OP BUUSJCVUF FODPE

+1>GBCGC@EGB G KR=BLBFIBENUN;, MEASHGER??>RKEBF>GCBBGE@& >QGN=BMA: M
MANWPEF: K:F>MHIGM:BGKA:K:<M>K

OAXMK>HFC>RKHE® M HHFI>GCBCRBREGB G . KIR=A:F.GRMA>F>MMKBBNGYEIN =B G
NPEFPABKA?EMAMPEF. K:F>NRHNLL>BGMHAPQFO ?NG<MBHG
BG:KRK>HFC><BMK: O>0BNFMMKBCNEBM>QMK>HFC><ML
$>K>MG=B?7?>KAHN @BAG KK >H FC >ANG HODPEJOWM KBO,ANW>D >IL>G KB @ AM

5 H N 4> = BIG K B M; RM@IHIM K BLGI®A > KGHH G O > R HBRHINGAMIIEH3 A: MR H & >HW M
H? ;BG:KBEPLQ: <MARHNMBGBK®HHGO>IGEHGL: KR

BU>GMBHBKK>=BREN>HAR>RHN>



DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
BO@JIJNBHF UFMM

EBUB BO@JNBHF SFBE
EBUB

C =YGG=YE =YGG
UZQF EBUB

DMBTT CZUFT

BO@JNBHF UFMM

BO@JNBHF TFFL

EBUB BO@JNBHF SFBE
MFO EBUB

(BDW>QBRERHN:. K> /=BG . KRREEB NBN>MBFNMA>K>XKN<B.E?>K>G<>Y
YRHNXKK>=BRENDSIHIM KB B8 @RHNI>GC MAZ>BEGB G :KR=MASFBE F>MAM =Dthe_
numberof bytesto read G HWMAGN F ; HKXA:K:<M>KL
OA:NM>:GMAMA>IGHQXANGC>Q I >EBRILE: M<MP>MA8GNF; RKNLL>B-GMASFBE
F>MAHK=MAIHLBMBEHER® HWIMM AGFMMF>MABASFBE F>MAK=sRM>GMA>
TFFL :GUFMMF>MAMNMKEMBGNF; HRRMEKE:: 2H KB G : KRRBWA > FE'EE.R@ K > >




11.5. STREAM OBJECTS FROM NON-FILE SOURCES

%F: OBENPKBMEBK:GRIGHRHNEB ; K: KR
?NG<MBEOHHEGAIGH® :EHF>=>: M2KHF?BBA>
?NG<NMBMNIESFIMRD*BE>GLF>MK BDGEH@
HI1>G A>BEBK> : =BEKG@ MG <EHBM ?HK>
>QBMBRE&NAHN E=HE/AMIMG L MH N K%

L A H NVE &rrarbitrarystreamobject TO read
%RBASBFIELMLMKSHFC>BRIMRM RBBI @ from a fake
SFBE F>MAPIABNMAD>GHIMBHGBFEK:F>M>K
:GK>MNHKMKBGAE : EBPBNBATJ[F
I:K:F>MWASFBE F>MAHAHXKE=z=0O>KRMABG
MA>SKM K > : 2K HWFAB-G | NN K &€ X > M NEKE> S F B E
MA=> ML: LBG@EBSA>G:EEFPBNMAJ[F
[:K:F>NVBKC : MA FW < 2K HWFAB-G | NN K < >
GK>MNWKAGHW <A:M3A>GE . EE@=BGB<DL
NIPA>IBE>AMEG K>MNKABS GMNER: M:

file, just call

O0A:MHN G < IERAL>M K >H FC SRHR 2N HHFl > G B & @78 B A = B ? ? > IB:MAxduOneot
limitingyourselfo realfiles 0 AB G I NWIN kA MB GCK>> . <IHNBE=GRMAPG@® @ > LMKBG @
F>F H KR >McAEBN M HN2Ne HM AKCHK@ KLFEEH GL @@ HNPING<MBBE&MK>HFC>GM B F €K E
MAE;, C>sWHBEE F>MARHKN: Q\: G =E>B G| NN K&A: ¥IVEHB D?>B B B M AlH N #BHB-¥ H
A.G=ExBBGBGINM



B@TUSJOH 1BQBZB81JQ JT UIF OFX CMBDL
JNQPSU JP
B@GJMF JP 4USJOH*0 B@TUSJOH
B@GJMF SFBE
1BQBZB81JQ JT UIF OFX CMBDL

B@GJMF SFBE

B@GJIJMF TFFL

B@GJMF SFBE
1BQBZB81JQ

B@GIJMF UFMM

B@GJIJMF TFFL

B@GJMF SFBE

OFX CMBDL

OA3PFH=NE>?B@ASIOHCKE  MIARVHN: NLMINM K> IWMKBG&GXF HKIR ?BE >
OH<K>:M>MK>H FC>HNMW? LMKBK@NEB G L MHAKAIP 4USJOH*&E:LGF:LIBMA>
LMKBGRRGMML>LRHNKBE>Y*HPRHA:O:>L MK>H FC >:<GUR H&: G H: EIEH KH/AL

L MK >: F VEAEBISEAR M

"EEB/GA&FBE F>MAWK=:=MA>CMBIBH>ABBM A LE? 4USJOHHMHO CA<BW IERMNKG L
MARKB @ BIGEG @

&NEBDK> B E>EEBASEBE F>MAHZE: EGMNKGSEIMRMKBG @

5HN: G QI E BI<BNDEVRA;> @ B G- A K B G EBID>> D B & KH:NK@ AB ERN L BNGAD>

TFFL F>MAHMA®USIOHHG C><M

S5HN:GELKP> MACDMKB&GAN GRL: LLBA@FI:K:F>MMMASFBE F>MAH=

JP 4USJOHEP RHNK> IMMKBGI@>QBBA>K>PILHP #ZUFTXE:LL
PABEARHMK=:MMKK:R: ;BG:KHRE >



11.5.1. HANDLING COMPRESSED FILES

OARMAHVG GER7fK< KB MFBIG N BALM | | HKM = BG®8K B MBIG @K > L2IBEDAL> Kk >
GNF;HKREB? ?>KPRI N> LLBASGFMAMPHHLIMINEHEGE HG 3B GERPM @ S:BEsl=

MAHMHH

OAH[JQFH=NE>RHXNK>:M>MK>HFC><HK>:=BIGRIKBM BB | <HF IKBEAXMK>:F
H;C>BRMBBAHIDNNIIHKMEBE F>MAHRHNI>G BRIHK> : = BHBKOACS JUF F>M A HB=2
RHNI>GBRHKKBMBAS. @>.GRHN. QNLMAER>MARHNL2PDKR> ERKGHK> @ 9B BH.
directlyreador writea gzip-compresséte P B M AHN-NMM BIG @1 H K:BERH M HKA=>> < H F | K > M =

L:G:==>HGNWMNIIHKMWRUILM:M>KMHEYRHN: &E>RMARNMHF: MB<HE B RBKS B |
<HFIK>RBfEA>RBHN ~K>x3P>B N8 M

ZPVIMPDBMIPTQZUIPO

JNQPSU H[JQ
XJUI H[JQ PQFO PVU MPH H[ NPEF XC BT [@GJMF

[@GIJMF XSJUF " OJOF NJMF XBML JT OP KPLF FTQFDJBMMZ JO UIF SBJC

FYJu

ZPVIMPDBMIPTMT_ M PVU MPH HJ

SX S S NBSL NBSL PVU MPH HI
ZPVIMPDBMIPTHIVO[JQ PVU MPH HJ[
ZPVIMPDBMIPTMBU PVU MPH

" OJOF NJMF XBML JT OP KPLF FTQFDJBMMZ JO UIF SBJO

5 HNAHNERBR:RL>@SBI?BEBEB G KR=>*HMMAE <A:K:<BMBMANPEFK@NF>GM
YWHGLMKWABQ=F I BEEGBG NMBHNGKIMFBPBWMA<HFF: EB MABHFF: BLAHPBG @
MAEHG BL MHBMGA®]|S B <HF IKBEHEN< K> : BSEARMAKAG D B ELB L MABKGRA MA >
?BEQBLAWMHHGMABNIL ;RMEH®@&: M&IM N EE K @AKNGALM KB IGIM : KRIB-MA XD S B |


http://docs.python.org/3.1/library/gzip.html
http://docs.python.org/3.1/library/bz2.html
http://docs.python.org/3.1/library/zipfile.html
http://docs.python.org/3.1/library/tarfile.html

?BEMHKBE<EN2ZBQ>= A>GAMMAM GMLBGE>M: =: M:NWA>B EB MB\G > ? ?BRE > G N
>QMK >EBEBE > L

OAHVO[IJQHFF:GIKHGHN@>= NGSBHF I KMAPRE+ MHKARHGMBGHEERPBE >
G:F>MAL F>LMASHF K> L2IBEHR B M AMIAM ? BEQM>GLBHG
OAPBKHFF:GBLIBMREHGMHMG BB A RIBERG MMBAGU KR IGKK B @ B 6 HEBRK > MM E F
M A<SH F 1K > 12B#E»U MPH MK HFEB MINBGR M A/IAG E E

BRH® SMABKKHK

XJUI H[JQ PQFO PVU MPH H[ NPEF XC BT [@GJMF
[@GIJMF XSJUF " OJOF NJMF XBML JT OP KPLF FTQFDJBMMZ .

5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF
"UUSJCVUF&SSPS ([JQ'JMF PCKFDU IBT OP BUUSJCVUF @@FYJU@ @

P2HRHNTMKE ;. ERBE@MAHGHNAHNE-BNE® KMFFRRMAHG
,RMAH®:= H[JQFH=N BB MBG HIWN | | HKIMB:GaiS B | | > H ; TBEM

<HGMEQGMORMAHG==>MA>BEBMMR® SBII>H ;CBBMXJIUI
LM:M>F>GM




11.6. STANDARD INPUT, OUTPUT, AND ERROR

HFF:G= HBNKKEEK>?=RB PB:NUA >
<HG<HMIMW :GBGEGFNM: GHKMIINGMM:G=:K=
>KKEKBI> < MBHMHHK AK> IHVR H N

IM:G=HINMIBMM:G==KKHKKFFHGER

3 K>OBTMEBP G TFUEFSSKIBI>SMA:KI>NBEM
BGMOGI>KRw £BIDRLMBG<EN=BG@® :G=
(BGNBA>W®RHN: BVEASJOU? NG <NWBMGB G @
RHNTMKBGEBBSEMW ATUEPMB I BA>®HNK
IKH@ KK LAGHKB GIMIIMM K : <> ;B4@H MIH
MATUEFIBI>R=>?.NEMAMA>IIBI >IKX NLM
<HGG>NMMWAM>KFBBGEPR> KRHNK >
PHKDRPG@RHNKH@ KKB &M E > M RBI®IE>
MABNMBNBBH MMCKFBBGEHRPPA>GIKH @ KKE L ARHN> MAMK: <>B&MHNMSCKFBG: E
PBG=MA®RBA@ K. |ARMB/AGBMEATUEPV.G FUEFIBI>=>? . NERMHN® GM>K:<MBO >
3BG=HP]

TZT TUEJO
TZT TUEP

TZT TUEEFS

GPS J JO SBOHF
QSJOU 1BQBZB81JQ

1BQBZB8I1JQ
1BQBZB81JQ
1BQBZB8I1JQ

JNQPSU TZT

GPS J JO SBOHF

TZT TUEPVU XSJUF JT UIF
JT UIFJT UIFJT UIF

GPS J JO SBOHF

TZT TUEFSS XSJUF OFX CMBDL
OFX CMBDLOFX CMBDLOFX CMBDL

OA®SIJOU?NG<MBEHEHHMABRNIK KBEEKG @



TUEPVBE>?BBGIAPZTFH=NEGBBIL LMK>HFC><MEBM®JIUF ? NG < M BEES B NIM

PA:M>OMKBIG@BBW &: <MABE A : MAPSJIOVN G < NBHEER B M = L <: K K B @MMKIG
M A>G H MA>M KRG IIMNKB G MB € @EZAT TUEPVU XSJUF

%MABFIE<LMZT TUEPNGTZT TUEFISS GVEA SHENQM MUBMIAL F 3 E : <M AR M Adsl G B ?
R H N BIGHG >H KVl AM > K F BBR:HEN KRG G R B @HGIWFASH FF: EB QB DM :G=HNMINM
L M: G = KKHK>E H:M =< : K K B<@VENHHKIH BoR H R: G 4 K K B @VPNRIGNG &84 1P K B M >

<IKKEKAMNKX:<M>KL

TZT TUEPM@TZT TUEFSSEMKHFC><NIWMA>RPKBM> NGERI|M B GHAEA SB KE
F>MAPIBEE : RLBLG*0&SSPS

JNQPSU TZT
TZT TUEPVU SFBE
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF

*0&SSPS OPU SFBEBCMF
11.6.1. REDIRECTING STANDARD OUTPUT
TZT TUEPMWTZT TUEFSSEMK>H FC><M;CBGMAHG ER | | HKKWB M Bl U@ > R"HKM

<HGLMNMAMBEKSB: B F>:GRHN: GLLBMAGFG>® EN>GRIMANKK>H FCf<MH
K> =B KA<NENKM | N M



JNQPSU TZT

DMBTT 3FEJSFDU4UEPVUSP
EFG @@JOJU@@ TFMG PVU@OFX
TFMG PVU@OFX PVU@OFX
EFGC @@FOUFS@@ TFMG
TFMG PVU@PME TZT TUEPVU
TZT TUEPVU TFMG PVU@OFX
EFG @@FYJU@@ TFMG BSHT

TZT TUEPVU TFMG PVU@PME

QsJou "
XJUl PQFO PVU MPH NPEF X FODPEJOH VUG
QSJOoU #
QsJouU $
A><MAIBNM

ZPVIMPDBMIPTU _ EJWFJOUPQZUIP@QZEYRBOQMUFEPVU QZ

$

ZPVIMPDBMIPTU _ EJWFJOUPQZUIP ®DBBHYBWW MPH

#

BRH® SMABKKHK

ZPVIMPDBMIPTU _ EJWFJOUPQZUIP@QZBEYROQWUFEPVU QZ

‘JMF TUEPVU QZ MJOF

XJUul PQFO PVU MPH NPEF X FODPEJOH VUG

4Z0UBY&SSPS JOWBMJE TZOUBY

BT B@GJ

BT B@GIJMF 3FEJSFDU4UE

MF 3FE




P2HRHNTMKE ;. ERBE@MAHGHNAHNE-BNE® KMFFRMAHG

, RMAHGNIIHKMARIUILM:M>ENGINKAM . M>RE>EMBBERHMGHGM>QM
FG.:o RMAHGEEHPHMKA . BGEMBHEM>QM2 BKEL B GX® &>
LM:M>F>GM

(>MMLDWAE: UMK MB KL M

QsJou

XJUl PQFO PVU MPH NPEF X FODPEJOH VUG BT B@GJMF 3FEJSFDUA4UE
QSJoU #

QsJouU $

OA-MMHFIEBXxIMEM - M>K>BMK>PKBMEHF>MABERE><H@ GBS :;E>

XJUI PQFO PVU MPH NPEF X FODPEJOH VUG BT B@GJMF
XJU|I 3FEJSFDU4UEPVU5P B@GJMF
QSJOU #

L MAK>P KIBAMMHFRHNMNAE &R0 XJUILM:M>FH G®I:L NPB-M KNBIS< H HM ABM AG K>
\HNMXKUILM:M>EAGBNEZ.FBEBGKMBMI>GL 0" >G<HM>QBRE>>vU MPHK
PKBMGB &6LA. B @ A&3M K>H FC >MIMO : KB GERP>BF@ GIMN MW A : M MMARG BIR BIG@ > K >

XJUIl 3FEJSFDU4UEPVUS5P B@GJMF

SA>SKSMABT<E:NQAXJUILM:M>EHGMGI'MNKEEBRB&GEENEBRHN: G EENG<MBHG
B @ GBIKE M DKEBRHHK: G\ : O>XJUILM: M >MAGM > L G'LNBN@ASI U I<K H G MM IDO: K B %S>
MABIL RHNHMHGBR M>KBE®MMBSE>® ?>HKMIAB3FEIJSFDU4UERMHIGM>QM

SA:MKMAHUB>®?>0MI>EHHBB LBA>FEIJSFDU4UEREJAFHABIE:BL<NLMHFGM>Q |

F:G:@XXKE:KLG>: <HGM=QM@,RK>?BGPEI@ <B>MAHFEdQFOUFS @@

@@FYJU@ @




DMBTT 3FEJSFDU4UEPVUSP
EFG @@JOJU@@ TFMG PVU@OFX
TFMG PVU@OFX PVU@OFX

EFG @@FOUFS@@ TFMG
TFMG PVU@PME TZT TUEPVU
TZT TUEPVU TFMG PVU@OFX

EFG @@FYJU@@ TFMG BSHT
TZT TUEPVU TFMG PVU@PME

OA®@J0JU@Fe@MABIK.EBF->=B:MMER GLMBEK> M. DEGH K: F>MBAK>
LMKHFCSMMRMR:GMMNL>LLM: G=HKMPNHMW AEBR? ™M A<>H G MGAQBV> M AGINL N > L
MABGM K>H FC >B<@GB G L MOGKB LIEHPMARPKM A K- LB E: M>K
OA®@FOUFSXMABIELI><BEEEEMAHRM AHGERA >SGC M >KBBE@Mi2Q WM A >

> @BGGM&SGUILM: M> FoAEI> M AHO MASNKKO ENN 22T TUEPBRBFMG PVU@PME
MAXG=BKOMMIHKMIRMLB@GBG @VUADHEXT TUEPVU
OA@FYIJUFT@MABIEGHMAPIKBEEEE M A HRM AH GERA >5Q B WR&SHIG MieQ MM A >
SGHMAXRUILM:M>FeABI>MAK=LMHK>G =H K #¥ MBINHLK B @B ENE& L L B @VGARSGCAR> =
TFMG PVUGP.MMMHZT TUEPVU

, NM MVBBMGENEH @ > M A>K

QsJou

XJUl PQFO PVU MPH NPEF X FODPEJOH VUG BT B@GJMF 3FEJSFDUA4UE
QSJOoU #

QsJou $

OABPBEEB KM AZ A% GM>K3B G BOR|K AM> K F B® NEG QVBABOK B KMWASHFF: G =
EBG>

OAKLUUIL M: M > M= Baktiomma-separatéidt of contextsOAx<HFF: L>1: K BIMEB DI>> K BIL
G>LM3>El; EH<DA® B KIHNG VEELBIMAH N M >KH <MDAB: IHVG E B L BIM AB G G >BH <O\ >
? B KIHVG MG & [? B RI*AL> < HGHG MGCXENB Kzd MU E PM W AL>M K >H FC SMAMPML< K > : B %=
MAZB KIHNE M >Q M




><:NMABLIOU? NG < BIBE S< NAVBNWMASH G MSKBNMNRM A UIL M : M > IBREBME BIM B G M
M M Al>< K >B BIB E E BN AZBEWU MP H
OAXJUIKH=EHBRBO>RMAAGMHE=<AHGM>GQGMAMKHPA:M>BBIKA=RNIHG
>QBMBB@MGANHGMEGM@ 2KKFE:LM BG 2 BIK4DH BB MBGE< HGHEG M>Q M
<A:G@2T=TUEP\VE DM IB NHIK B @B EINBA MA>B K IHNE MSEHIMAZBE >F >RV U MP/HB G < >
LM:G=HKM N M>>&>L M HKB-NHLK B @B ENEE EBA&X©I0U? NG < NBEG< @ : BIGB @ M
MAB<K >>G

.>=BK><MBG@KKPKKBDQ:<MBRFP:RNLBG®TUEFBS LM ZT TUEPVU

11.7. FURTHER READING

V.>:=BG@ KBMBBBLARMAHGINK@KB:E
VIPFH=NE>

V/IMK>HEC><ML

V_HGMFO&: @WRI>L

VTZT TUEPMTZT TUEFSS

V"1/ HE@EBDBI>=B:



http://docs.python.org/py3k/tutorial/inputoutput.html#reading-and-writing-files
http://docs.python.org/3.1/library/io.html
http://docs.python.org/3.1/library/stdtypes.html#file-objects
http://docs.python.org/3.1/library/stdtypes.html#context-manager-types
http://docs.python.org/3.1/library/sys.html#sys.stdout
http://en.wikipedia.org/wiki/Filesystem_in_Userspace

CHAPTER 12. XML

In the archonshipf AristaechmuBracoenactechis ordinances.

N Aristotle

12.1. DiVING IN

N > KEFEA<A IMBMIABIHR>OHEKBGNGI B>+ :FIECH=>NM) ( BL G/HWNdMH =>
BMAMMHNMM+G><HFFHNLH?2)(BLLRG=B<2MWBWSENBMAES: M>KIMBKESEHT®HKNF
HKAMAZKS IN>G MER>NL8MHE>MH INE BH @ GHB?2OABEIBKH=N<>>ENI=:8M
PA>G>G>RKMB<BEkNMMBHPGHKEHELMLIN; EBLAPN: @HE E HPH,®
\LN;L<KB/BGI@}GCRHN.CHEENEMEIHERBMA>=B<\M>>0 @K @BWHK @ E >

LRG=B<MBHG



http://www.perseus.tufts.edu/cgi-bin/ptext?doc=Perseus:text:1999.01.0046;query=chapter%3D%235;layout=;loc=3.1
http://en.wikipedia.org/wiki/List_of_feed_aggregators
http://www.google.com/reader/
http://www.google.com/reader/
http://atompub.org/rfc4287.html
http://atompub.org/rfc4287.html

YNM WFSTJPO FODPEJOH VUG
GFFE YNMOT ITUUQ XXX X PSH "UPN YNM MBOH FO
UJUMF EJWF JOUP NBSL UJUMF
TVCUJUMF DVSSFOUMZ CFUXFFO BEEJDUJPOT TVCUJUMF
JE UBH EJWFJOUPNBSL PSH JE
VQEBUFE 5 7 VQEBUFE
MJOL SFM BMUFSOBUF UZQF UFYU IUNM ISFG IUUQ EJWFJOUPNBSL PSt
MJOL SFM TFMG UZQF BQQMJDBUJPO BUPN YNM ISFG I1UUQ EJWFJOUPN
FOUSZ
BVUIPS
OBNF .BSL OBNF
VSJ IUUQ EJWFJOUPNBSL PSH VSJ
BVUIPS
UJUMF %JWF JOUP IJTUPSZ FEJUJPO UJUMEF
MJOL SFM BMUFSOBUF UZQF UFYU IUNM

ISFG 1UUQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP I1JTUPSZ
JE UBH EJWFJOUPNBSL PSH BSDIJWFT JE

VQEBUFE 5 7 VQEBUFE

QVCMITIFE 5 7 QVCMJITIFE

DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN EJWFJOUPQZUIPO
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN EPDCPPL
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN IUNM
TVNNBSZ UZQF IUNM 1VUUJOH BO FOUJSF DIBQUFS PO POF QBHF TPVOET
CMPBUFE CVU DPOTJEFS UIJT BNQ NEBTI NZ MPOHFTU DIBQUFS TP GBS
XPVME CF QSJOUFE QBHFT BOE JU MPBET JO VOEFS TFDPOET BNQ IFM
00 EJBMVQ TVNNBSZ

FOUSZ
FOUSZ

BVUIPS

OBNF .BSL OBNF

vVSJ IuuQ EJWFJOUPNBSL PSH VSJ

BVUIPS

UJUMF "DDFTTJCJIJMJUZ JT B IBSTI NJTUSFTT UJUMF

MJOL SFM BMUFSOBUF UZQF UFYU IUNM



ISFG 1UUQ EJWFJOUPNBSL PSH BSDIJWFT BDDFTTJCJIJMJUZ JT B

JE UBH EJWFJOUPNBSL PSH BSDIJWFT JE
VQEBUFE 5 7 VQEBUFE
QVCMJITIFE 5 7 QVCMJITIFE

DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN BDDFTTJCJIJMJUZ
TVNNBSZ UZQF IUNM b5IF BDDFTTJCJIJMJUZ PSUIPEPYZ EPFT OPU QFSNJU
RVFTUJPO UIF WBMVF PG GFBUVSFT UIBU BSF SBSFMZ VTFGVM BOE SBSHF
FOUSZ
FOUSZ
BVUIPS
OBNF .BSL OBNF
BVUIPS
UJUMF " HFOUMF JOUSPEVDUJPO UP WIJEFP FODPEJOH QBSU DPOUBJOF
MJOL SFM BMUFSOBUF UZQF UFYU IUNM

ISFG 1UUQ EJWFJOUPNBSL PSH BSDIJWFT HIWF QBSU DPOUBJ
JE UBH EJWFJOUPNBSL PSH BSDIJWFT JE

VQEBUFE 5 7 VQEBUFE

QVCMJITIFE 5 7 QVCMJITIFE

DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN BTG
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN BWJ
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN FODPEJOH
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN GMW
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN (*7&
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN NQ
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN PHH
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN WJEFP
TVNNBSZ UZQF IUNM S5IFTF OPUFT XJMM FWFOUVBMMZ CFDPNF QBSU PG
UFDI UBML PO WJEFP FODPEJOH TVNNBSZ
FOUSZ

GFFE



12.2. A 5-MINUTE CRASH COURSE IN XML

WRHNEK>D-GRHPHN4A ( RHA: G D BIABY<MBHG

4) (BL@>G>KFEBSZ =L < KB;BK@K kK MBN:EM:NKG z ) (document< H G MHES® - H K >
elementsP A B <K= > E B F;BRfartandendtags OABL <HFIE>M>»>BMBG@=H<NF>GM

GPP

GPP

0 A BIM fstarttag H MAGPPE>F>G M
0 ABMAR: M < ABdia@H MAGPPE>FXBM>E: GIBIGXE M BRKBMBEG @ A>F NMB <L
<H=>0>KMR:M MeN L;Mclosed F: M<A>R= <HKK>LI|HGHMM @@

IE>F>6 MNGlnestedMHGR>IMA&>E>FE6BGLBGE>Fs@M L : BMIH> : subelementd K
chidH®&PP

GPP
CBS CBS
GPP

OA®BKREMFBGN >KR =H<NFBG&M BWwAvotelement G4 ) (=H<NFxGWNGBROERG >
KHEM>F>0GQ\M H E E HBhd GrexmL document ;><:NBM:IMPKHHBM>F>GML

GPP GPP
CBS CBS

IE>F>& M3\ Cattributes PAB<KAG :F> OIEBIKIMMKB ; K BILMB-M K BIGM : M M@? G
SE>F>G#>1:K: MRPA B M > |Attributenames< : GG HM K > | > : NP B-M ABE > F Athributevalues
FNLMINHMSHN:RNL>BMAB GIKEKEER N ; ENHM> L

GPFMBOH FO

CBS JE YNM QBQBZ MBOH GSCBS
GPP



OABPPE>FAGIMG>MMKBGNAWHBOKB A :ENB NMIBOHV M K B;INOM >
OAXBSE>FAGIMPHVIMKBMINM>HE:GMBOBAD  ENBNMBOHMMK B;INMABIH>LG"M
<HG?”EBWMcPPE>FBGUR: R :<AE>FAGIBNHP G>NM?MMKB;NM>L

%:%G> E > F AGIMH KM A HG >M M K BV Ri¥ke= > KHIBMGAGM M K BBIECMIVB @ G B BB-E:XGAW G MM L
"MMKB?7NKBNGHK=EKE®D >RGO :ENERDRMA3+BX M B B 46> KBH HE B IVBIMIA >
GNF;, HRMMKBRKNM>E>?BIE><AE>F>GM

I E > F > & M3\: Qext content
GPP MBOH FO

CBS MBOH 1BQBZBS8IDBS
GPP

E>F > Gl &M G MG BVG> QOGS H A B E =Kenty

GPP GPP

OA>B¥* LAHKMAHBIKB MBGNERE>F>RVNMMBGE®: K: <BMB KM M MR H &: G D BIA >
SCM: @EMH@MAYK=H<NFBGIMX>OBHNEIEHNEPKBVEBMABGLM>: =

GP >

(BDRMAMHNG < MBGEXGI><E:BGB?? middu@dh ) (>E>F>GBE=><E:BGB??>K>GM
namespaces :F>LI:<NLN:EHEBDXL5HMNML>GYNMGT <E: K MBIH® Gefaultnamespace
G:F>LI|=><E:KENHBH&F BVEHG: M M K B \NB/Ré: L =B ? ? 3 K KGHIL >

GFFIYNMOT IUUQ XXX X PSH "UPN
UJUMF EJWF JOUP NBSL UJUMF

GFFE

OABFFEPE>FBBMAPUQ XXX X PSH "UPNG:F>LIl:<>
OAXIUMFE>FBGMLBIM ADUQ XXX X PSH "UPNG:F>LI:&AG:F>LI=><E:K:MBH
??7>NMPBE>F PAMKBMS<E . KENEEABHE—=F>GML



S5HN:GELML>GYNMOQSFGF><E:KMBHPB G=>F>LI|:G=LLH<BMBMpkefix 0A>G
>:<AE>FBGMOGMF>L 1 IKNLM> Q| EB=<BMERB BIAIK >?B Q

BUPN GFYNMOT BUPN Il1UUQ XXX X PSH "UPN
BUPN UJUMF EJWF JOUP NBSL BUPN UJUMF
BUPN GFFE

OABFFEPE>FBBMAPUQ XXX X PSH "UPNG:F>LIl:<>
OAXJIJUMFE>FBEMLBIMI A®UQ XXX X PSH "UPNG:F>LI:<>

L?:KL:G4) (I:KLBKHG<>HKVAHK>OBNHMNK,) (=H<NF>&Hkdntical *:F>LI:<>E>F>G N\
G:F>4)(B=>GMBEVMB{GERBLMN>?"MKs :F>LI|:4{HMAXMNKE 2B >BUPNBL
BKK>EGAXBEM>LI:E>M<MA>E>FXGMHE: M<MASMMKB ;HNIE:><ED?MMKB ANM =K =

> <AE>F>MMONMGCMEGOGIMAMA>K>M AKX =H<NF>&MIAL>: F>

"BG:EERH<NF><G® HG M:B.EK . <M><KH BB3>?@ K FH MVBAPB IEIBNG>? H I AKH H M
SE>SF>ERHNSNKBAMNR=H<NFxEVHGMBEBGHK P NB&LS> MUIH>D GHPX?HK A >
=H<NF=@@W®WI:KL>><MBH®A%) (LI><B?B=>MBHERMK>LHEABM<A

YNM WFSTJPO FODPEJOH VUG

G=GHRHDGH®PN:EGHNQ@AVMH>=:G@>KHNL

12.3. THE STRUCTURE OF AN ATOM FEED

OABEBRP>;EHE@ G:<IG R>;LEPNBMK >IN NGMEIRHEGMEBDN* <HFOA* BEMIASE?
: MBME* <HF]: LN;MBMBE>DB®®@L / 3HKE3>:MA+EM>KM :& @QB=GMPL]:
E:LM NI=:M*NI=:M>=1F! 0 /:M:R ] :G= EBHRKMBKHEAMMB??>K>GM
MBFbkAKMBEEA: L MBMEBKLM INSEVBIGNE R ;>ELHE:LM NI=:MBRIA+R;EBLA>

: <HKK > {NBBHGMR IHG = NG B AINE


http://www.w3.org/TR/REC-xml/#sec-guessing-no-ext-info
http://www.cnn.com/

OA>MHERG=B<WMBEBB>LB @MEH*FMNEEMABG?HKRB @BM G =2KKF)RMP>;EH@
:G=** <HREKPBE=BR?>BEGEMNBL&EEI>G=N=B>GCWA>RMA OMA>F>:LB<
LMKN<MNKHFA:L MBWMBEEHAOL MBME><HFIN;EBLAMB %EN>EBKMB<E>L

MM AM HE > BMEAocotelement PAB 8 > KMRH P > >1=A . K MIAGFF B E > F B@M >
IlUUQ XXX X PSH "UPNG:F>LIl:<>

GFFE YNMOT IUUQ XXX X PSH "UPN

YNM MBOH FO

IlUUQ XXX X PSH "UPBMAMHKB:F>LI:<>

GRE>F<xGBHHGM@ SM MBAWM KBP ABI=A<E MABR:C@ NMA>E>F>G#H MIABE=K>
% M ABIL MAXNM MBAWM K B;ENMCE | K 6 0V AKH B > F SFGANB B A : GNL AS>G MBXCB-B G

' G@EBLA

G MHP>><HGMLBOERIBEEBG?HKE;MBWG&>>SB-MLGASLK =><E KXABEHR>G
MAKRHHM &EpPREHEF>GM

GFFE YNMOT IUUQ XXX X PSH "UPN YNM MBOH FO
UJUMF EJWF JOUP NBSL UJUMF

TVCUJUMF DVSSFOUMZ CFUXFFO BEEJDUJPOT TVCUJUMF
JE UBH EJWFJOUPNBSL PSH JE

VQEBUFE 5 7 VQEBUFE

MJOL SFM BMUFSOBUF UZQF UFYU IUNM ISFG 1UUQ EJWFJOUPNBSL PSEH

OAMBNEABL>BEIWBOUNBSL

OAXLN; MBMRABI>B-DVSSFOUNFIUXFBEEJDUJPOT

10>KRR>G>>=@EH NEBRBN>GMB2B>K ?HAKHM KK > MG >

OARL > LE: INM=: MB#G :K<A ‘M #)0 OABINLN:EBNBOMMGRMLM FH=B?
=:MBMAPH LI <>&MB <E >

*HPM ABIGM@ M M >B\G M > K 8 AIMB G IGE > F AGIE HV > @ MIG M NGB/ : M A K:WBM K B SN M > L
UZQRG*SFGOASFM :ENM>RERA:MBGEBRBBBISFM BMUFSOBYEGMAMABLEBGD
M HG: E M > KIG NK> L > GHVIMMBHEBA ¥ ZQF UFYWNM: MM K B>\ KBt A MABLE B | BIG

$0)(1:@>G=MABBNM X @ 20N8 BSCASFGMMKB;NM>


http://www.ietf.org/rfc/rfc4151.txt

*HPP>DGHWAMABL?>>>HKLBMEM>F>=BBSMHKDRABBAO:BE:ME>
IUuUQ EJWFJOUPNBSIGRBHE :INM=: MB#G :K<A

EMAHWABK =BIRE>F>GHMEK>E>BEHW2) (= H<NF>EBG.H M
K>E>BGGMHRP>>=

? M MKA>> > = B> E BN ABBH'M APH LIPS <> & M B <& >KM BEHEHIDB M A B L

FOUSZ
BVUIPS
OBNF .BSL OBNF
VSJ IUUQ EJWFJOUPNBSL PSH VSJ
BVUIPS
UJUMF %JWF JOUP IJTUPSZ FEJUJPO UJUMF

MJOL SFM BMUFSOBUF UZQF UFYU IUNM

ISFG 1UUQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP IJTUPSZ
JE UBH EJWFJOUPNBSL PSH BSDIJWFT JE

VQEBUFE 5 7 VQEBUFE

QVCMITIFE 5 7 QVCMJITIFE

DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN EJWFJOUPQZUIPO
DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN EPDCPPL

DBUFHPSZ TDIFNF 1UUQ EJWFJOUPNBSL PSH UFSN IUNM

TVNNBSZ UZQF IUNM 1VUUJOH BO FOUJSF DIBQUFS PO POF QBHF TPVOET
CMPBUFE CVU DPOTJEFS UIJT BNQ NEBTI NZ MPOHFTU DIBQUFS TP GBS
XPVME CF QSJOUFE QBHFT BOE JU MPBET JO VOEFS TFDPOET BNQ IFM
00 EJBMVQ TVNNBSZ

FOUSZ

OABVUIPSE>FNGPEHK KHMABKIWMB<HEP@ NRF>=KDPAHRHXN:@BGH:?BGC @
lUUQ EJWFJOUPNBSLORAIBIM AL F>LMAEM>KEB BG A>>>F>M:=;MB MH> LGP
MH>):GR>; EHA@QFN E M:BNIE A Bt K4R B NIAA HEPKGE>K L HE=H B M >

O0AXJUMFE > F xaCBVAM B M A K M B\<BEGB-G NBILMHKR=BMBHG]


http://diveintomark.org/

L PBNM>>>= EEQ>KES BMBBILODL E > F @EAWALE = K SH M A$0 ) (O>KLIBMGBBKMB<E:
IGMKBB®R>>6>>=NGBBN>GMB?B>K

IGMKBOMPH: M>12BKLM INSEBIVCMITIFE= E:LM FH=BWBQEBUFE

IGMKB S 036 K BM&NFR HIK : M > @ 19 K B K M BLBESG=XVFJOUPQZERPPCPRG =
IUNM

OASVNNBSE>F @B >KBENFF:KRMAKMBOB>BLELHDPOUFDE>F>GHMHP G
A>KBRHR:GMIB G < BWASH F | E > BEGR H K > O ABNNNBSE>FAGIMAMHF
LI><®m2BE IUNMMKBP NBIER><BMBMABNFF:BRLGBIHMo ) (G HIM : B/G @ M BLL
BFIHKMBX&M: 1$0)(LI><BGBKBMBEWEBTI:G=IFMMJQPABEKAHNEK>G=>K>=
\[] :G3Y] K:MABAK=@BLIE =BK=><MER

"BG:HRRG M : @HW AP0 USTE > F SLBMD GMRBG @M AB> M : = 2MM ABUM B <E >

12.4. PARSING XML

,RMAHG: KL#&) (=H<N F>BGEEWIO >K::EELoM: IMK:=BMBH:&:E 4 |:KL>KNNMP BEHE<NL
HG =B??>HBBVNEREE=F>GMOK>>

JNQPSU YNM FUSFF &MFNFOUS5SFF BT FUSFF
USFF FUSFF QBSTF FYBNQMFT GFFE YNM
SPPU USFF HFUSPPU
SPPU
&MFNFOU \IUUQ XXX X PSH "UPN"GFFE BU DE FC

OAFE>F>GCGMOEKKBKKMMARMAIG G=ERBR=KBKRIM FUSFF &MFNFOU5SFF
OAKBF  XKRMKB GNWNHAXE>F>GCMOBKKBKIRGBSTF?NG<MBB&AGM:DBE>6G K>
:G4)(=H<NFBGMK>F>BXMMER

OA®BSTF?NG<KNBMBKB ICFABKAIK>LMA&KMILMBHK<NF 9@ Bihot MAKHEBMEM>F>G V
OHO >N >?>KMBKAKH B >F><GBEABFUSPPUF>MAH=



http://en.wikipedia.org/wiki/XML#DOM
http://en.wikipedia.org/wiki/Simple_API_for_XML
http://effbot.org/zone/element-iterparse.htm
http://effbot.org/zone/element-iterparse.htm

L>QI><MARLHBMEM>FBAMAWGFFEE>FB@MWAIPUQ XXX X PSH "UPNG:F>LI:&A>
LMKBSI®> L >GHNMMB HGKM G ? HSBFIHK VMHB BG4 ) (>E>FBGMHF ;B G HIBM G
G:F>LI:GBML @: F>: EL<HE B»Aoealname |O>KE>F B@GWBH<NFBBM AMHF
G.:F>LI'EBEMAKHBMEM>FBEMIK>L>GWMPMUQ XXX X PSH "UPNAGFFE

IE>F>GMOKK>L2GME>F>GMBNFTQBOPDBMOBMANLEEEG NL >
MABHKR GBNEMEKBMAE>F>GMO%>>

12.4.1. ELEMENTS ARE LISTS

WMBAE>F>GMOK>G>E>F>GNEB DEBQAMB M >HF'M ABBIIKMM AE > F>GABE=K>G

DPOUJOVFE GSPN UIF QSFWJPVT FYBNQMF
SPPU UBH
\IlUUQ XXX X PSH "UPN~GFFE

MFO SPPU

GPS DIJME JO SPPU

QSJOU DIJME

&MFNFOU \IUUQ XXX X PSH "UPN"UJUMF BU F C E
&MFNFOU \IUUQ XXX X PSH "UPNATVCUJUMF BU F C F
&MFNFOU \IUUQ XXX X PSH "UPN"AJE BU F C D
&MFNFOU \IUUQ XXX X PSH "UPNA*VQEBUFE BU F C G
&MFNFOU \IUUQ XXX X PSH "UPN*MJOL BU F C C
&MFNFOU \IUUQ XXX X PSH "UPNAFOUSZ BU F C
&MFNFOU \IUUQ XXX X PSH "UPN"FOUSZ BU F C
&MFNFOU \IUUQ XXX X PSH "UPNAFOUSZ BU F C

HGMBGEKBMARK >OBHNE | BPAKHBM >F B&RMUQ XXX X PSH "UPNAGFFE
OAXE>GC @ WAMAKHEME>F BBMGNF; HKKABE=>F>GML
S5HN:GNLMA>E>FBOM &:ESB M > KMNEHHKIM A K H:E@B MIA BHE=F>G M L



LRHN:G>2KHWARNMIMM>KSB G =>><ABHE=>F>@EMWMMA?>>= B> E MUMF
TVCUJUMEVQEBUFGEMJIOL?HEEHRMAMAKFPOUSZE>F>G ML

S5HNF¥:RA:O0O@ N>LMAELK > ;;-\NRWP : GMHH B 8 MNMQ | E B MBBAEHRM A BH=> F >I6G/H.R

B G <Editect4< ABE FKSAM APOUSZE > F>GMAM BSBKE AB E 5 K MGA HIKS6G HBIG <E R 6> =
MAEBOQAM>RHNPEB G<EHNG&PAEBHM: <AOUSIK ABE 5 K MG >IR% HB/G <E R &AESBH M
MAGFFE<ABE OKR>BKP . RMRBGE>F>GHALM MSHKRE >> | ER L MMBAIR>P > NEHEH D
MPHN<PARE: MB® ABA:IM>K

12.4.2. ATTRIBUTES ARE DICTONARIES

4)(BLENLWVHEE>HMBHIE>GMBAE>FXGOE LA OBMIIPE>M?MMKB +NGMRIHAN: O >
P K>?>KMGE1LP> <BERF SRHW: G : L BEERBRWIM M KB:;;INMRMAFBX MBHG: KR

DPOUJOVJOH GSPN UIF QSFWJPVT FYBNQMF

SPPU BUUSJC

VVIUUQ XXX X PSH 9.- OBNFTQBDFA*"MBOH FO ~
SPPU< >
&MFENFOU \IUUQ XXX X PSH "UPN*MJOL BU F C

SPPU< > BUUSJC
\ ISFG lUUQ EJWFJOUPNBSL PSH
UZQF UFYU IUNM
SFM BMUFSOBUF ~
SPPU< >
&MFNFOU \[UUQ XXX X PSH "UPNAVQEBUFE BU F C F
SPPU< > BUUSJC
\A

OABUUSIKHI>IBMRB <M BH® ASE > F > GMAK B OMMEKB @ BIGD B> KP> L GFFE
YNMOT I1UUQ XXX X PSHUPNYNM MBOH F@)AWNM|K>?|‘B>Q?:NNZ'L;NBE@|ZFB:€L|Z<>
MA>ND >KR =H<NF = GNLP BMA+NNME : RBIG @

OA®BXMBEE<>BG ;:L>EBLBMAWOBPE>F>GM
OAMIOBE>FAGIMAKMMKBINMELQEGSFM

OAPHNKINBE=>BG :L>EBLBMASQEBUFE>F>GM



OA¥YQEBUFE>FAGIMHMMKBLNMBMAUUSIECNIOAFIMEHRB<MBHG:KR

12.5. SEARCHING FOR NoODES WITHIN AN XML DOCUMENT

IH? . P> "@HKDPBNWAB)L( =H<NF»XMHMFAMHIHP G W : KMB®AKH BME > F @ 3VM M B (
BMABHE=F>CAWHGIAKHN @APHNM F>EM .- GRLH?2 ) (K>INBHKMRBGE<B?B<
>E>F>0OWKIx >G HM A \WH H

JNQPSU YNM FUSFF &MFNFOU5SFF BT FUSFF
USFF FUSFF QBSTF FYBNQMFT GFFE YNM
SPPU USFF HFUSPPU

SPPU GJOEBMM \lUUQ XXX X PSH "UPNA"FOUSZ
< &MEFNFOU \I[UUQ XXX X PSH "UPNA"FOUSZ BU F C F
&MFNFOU \IUUQ XXX X PSH "UPN"FOUSZ BU F C
&MFNFOU \IUUQ XXX X PSH "UPNAFOUSZ BU F C >
SPPU UBH
\IlUuUQ XXX X PSH "UPN~AGFFE
SPPU GJOEBMM \lUUQ XXX X PSH "UPN~GFFE
<>
SPPU GJOEBMM \lUUQ XXX X PSH "UPN~BVUIPS

OAxBJOEBMW>MAMHBEGABH= F>MAMANMM<A I ><BABKRHKBEGIAPN>RR KB 6
FBGNM>

I'<AE>FP@EAG<ENVABRE @M >F>EMELHABHE=F>GMIL: GIJOEBM¥>MAPMAMB GEE
F:M<ABEB® >.G M GNEASE > F > GAB'E = K B\ RK > A KGR > L N EENVILA HBNMD RG H;M
H:OBHMNMAIBKMB<IINEKE ER: K<NAPE>F>GABEZFRSEGAKHKMFEE>FAGIMHKABE=
G:F>GFFEMABN>KRMNIGSEI MBRB L M

OABKCLNERME LIINK I KRBHLEBA>KBXGBVUIPSE > F BGBMVABH <N F BGM<MA > KM AK > >
HGBG:<AOUSZNM A HLVIPSE > F >@MLHIMectchildrenH M AKeH B > F SNGAVR IR>




\@K:G=<AHBIMKISEBER>F HGMABE=>F>GRHR:GMEHRBB3VUIPSE > F > GINGLR
G>LMBORHEN: GHVA ;MM APN>RRKBMEB@RMERK>GM

USFF GJOEBMM \lUUQ XXX X PSH "UPNA"FOUSZ
< &MFNFOU \I[UUQ XXX X PSH "UPNAFOUSZ BU F C F
&MFNFOU \IUUQ XXX X PSH "UPN"FOUSZ BU F C
&MFNFOU \IUUQ XXX X PSH "UPNAFOUSZ BU F C >

USFF GJOEBMM \lUUQ XXX X PSH "UPN~BVUIPS

"HKHGO>GBAGSSFH ;C>KMMN RIGENEARUSFF QBSTFN G <MBIHGO >K>HE A W-AL M

F B K KMHARB> M A U AKH B > F S0A\MK > L N K MIIAL>: F>LBR HAN: < : E BWA>

USFF HFUSPPU GJOEBMWIMAH=

,>KA:LNKIKB VBAB@BFRR > HM GIABVUIPSE > F>ESONABH<NF3BMGHM <:NMABL
BCNLMAHKMHKIMF HFUSPPU GJOEBMM \lUUQ XXX XUPSMHVUIPPABEA:GL
\?BCEEABVUIPSE>F>NMIKI<ABE HRPABHBHE>F>GCMBVUIPSE>F>EGMIHMABE=K>
HMAKH EBME > F SNCGAP RABE HRPABOUSZE>F>GANMAPN >KR>LIGAMNERE: M<A>L

OA>KBXELHJ0E F>MARABKAMNWKAZB kLM< ABBES>@ >0GANBLN L > ?NIKB M N : RIABHGL
RHNKHGERI><MBG @ <AKB M A>K>F N E MB:IM < ARHN G E RK> H NWA2B KILAOW

FOUSJFT USFF GJOEBMM \lUUQ XXX X PSH "UPNA"FOUSZ
MFO FOUSJFT

UJUMF@FMFNFOU FOUSJFT< > GJOE \lUUQ XXX X PSH "UPNA"UJUMF
UJUMF@FMFNFOU UFYU

%JIJWF JOUP I1JTUPSZ FEJUJPO
GPP@FMFENFOU FOUSJFT< > GJOE \lUUQ XXX X PSH "UPN~"GPP
GPP@FMFNFOU
UZQF GPP@FMFNFOU

DMBTT /POF5ZQF

SHN:PMAB® AIK>OBHNEIEcAMBGEHBABUPN FOUE>F>GML
OA®BJIOE F>MAM=D>A E>F>G MINGHKERK >M NWKAZB KL M< ABES>@® > G M



OA>KEKEX H E>F>EMMABE MK R >GPPL HM ABEM N KGR

OA>BEL\@QHMPBNAGIOE F>MAMAPBEG>GMB MHRO G

; HH E <G MBEQWM > G MESCSHEHGOI>RBEG . ENMMBMTBVMAXRGM:BG
GHABE+#&KBBFO FMFNF®DW OABL>:GMAJBIFMFNFOU GJOE BL

G HN>L WBG @NARLIOE F>MAHMHHN GE: M < ABE® >BBWMELMB G @
PA>MNMAKNMM < ABES>@ AGIMG RABH=F>GINM>PMN>MNAEIOE
F>MAKI=MNK&>E> FNALMGFMFNFOU GJOE JTOPUPOF

OA>k> P:RMH>: KRKIEscendant E>F>IBMABE KK G =<ABEBEEIPE>F>BRBRE>LMBG
E>O>E



BMM@MJOLT USFF GJOEBMM \IlUUQ XXX X PSH "UPNA"MJOL

BMM@MJOLT

< &MFNFOU \I[UUQ XXX X PSH "UPN*MJOL BU F C
&MFNFOU \IUUQ XXX X PSH "UPN*MJOL BU F C
&MFNFOU \IUUQ XXX X PSH "UPN*MJOL BU F C
&MFNFOU \IUUQ XXX X PSH "UPN*MJOL BU F C B >

BMM@MJOLT< > BUUSJC
\ ISFG IlUuQ EJWFJOUPNBSL PSH
UZQF UFYU IUNM
SFM BMUFSOBUF ~
BMM@MJOLT< > BUUSJC
\ ISFG IluuQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP IJTUPSZ
UZQF UFYU IUNM
SFM BMUFSOBUF ~
BMM@MJOLT< > BUUSJC
\ ISFG IluuQ EJWFJOUPNBSL PSH BSDIJWFT BDDFTTJCJIJMJUZ JT B IE
UZQF UFYU IUNM
SFM BMUFSOBUF ~
BMM@MJOLT< > BUUSJC
\ ISFG IluuQ EJWFJOUPNBSL PSH BSDIJWFT HIWF QBSU DPOUBJOF
UZQF UFYU IUNM
SFM BMUFSOBUF ~

OABIN>KR\IUUQ XXX X PSH "UPN~AMJOBDOD>KBFBENKAIK>OBHNEIE>Q<>IM
?HHAMPHE :LAMMA> @ BGGM &N >KWRHIMPHE:LA>LEG=HGCNEMPBKBK><M
<ABE=23:R>Gy >E >F >k M® : K HE>> U MB®@HEM]AKL> L BE HEBH ®H WMKOBEE>F>G MM
CNHHK >

OABKEMNENMBK xAMEMAKHEMEM >F>GCRHN: G >2 KHE-MM M K B MNANBMA>>>= E>O
"EM>KEBMBINBGMNLA$0 ) (O>KLBMG@P>; L BWASWAZS>>=> | <KB;>L
OAHMAMKKCS>LNEME<AGMKR: EMOKEB WG BIAOUSK: L LBCGMBEABH=F>GM
><:NHMA=>HN EEB:LMM A;> @ B GG & > KRABNL>RRGEHEMA>F

+O>KIEEF>GMGKoeBUK>MABIEO >KRP >K?2NMNKMAPN>KERG @ N:@> ;BM
LNKIKBABK2® B <B LKEKBLYEB F BN EHKHK, . MAQIK>LIBH®BL 3 LM:G=Z2KHK



http://effbot.org/zone/element-xpath.htm
http://www.w3.org/TR/xpath

IJN>KRBGH<NF>EME>GCGMOK>KRCOQRBLB@FBEEKNVAMA- MM B H LBL<:K<ABG@
' NMBLLB*GHNGABW: R GGHRRBRHNEK>D®RHP,: MAHPE>MMHHM MABK=4)yKMR
EB; KMARM M>AE>F>GCMOKP>BEMNEEMANIIHKM

12.6. GOING FURTHER WITH LXML

MYNBLGHI>GHN KKAB K=HBK KNRARNBE-QMAPHINER; OFKLX2KMHOB=>L

<HFI:MBEEF>GMOKMA>Q M>EBERBMNEEMA LNIITHIGM ?>PHMAGE<>WNB>KK >
BCGLM:PDEBEKIHB G=HPBRGNQ>KAHNER: RIKMRN L=BLMKB ; NM BHGEBIDwB R B <
BQU HAWIB G L MKE<EH F | BEEG HBCHMN A KB>H H L B MFH/KAB->KLIR BI ING & 3 1B G L MY, K& ¥E
F:GN:EER

GSPN MYNM JNQPSU FUSFF
USFF FUSFF QBSTF FYBNQMFT GFFE YNM

SPPU USFF HFUSPPU

SPPU GJOEBMM \lUUQ XXX X PSH "UPNA"FOUSZ
< &MFNFOU \lUUQ XXX X PSH "UPN*"FOUSZ BU F C F
&MFNFOU \IUUQ XXX X PSH "UPNA"FOUSZ BU F C
&MENFOU \IUUQ XXX X PSH "UPN*"FOUSZ BU F C >

+G<BFIHKM¥sMKHOB¥AEF>, % LMA;>N B ENE BF> G MBDBG K=K R
QBSTF?NG<MBAHEG!'E>F>GMOK>>
HFUSPPU>MAHELMAL F >

GJOEBMME>MAHQ:<MEIR F >

"HE: K@X¥ =H<NF>GWBLB@ G B ? BIMBANERN B ENE >BF> G MBS K341 N MIGE R
NLBMARBE>F>GMOKESP :GMMNLMA> LMXLBEBREE>F>GRHKBGBIBGMRB F | HKWN M
G2 EEMMNMANBENEBEK>GMOK>>


http://codespeak.net/lxml/
http://www.xmlsoft.org/
http://pypi.python.org/pypi/lxml/
http://codespeak.net/lxml/installation.html
http://codespeak.net/lxml/installation.html

usz
GSPN MYNM JNQPSU FUSFF
FYDFQU *NQPSU&SSPS
JNQPSU YNM FUSFF &MFNFOUS5SFF BT FUSFF

NMYNBEHKMAGCGNLMLMEKF>GM®BKISEBM A >MABIG < ENN M HXHKH K >
<HFIEB<MX=>LLBHGL

JNQPSU MYNM FUSFF
USFF MYNM FUSFF QBSTF FYBNQMFT GFFE YNM

USFF GJOEBMM \IUUQ XXX X PSH "UPN” <IISFG>
< &MENFOU \[UUQ XXX X PSH "UPN~*"MJOL BU FFC B
&MENFOU \IUUQ XXX X PSH "UPN*"MJOL BU FFC
&MFNFOU \IUUQ XXX X PSH "UPN"MJOL BU FFC
&MENFOU \IUUQ XXX X PSH "UPN*MJOL BU FFC D >
USFF GJOEBMM \lUUQ XXX X PSH "UPN” <IISFG 1UUQ EJWFJOUPNI
< &MFNFOU \lUUQ XXX X PSH "UPN*MJOL BU FFC >
/4 \lUuQ XXX X PSH "UPN”?

USFF GJOEBMM \/4"BVUIPS<\/47VSJ> GPSNBU /4 /4
< &MENFOU \I[UUQ XXX X PSH "UPN*BVUIPS BU FFCB
&MENFOU \IUUQ XXX X PSH "UPN*"BVUIPS BU FFCCB >

%HEABQ:FIE"® HBGI®QPSWYNM FUSBE L ML =RESPMYNMNQPSAWSFFM B FIA:LBS>
MAMA>TI> MNK>®2IL><BMIHBYXN M
OABIN>RBGEEE>F>EEMIAMHIK . F>L1I:<GRPAB®BPA>H <N F MAMNMOGISFG
"MMKBOAM>WMWA>@BGGCHA&N>KR:G\>E>F>GRP A>KEHIW LM AB E HRPABHH M
SE>F>GIMUQ XXX X PSH "UPNF>:GIHGER>F>EBEMAMHB:F>LI:<3%:GL
\>E>F>RBWIARH<GEF> G=<!ISFGF>:GA:LGISFGMMKB;NM> ]
OAIN>RBRGEBMHBPE>F>FBBWAISFGPAHIO>ERMWUQ EJWFJOUPNBSL PSH

?M=K BIGH#F )N Bk KBHEKF : MMBGNELMA > KN BPEHFIHNGI> KB =SKMB =B < NEHHHON@ E F
MABN>KR: K<ABKWHBVUIPSE>F>MMANMOX MHNSI>E>F>XIGMABEABLGERMNKG
MPBIVUIPSE>F>MMC B MA>BKGNM ><HEDUSAABVUIPBGIAE: IFM U S¢H G MHEEIR

OBNG HM S



*HMGHNG@ERKHMNMYNMELBIGM > @ K1MHMEMK ; BM K, KWRA >Q I K>L L%BMGIE H B/GdEH
BGMHMAINM:MARGNMRMINE= PAHERPHNG BN L NV BEEHRHAHMBBGM>@K:
B G M¥YNM

JNQPSU MYNM FUSFF
USFF MYNM FUSFF QBSTF FYBNQMFT GFFE YNM
/4."1 \ BUPN IluuQ XXX X PSH "UPN 7
FOUSJFT USFF YQBUI BUPN DBUFHPSZ<!UFSN BDDFTTJCJMJUZ >
OBNFTQBDFT /4."1
FOUSJFT
< &MFNFOU \lUUQ XXX X PSH "UPN*"FOUSZ BU F C >
FOUSZ FOUSJFT< >
FOUSZ YQBUI BUPN UJUMF UFYU OBNFTQBDFT /4."1
< "DDFTTJCJMJUZ JT B IBSTI NJTUSFTT >

OHI>K?HKFMAN>KBGL:F>LI:<*E>F>BNE>>MHE>?BG>F>LI1K> 7B Q B Q@ BLL
CNLMMAFHBXMBHG:KR

$>KBLGA, . MAN>IOR A, MAQIK>LLBHKGSAHRKBUFHPSE>F>BBIAMHIB:F>LI1:<>
MAM GMBFGNM MK BP;BINMAGC: EBIDPDFTTICIMNM A: M MHIM MNMAR >KRLNEBEMIM
MAC>KIEHMAPN>KRKBBREEHEHMMBA> ;BNMA:M>:GLGMAXGMNKEGK>GM
>E>FHAGWADBUFHPSE >F RGIBIN2INMIN GHM ABBRG4Q BVWAN > RBEEGEEG M PBMAABE =
SE>FHGMBUFHPSESN BDDFTTJCJIJMJUZ

OA¥QBUI ?NG<KNBWKKEBGBH VE > F > G MDD IC>>MAABH <N F MAMKE G HIS >G MBI A
DBUFHPBAHWU¥*SBBDDFTTJCJIMJIUZ

4, :MAQIK>L =BHEW : REMNEBLME>F>GMIAGBMABE)IRH? | :KL>33 (= H<NF>GM
=H>LGHM @M B >B5MHG VnoBésL> 1> G = BIG@A SMBKIGH =% LG>>E >F > GWMK B HKM > L
>O>NG>QNGMOAK>LNEGL, MAN>IBREBHTH=9IABIN>KRMNKGBHLM>QGM=>L
MAM>QNGMEeKM HMAPRIUMFE>F>BLIMN UJUMRABN <A BHEM AN K K>ESM>G M



12.7. GENERATING XML

, RMAHGMHKHK) ( BGHBB F BWitt K L B@&Q@ L MBON® >5HWL: GE L4K > MX =H<NF>GM
?KHI<K:M<A

JNQPSU YNM FUSFF &MFNFOUSSFF BT FUSFF
OFX@GFFE FUSFF &MFNFOU \IlUUQ XXX X PSH "UPNAGFFE
BUUSJC \ \lUUQ XXX X PSH 9.- OBNFTQBDF*"MBOH FO »
QSJOU FUSFF UPTUSJOH OFX@GFFE
OT GFFE YNMOT OT 1UUQ XXX X PSH "UPN YNM MBOH FO

OH<K>:MEG>PE>F>BOMM: MIMEBUVIMNFOB BIHN: LIMASE>SFXSGM>G F>LI:<BH<:E

G F>XLMA>BKK@NFGCASBAM: M>RKGMWGEFBEE>FB@GMMHB :F>LI:&@ABPBEBEEH NK
G>RPH<NF>GHWMPHE>F>GM

OH:==MMKBVNWASI>PEIR>: ME>F>GM =B <MBHTM KK B5 NFMK ©O : ENB®LA >
BUUSIK @ N F>HGN/M A MVASM M K B5, NFMA H N EB ™ ALM : G = B > G MAHKIGE: M
\OBNFTQBLOHDBMOBNF

M:GRMBHPHN: G >KB:GEBRE>F>GM MIABE-FBNEMAE>F>GCGMPRKYSIOARNG<MBHG

3:LMALMKB:EBSI:KME MEBKENEA P RE>F>G MOKCB: EBS>lL : 43 ¢>E>F>EBIML
M><AGCGB<EIKERIG HMIMBBAEL . FIEY) (= H<SNF>NM> @ BGGCM&HA . | V=K B G > =
defaulthnamespaceYNMOT I1UUQ XXX X PSHUPN >?BGBG@: SEMLIBEKNL>?NK
=H<NF3IGEBVMBIMHPRP>>FIPA>SKO>KR>FBBW A FXG F>LI: << NRHN:G><E:K>
MAG. F>LIKG<&S=><E>KAE>FPBMANBMIH<GE>GFFE MJOL FOUSZO0A>IB%
GHo>>MMNL>GRK>?BNGHERHIR:GMHE><E>E>F>EVMHIGHMG>K> L <>

Ga)(I'KLPKHGWM>GRB??>K>BR>%6) (= H<NFPBMA>? . BEM LI :GC=G4a) (
=H<NFPBMAK>?B®:F=>LI:AK>LNEMBB®ABYLKB:EBS:MBHG

OT GFFE YNMOT OT 1UUQ XXX X PSH "UPN YNM MBOH FO

BB=>GMBKAE) HMABXKB:EBS:MBHG

GFFE YNMOT I1UUQ XXX X PSH "UPN YNM MBOH FO



OAHGER <MBEB?R > BMAMAL><HIGKB:EBELIMBKGEK : < MA KK P KP > KM H
K><:HNKGMBKIE>>PBMAT IK>7?B@QO>KR:KGWGWM: BFHNE=— <A:K:<MXKL
LM MM M:.@L<A:K:<MBKAG:F>LI=><E:KBWAPBHMEKMHM?E <A:K:<M>KL
LLNFBO@ >G<H=NMS®M""EQMRM>LMBKBIIB&SB®??>KKEMH ;RM>NMMBEE
;RMBL ;RM>LR;>MA=M>LE'MWVMMRHNNMHKHF>MBEBBZ@MHP >>RABEAR, >
“HPGEHL=9>MAEHNMBEPA>G>PMAK GC@>QBG@PRMPIK >JN = LGN B <BEWR

0A>NBENE BFRG> G MEDBC K= K REHH? ?M KBRG > @KHBGHEHES KB : BB EBIGI@: > =
>E>F>0WMLYN#MH > L

JNQPSU MYNM FUSFF
/4."1 \/POF 1UUQ XXX X PSH "UPN 7
OFX@GFFE MYNM FUSFF &MFNFOU GFFE OTNBQ /4."1
QSJOU MYNM FUSFF UPVOJDPEF OFX@GFFE
GFFE YNMOT I1UUQ XXX X PSH "UPN
OFX@GFFE TFU \lUUQ XXX X PSH 9.- OBNFTQBDF*"MBOH FO
QSJOU MYNM FUSFF UPVOJDPEF OFX@GFFE

GFFE YNMOT 1UUQ XXX X PSH "UPN YNM MBOH FO

OHLM:KM?BG>F>LI'K*IBGI@ =B<MBHBEXMBHGEMRK K :F>LI|: <<Bl<MBBISRKR
MA>>LBKS=?BIB P@FL: IK>?2BQ><MBOEHKRL? . BEMLI: <>
*HPRHE:G:LIMAWYNUMI><BP?PBEK @ NFRANBHNK>:NG>E>F>GNMYNRBEEL | WAL
G:F>LIIK>?BRIPN~*C23BG>=
L>QI><NMABXKB:EBESBBABIHIG  F>LIEMA>>? . BEMM LI i G=><E:MARFFE
SE>FPBMAHNM>LIIK>?BQ

+HILP>?HK @ HMMA>NM MBAWM KB5NIKM>GE P : RA= M M K BMNHM R E > F PG M/IAA >
TFU F>MAPROM: DMP HK @ N F 3MAMMLM K B5 NFMB>G M @ G =3 B > G MPOKIGCENMM MGA >
"MMKBE,NENNGCABEEMABIGE HWNUI><BABRKGERNUI><BXKEBEKMABQ:FIE>LMAGTNBQ
" K@NFMBE NG MKABEF > L | :I1K> ? BEJB A>> KB : EHBISH N M

K>)(=H<NFEBWBWHG>E>F3SKWH<NF>EBNM XHNKIBPMHN: G LBEKR (4B E =
>E>F>MMH



UJUMF MYNM FUSFF 4VC&MFNFOU OFX@GFFE UJUMF
BUUSJC \ UZQF [IUNM 7~

QSJOU MYNM FUSFF UPVOJDPEF OFX@GFFE

GFFE YNMOT IUUQ XXX X PSH "UPN YNM MBOH FO UJUMF UZQF IUNNMN

UJUMF UFYU EJWF JOUP IFMMJQ

QSJOU MYNM FUSFF UPVOJDPEF OFX@GFFE

GFFE YNMOT I1UUQ XXX X PSH "UPN YNM MBOH FO UJUMF UZQF IUNN

QSJOU MYNM FUSFF UPVOJDPEF OFX@GFFE QSFUUZ@QSJOU 5SVF
GFFE YNMOT 1UUQ XXX X PSH "UPN YNM MBOH FO
UJUMF UZQF IUNM EJWF JOUP BNQ IFMMJQ UJUMF

GFFE

0 H< K > ::McA BEE= F HE > Q B L MBG-E@BIM. M : GIMB/:MMFNEEUDIAHGERINBK > =
‘K@NF>IGMAI>K>GE>F>GMN@GB®MABIL>GMAG>PE>F>GM™B G MABABE =
SE>FPBHGAMMBNMF>L | K31 B G@ MLK > OM KB FHG > >M K >=><BAG: F > L | Hi%

| K > 288K >

5HN:GELIHL B GG: M M K B-;BNMHB H@®R: KR M M K B5; NFM © : E Nk & M M K B NENN> L
L>QI><NMAS>RIUMFE>F PGIMK>: BSEAMHB F>L1:<GBR: LB GL>KIMxABE~=

MAGFFEE>F>B BMAPIUMFE >FAGIMH > QNG MSGVK ABEHRBNBIP G1YNM>KB:BBIS.

L:G>FIMRE>F>BEBMA> LAHKM<NM

OHL>MAM>Q NG MHTBIME > F LW IIESBIMULFYUKHI>KMR
*HPMAMUMFE>FBGEMKB : PB8AM> QNG MEFM> QNG MV AN G MEBGL MB @KL
FI>KL:G=>bMIH>>L<: IPA>G>KB: MBS MN=G=FABL<:IBGMIHF: MB<:EER
5HN:GELHIERK>MKHRG MBHM A K B : E BPA BIB&I IGEHBNE> : DEM>B WM. @G=?M>K
LM:MM& 2 E >F >NAMIW G M:BEBE= F >;GINGLHM > @ NIG M%» GBIM < A MIBK:Ely NM==L
\BGLB @ BABBI<LGINE >D M AN M AFHKK>:=:;E>

SHNB@EMH GMKHA>DQFEPBIGHMNABK=HBBKK?PRAR® >G>K:MBG @

4)( %M D>2QM>AQUBICMARXUILM . M>MIHG M2 ) ( @ >G>K<MBHG
FHKEK>:=::E>



http://github.com/galvez/xmlwitch/tree/master

12.8. PARSING BROKEN XML

0A3)(LI><B?BRK:GBMGA EEHG?HKBBG L >KAIENRK: <HGRKMKG =EB G @]
MAFRLMEB=:M2BKtHHGMA=RM>QRHHKNMP >EE?HK EKKB® Bs) (=H<NFE>G |
3>EE?HKF>K® HIGL< BFNBLF M L MG\ G M : @IIG = > ? BGM BB/EEH@B ERA>K : <M >K
:G= GNF;HKHMASIKHMEKKBEGABIBGM: KBG MM HMASHKE F PG K FEBIDe) ( RHNK

' KHPL=>H>LGMMI> G = >KBGI@@BRHRHK @ BB H:IG$ 0) (M@K L<: IS FI>KL:BG
:G:MMK B, NENHSEBVL. <H FFHF® L <H G < MIABRIH GA : IG H > ? BSK KA G = EsBoQ @ K K HK

SKKHK ]

IHF3>HIEPRLBEXEN=EBMABW:L. FBLM?BMABGO>GIMHKMIF:G=:MK:<HGB:(
>KKAKE =E BG@/A¢ P KH @& & > KM IBGVEARE E MK>B F | E B REKE @ KG = EKBENGEGNLM
BEK:<MBA®*HG<HRW>EE?HKFB ME&BLIMBEMHNG=LLI><BPHELHR=H<NF>EBDL>
MHP>>MA:KI*N; EBLIHGMAPR>;.GL>KOPG3KW o0, >LIBMAR MNKBAMMR PAB<A
LM:G=:KBHE&X><HGRBRKRNK;=BBG @LNKO<HRG&M B IGAH PIER@ G B KB < MdEENH Gl F
?>>HIGMAR> KIE: @ ®RBMNWAEE ? HK B=CKGPHIL

/IHY%A:OHMMA>HK >/ B<<BMBx:ERMIH:KL#) (= H<NFXGWAERHL M ABMWMot MIA:EM
G MZ2BKW APB IPCM E? H K PR HRB BEH N KR >EMB G EM ABHHMYN®: G\>E |

$>KBL?K: @ PG MHD2G =H<NF¥3'WB@ AEB A4 KME 2 HK BKGPH L
YNM WFSTJPO FODPEJOH VUG
GFFE YNMOT IUUQ XXX X PSH "UPN YNM MBOH FO

UJUMF EJWF . IFMMJQUJUMF

GFFE

OA-MGEKKHX<:NMAP»PMMICGGCMBHRM?BBEGF( %BE>?BB&s) ( %RHM KMRH
|: KLMABIHD26>RB \A=>>? : NEMMBGO\®@BEAH BV ANG =>?BGMB MR


http://www.whatwg.org/specs/web-apps/current-work/multipage/syntax.html#parsing
http://www.whatwg.org/specs/web-apps/current-work/multipage/syntax.html#parsing

JNQPSU MYNM FUSFF
USFF MYNM FUSFF QBSTF FYBNQMFT GFFE CSPLFO YNM
5SBDFCBDL NPTU SFDFOU DBMM MBTU

'‘JMF  TUEJO MJOF JO NPEVMF

'IJIMF MYNM FUSFF QZY MJOF JO MYNM FUSFF QBSTF TSD MYNM MYNM
'JMF QBSTFS QYJ MJOF JO MYNM FUSFF @QBSTF%PDVNFOU TSD MYNN
'IJMF QBSTFS QYJ MJOF JO MYNM FUSFF @QBSTF%PDVNFOU'SPN63- TS
'JMF QBSTFS QYJ MJOF JO MYNM FUSFF @QBSTF%PD'SPN'JMF TSD MY
'IJMF QBSTFS QYJ MJOF JO MYNM FUSFF @Q#BTF1BSTFS @QQBSTF%PD'SP
'JMF QBSTFS QYJ MJOF JO MYNM FUSFF @1BSTFS$POUFYU @IBOEMF1B
'IJMF QBSTFS QYJ MJOF JO MYNM FUSFF @IBOEMF1BSTF3FTVMU TSD M
'JMF QBSTFS QYJ MJOF JO MYNM FUSFF @SBJTF1BSTF&SSPS TSD MYN

MYNM FUSFF 9.-4Z0UBY&SSPS &OUJUZ IFMMJQ OPU EFGJOFE MJOF DPMV

OHI:KLMABKIHD2 S =H<NF=GM BMWPL EE?HK =GR E >>MK K> . MSN L MAH K
I:KL>K

QBSTFS MYNM FUSFF 9.-1BSTFS SFDPWFS 5SVF
USFF MYNM FUSFF QBSTF FYBNQMFT GFFE CSPLFO YNM QBSTFS

QBSTFS FSSPS@MPH

FYBNQMFT GFFE CSPLFO YNM '"5"- 1"34&3 &33@6/%&$-"3&% @ &/5*5: &OUJU
USFF GJOEBMM \lUUQ XXX X PSH "UPNM"UJUMF

< &MFNFOU \lUUQ XXX X PSH "UPN"UJUMF BU FBE >
UJUMF USFF GJOEBMM \lUUQ XXX X PSH "UPNA"UJUMF < >

UJUMF UFYU
EJWF JOUP
QSJOU MYNM FUSFF UPVOJDPEF USFF HFUSPPU
GFFE YNMOT I1UUQ XXX X PSH "UPN YNM MBOH FO

UJUMF EJWF JOUP UJUMF

<SFTU PG TFSJBMJ[BUJPO TOJQQFE GPS CSFWJUZ>



OH<K>:MNLMHKLEKG LM : GIMBY. M FUSFF 9.-1BEETHAM M. DXGNF; HRB??>K>G
G:F>XK@NFOXGQMIGP>"BEM>KBBMBBMASFDPWHS@ NFS&ME >MBESVFEM A% (

[ KLPBHEERELMNK ><HQKKF>EE ?HK PGP L

OHI:KL>G4) (= H<NFPB8 MA NI L MIHKKLAKL IMAPBSTHE, CEMA><H.E®@ NFMB M
MAPBSTF?NG<MBMBAMMNMH>EHKW BLG> Q <> | M;BHHNBMANG =>? BRI S GMBMR
OA}:KLB®DK>!tLEHHEMAP>EE ?HK FEKGHAAIBNY : > G <HN G MDAKBIE=< M N MEKEMR> @ : K=E
HPA>S>MBBK>MK><HOKKWA HLKK HHKE H M

/B GBNMB =0 GWHRA: M HP B NANG =>? BRI Q@ GMB MRK L KN L BIE >CKME RB# A >
M>QNG VPR MPIUMFE>F>SMFEUWBOUP

LRHN: G >2KHWAL>> K B : E BVBAMBIWMGE G MBBERESMH O >B-M: LLBF IERH | | > =

%B/B F | HK MI:HGHMB M MKA MA >Bid guarantee of interoperability PBNMK><HO KB G & >KL
=B ? ? A KKIGIMB @AM BMABWI><H@ MBSV MIGGCMBIMWHEO ) (:GK>IEBMBMA

BNQ IFMMBG L MEMAIYMMMPKR]; > %BMHKSHKK>+HMNA>R>HMAIN:BERHKK>< N

OAXHKK>AMOBKMKHKNMINGA®) (LI><B?BBMWHBHE® <:M 2B KMRHN A0 = B SHNIH

=HM A :RVH N MKGR H NHKP G

12.9. FURTHER READING

V4)(H@BDBI>=B: HK@
VOAZIE>F>GMOK >
VIE>F>GAOWMIE > F >0XKM > L

V4, MINIITHBBE>F>GMOK?>>
VOAIE>F>GC MIK>KRI"MGxMBHG

V,:KLBIG@G=0) (PBNMANM
V4, MAG=/(0PBNANM
VOQFEPBM<A



http://codespeak.net/lxml/parsing.html#parser-options
http://codespeak.net/lxml/parsing.html#parser-options
http://en.wikipedia.org/wiki/XML
http://docs.python.org/3.1/library/xml.etree.elementtree.html
http://effbot.org/zone/element.htm
http://effbot.org/zone/element-xpath.htm
http://effbot.org/zone/element-iterparse.htm
http://codespeak.net/lxml/
http://codespeak.net/lxml/1.3/parsing.html
http://codespeak.net/lxml/1.3/xpathxslt.html
http://github.com/galvez/xmlwitch/tree/master

CHAPTER 13. SERIALIZING PYTHON OBJECTS

EverySaturdaginceweOuévedin this apartment] haveawakenedt 6:15, pouredmyselfa bowlof cereal,
added
a quarter-cupf 2% milk, saton this endof this couchturnedon BBCAmericaand watchedDoctorwWho.

N SheldoriTheBigBangTheory

13.1. DiVING IN

GMABNK?MASHG<BHMPKB:EBEBMBBEKEM : O:>=: MM KN <BVBN-K-H KWWRA RMH N
P.GMH:OK>NH.>GMHHF>HEISHPPHNRHANHMA MW ERMA=MI>GHGRHRHN
P.GMH:OBMHRHR:GMHK>NBEMGMIRPAHRHR:GMH>GBMGRD:F>EERPMH: O >
RHNKH@ RASCIBHNNBM®@ : F>G3iB<WIPA>IRHE>AMPA>BHK > E : NNGAR: F >

<MNEEGHRHG @:FEB®@: MBUSBRP>E® M ABILL > =: M:MKN <MANKIEM NKR>HLN K
IKH@ KHLIKG > > MlH> L M H KX=B IPA >BH NN BWA EG : =2KHFB IPDA >BHK > E : NGAA
=:MBHGER.:GMWH>NL>RMA F3IKH@ KAM >: B> OLKGN > K >MP HEH >0 >K
K>:/R:GRM ABG@K NCAIKH @ K:AKM > : BIFA > K> NHABG M >KH | B, RIEE B RBWH> =
>GLNIKBREMMO KKLBIIMMALKH @ K:EK>:=:MPKBMR>GEB>KLBHGL

"HK:LHBMABIAPIDLMFH=NEB=>%EM"M{M MARMAIHG G E R KLKRMEIP: R L
"O:BE%BKPALMANEHDB BIPKB MBVG>EBMARMABGM > K BM IVBEKE M HIK>BMK:KBER
<HFIEERMAHGLMKN<MNK>L

SA-M:MMAPIDLMFH =NIEMHK >

V EMAG: MBOW: M RIAIRIMAIHNG |HKNHE >B&M>@EHK IMBBEGAM F ; >KHFIEGRF ; >KL
LMKBEG@FH ;C><RIMKK: RG+POF

V(BLMNIEB<MBHGXXBMHGM: B&RBIFKIB G WBHEB OW: MRI>L

V(BLMNIEB<MBHGXBMHGM: B&RBKBHKYB G HMBBIGWMLI EEEB<MBH G KXBMHEHGM:BGE
GRHF;BGHBHEBOW®: MRIGEHHGM N AP QOB F IGF L MB-@®A; RIM ALHND IHK M L



http://en.wikiquote.org/wiki/The_Big_Bang_Theory#The_Dumpling_Paradox_.5B1.07.5D
http://docs.python.org/3.1/library/sys.html#sys.getrecursionlimit

V'"NG<MBH.GLGEBGLMHKX<EL IPBEMA>:ML

%N ABILGGWH N?@KRKH M AQIDLMFH = NEEEE LHQ M > GWR HENBIGM > KBEG Y M>G LBABEB M
HNWMABEB GBIMAN KM A= KBIGX M:BM &8>G H MAA: IM>K

13.1.1. A Quick NOTE ABOUT THE EXAMPLES IN THIS CHAPTER
OAKIA: IMMKENMLPBWRHRMARAGEEEH MA>Q . FIBMABA: IMKKR: KM? LB GI@GVBHK R
" KSHWBEELD>MHPBNM<AG2HKMMP>MAMPHR MAIAGEEY% >FHG L MKOND>LMF
GKXKTPEH=NE>L
0 HA > DI > >M A BIGMNEKL BA@>AGVA, R M A/IAG EGc= > ? BMCA®H E E HOP. K 8 @E >

TIFMM

'>>IMAPBG=HP>GHPHI>GGHMARMA/KAG E&=>7?B/JA>HE EHP.BEB @E >

TIFMM

0AKHN @AABAM MMSKBEEMATFMI® : K B MIBSG = BRAM xRAM A/AG B E> B GBI@>B-6: <A
>Q:FIE>

13.2. SAVING DATA TO A PICKLE FILE

OARIDLMFH=NEEHKPBMAM:MKN < {P-NK'NBH & >



TIFMM

FOuUsz \»
FOUSZ< UJUMF > %IJWF JOUP IJTUPSZ FEJUJPO
FOUSZ< BSUJDMF@MJOL > lUUuQ EJWFJOUPNBSL PSH BSDIJWFT

FOUSZ< DPNNFOUT@MJOL > [/POF
FOUSZ< JOUFSOBM@JE > C =Y%&=Y% =Y# =Y'
FOUSZ< UBHT > EJWFJOUPQZUIPO EPDCPPL I[UNM
FOUSZ< QVCMJTIFE > 5SVF
JNQPSU UJNF
FOUSZ< QVCMJTIFE@EBUF > UJNF TUSQUJNF 'SJ .BS
FOUSZ< QVCMJTIFE@EBUF >
UJNF TUSVDU@UJINF UN@ZFBS UN@NPO UN@NEBZ UN@IPVS UN@N

"HEEHMB8E@RMAKGEE

0AB=3A> KM EHN B ERMA+HBX MBM S<MRIE=| K > LLSHGFM M N B ST@BEG> G MBGE M HF
2>>=N M6 ELPM: GMB G L NKABWIH G ML B G bB B ? >NKR IBIN: : MM i A HIR 2N AGUD LM F
FH=NBE+G K :MHFN<BGMHA>Q >E N> L
OAXINFH=NERGM:BGLMKN<WINK®@ TUSMIH> I K> L: 3B BI6 @1 B F>< <N KMMS >
FBEEBL>GHIGG < WEBFH GB | N B BVEM K NOSMHLUSQUINP N G < MBDIH@HKF: MM KEG @
<HGOBKMIUINF@TUSVARIMKBBE®A=>>?: REKF;NR HX: GHG MKAPEB A KF: M

<H=YBE>MAPINFH=NEBKHK=>>M:BEL

OA:M”A:G=LHF> ERNDBBHEA B B>-GVIKIDBEM H ? B E >

TIFMM

JNQPSU QJDLMF

XJUlI PQFO FOUSZ QJDLMF XC BT G

QJDLMF EVNQ FOUSZ G

OABL MBGEMA/AGEE


http://docs.python.org/3.1/library/time.html

1L>MAPQFO ? NG <M BIHXSG? B E>W ABBER = M HXC M H | > G A2BERKK B MBESB @: K R
FH=38K:IBBIGXJUILM:M> K-G0 NKAPBEEE H L N# HF : MBA> BE R = K>XG>B N8 M
OAXEVNQ ? NG <BIGIAGIDLMFH = NM >D >IL>K B : EBRM ABHGIL: M K N <IVM-KIB> B BI6 MH

i BG:KRMAHG L1HKBNHEBNGABZ: M OLM LIBMAIB<DKMMH: GHE O BIMHGH | >G@BE >

OA E:LMGMPGlHK>MBNFRHKM: GM

VOARIDLMFFH=NM>D>IRMAHGLMKN<MHAKOBIMH?BE>

V 0 H=HM A BddrializesM A> MLM KN NUBIGGOM2HK K NMEBMAB<DEMMH<HE |

VOAIB<DEHMHBIRMAHG LMWATEBIBRO N K:BEMKHLL E: KN : @B SBEBEKMR: ; ER
<HNEMGIMWAFPOUSZ QJD2BEHANLK>:MG=HGRMABGCRBMBIG>KEs, &: OHKGR
HMABIG@N: @ >

V*HMO>KRRVMAHGLMKN <MGX>>KB:EBGARDLMFH=NEAIB<DEHMH<KRA:G@>=
L>O>MBEXG >R MMRIALO>»>G==>MMNMARMAHG @ NN@IA > K> MBEEBM:MBHG |

V L: K>LNBWA>4LA:GC@ACKGHO N:K: @M HF1: MB;;BM B MB5? ? >XKX>IGMBIRBMAHG
BMLU>P>R>KLBIRRMAHNG | HMMPE=XKB . ERSHKWWBMME=-CKKLBRBMAF+HGHM
LNITHEMP 2K KF: MBAKA=R GLMMI I HKAMZ>P =KMM R 1> L

V1GERHNI><BMA>KMBRENG < MEBHGLD LMFH =NEEBENREM AB: MOE>M LBMGABIB <D E >
IKHMHABIGLNMARWHA:OFP:QBFRE>QBGRABRREZ: MRHA: G >KB :;BNBSBME L H
F>:GMAMAK>LNEPBBBEHMK>: = ;RMHE=CKKLBRRBMAMA=MG HIMN | | HKAM>: M >L M
O>KLBMAB<DEHMMH<HE

VOAE . MOLMLBMABIB<DEHMHBtIHBG :KHRKF M N KPH 1 >8 HNEB<D?B3BXB G . KR=>
HWMA>MPBEEXMH KKNfMKPEE@MBGC @

13.3. LOADING DATA FROM A PICKLE FILE

*HPLPBN<RHNEKE <H®RMAKAGE . GHWABRGBA>KRHNK > MPAR0USZB<MBHG:KR



TIFMM

FOUSZ
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF TUEJO MJOF JO NPEVMF
/IBNF&SSPS OBNF FOUSZ JT OPU EFGJOFE
JNQPSU QJDLMF
XJUl PQFO FOUSZ QJDLMF SC BT G

FOUSZ QJDLMF MPBE G

FOUSZ

\ DPNNFOUT@MJOL /POF

JOUFSOBM@JE C =Y%&=Y% =Y# =Y'

UJUMF %IWF JOUP IJTUPSZ FEJUJPO

UBHT EJWFJOUPQZUIPO EPDCPPL IUNM

BSUJDMF@MJOL

IluuQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP I1JTUPSZ FEJUJF
QVCMITIFE@EBUF UJNF TUSVDU@UJNF UN@ZFBS UN@NPO UN@NEBZ
QVCMJITIFE 5SVF”?

OABILRMAMGEE

0A>IBIG HOUSR:KBSE2BE>KSHN>?BG3FoUSQ:KBBERMAKGEE, NMA:MAL
<HF | E >%¥B-ERAGGBK HBEBEHP G M: M >

+1>GMAPOUSZ QID2BEMKNK >: SR MAMKMGEEOA®JIDLMFH=NEL>LBG :KRRHKF:M
LFRHNAHNER: RL> GB < PBBEB G : KiR=>

0A®JIDLMF MPEEN G <MBIHAM K >H FC >K M: MA> K B : E BMRKHWASMK >< R >: MG P

, RMAHH;@ >K ¥M< K>MWEE K B : E BMB>G AG> PR M AHH; @ >:<GUK > M NWKABL> PR M AHH;€ > < M
*HPMARPOUS@Q:KBBE=B<MBPIEBNMARBEB : K IEHRHDSB E@ > L

OA®JIDLMF EVNQQJDLMF MPBER <KH>L NBEGMEA> B : MM K N <MVANBKE= N VBV A K B @ BNG:: E
LMKN<MNK>



TIFMM

XJUlI PQFO FOUSZ QJDLMF SC BT G

FOUSZ QJDLMF MPBE G

FOUSZ FOUSZ
5SVF
FOUSZ JT FOUSZ
'BMTF
FOUSZ < UBHT >
EJWFJOUPQZUIPO EPDCPPL I[UNM
FOUSZ < JOUFSOBM®@JE >

C =Y%&=Y% =Y# =Y'

/IPBM<AMHRMA/AGEE

+I>GMAPOUSZ QJDR2BE>

(H:MA>>KB:EBMBGMG>® :KBEF&ysz

, RMA+HHXG ? BFKAAWAM P HEB <M B HF®:KEBGEFoUSz.K>JIN %M AIBA>E HNN BFEOM SZKH F
MA@ KHNGI=M:KMBB@ FIMFB<MBHGE KRN : HEB @ BQ/EL| > <B>HEHN>KB:EB S
MABR<MBHGEKMR BB APOUSZ QID2BEEPRHNKG >M A>> K B : E BN KHNFA 28 E>=
<K>:MpPp=K? KSNMEB M ABK B @ BNMLMKN<MNK >

'IN:EBBIRWAL F>LB =>G MB BRRH N <® > : MperfectreplicaH M AEBK B @ BNE:NEK N <RANBKA
BMKNNNMMNBEHI R

"HK>: L HMAPWM B HRE>S>EKMB® ABA: IMMK GMHH B @ MMAMAC:ENMABBHT
D>BLMNIEGMAGC:ENMAIOUFSOBM@PBLCZUFH ;C><M

13.4. PICKLING WITHOUT A FILE

OA>Q:FIBM®MAX>0OBHFNIMBAHPAHMH>KB E BMAHH,E >=<BK>MMEBHG-BL DN M
PA:BIRHNHGPNGMIG>>=?BEHN:GELIHKBNEBSZUFH ; C>B<®>FHKR



TIFMM

C QJDLMF EVNQT FOUSZ
UZQF C

DMBTT CZUFT
FOUSZ QJDLMF MPBET C
FOUSZ FOUSZ

5SVF

OAX®IDLMF EVNING<MBHMGAF MA>GCHMA>NG<MBAPG K?HKIRL: F>
L>KB:EBISMMBIHGMF EV NN G < NoBEGH.GAHM =D B GI®K >H FC > GMP K B MVBAG@K B : EBNE > =
MH?BIEG B LEMB F IERM NVKABE KB : EBNG> =
IBGMAIB<DEHMHHEEBG : KRPHKFMMPIDLMF EVNE@NG<KIBMEIKGUFH;C><M
OA®IDLMF MPBENG<MBHBGE MAF :MMAS>GHMA>NG <M BAPG K?HKRL: F>
=>L>KB:EBESA¥BHG@GF MPEEN G < NEBH@M=-DBGMKHFC >EMK > . =BA@>KB:EBS >
=:M2KHF?BBM: :D>¢CZUFH ; C>HMG M : B SKBE:. @ BMBI>N<AM ARG K > M N KR A >
QJDLMF EVN@NG<MBHG

OA>GEK>LBMM>F> I >K?KSMEB®MABKB@B&eMBHG: KR

13.5. BYTES AND STRINGS REAR THEIR UGLY HEADS AGAIN

OAB<DEHMH<HE>GKHNGHK:GR>:KGBM:IF: MNKERMABNIA> E? M N KOCA> K >
KSHPHNB? ? >XKSIGINBIIMALCB<DEMMH<HE

V,RMAH@:-=MPHB<DEMMH&<MEDRQDM ?2HKF\M>KLBH®= ;BG: KRKF\M>KLBHG

V,RMAHBGMKH=ExPB<DEMMHYXMHEKLBWNG® : G=E>P N G <M BBGR:M B-NERL L
H;C><Bl ;BG:KHRKF: M

V,RMAHBGMKH-OIHKMEB<KDEHMHXGEKLBIRPG MO IEBNBMKHKZUFH ; C><®HRM >
KK:BolBL ; BG:KHRKF: M


http://docs.python.org/3.1/library/pickle.html#data-stream-format

+AEHHWA=B ? ?>K>GR>RG >G4+ M K BKG @GBIMLOAR =@ : BERPHNLNK I KRIHMN-O0>G "M
;>>G:RBGVAM > G BIBHMBABY: GRGK : < MBMA WABERMAHGX>:=:MB<DEBMA
IKHMHO<HHE. BHRM A HG &G HIB :=: MIB<DEBNKHMH<IHKHE BHG

13.6. DEBUGGING PICKLE FILES

SA:MH>MNMAB<DEHMHEHEBD>MCNAHNNMMARMAKAGCGEBRKFHF>G®M:DEHHD
"MMAFKUSZ QJDRBE>S<K>:M>=

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPMTFWBRQU&Z QJDLMF

SX S S ZPV ZPV "VH FOUSZ QJDLMF

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPOBBEYBODSZ-QIJDLMF
DPNNFOUT@MJOLR/9UBHTRO9EJWFJOUPQZUIPOR9EPDCPPLRY9IUNMR R9 QVCMJT
9MJOL9+I1UUQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP I1JTUPSZ

R 9QVCMITIFE@EBUFR

DUJNF

TUSVDU@UJNF

R3IR9UJUMFR9%JWF JOUP IJTUPSZ FEJUJPORYV

OA:M:LCGMMKKBSERNE: G>MACMKBEBMA=>M MRGHI:LNGIKBGMKNE>: LM
NGK>:=gAX:<NMBXKEKI HIW, OB HNLEBRFBRM>H K | : <>AABIGHMHKRMRHNE =
P:GMKE>,NBRHNKL>E?



TIFMM

JNQPSU QJDLMFUPPMT
XJUl PQFO FOUSZ QJDLMF SC BT G
QJDLMFUPPMT EJT G
=Y 13050
A &.15:@%*$5
R  #*/165
"3,
#*/6/*$0%& QVCMJITIFE@EBUF
#*/165
(-0#"- UJNF TUSVDU@UJNF

O O X1V ©

#*/165
"3
#*/*15
, #*/*15
, #*/*15
, #*/*15
, #*/*15
, #*/*15
, #*/*15
, #*/*15

+

#*/*]5
561-& "3, BU

o C

#*/165
n &.15:@%*$5

Py

#*/165

|
<

561-&

#*/165

3&%6%&

#*/165

#*/6/*$0%& DPNNFOUT@MJIOL

A © /v w =T

#*/165
/ 10/&



9 #*/6/*$0%& JOUFSOBM@JE
R #*/165
$ 4)035@#*/#:5&4 fdab
R #*/165
9 #*/6/*$0%& UBHT
R #*/165
9 #*/6/*$0%& EJWFJOUPQZUIPO
R #*/165
9 #*/6/*$0%& EPDCPPL
R #*/165
9 #*/6/*$0% & IUNM
R #*/165
=Y 561-&
R #*/165
9 #*/6/*$0%& UJIJUMF
R #*/165
9 #*/6/*$0%& %JIWF JOUP IJTUPSZ FEJUJPO
R #*/165
9 #*/6/*$0%& BSUJDMF@MJIOL
R #*/165
9 #*/6/*$0%& IUUQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JO
R #*/165
9 #*/6/*$0%& QVCMJITIFE
R #*/165
=Y /&8536&
\% 4&5*5&.4 "3, BU
4501

IJHIFTU QSPUPDPM BNPOH PQDPEFT

OAFHLBIGM>KEBIMBB@? HK FB B ENL : L L>BHBRAE: IEMB G><:NBBIG<EMA>L
O>KLBMAIB<DEHMHBNEABNMABREAL :O>CA>KBGHQIEB*BEMBKG BIM A >
IB<DEHMHXH+EM>KPB B kkAH M FOSHHE. B HIGL >MH M HK B < DB RHAE>>MEHHID
MAP:KD>KHI<H=PBMNBIB<DE>MGCGNLA: K= <H-GHPEHMHP@ABKHA<H=P3K>
BGMKHBRRKMA<QA>KLBMAIB<DEHMHKAMIDLMF EJPNG<MBHOQ <MERGBM



IKBGMEK>LBEME: EBBMA>BL:LL3-HNMRNMBL ?NG<MBKVGEM NKNRMMC>KLBHG
GNF; B MAIKB KB MBFREMGA B G @

JNQPSU QJDLMFUPPMT

EFG QSPUPDPM@WFSTJPO GIMF@PCKFDU
NBYQSPUP
GPS PQDPEF BSH QPT JO QJDLMFUPPMT HFOPQT GIMF@PCKFDU

NBYQSPUP NBY NBYQSPUP PQDPEF QSPUP
SFUVSO NBYQSPUP

G=A>KBBBG<MBHG

JNQPSU QJDLMFWFSTJPO
XJUI PQFO FOUSZ QJDLMEF SC BT G

W QJDLMFWFSTIJPO QSPUPDPM@WFSTJPO G

13.7. SERIALIZING PYTHON OBJECTS TO BE READ BY OTHER
LANGUAGES

OA=M?2HKMNM»RMAPIDLMFH=NERRMAHG LM B2BKMM>MIlt<HFI:MB BEWA
HMAXK @ K : FEE:BSGAoON%@SCH. L L E : 6N - BB BEBIVRRH KR INBK>REGEMIMEHHD
"MHMASKKB . EBRSHWBMEGLN<AHKRBE/ + \&/+FLM:GHK: O /<KEIMHNM:MBNM ]

=HGENMWAG: F2HIREN &/+BbQI|EB=<BMERG>NL ., E°KHENEMIKIE®@ K:FFBG @
E:-GON:@>L

,RMAHBG <ENKTPLEH=NE® ALCM:GCERFK(BEBVWAPIDLMFH=NKEACSTP& H=NA>L
?NG<MBIKSKB : EBMIBVEK@® < MM K ¥MBAG®EK B : E BMIHG- B LEDH : = BSKaAB : E BMRK-H-FB L D


http://json.org/

:G NG L>KBVEBSMB:G@ G MGI>PRMAHE > NWI A>HK3t HFBFIHK MBOM>KME &> L
"BKH®E MA@/ + =:M2HKRM>QM ;GLHBG: KR =>?BBAL/ + 2HKEGMHP

=B??>MRIFHE:MENLM>G<HzBPM>ONMRKRQ:FIEHHEXOE&EBEMHKE=BMKNARKB O >
<A K:<IMPKKB B @r FH KM AZHN K <A IKMKMSKF EE/+O:ENKK:L> L>GLBMBO>

/> <HGEPBMG@M>QM 2HKEVM>KMABLLNPABM>Ldi1<*EEHRLBMKEKRGIWL
PABM>LLI<&M.: ;E: KKEK@GWNIGGEBG>>bMP > & NCABRPIABM>BILEBGLB@ GB?B
PABEA:GMAZM+>G<H=<IGE=LFN<AKLEBNMBM>LLMAEBDG=/+=><H=>KL
KX>IJNBKEB @ GMAPABM>LPMP>CENPABEEHPHMNIK>MMRRKREGM%E:M:
GB<GERMBG @B.M @ BEEN WHB ? ? SEKGM M SNOBHREH &: &K > :BBIGL M : G 5 KKHP LB K
M>QMBMRKMAKGPEH=NASMMHIMBHEK >MMR IKBIKBB@HEB G @

OABKFRA>HPAIRE K>GCEKBtEHMRKA K. M><KH=8G® G<HO>ENBIE: B/ QNMMLRHN
DGHRA>BGENNMABGEE :BIGQM 4 FNLMLMHBSA1 GB<HBEXH=BG'@
10" HMA=>>?:NEBEM :G+><MBHITG =>7?BAHM N >EAB =26 <H-B36 BGI@> =

13.8. SAVING DATA TO A JSON FILE

&/ + EHHKOF : KDEER>: MLM KN <RHWNBX-M BFGGN:B&RO:/<RBBIGH<<B=REN
<!GKMNNBRL: O :/<KMBBM? NG <MBHEH=2¥FL>KB:EBBBGANLNSEO>:VHNM

NGMKMBICMNMERNM AHBBMA&ZM+is O ESDO:/<KBLWM <&/ + F:REK>EHR?PDFBEB:

MIRHN


http://www.ietf.org/rfc/rfc4627.txt
http://www.ietf.org/rfc/rfc4627.txt

TIFMM

CBTJD@QFOUSZ \~

CBTJD@FOUSZ< JE >

CBTID@QFOUSZ< UJUMF > %IJWF JOUP I1JTUPSZ FEJUJPO
CBTJD@FOUSZ< UBHT > EJWFJOUPQZUIPO EPDCPPL I[UNM
CBTIJD@FOUSZ< QVCMJTIFE > 5SVF

CBTJD@FOUSZ< DPNNFOUT@MJOL > [/POF

JNQPSU KTPO

XJUlI PQFO CBTJD KTPO NPEF X FODPEJOH VUG BT G

KTPO EVNQ CBTJD@FOUSZ G

3>"K@ HBG@® > ::MG>ER : MM KN BV\GNLHEEK > N LIMBAS@ B LIMODRIGED ML M K N <(MIN #BkES
MABA: IMPKNEEP A M: 11> ®IA>B>M KMRE G < HM APH K$H F | E=>: Q1L M K N <BMEN K >

&1+ BLM>QM ?HKEPMBEA:GRHE>>MHI>G ABREG® >QN=>G+[I><BR:K:<M>K
SCG<H=BENO G>00RBKHEGB®MA "

(BDWARIDLMFH=NHEASTPE&EH=NE>?B.GVINQ ? NG <NBBAD>RMAHGLMKN<MN K
:G= PKBMLMEKSHFC>GCMEVNQ ? N G < MBKIBG MIBFNAHGLEMKN <M RPKB M MUV A >
LMKHFC>HMBMABGLBx>WILM:M>PB&HEL NKEAMAZ>BEEREHLKHI>RERB>"K >
=HG>

/IHP A:NMH>MAK>LNRMBGXK B : E ES: BB S

ZPVIMPDBMIPTU _ EJWFJOUPQZUIPODBBYGBTIDFKTPO
\ QVCMJITIFE USVF UBHT < EJWFJOUPQZUIPO EPDCPPL IUNM > DPNNI
JE UJUMF %IJWF JOUP IJTUPSZ FEJUJPO 7

OA: MK KM BBHXER :=: EA:GB<DBENVM / + < . GHGMKBEBMRABRM >LPMP>0OE&N>L
CGMASTPEH=NIEKHOBSG>LLR:RMM:D=O:GNHWBAB K K> :M>FGH KK>:=: &/> *
?BE>L




TIFMM

XJUlI PQFO CBTJD QSFUUZ KTPO NPEF X FODPEJOH VUG BT G

KTPO EVNQ CBTJD@F(JOEFOU

WRHNLLGIOEFAUK:F>NMBSIMASTPO EVNANG<MBRBED MAKL>LNRBRMBGEEHRK >
K>: =, BWMA>QI>GLE. K @BIEBIAIOEFAUK . F>NBEXEBGM> @ >KG\LNM: <O ENG

BNHIP EBG>G|NF; @KK>:MAKF>:G\LINM: <A ENSBMIPEBGGNLMABN F; HR
LI:<MBG=6CGMM>MCMKN<MNK>L ]

G=MABMAK>LNEM

ZPVIMPDBMIPTU
\

_ EJWFJOUPQZUIPDBUEYGBTUDFQSFUUZ KTPO

QVCMITIFE USVF
UBHT <
EJWFJOUPQZUIPO
EPDCPPL
I[UNM

>

DPNNFOUT@MJOL OVMM
JE

UJUMF %IWF JOUP I1JTUPSZ FEJUJPO

13.9. MAPPING OF PYTHON DATATYPES TO JSON

IBG&*»+ BGHMMAHG LMWABRBEHFFPBLF: MBBMHO>KL@RMAHGI: MRHASH ?

MA>K+1BFIGRFBGER ?>K NI ALCKM PBFIHKVRGIMH G : M RIAILKIX<HF | E>MBLEHR G |
[>>BRHN: G IHMA>F



Notes | JSON Python 3

H;C><M =B<MBHG:KR
KK:R EBLM
LMKBG @ LMKBG@
BGM>@>K BGM>@>K
K>&NF;>K ?EH:M

USVF 5SVF

GBMTF '‘BMTF

OVMM IPOF

EE/+O:ENKK:L> L>GLBMBO>

BRHEHMBA>N:LFBLLBE @ LRM2L + A:LG:KKMRIPAB¥NMASTPE& H=NE3LMH
©, RM AEHBEINVE MH>GEHM O>L > 1 K .NRP>HW KH SKIG: RMINIEXSLI=P AB&> L NIIHKML
LMKBNBHBE<BRRIGH NI THKHMKZUFH ;C>HMRMKK:RL

13.10. SERIALIZING DATATYPES UNSUPPORTED BY JSON

10O>B2/+ A IGHNBEMNBIGKHVKR M MA=M>LE*MRHX: GEMKB (2B SH; C>OMIKTPO
FH=NIEKHOBDN>GCLABHBPBKR<H=B&GE@<H=BG@G HPG: MRIRINGD G HHG:G
\GHMW?BB@+*+*+, OBHNMABRPEH=NEGHPHNRMKK: RNLEB MH. G L M K RB/GA>=
EBFBMHMBA®GLL |><B?B UWRHBRHGME G <HFRMBHKHMA=M: MRIAIM+ =H>LG M
LNITHENIBAHER>MHKHOBNE M HIF<H=6K4><H=2HKMAHMRI|>L



TIFMM

FOUSZ
\ DPNNFOUT@MJOL /POF
JOUFSOBM@JE C =Y%&=Y% =Y# =Y'

UJUMF %IJWF JOUP IJTUPSZ FEJUJPO

UBHT EJWFJOUPQZUIPO EPDCPPL I[UNM

BSUJDMF@MJOL IlUUQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP
QVCMITIFE@EBUF UJNF TUSVDU@UJNF UN@ZFBS UN@NPO UN@NEBZ

QVCMJITIFE 5SVF"
JNQPSU KTPO
XJUI PQFO FOUSZ KTPO X FODPEJOH VUG BT G

KTPO EVNQ FOUSZ G

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'IJMF TUEJO MJOF JO NPEVMF

'JMF $ =1ZUIPO =MJC=KTPO=@@JOJU@@ QZ MJIOF JO EVNQ
GPS DIVOL JO JUFSBCMF

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF
GPS DIVOL JO @JUFSFODPEF@EJDU P @DVSSFOU@JOEFOU@MFWFM

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF@EJCLC
GPS DIVOL JO DIVOLT

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF
P @EFGBVMU P

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO EFGBVMU
SBJTF 5ZQF&SSPS SFQS P JT OPU +40/ TFSIJBMJ[BCMF

5ZQF&SSPS C =Y%&=Y% =Y# =Y' JT OPU +40/ TFSJBMJ[BCMF

+' BMWB WS > O BIABMISZ: MM KN <VANBMCIB MEE; HHE O E NP OFO:ENEMKBG @
MNIEEEMKBG@@UFH ; C><CG%k UINEMKN<MNK >

YD G HB O:BBEM ? HKNB MPHK KMAI>: MBG@BLM>QM 2HKEBP:RIU>G/+ 2B BGL
M>BN=PBMAO" <A:K:M><KH=BG @

3> BIBIOGHBIHBA:M:II>G>=



$>K>PA M II>GMASTPO EVNANG<MEBBVEE>KB ERAEDFH ; C>XC<MY %&=Y% =Y# =Y
i NBPM:BE>=<:N&r+ A IGHNIITHXKHKZUFH ;C>$MP>0OBRKMHKR @ BB F | HK M:HSHNN
RHE:G>?BRGPNHKR GFBGB L>KBHBKS:MWMBHG

EFG UP@KTPO QZUIPO@PCKFDU
JG JTJOTUBODF QZUIPO@PCKFDU CZUFT
SFUVSO \ @@DMBTT@ @ CZUFT
@@WBMVF@ @ MJTU QZUIPO@PCKFDU ~

SBJTF 5ZQF&SSPS SFQS QZUIPO@PCKFDU JT OPU +40/ TFSIJBMJ[BCMF

OH=>?RGNHPL GFBGB L>KBRHBR?2WIRB-HKE: MRABXM + =H>LGNMHE&NIBOCNER?BG >
:?NG<MBMMED > |IRMAHRH,@ ><Ml : K: F>MAKEB R M AHH; @ >F<BVEEV A< M M SMCMMA >
KTPO EVNGNG<BBBGHEHH>KB;RBEBEL>SE®ABIL MACZUFH ;C>XC<M %&=Y% =Y# =Y
5 HN<KN L MIHK B : E B 8. G/<BEMABSBEHMSEA > MDAM R M AR M ARH, @ SMMMVAKST PO EVNQ
?NG<MBH=GFB A BLIG HIMM KBE:AMMERBRHRPNG<MBHRKB:HBS>M:MRNBM:D>L
BMKRIKMPKR: M LRHNRPNG<BBHG>KB@®:D>BM: LBMKEQMBRHE>>MH==
L>KB:EBTSHKHBKEGY : M ELM> K
%MABIL 30 "OAHLMBHG O>a¢MFH ; C >B<@G/M+B < M B Bl &>aKadrD M B TOr @RaB & H BFA >
HKB @BNG:MRIL>LMKBGO@T :G-MA@@WBMDPARG EHBFA>XMND:EEN2<HNKWLABL
<:GMM CZUFH ;C>MKI>GC MIBKB8 M K HG OB-BIGIMHHF > M NBEMB>L >KB: BRI » =
CZUFHA;CBBINLIM>IN>BBEM>@xBRGCMB@RBHRK>PAB®&AK: G@> 3><:GILMA>
MITU ?NG<MBHG OM KM UFH ; C>BRGMEBH B G M > [@BIBKly % &=Y% =Y# s¥<HF>L
< > HMABR. MARMHKDA>RMY%BAB>Q:=><BBF: BG><BEYEBL
GELHG
OABEIBBBFIHKNAGMM:MKN RHNKUK K B | FBR<BGG@GM B GV IA G B MVASSK B EM/ BG
L>KB:EBIRKHIINLMIHK B EBB>K=-668ABILRHNNLMHKB:ENBWMBL>ZQF&SSPS
LHMAMWSTPO EVN@NG<BMBHBIIARWHNKN L MIHK B : EBS HIKP> < H GMARIRA >

OA:MBRBHNHGGM>MHEH GRMAB 45 KM B <WABNK L MIHK B : E B 8I:G/BeHE#H$45Python
dictionary G H:M- M K B B I®"&K4vH B8 @G MBXKIKeB : E B&S/B &R@ NWKHR HENMIGE R B 6 &>
<HGO>KMBG@ MH : LNKMAMZPRO=E VN RNRGx I BEIHM A>L M



TIFMM

JNQPSU DVTUPNTFSJBMJ[FS
XJUI PQFO FOUSZ KTPO X FODPEJOH VUG BT G

KTPO EVNQ FOUSEFGBVMU DVTUPNTFSJBMIJ[FS UP@KTPO

5SBDFCBDL NPTU SFDFOU DBMM MBTU

'JMF TUEJO MJOF JO NPEVMF
KTPO EVNQ FOUSZ G EFGBVMU DVTUPNTFSJBMJ[FS UP@KTPO

'JMF $ =1ZUIPO =MJC=KTPO=@@JOJU@@ QZ MJIOF JO EVNQ
GPS DIVOL JO JUFSBCMF

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF
GPS DIVOL JO @JUFSFODPEF@EJDU P @DVSSFOU@JOEFOU@MFWFM

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF@EJLC
GPS DIVOL JO DIVOLT

'JMF $ =1ZUIPO =MJC=KTPO=FODPEFS QZ MJOF JO @JUFSFODPEF
P @EFGBVMU P

'JMF 6TFST QJMHSJN EJWFJOUPQZUIPO FYBNQMFT DVTUPNTFSJBMJIJ[FS QZ
SBJTF 5ZQF&SSPS SFQS QZUIPO@PCKFDU JT OPU +40/ TFSIJBMJ[BCMF

5ZQF&SSPS UJNF TUSVDU@UJIJNF UN@ZFBS UN@NPO UN@NEBZ UN@ I

OA®VTUPNTFSIBMHFHNEPA>KSHANEM?BMAFF O KTPONG<BIBIAX>OBHNEIE>
0>QAH=20" >G<H=BG@R:==5HN?HE@>HK @M MB BE=£0>KR NMBBEK&EB @ AN
NING MBEHF>®WBW: BEA-MABEBBEHHLM><M:<NE:KER

0ABWMABFIHKMB ®INAHHDHNNLMHFG O>RNBHB B MBSTPO EVNANG<MBHG
RHNRPKNG<BBMEBTPO EVNANG<BI®WKASFGBVMK:F>M$KHK>R >KR BGBGABILE

+' LHBMB=GWINPEHBHRN W :DEHHIEMA>Q <>IMBREKGPO EVNOANG<BBHHEHG @ >K
<HFIE:BGHBNGMB GI@:  MH>KB NEASGUFH ;C>HWPBMWHFIE:BGBGMHFIE>M>ER
=B??3HEXGMMPINF TUSVDU @Y CN< M

3 A B E&>> M M-BBZ @ >>K><GNIWF B G\HUIMV> > E B OKCH @ KBNLY.: BER MCYNEMBEVDH-GFPH KM P >: D
MM MABL



JNQPSU UJNF

EFG UP@KTPO QZUIPO@PCKFDU
JG JTJOTUBODF QZUIPO@PCKFDU UJNF TUSVDU@UJINF
SFUVSO \ @ @DMBTT@ @ UIJNF BTDUJNF
@@WBMVF@ @ UIJNF BTDUJNF QZUIPO@PCKFDU »
JG JTJOTUBODF QZUIPO@PCKFDU CZUFT
SFUVSO \ @ @DMBTT@ @ CZUFT
@@WBMVF@ @ MJTU QZUIPO@PCKFDU 7
SBJTF 5ZQF&SSPS SFQS QZUIPO@PCKFDU JT OPU +40/ TFSJBMJ[BCMF

—=BGI@BINKQBLMBEGKNTFSIBMI[FS UPANKGRWMBGEBS>MKA>PBD>MMAKRMAHG
H;C>¥MMMISTPO EVNQN G < BB HOBVEK® NP;EMBA. UJNF TUSVDU@UJNF

%I?HP >"EHE H F > M AB GERENKA<>H G O > IR>B BIEEB WIAACZ U FH ; C ><IMG OM K M

UJNF TUSVDU@IUECNMIM=B<MBMGHWGCGE RGM&B 6L >KB . EB.ENEE ABILMA>LB>LN
P.RMHHGO>KM>NVBBFM& + L >KB:EB:EREM HG OB-M NL M KB BN@XA >

UJNF BTDUIJNPING<NMBMGNF BTDUJNAN G < MBEHIG OMKGMLMR EHHBBEGEDU@ U JN
BGMASMKBII @8BS

3B MMA>MP EHN L MHHG O > KM BRGNMBAKUszZz: MEM KN 4MNKE K B NElB 5P B M A:K6NRM
?NKMKHKE>FL

TIFMM

XJUlI PQFO FOUSZ KTPO X FODPEJOH VUG BT G
KTPO EVNQ FOUSZ G EFGBVMU DVTUPNTFSJBMJ[FS UP@KTPO



ZPVIMPDBMIPTU _EJWFJOUPQZUIPMTFWBRYBNQMF KTPO

SX S S ZPV ZPV "VH FOUSZ KTPO

ZPVIMPDBMIPTU _ EJWFJOUPQZUIP®DBEYBWBENGMF KTPO

\ QUCMJTIFE@QEBUF \ @@DMBTT@@ UJNF BTDUJNF @@WBMVF@@ 'SJ .
DPNNFOUT@MJOL OVMM JOUFSOBM@JE \ @@DMBTT@@ CZUFT @@WB
UBHT < EJWFJOUPQZUIPO EPDCPPL IUNM > UJUMF %JWF JOUP IJTUP
BSUJDMF@MJOL IUUQ EJWFJOUPNBSL PSH BSDIJWFT EJWEF JOUP I.
QVCMJITIFE USVFA

13.11. LOADING DATA FROM A JSON FILE

(BDWARIDLMFH=NEACTPEH=NA> MPBE ?NG<RIBBBAD>LMK>H FC>KM L/ + *
>G<H=>M2KHBMG <K>:MGb PRMAH;& MM KKM K&/ + =: MLMKN<MNK>



TIFMM

EFM FOUSZ
FOUSZ
5SBDFCBDL NPTU SFDFOU DBMM MBTU
'JMF  TUEJO MJOF JO NPEVMF
/IBNF&SSPS OBNF FOUSZ JT OPU EFGJOFE
JNQPSU KTPO
XJUl PQFO FOUSZ KTPO S FODPEJOH VUG BT G

FOUSZ KTPO MPBE G

FOUSZ
\ DPNNFOUT@MJOL [/POF

JOUFSOBM@JE \ @@DMBTT@ @ CZUFT @@WBMVF@ @ < >N
UJUMF %JIJWF JOUP I1JTUPSZ FEJUJPO

UBHT < EJWFJOUPQZUIPO EPDCPPL IUNM >

BSUJDMF@MJOL IlJuuQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP

QVCMITIFE@EBUF \ @@DMBTT@ @ UJNF BTDUJNF @@WBMVF@@ 'SJ .
QVCMJITIFE 5SVF"

"HK>FHGLMKN KIBHIGAB NKIR MAIAGEE G=>E WA U SZ: ML M K N MVANRKHRIK > 1 M > -
> KEBGIKBA: | MPEKWARGIDLMFH =NE >

%MASBFIE< LM ASTPO MPBENG<NMBKBIAS F>LMAQIDLMF MPEPENG<MBMG IBG
LMKHFC>GM K> M N KGIPR M ARH,@ > <M
YA:O@HIB>PIGS:=G>P#HHG&>PA1BKMMTPO MPBRN G < MB+H<G LK 2 NMEAR

FOUSZ KTPEREBKK>: BSRMAIAGEE G=<K>:MGS>RPRMAH,E MMM GCM B &=>M:
*HPMA>=G>PBMB=G2NMK-MKMPKB @8 GSE MM KN <OVMNNKPB :ENPOAOUFSOBM@GE
QVCMJITIFE @ BBUKK> <K>: M=>B=<M B H GL KBBL? BIA=BBER BH@BMR>IHFI:MB; E>
O ENPARMHNK>: BBAAPP @KTPEHGO>RNBHGIBHG

KTPO MPBEH>LODGCMBRMABIGI@RHGO>RNBHE®BR®A :OI>LLIMMKHTPO EVNQ
SA-:MRHE>>BMABITHLBMAMPR @KTPBNG<MBRAKGG<MBABMED><NLMHF <HGO>k
&I+ H; C>GMcHGOBMNVMMABRKB OBBGAEHG : MR | >



BEE UIJT UP DVTUPNTFSJBMJ[FS QZ
EFG GSPN@KTPO KTPO@PCKFDU
JG @@DMBTT@@ JO KTPO@PCKFDU
JG KTPO@PCKFDU< @@DMBTT@ @ > UJNF BTDUJNF
SFUVSO UJNF TUSQUJIJNF KTPO@PCKFDU< @ @WBMVF@ @ >
JG KTPO@PCKFDU< @@DMBTT@ @ > CZUFT
SFUVSO CZUFT KTPO@PCKFDU< @@WBMVF@ @ >
SFUVSO KTPO@PCKFDU

OABEKIHGO>RNBHGEBMGCDEGEK:F>MG K >MNKGE: ENNMMAIZK:F>NBM DB G HM
LMKBG@RMAH;E I<MAK>L NEML>KB: BB S BG&@HEMKBGMHMAHG
ERHE>>MEHBKA>PB>MNAKLC>HM5 MMBAGEL@ DMBT D@ AMACP @ KTPONG<MBF
<K>:MH2ZHMAC - ENMA®@DMBT D ®BEHEEHAHMHE><HMAGC:ENXBGMHARKB @ B C
, RMAHG :MRI>

OH=><HMAMB EMKBXSMEN KRAVFAPINF BTDUINPMAING <MBINGM APINF TUSQUJINF
?NG<NBBRG G<MBIMHRHKF: M MW=MBFBG@N LM HF BB K EHNB M> 2 : NVEIMIA >
L:FHKRAMMUNINF BTDUINP ?: NMEMGEAK >MNKIGNLF TUSVDU@UJINF

OH<KHGO>EBA B G M >@BEG MdzUFH ;C>RN&: QNLMACZUFT?NG<MBHG

OA:N: IBMA>SK>KHGHERH: M. MRISI=- BHAPrP @KTPOANG<MBBEMAHUPH
= M:MRHK3AL G=B®MAGSPN@KTPING<NBBMB AL>LNEM



TIFMM

JNQPSU DVTUPNTFSJBMJ[FS
XJUI PQFO FOUSZ KTPO S FODPEJOH VUG BT G

FOUSzZ KTPO MPBE G PCKFDU@IPPL DVTUPNTFSJBMJ[FS GSPN@KTPO

FOUSZ
\ DPNNFOUT@MJOL /POF

JOUFSOBM@JE C =Y%&=Y% =Y# =Y'

UJUMF %IWF JOUP IJTUPSZ FEJUJPO

UBHT < EJWFJOUPQZUIPO EPDCPPL IUNM >

BSUJDMF@MJOL IluUuQ EJWFJOUPNBSL PSH BSDIJWFT EJWF JOUP
QVCMITIFE@QEBUF UJNF TUSVDU@UJNF UN@ZFBS UN@NPO UN@NEBZ

QVCMJITIFE 5SVF"

OHAHHWAGSPN@KTPING<BEBMEA&>>L>KB:HES<WBHIBMMAPCKFDU@ IRKLF>M>K
MMMASTPO MPBENG <MBE GMNB AIBAD>N G < MBBWEAL G =R
OA¥ousz:MELMKN<GWHRHG M:B GBAUFSOBM®PRAHIOCEBREBECZUFH ;C>%M L H
<HGM:BXWICMITIFE@QHBYRAHIOEBRPBPUIJNF TUSVDU @y CN< M

0OA>KH G2B @ EBWAKAN @ A

TIFMM

JNQPSU DVTUPNTFSJBMJ[FS
XJUI PQFO FOUSZ KTPO S FODPEJOH VUG BT G
FOUSZ KTPO MPBE G PCKFDU@IPPL DVTUPNTFSJBMJ[FS GSPN@KTPO

FOUSZ FOUSZ
'BMTEF
FOUSZ< UBHT >
EJWFJOUPQZUIPO EPDCPPL ITUNM
FOUSZ < UBHT >

< EJWFJOUPQZUIPO EPDCPPL IUNM >



10>@MAKHDBA@@KTPENG<BBMEL>>KB:ERS-NBHIBSGOHPN@KTPNG<BBME
MA=>L>K B : EBS MBEE &2 MK > : M>K? KSME B M ARK B @ BME:NEK N <VANRKG H M

% B AHKB @BGSE MEMKN<MABKENMABBHTD>R: L MNIEMAKSMKBG @ L

NN ®AKHN G = MKBISZ=MEMKN<WABKENMABBHTD >BLlist HMA KMK BG @-L
=H>LEBMM B @ RBM IS | EG tE B [BWMIG BRL L B G FEBE M= BVB: VR K K -G M AGT P O

F H = NIEB-E >GHVGER-HKMMN | EG £ B BIG K1 H+ = KK : RN K B 6 @B : E B'$I:HVHBIHNG. >R H X G
B@GMASB??>K>BR>MEIEGEBLMBMYF>MMBGEB G B GE£RHRH KDB MANKGT PO
FH=NE>

13.12. FURTHER READING

):GRKMB:s BAMARID L MFH = NFESD K > ? > K MBEKI¥D LME (R MAH G
MA>K>KMPBFIE>F>GMMABHGILMFH=NBSPKBMGNERMAHG
:G=GHMRKR MB\G> GN MM B:EEEE 2 EB,R MA BHGRMAHIGA>M P H

FH=NR>O>>GHGLHEBHRMANAHNER: RNINQPS@WIDLMFH N :R
?BEA>IKMBNE>2NKR HNAHNEEGMAGHP H;LBEXMKE;MBNG

D1JDLMF

+GIB<DPBOVARFIDLMFH=NE >

VQJDLMFH=NE>
VQIJDLMEP1IDLMF, RMAHH,E AI<NKB:EBS:MBHG
VI1ILBG@LMF

V,RMABGLBLM>G@>F>GM

+G&/+*GMASTPEH=NE>

VKTPD &:0:/<KBEIMWNM: MIBKB:EBS>K
V&/+*>G<H=B&@H=BBM@ALMHE>BHERMAHG

+GIB<DEXM>GLB;BEBMR


http://docs.python.org/3.1/library/pickle.html
http://www.doughellmann.com/PyMOTW/pickle/
http://wiki.python.org/moin/UsingPickle
http://www.ibm.com/developerworks/library/l-pypers.html
http://www.doughellmann.com/PyMOTW/json/
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