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H Python givar o edkodn oty ekuddnon, woyvpt yAdooo mpoypouuatiopov. Exer amoteleopatikés do-
uég dedouévarv vPNAov emiTédov Ko ua Al oAG ATTOTELEGUOTLKY] TTPOGEYYLOT OTOV OVTLKELUEVOOTPOPY
spoypapuatiopd. To Kouypd ouvtakTiko Ko 1 duvoukn tumomoinon g Python, o ouvdvaoud pe t) diepun-
veupévn o TG, TNV KaBLoTovv 1dovIKY YADooa yua scripting Kou taygia avamtuEn epapuoydv og Torhoig
TOUELG OTLG TTEPLOOOTEPES TAATPOPUEG,

The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python Web site, https://www.python.org/, and may be freely distributed. The same site also
contains distributions of and pointers to many free third party Python modules, programs and tools, and additional
documentation.

O diepunvéag tng Python emexteiveTor ehKola Le VEEG CUVAPTIOELS Ko TUTTOVG OESOUEVMV TTOV VAOTTOLOVVTOL
oe C N C++ (] dhheg yhwooeg mov pmopovv va kKnbouv amd ) C). H Python eivan emiong KatddAnin wg
YADOOO ETEKTAONG YLOL TTPOOOPUIOUUES EPAPUOYES.

Avut6 10 tutorial eLOGYEL TOV AVAYVOOTY OVETIONUA OTLG BAOLKEG £VVOLeg Kal duVATOTNTEG TNG YAMOOAS KoL
Tov ovotiuatog Python. Bon0del va éxete mpoyeLpo évav diepunvéa Python yio tpoktiky| epselpio, olhé Oha
Ta TAPAOELYILATO ELVAL AUTOTET), 0TTOTE TO tutorial umwopei va diafaotel Kot EKTOG GUVOETNC.

[0 (oL TEPLYPOPT TMV TUTTOTOLNUEVIV OVILKEWWEVWY Kol evOTNTwY, deite library-index. To reference-index
divel évav mo emionuo oplond g yAwooags. Tia va ypdyete emektaoelg oe C 1) C++, drapdote to extending-
index kau to c-api-index. Ymdipyovv emiong apketd Bipiia wov korvmtovy tv Python oe fabog.

Avtd 10 tutorial dev mpoomadel va eivor epLlekTiKO Ka va Kohhper KAOe YopaKTnPLoTKO 1) akoun Kot Kaoe
OLY VG YPNOLUOTOLOVUEVO YOPaKTNPLOTIKO. AVvTifeTa, Oa cog mapovotdoel ToAE amd ta o aEloonueimto
YopaKTNPELOTLKG TG Python kau Ba cag dwoel pua Kol woéa yiar ™) yevon Ko To Veog TG YADooos. Apov
to drapaoete, Oa eiote og O£om va drofdlete kau va ypdpete modules ko wpoypduporta Python, kol Oa giote
érolpot va udibete mepLoooTepa Yo o dudpopa modules BLpioOnkmy Python tov meprypdpovton oto library-
index.

AEiCeL emiong va dwafdoete To ['Awoodpt.

Meplexopeva 1
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KE®AAAIO 1

AvolyovTtag tTnv 0petn oag

Edv xdvete ol dovheld oe vtoloylotég, TeMKkd Oa diomiotwoete OTL VTdpyel Kdmolo epyaosio mov Oa
0élote va ovtopatomooete. o wapdderypa, wropel va OELETE VO TPAYULOTOTOMOETE AvaLTOT KOL OVTL-
KATAOTOO 08 UEYALO aplBud apyelwv KELWEVOU 1 VO, LETOVOUAOETE KaiL VO, avadLoTaEeTe o déoun apyeimv
POTOYPOPLOV Ue Tepimthoko Tpdmo. Towg Oa BOELate va ypdapete po pukpn pooappoouévn Baon dedopévawv
1 wa eEedikevpévn epapuoyfy GUIL M éva amho oy vidt.

Edv eiote emayyehuatiog Tpoypouuatiotiic AOYLOWKOU, WTOPEL Vo YPELaoTelL va epyaoTeite ue molhég Pi-
BroOnkeg C/C++/Java, allhé o ouvnOLopuévog KUKAOG eyypapnc/compile/doxiumc/re-compile eivar ol apyog.
Towg yphupete €va test suite yio o tétowa BPALOOTKN Ko Bpiokete T dnuovpyia KOdKa testing o Kov-
paotiky dradikaoia. 'H lowg éxete ypdaper éva mpdypauua ov Oa Wropovoe vo XPNOLUOTTOLEL PLa YADOoO!
EMEKTAONG, KO OeV OENETE VO OYEDLAOETE KAl VO EQUPUOCETE LLLOL EVIEMDG VEQ YADOTO YLOL TV EQAPUOYT] OOLC.

H Python eivonw anhdg n yAwooo Yo €04c.

Oa wropovoate va ypaypete ¢éva Unix shell script 1) Windows batch apyeio yia oplouéveg amd avtég tig ep-
vaotieg, alhd ta shell scripts eival ta Kahitepa Yo T petaxkivnon apyetwv kou Ty alloyn dedouévov Kei-
uévou, dev eivan Katalnha yio epopuoyés M moryvidie GUL Oa umopovoate va ypapete évo C/C++/Java
TPOYPOPUE, GG UITOPEL VO X PELOOTEL TTOMIG X POVOG avamTTuENG YL va dnuovpynOel pa TpwT £kdoo Tou
npoypduuatoc. H Python givol o oy ot xpnon, dwabéowun oe Aettovpyikd cvotpata Windows, macOS
ko Unix ko O cag fon01oeL va ohokANpmoeTe T1 SOVAELL TTLO YPTYOPOL.

H Python eivaw amhi ot xpnon, cAh eivor o pory otk YAMMoo TpoyPoULaTIoUOY, TOV TPOCPEPEL TTOD
7EPLO0OTEPT doun) KoL vItooTpLEn Yo peydha tpoypauuato amd 0,tL urtopolv vo, tpoo@épouy ta. shell scripts
1 to batch apygia. And v dAn mhevpd, n Python mpoopépel emtiong ol meploodTepo EAEYXO CPAMLATMY
oo ) C ko, 0viog wa YAOoodo oAt vynlotd emmédov, €XEL EVOOUATWUEVOVS TUTOUG dEQOUEVMV VYPNAOV
EMUTEDOV, OTWG EVEMKTOVG TTivOKeS, Ko AeELkd. Adym TV o yeviKmv TOmwv dedopévov g, 1 Python
WITopet var epapuootel e Evav ol peyaiitepo topéa pofinudtov amd v Awk 1 akdua kol tnv Perl,
®OoTO00 TOMA TPayuaTa eival TouldyLotov Tooo evkola oty Python 600 o autég Tig YMdoOoEC.

H Python odg emtpémer va ympioete to mpdypapud oog oe modules ov Hropovv Vo exavaypnoLuoTotn oy
oe alha tpoypdupota Python. ‘Epyetor pe pa peydhn ovlhoyr| standard modules wov pmopeite vo. ypnoo-
TOoETE WG PBAON TOV TPOYPAUUATWVY 0ag — 1 Wg Tapdderyna yio va Eekivioete vo pobaivete vo po-
vpauuatitete oe Python. Opiopéva amd autd to modules mapéyouv mpdayuato 6mwg I/0 apyeimv, kKAnoelg
ovoTHuaToS, sockets, akoun ko interfaces oe toolkits ypagpukwv diemapng xpnot, 6mwg to Tk.

H Python eival wa interpreted yhooa, 1) omoia umopei va oag eEotkovounoer onuavtikd ypdvo Katd v
aVATTTUEY TOU TTPOYPAUNATOG, emteldn) dev amarteitan compilation ko linking. O interpreter umwopel va xpnot-
nosotn et dLadpaoTikd, YeYovos ov KafLotd e0KOAO TOV TELPOUATIOUO [LE APOKTNPLOTIKA TG YAMOOoUS, T
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oVVTOEY TPOYPAUUATWV 1] TOV EAEYXO CUVOPTNOEWV KOTA TNV AvATTUEN TPOYPAUUOTOS atd KATw Tpog To.
mavw. Elval exiong po edypnot aptbpopunyov.

H Python emitpémel ota mpoypaupota vo ypdmoviol ouumoyn Kot evaviyvoota. To tpoyplupota o eivor
vpauuévo oe Python eivar ovviBmg ol wkpodtepa amd ta avtiotoya mpoypaupota C, C++ 1 Java, ya
dLdipopovug Loyovg:

o 0L TOTTOL OEdOUEVWV VYNIOV ETLITEOOV GGG EMTPETOVV VO, EKPPAOETE TOMITAOKEG AELTOVPYiEG O€ wia
uévo dMiwone

* 1) ouadoToinom dNMoEWY yivetal (e E0oyY OVTi Yio aykOheg apyfg Ko ARENG:
o eV aITaLTOVVTAL ONAMOELG UETABANTOV 1] OPLOUATOV.

H Python eivaw exextdowun: av Eépete nidg va mpoypauuatiCete oe C eivar gukolo vo tpoobéoete uo véa,
evoouaTwuévy ouvaptnon 1 module otov interpreter, €ite yio vo ekTeAE0ETE KPLOLUES hetTovpyleg pe uéylot
TaVTNTa, eite Yo vo  ouvdéoeTe poypaupota Python e Biuiiodnies mov umopel vo eivar duabéoieg uovo oe
dv0dLKT| Lop@n (OTTwg o FLBALONKT YPApLK®VY Lo CUYKEKPLUEVO TTpoun0guTi)). MOAG KOMOETE TPOLYUOL-
LKA, popeite va ovvdéoete Tov Python interpreter oe po eqappoyn ypauuévn o C KoL vo T P OLULOTTOL|OETE
WG EMEKTOON 1] YAOOOO EVIOLMV YLOL QUTNV THV EQAPUOYN.

[Mopeumtovimng, 1 YAOooa anpe to dvoud g amd v ekmousti) tov BBC «Monty Python’s Flying Circus» ko
dev éyeL kKaulo oyéon e epmetd. H avagopd oe oketg Monty Python otnv texunpiwon oyl pdvo emtpémetal,
oA ko evBappuveTon!

Twpa mov eiote GhoL evBovotaouévor pe tnv Python, Oa Bélete va tnv eEetdoete e TePLOCOTEPEG AETTOUE-
peteg. Emetdn) o kohitepog Tpomog yia va LABETE (o YAWooo VoL VoL T YP1OLUOTTOOETE, 0 00N YOG eKUd-
Onong oag mtpookoiel va mtai&ete ue tov Python interpreter kaOwmg diafdlete.

210 eTOUEVO KEPALALO, EENYELTAL 1] WY OVIKT] TG XPYONG TOV interpreter. Auti] eivan pdhhov ety minpogopia,
oAG amopaltnTh Yo T oKLY TOV TAPAdELYILATWY TOV TOPOVOLATOVTAL ApYOTEPQ.

O vtdhoutog 08MYOG eKUAONONG ELOAYEL DLAPOPA YOPAKTNPLOTIKA TNG YADOOOG KoL ToOV cuathuatog Python
HECW TTAPOUdELYUATWYV, EEKLVOVTOG UE ATAEG EKPPAOELS, SNADOELG KoL THTTOUG dedouévmv, LG OLVAPTHOEWV
kat modules kou Téhog ayyiCovrag mponyuéveg £vvoleg Ommwg eSaipéaelg ko kKhaoelg wov kabopilovran amd

TOV ¥PNOT.

4 Kegadlawo 1. Avoiyovtag tnv 0pe&n caq
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Xpnoworowwvtag Tov Interpreter Tng Python

2.1 Kavovtag invoke tov Interpreter

The Python interpreter is usually installed as /usr/local/bin/python3.9 on those machines where it is
available; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the
command:

python3.9

oto shell.! Epdoov 1 emhoyi) Tov katordyou dmov Bpioketal o interpreter etval pa A0y £YKATAOTAONG,
Ko dAha uépm elval TOavds emKoLvmvioTe (e Tov Tomttkd oag guru tg Python 1) tov duaelploti cuoTUOTOG.
(mt.x., /usr/local/python gival o dNUOPANG evOrLaKTLIKT TOTOOEGCL.)

On Windows machines where you have installed Python from the Microsoft Store, the python3. 9 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other
ways to launch Python.

H mhnxtpohdynom evog yapaktpa téhovg apyelov (Cont rol-D oto Unix, Control-7Z oto. Windows) otnv
KUpLaL ypauuy eviohmv ovorykdtel Tov interpreter va fyer pe undevikn kordortaon eE6dov. Edv autd dev Aet-
TovpYel, popeite va Byeite atd Tov drepunvéa TANKTPOAOYDOVTOG TNV aKOLOVON EVIOM): quit ().

O duvatotnteg eneEepyaociag ypauung tov interpreter septhaufdvouy interactive eneEepyooia, avikotd-
0TOO1 LOTOPLKOY KO CUUTIAPmWOT KMOLKA 0€ ovoTthuota tov vrtootnpifovy tnv GNU Readline BipiioOni.
Towg 0 o YPIYopog Eheyyog yia va deite av vootnpileton 1) eneEepyaoio TG YPAUUNG EVIOM®V EivoL va.
TKTpohoyNoeTeE Cont rol—P otV mpod T ypauw evrohmv Python mov haufdvete. Eav nynoel, éxete emne-
Eepyaoio ypouung eviohdvs BA. to mapdptnuo Awadoactik’) ExeEeoyacia Input kaw Avukatdotaon l6tootkod
yio eloayoyf oto dkTpa. EGv dev gaivetol vo cuppaivel timota 1) av nynoel to P, 1 eneEepyaocia g
vypauung eviohmv dev givan drabéoun. o pmopeite vo ypnopuomomoete wovo to backspace yio vor apoLpé-
OETE YOPAKTIPESG ATO TNV TPEXOVOA YPOULLY).

O interpreter Aettovpyel Kdmwg émtwg to Unix shell: 0tav kodeitow wa standard eicodo ouvdedepévn oe o
ovoKeLT tty, dLofaLeL Ko eKtehel EVTIOAEG AAMAETLOPAOTIKA OTOV KaAElTOL [LE EVOL OPLOUO OVOUATOG 0Py ELOV
1 e éva apyeio wg standard €i00d0, dtaPdlel ko ektehel £va script amd avtd TO ApyELo.

A second way of starting the interpreter is python —-c command [arg] ..., which executes the statement(s)
in command, analogous to the shell’s —c option. Since Python statements often contain spaces or other characters
that are special to the shell, it is usually advised to quote command in its entirety with single quotes.

! 210 Unix, o Python 3.x interpreter ard mpoemhoyn dev eivar eykateoTUévog te To eKTeAéoLo apyeio mov ovoudletal python, étot
wote vo unv épyeton oe conflict pe éva ekteréopo Python 2.x wov eykabiotaton tavtdypovo.
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Opropéva Python modules eivon emiong ypNnowo wg scripts. Autd pwopotv va KAnBouv ypnoLuomoumyvTag To
python -m module [arg] ..., TO 0mOi0 €KTENEL TO TN YALLO CPYELO Y0 TO module oav vo. lyote ypdaper
TO TAPES OVOUDL TOV, 0T YPOUUY] EVIOMDYV.

‘Otav ypnowpomoleital £va script opyelo, UePLKES QOPEG elval YPNOLLO VO UTOPELTE VoL EKTENETETE TO SCript KoL
va eLoéA0eTe o€ interactive AeLToupyilol LETA. AUTO WITOPEL VAL YIVEL TEPVMVTOG TO —1 TTPLV atd To script.

‘Oleg oL EMNOYEG TNG YPOUUNG EVTOLMV TTEPLYPAQOVTAL OTO using-on-general.

2.1.1 Ewlcaywyn Opiopatog

‘Otav eivol yvwotd otov interpreter, To Gvopa Tov script KoL to TpOoOeTo OPLOUATA OTNV GUVEYELL UETATPETTO-
vt 0€ MOoTa CUUBOLOCELPMY KoL EKYmPOUVTAL 0TV uetafAnty) argv oto module sy s. Mmopeite va omtoKT)-
0€TE TPOOPAON 08 OUTHY TV MOTO EKTEADVTOG TO import sys. To ufKog tg MoTag ivan TouldyLotov €vae
otav dev divovraw script Ko dev divovtat opiopata, 10 sys.argv [0] eivor o kev oupporooelpd. Otav to
dvopa Tou script divetow g ' - (wov onuaivel standard eicod0g), 10 sys.argv[0] opiletar wg '-". ‘Otov
YPTOLULOTOLELTOL T EVTOAT) —C,TO sys.argv[0]  “opifetar oe ' '—c'.Otav XpNOLUOTOLELTOL V) EVTOAN
-m, 10 sys.argv[0] opileton wg to mApeg dvopa tov module mov Bpioketat. Ot emhoyég mov Ppédnkav
UETA TNV eVTOAT) —c 1) TO —m module dev KaTovolmvovran amd Tov eneESepyaoti| emhoydy Tov interpreter tng
Python aAMG agfjvovtol 0To sys.argv yio Ty evtoln 1) to module va to dtoyelpLoTe.

2.1.2 Interactive Aettoupyia

‘Otav duafafovral eviolég oo éva tty, o interpreter Aéyetow OTL BploKeTol O inferactive Aettovpyia. 2 auTh T
Lettovpyia vTevOUULTEL TNV ETOUEVY EVTIOAY| UE TNV KDpLa evToAr, ovvnOmG Tpio cVUPBOAA peyaliTEPO (>>>).
YLOL TLG YPOUUEG OUVEYELOG, VITEVOUNILEL ue T devtepevovon evioldr), amd mpoemhoyr| Tpelg teheieg (. . .). O
interpreter EKTUTTMVEL £VaL VUUOL KOAWOOPIOUOLTOG TTOU avopépel ToV aptBud €Kdoomng Kot (Lot ELO0TTOLNoT
TIVELUOTLKOV SIKOLOUATWV TTPLY EKTVITMOEL TO TTPMTO UNVUUOL:

$ python3.9

Python 3.9 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>

AmautovTon YPOoUUEG OUVEXELOG OTOV ELOGYETOL L0 KATAOKEVT] TTOA®Y ypouumv. [a tapdderyua piSte wo
notid og authv v dHhwon 1 f:

>>> the_world_is_flat = True
>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

INo eplocdtepa oxeTIKA (e TNV interactive Aertovpyia, Ph. Aadpactikn Asitovoyia.

2.2 O Interpreter kat to NepLBailAov tou

2.2.1 Kwdwkomoinon Nnyaiou Kwdka

And mpoemhoyn, Ta Tyaio apyelo Python avupetwniZovion og kwdikomomuéva oto UTF-8. Ze avtiv v
KWOLKOTTO(NO1), OL YOPAKTNPEG TWV TEPLOOOTEPWV YAWOOMV 0TOV KOOUO UITOPOVV VAL PNOLUoToLn0ovy Tav-
toypova oe literal oupuforocelpésg, avayvoploTKd KoL ool — ov Ko 1 TumLkt) Pipiiodnkn xpnolpomotet
uovo yopaktipeg ASCII yioo avaryvwplotikd, wo cupfoot mov pémel vo akohovbel 0mtolodnmote popntdg
Kdkag. T vo epgpavicel cmotd ORoUG auTolg TOUG XOPAKTIPES, TO MOYLOWKO ETEEEPYOOLOG 0OG TPETEL VO,
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avayvopioer 0tL to apyeio eivor UTF-8 Ko mpémet vo xp1oLUOTTOLEL UL YPAUUOTOOELPG TTOU VO VITOOTNPILEL
OMOUG TOVG YOPOUKTIPES TOV ALPYELOV.

[o vo dSNAdoETE o KwdLKoToinom dLapopeTLkT| atd TV TPOoeTAEYUEVT, Oa Ttpémel va Ttpootedel o eLdLK
ypauu oxolMwv wg ety ypouuy tov apyeiov. H aivtokn eivouw 1 eEfg:

# —*- coding: encoding —*-

01OV 10 encoding elvol éva amd o €yKupa codecs mov vootnpifovrol amd v Python.

T wapdderyua, yio va dmidoete ot pokertan va ypnoworonei  kwdukoroinon Windows-1252 , 1) mpwth
YPOAUUT TOU apyelov Tou Tyaiov kKmdika Oa mpémet va eival:

# —*— coding: cpl252 —*-

Mo eEaipeon otov Kavova first line eivon dtov o inyaiog kmdikag Eexivd ue wa ypouun UNIX «shebang». Ze

auThHV TNV TTEpliTtmon, 1 dMAwor kwdikomoinong Oo mpémel va mpootedel mg devTepn ypauy Tov apyeiov.
T wopdderypo:

#!/usr/bin/env python3
# —*— coding: cpl252 —*-

YTOONHELWOELG

2.2. O Interpreter kat to MNMeptpaiiov Tou 7
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Mia Aturin Etoaywyn otnv Python

Zta akdrovba mapadeiypota, 1 €i00dog kan 1 £5080¢ Stakpivovial amd TNV TaPOVGia 1) TYY 0TToVsio prompts
(>>>xKat...): yio vo emovolaeTe To ToPAdELY A, TPETEL VO TAKTPOLOYTOETE TOL TTAVTA LETA TO prompt, OTav
avtd vtdpyers oL Ypouués Tov dev apyilovv pe prompt givor £€£0d0g atd Tov diepunvéa. Znueimon ot Evol
dEUTEPEVOV prompt LOVO TOU OE WLOL YPOUUY) OF VAL TTOPAOELYLOL ONUOEVEL OTL TTPETTEL VOL TTANKTPOAOYHOETE LLOL
KEVY] YPOUUT* QUTO YPNOLULOTTOLELTOL YL VO TEPUATIOETE L0 EVIOAT] TTOMDV YPOULDV.

TToM.G aTtd ToL TAPAdELYUATO 08 AUTOV TOV 00170, KO KO OUTA TTOV ELCAYOVTOL 0TO dLadPOCTIKO prompt,
mepéyouv oxoha. Ta oydha otnv Python Eekivolv pe tov yopaxthpa hashtag, #, koL ekteivovral uéypt To
TéAog ™G Ypauuns. 'Eva oy 0ho Wtopel vo epugavioTel 0TV apyn Wog OELpas 1 LETA otd Keva dLaothuoTo
1 KOdKa, al& OxL uéoa o pio ovuBorooelpd. 'Evag yapaktipog hashtag uéoa oe pia ovpporooelpd eivor
amhag €vag yapaktipag hashtag. Aedouévou 6t ta YOO ATOGKOTOVY GTNV OITOC0PVLOT TOV KOOLK KoL
dev gpunvevovtol artd v Python, propoiv va mapakeimovrol Katd Ty IANKTPoAOYN o TApadELYULATWY.

Mepikd mapadeiyporta:

# this is the first comment

spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 Xpnowpomowwvtag tnv Python wg Apltpounxavn

Ac dokipdoovpe uepLkéc amhéc eviohés tng Python. Eekiviote Tov dlepunvEa KoL TEPLUEVETE TO TPMTO prompt,
*>>>" . (Agv Oa mapet ol xpdvo.)

3.1.1 ApBpoi

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / work just like in most other languages (for example, Pascal or
C); parentheses ( () ) can be used for grouping. For example:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

>>> (50 - 5*6) / 4

5.0

>>> 8 / 5 # division always returns a floating point number
1.6

O axéporot aplBpot (t.y. 2, 4, 20) €&rouv Tov TOTO int, oL apbuol pe dexadukd ymeia (7t.y. 5.0, 1. 6) éxovv
Tov TUmo £loat. Oa dovue TEPLOGOTEPQ YLOL TOVS OPLOUTTLKOVS TUTTOVS 0PYOTEPT OF QUTOV TOV 0dNYO.

Division (/) always returns a float. To do floor division and get an integer result (discarding any fractional result) you
can use the // operator; to calculate the remainder you can use %:

>>> 17 / 3 # classic division returns a float

5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part

5

>>> 17 % 3 # the % operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

v Python, eival epukTd va xpnoLUoTo|0eTe TOV TEAEOTY * * Y10, va vtohoyioete duvapelg':

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7
128

To ovuporo g LodTNTOG (=) XPNOLUOTOLEITOL YLOL TV AVAOEDT OGS TWNG 08 (ol LETABANTY. 2T CUVEXELd,
dev eupaviletol amoTéAEoUa TPLV Ao TO ETOUEVO dLOdPAOTIKO prompt:

>>> width = 20
>>> height = 5 * 9
>>> width * height
900

Av pio petafinm dev €xel «oplotel» (dev g €xel amodobel Kdmora Tyun), | Tpoomdbeia xpnong g Oa cog
dmoel éva opahua:

>>> n # try to access an undefined variable
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

1 Aedopévou 6TL 10 ** éxel peyalitepn TpoTepatdTNTa atd To —, To —3**2 Qo eppvevTel wg — (3**2) Kot £ToL 0o TpokPeL —9.
o vou To amogUyeTe avTd Ko VoL TAPETE 9, WITOPELTE VOL XPNOULOTOOETE (—3) **2.

10 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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Yndpyer mAnpnG vroopLEn yia deKadIKAE Ympioe TEAEOTEG PE TENEGTEOVS LUKTOV TUITOV UETOTPETOVY TOV
aKEPOLO TELEOTEO O€ dEKAdIKO:

>>> 4 * 3.75 - 1
14.0

211 SLadPOOTIKY) AELTOVPYiQL, 1) TELEUTALO EKTUTTMUEVY EKPPAOY EKYXWPELTAL OTY UETAPINTY _. AVTO onuai-
ver 6t dtav ypnopomoleite v Python wg apBuopnyavi| ypogeiov, eivar KAmwg o e0K0A0 Vo ouveyioeTe
TPOTYOVUEVOUG VITOAOYLOHOVGS, YOl TapAdELYUaL:

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price +
113.0625
>>> round(_, 2)
113.06

Avti M petofAnT O TPETEL VO AVTLUETMITILETOL 0ITTO TOV YPNOTH MG WOVO VLol ovaYVmaon. Mnv tng avodétete
PNTA woL T) — o dNULoVpPYoVoaTE Lo AVEEAPTITY] TOTILKT) UETAPANTY) UE TO (810 OVOUE OTTOKPUITTOVTOG
TNV EVOWOUATOUEVY UETABANTY UE TN UOYLKT) TG CUUITTEPLPOPUL.

Extog amd int xow float, N Python vmootnpiler kol ddhovg timovg apBumy, 6mwg Decimal ko
Fraction. H Python éygl emiong evoouatouévi vrrootplEn yio complex numbers (uyadikotg aptbuovc),
KO YPNOLOToLel TNV KatdAngn j 1 J yia va SNADoeL 1o pavtaoTtikd uépog (it.y. 3+57).

3.1.2 Strings

Besides numbers, Python can also manipulate strings, which can be expressed in several ways. They can be enclosed

in single quotes (' . . . ") or double quotes (" . . . ") with the same result’. \ can be used to escape quotes:
>>> 'spam eggs' # single quotes

'spam eggs'

>>> 'doesn\'t' # use \' to escape the single quote...

"doesn't"

>>> "doesn't" # ...or use double quotes instead

"doesn't"

>>> '"Yes," they said.'

'"Yes, " they said.’

>>> "\"Yes, \" they said."
'"Yes," they said.’

>>> '""Isn\'t," they said.'
'"Isn\'t," they said.'

In the interactive interpreter, the output string is enclosed in quotes and special characters are escaped with
backslashes. While this might sometimes look different from the input (the enclosing quotes could change), the two
strings are equivalent. The string is enclosed in double quotes if the string contains a single quote and no double quotes,
otherwise it is enclosed in single quotes. The print () function produces a more readable output, by omitting the
enclosing quotes and by printing escaped and special characters:

>>> '""Isn\'t," they said.'

""Isn\'t," they said.'

>>> print (""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output

(ouvéyela otV emtdpev) oehida)

2 S avtiBeon e GAAEG YADOOES, OL ELOLKOL YOPOKTHPEG OIS TO \ n £X0VV TNV idLa oNuasic Too0 pe omhé (1. . . ') 600 KoL pe SUThd
("...") awoayoykd. H povn dogpopd peta&l tov dvo eivon Ot péoa oe amhd elooymyikd dev ypetdletat vo amopUyete to " (0AAG
TPETEL VO OTTOPUYETE TO \ ') KOL TO OVTLOTPOQO.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

'First line.\nSecond line.'

>>> print (s) # with print (), \n produces a new line
First line.

Second line.

Edv dev Béhete oL (apakTPES TOV TPONYOUVTOL ATt Uict \ var epunveVovToL MG ELOLKOL X OPOUKTNPES, WTOPELTE
VOL Y PNOLUOTO|OETE aKATEQYAGTES GUUPOLOGELPES TTPOCOETOVTAG £VOL T TTPLY ATTO TO TPMTO ELOAYWYLKO:

>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote
C:\some\name

String literals can span multiple lines. One way is using triple-quotes: """ ..."""or '''..."'"'"'. End of lines
are automatically included in the string, but it’s possible to prevent this by adding a \ at the end of the line. The
following example:

print ("""\

Usage: thingy [OPTIONS]
-h Display this usage message
-H hostname Hostname to connect to

nn H)

produces the following output (note that the initial newline is not included):

Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

Ou ovuporooelpég uopotv vo. ouvdehovv (KonBovv m wior otnv dAkn) pe Tov TEAEoT +, KOL VO ETTOVOAN-
OoVV ue Tov TEhEOTN *:

>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + 'ium'
'unununium'

A¥O 1) TOPATAVD cuEBorocERES (TTOV TEPLKAELOVTOL OE ELOAYWYLKA) 1 pia distha oty GAAY ouvdEovTOL QU-
TouoTa.

>>> 'Py' 'thon'
'Python'

Avt 1 Aettoupyia eivou daitepa yphHowun dtav Bélete va omdoete peydheg GVUBOLOOELPES:

>>> text = ('Put several strings within parentheses '
C 'to have them joined together.')

>>> text
'Put several strings within parentheses to have them joined together.'

Qot600, aVTO AELTOUPYEL LOVO e KUPLOAEKTIKEG GUUBOAOOELPES, O L e UETAPANTES 1) EKPPAOELS:

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'
File "<stdin>", line 1

(ouvéyela 0TV nOpEVY 0EDL)

12 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

SyntaxError: invalid syntax

Av 0éhete va ovvdéoete PeTAPBANTES 1) wior HETAPANT Ko pict KuplohekTiky) ouUPBOLOGELPA, XPNOLUOTOOTE
TO +:

>>> prefix + 'thon'
'Python'

OL ovuBolooeLpéc UTopovv va gival rpoomeldotues (LECW EVPETNPLOV), LE TOV TPMTO YOPOUKTIPA VO EXEL TOV
detxtn 0. Aev vitapyeL Eexwplotdg THTTOG VLo XOPUKTAPEG £VAG XOPAKTHPAG Elval OTADG o ovufohooelpd.
ue uéyebog éva:

>>> word = 'Python'

>>> word[0] # character in position 0
IPI

>>> word[5] # character in position 5
lnl

O deixteg wropovv va eivor ko apvitikoi aptbuol, yia vo Eekivioete v apibunon amxd to deEud:

>>> word[-1] # last character

lnl

>>> word[—-2] # second-last character
lol

>>> word[-6]

IPI

Enuerdote Ot 0pov to -0 givar to idto pe to 0, ou apviTikoi deikteg Eektvouv armod To -1.

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows
you to obtain substring:

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
IPy'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

OL deiKTEC EVOG TEUOYLOUOV EXOUV YPTOLUES TTPOETUAOYECe 1] TOPAAELPT] TOV TPDTOV SELKTI £)XEL WG TPOETL-
Moy to undév, N mapdhenpn tov devtepou delkTy £xEL wg mpoemAoyy To uéyebog TG oVUBOLOCELPAS TOV
TepayiCeToL.

>>> word[:2] # character from the beginning to position 2 (excluded)
le'

>>> word[4:] # characters from position 4 (included) to the end

'Ol’l'

>>> word[—2:] # characters from the second-last (included) to the end
'Ol’l'

[MpooéEte g 1 apyn TEPLMAUPAVETOL TAVTOL, EVED TO TENOG TTAVTA eEqupeitor. Avtd eEaopaliletdTito s [ 1]
+ s[i:] eivouw hvto (00 pe s:

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

"Evag 1p0mog vo. Oupdote g hAettovpyoUv oL TEROYLoUOL elvol vo oke@Teite OTL oL deikteg delyvouv uetaEd
YOPOKTNPWYV, UE TO ApLOTEPO GKPOo TOV TPDTOL YapakThpa va aplbueitar pe 0. Tote To eELd dikpo Tov Te-
Levtalov YopaKTNPO oG GUUBOAOOELPAS V XAPUKTNP®Y EXEL KT v, Yia TAPAELYILOL:

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 13
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e At S
' Pl vyl t[h|oln|
e S
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

H mpdn oepd apbudv diver ) B¢om twv dewktdv 0...6 otnv ovuporooelpde 1 devtepn oelpd divel Tovg
avTioToLovg apvNTIKovg deikteg. O Tepaytonos amd i wg j amoteleital amrd GLOVS TOUG YUPOKTHPES UETAEY
TOV GKPWOV UE ETIKETES § KO J, AVTLOTOLYO.

Toe un opvnTkols deiKTeg, TO UNKOG EVOG TEUOXLOUOU ElvaL 1 dLapopd Tmv delkTdV, edv KoL oL Vo eival
evtog TV opimv. T'ia mapdderyna, To uKog tov word [1: 3] elvon 2.

H amdmeipa xpnong evog ol ueyahov deikty Oo 0dnyNoeL oe opdiua:

>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

Qo01600, 0L OEIKTEG EKTOG EVPOVGS UVTLUETMILLOVTOL YWPLG OPALULA OTAV YPOLULOTTOLOVVTOL YLO. TELOYLOUOVGS:

>>> word[4:42]
lon'
>>> word[42:]

[}

Ot oupporooelpég g Python dev umopotv va adhGEovv — eivaw immutable. Emouévog, n avdbeon oe wo
OUYKEKPLUEVY B€0m 0T oupolocelpd odnyel oe opdiua:

>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

Edv ypeidleote o dragpopetik) oupuforocelpd, 0o pémel va dNuovpynoeTe o véa.:

>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'"Pypy’

H evoouatmuévn ovvdpton len () €mOTPEPEL TO UNKOG WLag CUUBOROOELPAG:

>>> g = 'supercalifragilisticexpialidocious'
>>> len(s)
34

Agite gmiong:

textseq Ou cupporooelpég eivan Tapadeiyuata txwv axolovbiag Kot virootpifovy Tig kowég mpdEelg mov
VITOOTNPILOVTOL AT TETOLOVG TUTTOVG.

string-methods Ou cuufolooeipéc vtooTpilovy évav pueydho optBud nebddmv yio factkoc HETATKNUATL-
opovg KoL avatniTnon.

f-strings Kvplohektikéc ouppolooelpég mou €XoUvV EVOOUOTOUEVES EKPPAOELS.

formatstrings ITAnpogopieg oyeTLKA UE TH LOPPOTOINOY CUUPOAOOELP®Y Ue T uéB0do str. format ().
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old-string-formatting Ou ;wolég hettovpyieg Loppomoinang mov Kahouvtor dtav oL GUUPBOLOCELPEG Elval O
OPLOTEPOS TEAEOTEOS TOU TENEDTI % TEPLYPAPOVTOL AETTTOUEPEOTEPAL EDM.

3.1.3 Aioteq

H Python yvopiCel évav aplOpd cdvletwv THmwv dedOUEVMY, TOU YPNOLLOTOLOVVTOL YL THY OUd0TOiNoT
AoV Tmv. O 0 gVEMKTOG ivol 0 TUTOG AloTa, 0 0TTOLOG WITOPEL VO YPOPTEL WG (Lot AMOTaA SLoympLoué-
VoV pe KOuua Tudv (otouyeiwv) avaueoo oe tetpdywveg aykvhes. Ou Moteg Wmopel va mepLéyovy atoryeio
dLapopeTtkmv THmV, odhd cuvnbmg dha To. aToryeia Exouv Tov idLo TUTo.

>>> squares = [1, 4, 9, 16, 25]
>>> squares
(1, 4, 9, 16, 25]

'Onwg oL ovpPolooelpég (Kar OAoL oL GALOL EVOMUATMUEVOL TUTTOL seqiience), oL MOTEG WTOPOUV VO, dELKTOSO-
™O0VV KalL VO TELOYLOTOVV:

>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[—-3:] # slicing returns a new list
[9, 16, 25]

‘'O)oL OL TEPOLOUOL ETTLOTPEPOVV oL VE ALOTAL TTOV TTEPLEXEL T TNTovueva otoleio. Avutd onuaiver otL o
akohovBog Tepoytonog emotpépel Eva shallow copy (pnyd avtiypago) thg Alotag:

>>> squares|[:]
[1, 4, 9, 16, 25]

O Moteg vmootpilovv exiong hettovpyleg Omtmg ovvdeon:

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

e avtibeon pe tig ovpPforooelpés, oL omoieg eivar immutable, oL Moteg eivan mutable TOHmOg, dNAOdN eivon
duvatdv vo alMGEETE TO TTEPLEXOUEVO TOUG:

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

>>> cubes
(1, 8, 27, 64, 125]

You can also add new items at the end of the list, by using the append () method (we will see more about methods
later):

>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

[1, 8, 27, 64, 125, 216, 343]

H avaBeom o tepoyiopog eivan ertiong duvati), Kot outd wropel akoun ko va odhdEel to péyebog tng Motog
1 vo. ™ dlorypdpeL evieAdS:

>>> letters = ['a', 'b', 'c', 'd', 'e', 'f£', 'g']
>>> letters

[Val, Vbl, ICV, ldl, lel, lfl, lgl]

>>> # replace some values

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> letters[2:5] = ['C', 'D', 'E']

>>> letters

['a', 'b', 'Cc', 'D', 'E', 'f', 'g'l]

>>> # now remove them

>>> letters([2:5] = []

>>> letters

['a', 'b', '£', 'g'l

>>> # clear the list by replacing all the elements with an empty list
>>> letters[:] = []

>>> letters

[]

H evowpatmuévn ovvdpton len () epapudletar emiong otig MoTeg:

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

Eival duvatd vo eugpoieoete Moteg (Vo d1uovpynoete Moteg mov tepLéyouv dhheg AMOTES), YL TapadeLypa:

>>>a: [lall lbl, ICIJ
>>>n = [1, 2, 3]
>>> x = [a, ]
>>> x
]

[(fta', 'o', 'ec'l, [1, 2, 3]1]
>>> x[0]

[la" lbl, lcl]

>>> x[0][1]

lbl

3.2 MpwTta Brjpata Mpog Tov NMpoypappatiopod

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

>>> # Fibonacci series:
# the sum of two elements defines the next
a, b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb

Qo Ul Ww NP PO

Avtd T0 TAPEdELYUa ELOAYEL DLAPOPO VEQ YOPAKTIPLOTLKA.

o Hmpotn ypouun mepléyet o toAdlamin avdOeon: oL ueTafAnTtég a KoL b Taipvouv TouTOY POV TIG VEEG
Tég 0 xou 1. Ztnv tehevtaia ypauun autd xpnouoroleiton Eavd, amodetkviovtag 0Tt oL EKQPPAOELS OTH|
8eE1d mheupd aElohoyouvton Oleg TpwTa TPLY yiver omoladnote avabeor. O ekppdoelg oty deELd
mhevpa aElohoyotvral amd aplotepd TPog To deELA.

o O Bpodyoc while ekteheitan 600 1) ouvOh KN (edw: a < 10) mapapéver aindmfg. Ztnv Python, dmwg ko
ot C, omoLadnmote un undevikt aképoto T eivor alndng, to undév eivarl Yevdéc. H ovvOnkn umopel

16 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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emiong va eival o ovpBorooelpd M wo Mota, 0TV TpayuaTtkdTnTa 0Totodnmote akolovdioes otidn-
TTOTE Ue U UNdeVIKO ufkog eivan aindég, kevég axorovbieg eivor Pevdeig. To TEGT IOV XPNOLUOTOLELITOL
010 TTapaderyua eivar o arhf ouykplon. O tumikol teheotég ovykplong ypdgovtar émwg ot C: <
(WKpdTEPO OTT0), > (UeyaliTtepo amd), == (100 ue), <= (WKPOTEPO 1) (00 pe), >= (LeYalUTePO 1) 10O UE)
Ko ! = (un oo ue).

o 210 ocua Tov Ppdyov vTtdpyeL ecoy: | €coyN elvar o Tpdmog g Python va opadomolel evtorés. Zto
dLadpaoTIKO prompt, TPETEL VoL TANKTPOLOYNOETE €va tab 1 Kevd(a) yio KGO ypauur pe 0oyn. Ztnv
TPGEN O TPOETOLUAOETE TTLO TEPLTAOKEG ELOAYWYEG YiaL TV Python pe évav eneEepyaoti Keywévous OLot
oL aElompemeic eneEepyaotég keywévou dLadétovy TNV duvatdtnto avtdpatng eooync. Otav elodyeton
pa oUvOeT evIoht] dLadPaoTIKA, TPEMEL Vo okohovOeiTaL atd (oL KEVI] YPOULUT] YLOL VO VITOONAWDVEL
TV 0AOKMPpmO (0ol 0 CUVTOKTIKOG avaAVTiG dev Umopel vo uavtéPel Tote TANKTPOROYHoATE TV
televtaio ypouun). Enueiwon ot kdbe ypouun péoo og €vo Baotkd WThoK TPETEL VoL ExeL TV 1dLa
€00YN).

e Theprint () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments, floating
point quantities, and strings. Strings are printed without quotes, and a space is inserted between items, so you
can format things nicely, like this:

>>> 1 = 256*256
>>> print ('The value of i is', i)
The value of 1 is 65536

To 6propo-Khewdi end Wtopet vo. xpNoLuosTon el yio TV atopuyn e vEQG YPOUUNG UETA TV 5000, 1)
VIO, VOL TELELWOETE TNV £E080 U ot SLapopeTk) oupuBohooelpd.:

>>> a, b =20, 1

>>> while a < 1000:
print (a, end=',")
a, b = Db, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

YTOONHELWOELG
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KE®ANAIO 4

[Meploodtepa epyalela EAEYXoU Pong

Besides the while statement just introduced, Python uses the usual flow control statements known from other
languages, with some twists.

4.1 Mpotaocelg if

Towg o 1o YvmwoTdg THmog statement eivan 1 tpdtaon if. Mo mapdderyua:

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x =0

print ('Negative changed to zero')
elif x ==

print ('Zero')
elif x ==

print ('Single')
else:

print ('More')

More

Mrtopei va vitdpyovv undév 1 mepocdtepa uépn elif kaw 1o Tuuo else sivan mpoarpetikd. To keyword
“elif” eival ouvtopoypapio Tov “else if”, Ko eivar ypnoun yio va amo@uyete Ty viepfolkn ecoyn. Mua
akohovBio keyword:/if ... e1if ... elif ... €lvol VTOKATACTOTO TOV INADOEWV switch 1) case mov vdp-
YOUV 0€ GAAeg YADOOEG.

19
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4.2 Mpotdaocelg for

H dMlwon for omv Python diapépel Aiyo amd avtd mov umopel va €xete ouvnbioer ot C 1 otnv Pascal.
Avti vo emavahappavete tdvro wa optdunTtikn mpododo aptbuwv (0mwg ot Pascal) 1] va divete otov yphotn
™ duvatodTTa VO 0pioeL TOGO To Prra exavdAnyng 600 Kau T cuvOhkn diakomng (drtwg C),n dnhwon g
Python for emavolappdvetot tdvm amd To otolygia omolaodnmote akolovbiog (AMotag 1 ovuporooelpdc),
LLE T1) OELPA TTOV epaviCovtor oty akolovbia. [N wopdderyuo (xwpic Aoyomaiyvio):

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))
cat 3
window 6
defenestrate 12

O K®OILKOG TTOV TPOTOTOLEL PLOL GUALOYT VD ETOVAAAUPAVETOL TTAVD ATTO TNV iDL GVUALOYT| UITOPEL VaL ElvoL
dVoKohog YL0 Va. Yivel omoToc. Avtifeta, givar ouvnBmg mmo atho va kévete loop mdvo amd éva avtiypopo
OVALOYNG 1] VO ONULOVPYNOETE Lt VEOL GUALOYN:

# Strategy: Iterate over a copy
for user, status in users.copy () .items{():
if status == 'inactive':
del users|user]

# Strategy: Create a new collection
active_users = {}
for user, status in users.items{():
if status == 'active':
active_users[user] = status

4.3 H ocuvaptnon range ()

Edv ypetdleton va kavete emavddnyn oe o akolovdio apbunv, n evoouatwuévr (built-in) cuvaptnon
range () elvol xpnowun. Anuovpyel aplBuntikég Ttpoddovg:

>>> for i in range(5):
print (i)

S w N e O

To dedouévo tehkd onueio dev amotedel ToTé u€Pog g opayduevng akohovdiag to range (10) dnuovp-
vei 10 Tuég, Toug deikteg yia otouyeia wog axkohovbiog unkovg 10. Eivor duvatdv va agnoouvue to 0pog va
Eekuva amd Ao apBud 1M yio vo Kabopioete o SLopopetiky] TpocaiEnon (aKoun Kot opvnTiKY), UEPLKES
opég auTd ovopaletol “Prua’):

>>> list (range (5, 10))
[5, 6, 7, 8, 9]

>>> list (range (0, 10, 3))
(0, 3, 6, 9]

(ouvéyela otV emtdpev) oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> list (range (=10, -100, -30))
[-10, -40, -70]

T va yivouy iterate ou deikTeg wo akolovBiag, wropeite vo ouvdvaoeTe T range () kou len () wg eEhg:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

ZTG TEPLOOOTEPES TETOLEG TEPLITTMOELS, MOTO0O, €ivar BOAMKO VO YPNOLUOTOLOETE TH OLVVAPTNON
enumerate (), deite Teyvikés Looping.

'Eva stepiepyo mpdypa ovppaiver ov arhig EKTUTMOETE Vo range:

>>> range (10)
range (0, 10)

Me 7toM00G TPOTOUG TO OVTLKELUEVO TTOV EMLOTPEPETOL ATd TO range () CUWTEPLPEPETOL GOV VO ELVAL (WO
Mota, aAhG oty paypatikdTTa dev eivar. Eivan éva aviikeipevo mov emotpépel To dLadoyLkd atoryeio
™G embuun g akolovbiog OTav KAVETE ETAVAIMYPN TAVD TOU, OAG SV UITaiveEL TpayaTiKd ot AloTa,
eEoLKovoumvTag £toL Y Hpo.

A€pg OTL £VOL TETOLO AVTLKELUEVO Elval iterable, dnhadt), KOTAAANLO WG 0TOYOG YLO CUVOPTNOELG KO KATOOKEVEG
TTOV TEPLUEVOLY KATL OTTO TO 0IT0L0 UITOPOUV Vo Maouy dtadoyikd atoryeio uéypl vo eEavtinbei 1) Tpoopopd.
Eidaue 6tL 1 dHhwon for eivor o TETolo KOTOAoKEDT, EVM EVO TAPASELYILO CUVAPTHONG TTOV TAPVEL €val
iterable eivaum sum () :

>>> sum(range (4)) # 0+ 1+ 2 + 3
6

Apyodtepa O dovue mEPLOOOTEPES TUVOPTNOELS TTOV ETLOTPEPOUV iterables Ko Aapupdvovy Toug iterables wg
opiopata. 210 Kepdhao Aoués Aedouévawv, Bo ouintnoovue Aemtopepéotepa Yo to 1ist ().

4.4 break and continue Statements, and else Clauses on Loops

The break statement, like in C, breaks out of the innermost enclosing for or while loop.

Loop statements may have an e 1se clause; it is executed when the loop terminates through exhaustion of the iterable
(with for) or when the condition becomes false (with while), but not when the loop is terminated by a break
statement. This is exemplified by the following loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):
if n % x ==
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor

print(n, 'is a prime number')

2 is a prime number
3 is a prime number
4 equals 2 * 2

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

is a prime number
equals 2 * 3
is a prime number
equals 2 * 4
equals 3 * 3

O 0 J o U

(Yes, this is the correct code. Look closely: the e 1se clause belongs to the for loop, not the i f statement.)

When used with a loop, the e 1 se clause has more in common with the e1se clause of a t ry statement than it does
with that of i f statements: a t ry statement’s e 1 se clause runs when no exception occurs, and a loop’s e 1 se clause
runs when no break occurs. For more on the t ry statement and exceptions, see Awayeipion EEawpéoewv.

The cont inue statement, also borrowed from C, continues with the next iteration of the loop:

>>> for num in range (2, 10):

o

if num % ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

4.5 Mpotaoelg pass

H 0Mlwon pass dev kavel timota. Mmopel va ypnoipuomombel 0tov amonteitol ovvtaktkd wa gpdtaomn,
oMG To TPOYpauue dev amartel Kopio evépyera. o mopdderypa:

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

Auto ypnopomoleitor ovvihomg yo T dnuovpyio e LoTmV KAAGEWV:

>>> class MyEmptyClass:
pass

"Eva M0 LEPOGg pass ou WItopel va xpnotpomonOei eivor wg place-holder yio puat ouvéptnomn 1) to oo vod
Opovg dtav epyaleate 0e VEO KMOLKQ, ETULTPETOVTAG OOG VO, OUVEYIOETE VO OKEPTEOTE O€ £VAL TTLO OLPNPNUEVO
enimedo. To pass ayvoeiton olwmanid:

>>> def initlog(*args):
pass # Remember to implement this!
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4.6 KaGoplopog Zuvaptnoswy

Mmopotue va dSNULOVPYNOOVUE WO CUVAPTNOT TTov YpdpeL T ogwpd Fibonacci og éva avbaipeto dpuo:

>>> def fib(n): # write Fibonacci series up to n
"""pPrint a Fibonacci series up to n."""
a, b =20, 1
while a < n:
print (a, end="' ")
a, b =Db, atb
print ()

>>> # Now call the function we just defined:
fib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

To keyword de £ elodyeL o ouvapTnon optoudg. TIpémet vo akohovBeitor amd To dvoua TG oUVAPTNONG Kot
™ MOTA TV TUTKOV TApauétpmy og mopévieor). OL dNAmoELg OV OYNUATILOUY TO OMOWO THG CUVAPTIONG
EeKLvoUV artd TNV ETOUEVY] YPOLUT KOL TTPETEL VAL ELVOL ECOYEC.

H mpwtn dMhwon Touv 0Ouotog g ouvAapTNonG WITOPEL TPOALPETIKA va gival éva literal oupfolooelpds avtd
7o literal ovpBorooelpdc eivan 1 oVUBOLOCELPE TEKUNPLWONG TG OUVAPTNONG 1) docstring. (TTepLocOTEPT YLOL TOL
docstring popeite va Bpeite oty evomta Svufoloceioée Texunolwong.) Ymapyovv epyoleia Tov XpnoLuo-
mtoLovv docstrings Yo TNV aUTOUOTY TApoymy SLOdLKTUOKTG 1 EVTUTING TEKUNPLWONG 1) Y10 VA 0p)OOUV TOV
¥PNOTH VO TTEPYNOEL BLOdPAOTIKA OTOV KMALKO: Eivol KO TTPakTiKT) vo. ovpsepiapfavovtor docstrings
OTOV KMALKO TTOU YPOPETE, Y10, OVTO KAVTE TO ouVTDeLaL.

H extéleon puag ouvaptnong elodyel £vay véo TivaKa GUUBOLMY TTOV YP1OLULOTTOLELTOL VIO TLG TOTLKES LETOL-
BANTEG TG ouvapTnonG. ITo cuYKEKPLUEVA, OMEG OL EKYWPTOELG UETABANTDOV OE ULOL GUVAPTNOT 0rTodnKetovv
TNV TLUY) OTOV TTVAKOL TOTULKMY OUUBOAWV EVA OL OVOPOPES UETAPANTHOV KOLTALOVTOL TTPDTO OTOV VUK, TO-
UKDV OVUPBOLWYV, 0T OUVEXELO OTOVG TTEVOKES TOTILKMY CUUBOMMY TOV GUVOPTIOEMV TOV TEPLKAEIOVV, UETA
otov sivoka KabolMKdv ouuBorwv Kat, T€A0G, 6TOV Tivako evowuatwuévmy ovoudtwyv. ‘Etol, ou kabohkég
UETOPANTEG KOL OL UETOPANTEG TOV OUVOPTNOEWY TOV TEPLKAELOVY dEV WITOPOVV VA EKYwPNO0UV 1 UL T
UEoO 08 (oL oUVAPTNON (EKTOG EGV, YLa KOOOMKES ueTafAnTég, mov ovoudZovral o ua dYhwon global 1,
YLOL LETOPANTES CUVOPTNOEWV TTOV TTEPLKAEIOVY, OVOUATovToL og o dMAwon nonlocal), av KoL WIOPEL Vo
AVOPEPOVTOL.

Ou mporypotikég mopdpetpot (opioporta) o€ e KAHon cuvaptnong L0dyovioL 0Tov TOTLKO mtivaka ouufo-
AV TNG KOAOUUEVNG CUVAPTNONG OTOV auTH Kaheitar £TotL, Ta 0plopuato UETAPLBAToVTAL PNOLULOTOLMVTOS
call by value (6rov 1 value eivon TavTo évo avIKeipEvo reference, oYL TV TL| TOV ovTiKelévov).! ‘Otav o
OUVAPTNON KAAEL ot G ouvapTon 1) Kokel Tov eautd g avadpoutkd, dnuLovpyeitol €vag véog TivaKag
TOTKDV CUUBOADV YLOL CLUTHV TNV KAT|OM).

"Evag oplopdg ouvapTnong CUGYETILEL TO OVOUA THG CUVAPTIONG LLE TO AVTLKELUEVO CUVAPTNONG OTOV TPEYOVIQL
sivaka ovufBormv. O diepunvéag avayvwpilel TO OVTLIKELIEVO OTO OO0 ETLONUOAIVETOL AUTO TO OVOU MG
ouvapTHON TTOV 0piLeTaL aTd TOV ¥PHOoTN. AMha ovopaTa UITopovV ETLONG Vo deiyVouV TO {810 aVTIKEIUEVO
OUVAPTNONG KoL UITOPOVV ETLONG VAL XPNOLUOTOLNO0VY YL0 TPOOPAON 0TN CUVAPTNON:

>>> fib

<function fib at 10042ed0>
>>> £ = fib

>>> £(100)
0112358 13 21 34 55 89

[poepyoduevol amd dileg yhdooeg, umopel va avritoydeite 0tL To £ib eV €lvan Hol CUVAPTNON ARG (o
dLadikaoio, Kabmg deV ETLOTPEPEL (AL TLUT). ZTNV TPOYUOTLKOTITA, AKOUT KOl CUVOPTNOELG Ywplg dfhmon
return &mOTPEPOUV WO T, OV Kot WodAov Bopeti. Avty 1 Ty ovopdletor None. H eyypagn g -
ung None omd tov diepunvéa, edv Oa Nrov 1 wdvn Ty wov ypdpetol. Mmopeite vo 1o deite av 1o Oéhete
TPAYUOTLKA Y PNOLUOTTOLMVTAG T print () :

! Sty mpaypaticdmta, 1 kAo we avapopd avakeuévov Oa frav (o Kohbtepn meptypapt, Kadng edv uetapipaotel éva petapintd
avTiKeinevo, o kahmv Oa der Tuydv alhayég Tov KaveL 0 KohdV o€ 0uTd (OTOLYELC TTOV ELOAYOVTAL OF Ut MoTa).
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>>> fib (0)
>>> print (£ib(0))
None

Eivow amhd va ypdapete pio ouvaptnon ov emoTpépel i Mota ue tovg apbuotg tg oelpdg Fibonaccei, avti
V0L TNV EKTUTTDOETE:

>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n.
result = []
a, b =0, 1
while a < n:
result.append (a) # see below
a, b =Db, atb
return result

mn

>>> £100 = £ib2(100) # call it
>>> £100 # write the result
(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Avutd to Tapaderyua, wg ovvnbme, deiyvel peptkd véa yopaktnplotikd Python:

o H d)hwon return emiotpépet pe wo tut oo wo ovvaptnon. To return yopig dpiopa EKppaong,
emotpépel 1o None. H ttdyor Tou téhoug Iag ouvapTnong emLoTpégel eiong None.

o The statement result .append (a) calls a method of the list object result. A method is a function
that “belongs” to an object and is named obj .methodname, where obj is some object (this may be an
expression), and methodname is the name of a method that is defined by the object’s type. Different types
define different methods. Methods of different types may have the same name without causing ambiguity. (It
is possible to define your own object types and methods, using classes, see KAdoeig) The method append ()
shown in the example is defined for list objects; it adds a new element at the end of the list. In this example it
is equivalent to result = result + [a],butmore efficient.

4.7 Meproodtepo yua Tov KaBoplopo ZuvaptRoewv

Eivaw emiong duvatdg o oplopds ouvaptioemy pe uetafintd aplbud optopdtov. Ydpyovv Tpewg Wopepes,
JTOV UITOPOVV VO, GUVOUOGTOVV.

4.7.1 MpoemAeyueveg Tipeg Opiopatog

H o xprown podpua eivor vo KabopioeTte wo Tpoemheyuév) T yio va 1) Teplocdtepa opiouata. Avtd om-
UWLOUPYEL ULt GUVAPTNON TTOV UITopel vo KANOel pe Mydtepa oploporto amd autd ov EXEL OPLOEL OTL ETLTPETEL.
T wopdderypo:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)

if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False

retries = retries - 1

if retries < O:
raise ValueError ('invalid user response')
print (reminder)

Avti 1 ovvaptnon wrrtopel vo KAnOel pue dudpopoug TpdIovg:

o divovtog wovo to VoY pemTikd dpioua: ask_ok ('Do you really want to quit?')
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« divovtag éva amd To TPoaLpeTiKd opiopata: ask_ok ('OK to overwrite the file?', 2)

1 divovtag Oha Ta opiouato: ask_ok ('OK to overwrite the file?', 2, 'Come on,
only yes or no!'")

Avtd to mapaderyno ewodryer emtiong to keyword in. Avtd eléyyel edv ua akohovBia epLEyeL 1 OyL (L ov-
YKEKPLUEVN TLu.

OL TtpoemLeYUEVES THIEG AELOAOYOUVTOL GTO GUELD TOU OPLOUOV TNG OUVAPTNONG 0TO TTEdLO OV 0pileTat, £TOL
wote

def f(arg=i):
print (arg)

i=6
£()

0o ekTVTTWOEL 5.

Innavriki xpoedonoinon: H mposmiheyuévn tun) aoloyeitan udvo pia gopd. Avtd kdvel t Sragopd dtav
1 TpoemAoYN ivar va HETAPANTO avTIKELUEVO, OTTWG W AMota, AeELKo 1) oTLydTuIe Twv TEPLOTOTEPMY
KAdoewv. Ta mapdderyna, N akdrovdn cuvapTnon cvoompevel To. opiouata Tov dLofALoviol o€ autd o€
emoueveg KA oELS:

def f(a, L=[]):
L.append(a)
return L

print (£(1))
print (£(2))
print (£(3))

Avtd Oa eKTUTTOOEL

(1]
(1, 2]
1, 2, 3]

E&v dev Oélete va yivetal Ko xpron Tng Tpoemhoync LETAED TwV eTOUEVOV KATOEWV, UTOPELTE VO, YPUPETE
T ouVapPTNON WG eENG:

def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.7.2 Opiopata Keyword

OL ouvaptioelg Wtopolv emiong vo KAMOoUV YPNoLUOTOLmVTOG TO keyword arguments NG WOPQYS
kwarg=value. ['a mopdderypa, v akdrovdn ouvdptnon:

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print ("-— This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)

print ("-- It's", state, "!")

déyeton €va amantovpevo dpopa (voltage) Kou Tplo TPOOLPETIKA opiopata (state, action, kot type).
Avti 1 ovvdptnomn urtopel va kKAnOel pe omolovanmote amd tovg akorovboug TpdTovs:
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parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action="'VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot('a million', 'bereft of life', '"jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
oAAG Oheg oL akdhovBeg KMNoELS Ba NTav dKupeg:

parrot () # required argument missing

parrot (voltage=5.0, 'dead") # non-keyword argument after a keyword argument
parrot (110, voltage=220) # duplicate value for the same argument

parrot (actor="John Cleese') # unknown keyword argument

Ze o KAHom ouvaptnong, ta keyword opioparta mpémel va akohovbouv opiouota Béong. Ola ta keyword opi-
opato Tov SLoBACOVTOL TPETEL VO TOLPLALOVYV UE £VaL 0TTO TO OPLOUOLTA TTOV YiVOVTaL SEKTA 0ITd TH oUVApTHON
(7. To actor dev eival £yKupo OPLOUa YLO. TN OUVAPTNON parrot), Kot 1 udtakn Tovg dev eival onuaviik.
Avtd mepthapaver emtiong un TPooLpeTIKG opiopata (.Y parrot (voltage=1000) &ivaw emiong ykvpo).
Kavéva dpiopa dev pmmopet va MaBeL ol Tt eplocdtepeg amd pio popéc. Akohovbel Eva mapaderyua o
OTTOTVYYAVEL MOV CLUTOV TOU TTEPLOPLOUOD:

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

‘Otav umapyel [Wo TeEMKN emionun TOpGUETPOS TG WopPhg **name, Aaufdver évo AeEukod (deite
typesmapping) tou sepLéyetl Oha to keyword opioparta eKTdg amd auTd IOV AVILOTOLKOUV OE ULCL ETTLOTUT TTOPA-
UETPO. AUTO UTTOPEL VO CUVOVAOTEL UE [LOL ETTLONUY TTOPAUETPOG TG WOPPTG *name (TToV TEPLYPAPETAL OTNV
EMOUEVT] VITOEVOTITA) 1) 0TTolaL AapPdiver éval tuple o mepLéyeL Ta opiopata 0€ong mépa amd TV emionun
Mota mapouétpwv. (To *name mpémel va gpupoviletar pLv amd to * *name.) [a wapdderyua, av opioovye
ULt CUVAPTHON OTTMG OVTH):

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

Mrtopei vo. KaheoTel KATmG €TOL:

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")

KoL uOoLKd 0ol eEKTUITMOoEL:

—-— Do you have any Limburger ?

-— I'm sorry, we're all out of Limburger
It's very runny, sir.

It's really very, VERY runny, sir.

shopkeeper : Michael Palin

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

client : John Cleese
sketch : Cheese Shop Sketch

Adfete vroOYn 6TL 1) oeLpd pe TV omoia ekTuTtdvovTol To keyword opiopato givan eyyunuévn 0t ToupLdler pe
TN OELPA e THV oTtoia dOONKAV 0TV KM o1 TG CUVAPTHONG.

4.7.3 EWBIKEG MapApETPOL

Amd mpoegmhoyn, Ta oplopato wropovv vo petafifaotodv oe o ouvaptnorn Python eite pe fdon tn 6éom
eite pntd pe to keyword. T avaryvooudttao Ko amddoor), eivar Aoyikd vo TEPLOPLOTEL O TPOTOG UE TOV
0700 UTOPOVV VO TTEPACOVY TO. OPLOUATA, £TOL DOTE £VAG TPOYPAUUATIOTNG VO UMV XPELGLETOL VO KOLTOEEL
TOV 0PLOUO TG OUVAPTNONG YLOL VO TTPOodLopioeL Qv Ta ototyeia uetafifdlovrar Katd 0¢or, Katd 0éon 1
keyword, 1] xatd keyword.

'Evag opLlopdg ovvaptnong Wropel va, Lotdler pe auto:

def f(posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword |
\ - Keyword only
—-— Positional only

Omov oL / Ko * glvan tpoatpeTikd. Eqv ypnowomorotvral, autd to oppolo vtodetkviouy To eidog TG o
POUETPOUG LE TOV TPOTO TOV TO. OPLOUOTA LWITOPOVV VAL LETUPLBOOTOVV 0TH GUVAPTNON: WOVo Béong (positional-
only), 0¢omg 1 keyword (positional-or-keyword), ko povo keyword (keyword-only). O keyword stapdpetpot ava-
PEPOVTOL ETTLONG VG OVOULOLOUEVEG TTAPGUETPOL.

Mapapetpol ©¢ong | Keyword

Edv ta / Kau * dev vrdpyouvv 0Tov 0pLoid TG GUVAPTIONG, TO OPLOUATO UTTOPOVV VO, UETABLBACTOVV OF (o
ovvdaptnon ova Béon N xatd keyword.

Mapapetpol Movo-©€ong

EmaveEetaLovtag ovtd to Béua hiyo mo Aemrtouepde, eival duvatd va emonudveTte oplopéveg TOpAUETPOVS
wg udvo Béong. Eav uévo Oéong,  oelpd Twv TopOopETPWV EXEL ONUAOLO KOL OL TAPAUETPOL DEV WITOPOVV VO,
uetofipaoctovv ue keyword. OL mapduetpor povo B€ong tomobetovvtan mpwv amd €va / (TPOg Ta EUTPOG-
Kk&Oet0g). To /° “ypnoiponoteitalr yia va Srayxwploelr Aoyikd Tig napapétpoug pdvo
Béong and Tic undroimeg napapétpouc. E&v Sev undepyet To |/ OTOV 0pLoUd TG
OUVAPTNONG, OEV VITAPYOVV TaPdueTpoL uovo Béong.

O mapauetpot ov akorovBouv to / umopet vo. givar Oéeng 1) keyword f uévo keyword.
Opiopata pévo Keyword
T vou ETLOMNUAVETE TIG TAPAUETPOVS WG 1Svo keyword, VITodELKVVIOVTOG OTL OL TOPAUETPOL TTPETEL VOL TTE-

paoovv amd to keyword OpLoja, TOTOOETNOETE £va * 0T MOTO OPLOUATMV OKPLBOG TPLY atd TNV TPDT
TOPApPETPO udvo keyword.
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Mapadeiypata Zuvaptioswyv

Zre@Telte Ta akOAOVOA TAPAELYIATO OPLOUDY CVVAPTHOEWV divovTag LOLOLTEPY TPOoTOoY T 0TOVG deikTeg /
Ko *:

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

O tpdTog 0pLopdg ouVAPTNONG, standard_arg, 1) TLO OLKELD LOPPY, OEV OETEL TEPLOPLOUOVG 0T VUSOoM
KA0MG KOl TO OPLOUATO WITOPOUV va TTepaoovy amtd B€on 1 amd keyword:

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

H dettepn ovvdptnon pos_only_arg meplopileTol ot xpnon ovo tapauétpmv B¢ong Kabmg vmdpyeL éva
/ 0T0V 0pLoudG TG oVVAPTNONG:

>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as keyword.
—arguments: 'arg'

The third function kwd_only_args only allows keyword arguments as indicated by a * in the function definition:

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

Ko to televtaio ypnoipomolel Kan TG Tpelg ovuBaoels kKhong otov idLo oplopd ouvaptnong:

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
12 3

>>> combined_example (pos_only=1, standard=2, kwd_only=3)

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

Téhog, eEeTdoTe QUTOV TOV 0PLOUS CUVAPTNONG TTOU £XEL o TThavi| cUYKpovoT ueta&u tov opiopatog 0¢omng
name Ko **kwds mov €yeL wg KAELDL TO name:

def foo(name, **kwds):
return 'name' in kwds

Aev vtdpyer kapio mbavy kAo mov Ba v Kdvel va emotpéper True Kabwg to keyword 'name' Oa
OUVOEETOL TTAVTO. UE TNV TPWTY TapdueTpo. o wapdderypar:

>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

AMG ypnowwomotmvtag / (opiopata uovo B£omg), eivarl duvotd Kabmg emttpémel To name wg opLopa B¢omng
Ko to 'name ' wg kAedi ota keyword oploportos:

def foo(name, /, **kwds):

return 'name' in kwds
>>> foo(l, **{'name': 2})
True

Me diha Moyia, To ovouato Tov Tapauétpmy udvo BEong umopotv va ypnoluortotnfoly oe * *kwds ywpig
a0GpELaL.

Avakepalaiwon

H sepimtwon ypnong 0a kabopioel moleg mopauétpoug Oa xpnotuomotn0ovy otov opLopud TG CUVAPTNONG:

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

Qc Kahodnynon:

o Xpnowuomorfjote tn 0o wodvo edv BEMeTE TO Ovoua TV TAPAUETPWY VaL NV givar dtabéouo oto ypn-
o). AVTO gival XpNoLo OTOV TA OVOUATO TTAPOUETPWV OEV £X0VV TPAYUATIKO vonua, edv dev Oéhete
vaL eTUPAAETE T GELPA TV OPLOUATWY OTAV KOAELTOL 1] CUVAPTION 1] €0V TTPETEL Vo ANpOovv opLopéveg
mapapetpol Béong kot avbaipeto keywords.

o Xpnowuomorfjote keyword HOvo 0tov Tor ovOUATO 10UV VOO KOL O 0PLOIOG TG CUVAPTNONG ELVOL TTLO
Katovontog Otav elval pntog pe ovopota 1 0éhete va amoTpEPETE TOVG YPNOTES VO, focilovial ot
Béom tov emyelpuatog ov petafLpateTol.

o Ta éva API, ypnowpomomote 1o povo B€ong yio va amotpéete T dakorm twv adlaywv tovg API,
eGv To dvoua TG TAPOUETPOU TPOTTOTToLNOEl 0TO HEANOV.
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4.7.4 Aioteg AuBaipetwyv OplLopatwy

TéAog, 1 MYOTEPO GUYVA XPNOLUOTOLOVUEVY ETTLAOYT ELVOL VO OPILOETE OTL ULeL CUVAPTNON WITOPEL vo. KANOel
ue évov owbaipeto aplduods optopdtov. Autd to opiopota 0o tulyBovv oe wa mhedda (tuple) (BA. I1Aewd-
Oe¢ (Tuples) kot AkolovOieg). Tlpwy amd tov PeTofANTO apLtdud opLopdTwy evogyeToL vo TPokPouv Undév 1
TEPLOCOTEPOL KAVOVIKG OPLoUATOL.

def write multiple_items(file, separator, *args):
file.write (separator.join(args))

Kavovikd, avtd ta variadic opiopota 0o givor tehevtaio 0t Moto Twv enionuwy Topauétpmy, emedy cul-
Aéyouv Oha ta vTdroTa oplouaTa ELTOdOV TOU UETABLBATOVTAL 0T CUVAPTNOY. OToLEadNTOTE TUTILKEG TTOL-
PAUETPOL TTOV EUPAVIZOVTOL UETE TNV TOPAUETPO *args eival “uovo keyword” opiopata, Tov onuaiver Ot
WITOPOVV vaL ¥ p1oLpostoBotv povo wg AEEelc-KAedLE Kat OyL wg opiopato BEone.

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")

'earth/mars/venus'
>>> concat ("earth", "mars", "venus", sep=".")

'earth.mars.venus'

4.7.5 Unpacking Aioteg OpLopatwy

H avtiotpogn katdotaon cupfaiver dtav ta opiopato fpiokovtor NoM o€ wa Mioto 1 mheldda (tuple), adrd
TIPETEL VO, ATTOOVUITLEGTOVY VL0, Lot KAHo1 ouvapTnong mov amartel Eexmwplotd opiopata Oéong. T wopd-
deryna, 1 evoopoatouéve (built-in) cuvdptnon range () avouével Eexwplotd start xou stop opiopota. Edv
dev givar drabéoio Egxmplotd, ypate Ty KM 0N GUVAPTNONG UE TOV *-TEAEDTY] YL VO OITOCUUTILECETE TO.
oplopato oo o AMoto 1 therdda (tuple):

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range(*args)) # call with arguments unpacked from a list
[3, 4, 5]

Me Tov {810 Tpdmo, T AeEkd pmopotv vo tapadidovv keyword oplopata ue tov * *-teheoTi):

>>> def parrot (voltage, state='a stiff', action='voom'):

print ("-—- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ")
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

>>> parrot (**d)
—— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin
— ' demised !
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4.7.6 Ekppaocelg Lambda

Mrtopotv av dnuovpyndotv wkpéc avavuueg ovvapthoelg e to keyword 1ambda. Avti) | GuvapTHON ETTL-
otpépeL To dBpotopa Twv dYo opoudtwv e lambda a, b: a+b. Ov ouvaptioelg Lambda propouv
VoL XPNOLUOTTOL 00UV OOV oTTaLToUVTaL avitkelpevo ouvaptnong. [eplopifoviol cuvtaxTikd og pio povo k-
(PPOOT. ZNUACLOLOYLKE, Elval 0TThmG syntactic sugar yLo €vov oplopd Kavovikng ovvaptnong. Ommg oL optopot
évBetwv ovvapthoewv, oL ouvapTioelg lambda pwopotv va wopaméumovy o petaANTég artd To mEdio Tou
TEPLEYEL:

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> f (1)

43

To mapamdve Tapdaderyua ypnowomotel pa ékppaon lambda yia va emiotpéyel por ouvaptnon. Mo GAAn
¥P1HoM eivar 1 peTddoon wag PKPhG oVVAPTNONG WG OPLOUOL:

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair[1l])

>>> pairs

[(4, '"four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.7.7 ZupBolooelpeq Tekunpiwong

AxorovBoUV 0pLouéveg GUUPBATELG OYETLKG [LE TO TEPLEYOUEVO KOL T LOPPOITOINOT TWV CUUPBOLOCELPDV TEK-
unpioong.

H tpartn ypouur| pémel va eivan eyt o GUVTOWY), OUVOITTLKT) TEPIAN YN TOV 0KOTTOU TOU avTkeluévov. I
OUVTOLLLO, OEV TTPETTEL VOL AVOPEPEL PNTA TO OVOUX 1) TOV TUITO TOU UVTLKELWEVOU , KOOGS autd eival duobéoio
ue Ao péoa (EKTOG AV TO OVOLLOL ELVOL PTLLOL TTOV TTEPLYPAPEL T AELTOVPYLO TG CUVAPTNONG). AVTN M Ypouun
TPETEL VOL EEKLVAL LE KEPOAALO YPAUUOL KOL VO TEAELMVEL UE TENELOL.

Edv vrdpyovv meploodtepes Ypoupués ot ouuBorooeLpd tekunpimong, n devtepn ypouun 0a mpémel va eivor
Kev), dLaywpilovtag omTikd T ovvoyy amd Ty vitoioln steptypapt). Ot oakolovOeg ypauég Tpémel va eivor
uiol M TEPLOOOTEPEG TTAPAYPOLPOL TTOV TEPLYPAPOVY TIG CUUPACELG KAMONG TOU OVILKELUEVOV, TLG TTAPEVEPYELEG
TOU K.AJTT..

O parser tg Python dgv acparpel tv ecoyn amd ta literals tng cupfolooelpds morhdv ypauumv otnyv Python,
ETMOUEVWG TOL EPYOLELD TTOV ETTEEEPYALOVTOL TV TEKUNPLWOT TPETTEL VO, AQPaALPEGOUV TV E00YT) EAV ELVOL ETTL-
OupnTo. AuTo YiveTor ypnopomolmvtas Ty akdhovdn ovupaon. H mpmtn un kevn ypoupun uetd vy tpot
ypauut g ovpporooelpdc kabopilel to puéyebog g ecoyng yia oAOKANPY TN oVRPBOLOCELPE TEKUNPLOONG.
(Agv uTopovue va X PNOLULOTTOL|COVIE TNV TPMTY] YPULUY Ao ELVaL YEVIKA SLTTAC OTA ELCAYWYLKA TNG OV~
Bolooelpdg, emouévimg 1 ecoyn TG eV eivan eppavig oto literal Tg ouuforooelpdg.) To Kevd dudotnuo «Loo-
dVVApO» GE AUTNV TNV E0OYT OPALPELTAL TT CUVEXELX OTTO TNV 0PN OMWV TWV YPOULMVY TG OVUBOLoTELPAC.
O ypapuég mov €youv wKpodTept ecoyn dev Ba mpémel va epupovilovat, aAhd ov eugoaviototv Oa mpémel va
agatpedel OLo To apyLkd Kevo Tous. H iooduvauia tov kevov dtoaotnudtov Oa stpémel vo eréyyeton puetd v
EMEKTAON TOWV KOPTEADV (0€ 8 KEVA, KAVOVIKA).

AxolovBel éva apaderyua evdg morhashmy ypauuwmv docstring:

>>> def my_function():
"""Do nothing, but document 1it.

No, really, it doesn't do anything.

mmn

pass

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> print (my_function. doc
Do nothing, but document it.

No, really, it doesn't do anything.

4.7.8 Annotations Zuvaptnoswv

To Function annotations eivol evieldg TPOALPETLKES TANPOPOPLEG UETAOEOOUEVWV OYETIKA [LE TOVG TUTTOVG
YPNOUOTTOLOUVTOL OTT0 OUVOPTNOELG TTov Kabopifovtal amd to ypnotrn (deite PEP 3107 xouw PEP 484 yio
TTEPLOOOTEPES TTANPOPOPLEG).

Annotations are stored in the __annotations___ attribute of the function as a dictionary and have no effect on
any other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by
an expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de f statement. The following example
has a required argument, an optional argument, and the return value annotated:

>>> def f(ham: str, eggs: str = 'eggs') -> str:
print ("Annotations:", f._ annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'

4.8 Intermezzo: Ztul Kwdlka

Thpa oV TPOKELTAL VAL YPAPETE PEYOAUTEPQ, KO TTLO0 0UVOETO Koppdtia TG Python, givan 1 Katddinin otuyus
VO WA OETE Y1a 6TUA Kddtka. Ol TEPLOGOTEPES YADOOES UTOPOVYV VA YPOAPTOUV (1] TTLO OUVOTTIKES, HOPOPO-
TOLNUEVES) OF DLOPOPETLKA OTUA UEPLKEG elval TTLo evavayvmoTeg amd ahleg. To va dLevkohiveTe Toug GAhovg
vo. dLafBaoovy Tov KOdLKa oag elval tavta uio Kol déa Kot 1) voB€tnon evog wpaiov oTuh Kmdika Fonddet
tdpa oM o€ avTo.

To v Python, to PEP 8 éyer avadewyei wg 0dnydg 0TV 0TOV 07100 TNPOovV TaL TEPLOcOTEPA £pY0 TPOwOEL
€val ToA evavayvooTto Kot evydploto otuh kmdika. Kabe poypaupatiotg Python 0o pémel va to diafdoet
Kdmowa oTiyun): €dd eivol ta o onpoavtikd onueio Tov eEGyovTal Yo 04G:

o Xpnowomoorte ecoyt) 4 daotnudtwv Ko oy tabs.

Ta 4 xevé givor évag Kahdg ouufLBacuog Hetagy g wKpng ecoyg (emitpémel ueyolitepo Babog eu-
PareVONG) Ko TNG Heyding eooyng (evkohdtepn oty avdyvoon). Ta tabs dnuovpyotv ovyyvon, kKot
gival KaAitepo vo apaueivouv ameEwm.

o TulhiEte Tig ypauués ol dote vo unv vepfaivouy toug 79 opakTrpes.

Avuto Bondd tov xpnoteg pe wKpég 006ves KoL Kablotd duvati v VopEN TOAMDY apyeimv KmOdika
dimha-dimha oe peyohitepeg 00oveg.

o XpNoLuomoLeloTe KeVES YPOUUES YLOL VO BLAWPLOETE CUVOPTHOELG Kal KAAOELG Ko LeYaADTEP UITAOK
KOOLKO LETOL CUVAPTYOELS.

o ‘Otav eival duvatdv, Balte oyoOlLa € POl SLKT] TOUG YPOUUT).
» Xpnowwomowote docstrings.

o Xpnotuomotfote kevd yipm amd TeEAE0TEG Kol LETA 0Td KOUUATo, aAhd Oy amevdeiag uéoa de dopég
aykvhov:a = £(1, 2) + g(3, 4).
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o Ovopdote Tig KMAOELS KaL TG CUVOPTHOELS O0G UE GUVETELO: 1] OVUPAON ElvVOL VO YPTOLUOTTOLELTE

UpperCamelCase yia Tl KAAOELG Ko lowercase_with_underscores yio TG CUVOPTNOELG KOL
TG ueBddovg. Xpnoworoteite tévto 1o sel £ mwg dvopa yio o Tpwto dproua nebddov (deite Mia oy
uand ong KAdoes yio meploodtepa oxeTka e TG KAGoeLs Ko Tig ueodovg).

MnV xP1OLUOTTOLELTE (PAVTOYTEPES KMOLKOTOLOELS EQV O KMOLKAS OGS TTPOOPLTETAL VO (PN OLUOTOLNOEL
oe debvi| mepipddrovta. H mpoemhoyn tg Python, UTF-8, 1 axdéua kou 1o amhd ASCII Aertovpyoiv
KaAUtepa o k4Oe mepimTmon.

Ouotwg, un ypnowomoteite yopoktnpeg mov dev eivar ASCII oe avaryvwplotikd edv vtdpyeL wovo 1
Topoptkpt) hoavoTTa oL vBpwrtol Tov Whovv dLopopeTiky YAwooa va dtafdoouv 1 va dlatnproovy
TOV KOOLKAL.

YTOONUELWOELG

4.8.

Intermezzo: Ztulh Kwdika 33



Python Tutorial, Anpocisuon 3.9.23

34

Kegdlawo 4. Mepioodtepa epyaleia EAEyxou Porg



KEGAAAIO D

Aopeg Asdopgvwv

AuTo T0 KEPAAULO TEPLYPAPEL OPLOUEVO. TTPAYLLOTA T OTTol0L £XETE WAOEL 1101 e TEPLOTOTEPES METTTOUEPELEG
KoL TPOCOETEL ETTLONG UEPLKL VEQL.

5.1 MNepLoocotepa yua tTig Aioteq

O timog dedopuévarv Motag €xel ueptkés akour uebddovg. AxkohovBovv dheg oL uEHOSOL AVTIKELUEV@Y THTTOV
Morog:

list.append (x)
Add an item to the end of the list. Equivalentto a[len(a) :] = [x].

list.extend (iterable)
Extend the list by appending all the items from the iterable. Equivalentto a [1len (a) : ] = iterable.

list.insert (i, x)
Ewodryel éva otouyeio og po dedouévy 0€omn. To mpmto dpLopa givor To index Tou 0ToLygiov TTPLV amd TO
omoio Ba ewoayel, emopévog a.insert (0, x) €0AYETOL OTO UITPOOTLVO UEPOG TNG AMOTOG, KOl TO
a.insert (len(a), x) wooduvoueipe a.append (x).

list.remove (x)
Katopyel to mpwto otoryeio amd ™) Moto tov omoiov 1) tur eivar ton pe x. Kdvelraise éva valueError
eQv dev VITAPYEL TETOLO OTOLYELO.

list .pop([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes
and returns the last item in the list. (The square brackets around the i in the method signature denote that
the parameter is optional, not that you should type square brackets at that position. You will see this notation
frequently in the Python Library Reference.)

list.clear()
Remove all items from the list. Equivalent to del a[:].

list.index (x[, start[, end] ] )
Emotpépet to undeviko index ot Alota Tov TPOTOU 0TOLYXELOV TOV 0TTOlOV 1) TLuY| elvan tom ue x. Kavel
raise éva ValueError eav 8gv vtdpyeL TETOLO OTOLYELO.

Ta tpoaLpeTIKd oplopato start Kol end epunvevovtol OTmg 0T onueloypapia slice Kot pnoLuomotov-
VTOL VL0 TOV TTEPLOPLOUS TNG OvOLNTNONG O€ o ouYKeKpLuévn vitoakorovBio tg Aiotac. O emotpe-
pduevog deiktng vtoroyiletal og oxéon ue Ty apyn g Thpovg akolovBiog avti Yo To OpLoud start.
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list.count (x)
Emotpégel Tov aptBud Tmv popiv o eugpaviletal To x ot AMotd.

list.sort (* key=None, reverse=False)
Ta&wouei Ta otouyeia thg Motag otn B€om Toug (ta opiopata Hropouv va xpnotuomotfolv yia mpo-
oapuoyn taEwvounone, PA. sorted () yia v €Efynon tovg).

list.reverse ()
Avtiotpépel ta otouyelo TG Alotag ot 0éom Tove.

list.copy ()
Return a shallow copy of the list. Equivalentto a [ : ].

'Eva wopdderyuo. Tov yp1oLuomoLel TG mepLocOTePES oo Tig uebddovg tng AMotag:

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting a position 4

6

>>> fruilts.reverse ()

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange',6 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

You might have noticed that methods like insert, remove or sort that only modify the list have no return value
printed - they return the default None.' This is a design principle for all mutable data structures in Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',
107 doesn’t sort because integers can’t be compared to strings and None can’t be compared to other types. Also, there
are some types that don’t have a defined ordering relation. For example, 3+43 < 5+77 isn’'t a valid comparison.

5.1.1 Xpniotn Alotwyv wg Xtoipeqg (Stacks)

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
(«last-in, first-out»). To add an item to the top of the stack, use append () . To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

>>> stack = [3, 4, 5]
>>> stack.append (6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack
[3, 4, 5, 6]
>>> stack.pop ()

(ouvéyela 0TV emtdpEV) 0ehidaL)

I AMeg yAhooeg EVOE ETOL VA EMOTPEYOUV TO HETOANOYIEVO CLVTIKELUEVO, TO OTTOLO EMLTPETEL THY CAVOOWTH exTéhean pefddwv,
6nwgd—>insert("a")—>remove("b")—>sort()L
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

6

>>> stack.pop ()
5

>>> stack

[3, 4]

5.1.2 Xpnon Alotwv wg Oup€g (Queues)

Eivau emtiong duvortd vo xpnotpnomonOel uua Aota wg ovpd (queue), Gov To TPMTO OTOLYELO TOV TPOOTIOETL
elval To TPMTO 0TOLYELO TTOV avakTatan («first-in, first-out») « @OTOG0, 0L AMIOTES dEV EIVOL ATOTENEOUATIKES YLOL
avtdv Tov okomd. Evd 1o va mpocbéoelg kol vo agarpéoels (ototyeia) oto téhog g Motoag elval ypfyopo,
KAVOVTOG QUTEG TLG TTPOOHEDELG KO TLG APALPEOELS (OTOLYELWV) OTNY apyN TG Alota eivar apyd (emeldn Oha
TOL OTOLYELQ TTPETTEL VOL LETATOTLOTOVV KT €var).

[0 va eaprooeTe puo ovpd (queue), xPNoLoTooTe Ty collections . deque 1 0ol OYESLACTNKE YL
va. £xeL Yp1Yopeg Tpoabéoelg Kau apaupéostg kau omd ta dvo dxpa. Mo wapdderypo:™:

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric'

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

5.1.3 Comprehensions Aictaq

Ta comprehensions MoTog TOPELOVV VO CUVOTTTLKO TPOTO dNuLovpyiag Aotav. Ot guvi0elg epaproyeg eivor
1 duovpyia vEwv MotV 0ov KaHe oToLyelo gival To aToTéheopua KATOLWY TPAEEMVY TTOV EQOPUOTOVTOL OE
k&g uéhog wag dhing akolovbiag 1 iterable, 1 1 dnuovpyia wag vtoakolovdiog AVTMV TWV GTOLEIWV TOV
LKOVOTTOLOUV LLL GUYKEKPLUEVY) CUVOTKY).

[No mapdaderyua, og vrobécovue otL OELovE Vo dNUOVPYHCOVUE ULt MOTO TETPOYMV®VY OTTMGC:

>>> squares = []
>>> for x in range (10):
squares.append (x**2)

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

AdbBete vroPn 6TL awtd dnuovpyel (N oviikablotd) wo peta ATy ue 1o dvopa x ov eEaKolovOel va vtdp-
¥eL uetd v ohokApman g loop. Mmtopovipe va viohoyicoupie T Moto Tmv TETPAYDVOV Y mPIG TOPEVEPYELEG
XPNOLUOTTOLMOVTOG:

squares = list (map(lambda x: x**2, range(10)))

1, LoodVvvauaL:

squares = [x**2 for x in range (10)]

TTOV ELVOL TTLO CUVOTTTIKO KoL EVAVAYVMOTO.

'Eva comprehension AMOTOG 0TOTEAEITOL OTO OYKULEG TTOV TEPLEXOVY (WO EKPPAOT akohouBovuevy oo (o
npdtaon for, ot ovvéxelo undév 1 meploootepeg mpotdoelg for N 1£. To amotéheopa Oa eivar wa véa
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Mota tov TPoKVITTEL atd TNV aELOAOYN 01 TG £KPPAONG 0TO TAaioLo TV TTpotdoewv for Kat if mov v
axorovBovv. Ta wapdderypa, avth 1 Alota ouvovdlel ta otolyeio HV0 MoT®MV edv dev elvar ioeg:

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

KO LOOOUVOEL UE:

>>> combs = []
>>> for x in [1,2,3]:
for v in [3,1,4]:
if x !=y:
combs.append ((x, V))
>>> combs
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

ZNUELWOTE TOG 1) OELPA TV dNAdoewv for Kau i f eivan idua Ko ot S0 ATOCTACUOTAL.

Edv 1 éxgpaon eivor mhetdda (.%. 10 (x, y) OTO TPOTYOUUEVO TAPADELYIL), TIPETEL VOL UTTEL O€ TAPEVOEDT).

>>> vec = (-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the 1list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range(6)]
[0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error 1is raised
>>> [x, x**2 for x in range (6)]

File "<stdin>", line 1, in <module>

[x, x**2 for x in range (6)]

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,61, [7,8,9]1]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Liotag umopel va mepléyovv oVvOeTeG EKPPATELS Ko £VOETEG CUVAPTHOELS:

>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
[*3.1', '3.14', '3.142', '3.1416', '3.14159"']
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5.1.4 Comprehensions EvOetwv Alotwv

H apykn éxppaon og £va comprehension Aiotag umopel va givol omotadfmote ovbaipet Ekgpaom, ovumept-
roppovouévng evog ahlhov comprehension Alotogc.

Zxe@reite To akOhovOo mapdderypo wag untpag 3x4 wov viomominke wg wa AMota 3 Aotmv unkovg 4:

>>> matrix = [
(1, 2, 3, 41,
[5, 6, 7, 81,
(9, 10, 11, 1231,

To axdlovBo comprehension Aiotag O petapépel ypouueg KoL oThles:

>>> [[row[i] for row in matrix] for i in range(4)]
rry, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

As we saw in the previous section, the nested listcomp is evaluated in the context of the for that follows it, so this
example is equivalent to:

>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
te, s, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

TO 0TT0L0, UE TN OELPA TOV, EivaL TO {BLO UE:

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row([i])
transposed.append (transposed_row)

>>> transposed
rts, s, 91, [z, e, 101, (3, 7, 111, [4, 8, 12]]

Ztov parypatiko Koopo, Oa pémel va mpotindte tig evompoatmuéveg (built-in) ouvaptioelg oo Tig ovvOeTeg
evtohég poric. H ouvdptnon zip () Oa éxave eEaipetik) Sovheld yio authv v mtepittmon xpMong:

>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

Agite Unpacking Alotes Ootoudtmv Y10, \eTTOUEPELES OYETIKA UE TOV CLOTEPIOKO O€ QUTHV TN YPOUWY.

5.2 H d1Awon del

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from
the pop () method which returns a value. The de 1 statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del a[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]

(ouvéyela 0TV emOpEVY 0edL)
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>>> a

[1, 66.25, 1234.5]
>>> del al:]

>>> a

(]

To del wropei emiong va xpnouostotn0ei yia T dioypopr) OMOKANPWV UETOPANTMOV:

>>> del a

H avagopd 610 dvopa a oto eEng sivar £va opdhua (TovAdylotov uéypt vo, Tov ekywpnOel GAin tur). Oa.
Bpovue dhheg ypfoelg yio to del apyotepa.

5.3 MAeLadeq (Tuples) kat AKoAouBieqg

Eidaue 6t ot Aloteg ko oL oupfohooelpég (strings) £xouve TOMESG KOLVES LOLOTITES, OTTwG Aettovpyieg indexing
kou slicing. Eivau 600 mopadeiypato tomwv dedouévarv sequence (deite typesseq). Aedouévou otu 1) Python eivon
o eEeMooduevn yawooa, Aol Tomot dedouévmv akorovbiog umopotv va tpootedotv. Ydpyel emtiong évag
dAAog TumKOG TUTToG dedouévmv akorovbiag type: the mAeidda (tuple).

Mua hetdda (tuple) ammotereitan amd Evav aplbud TU®VY TOU YWPILOVTOL UE KOUUOTA, YLOL TTOLPAIELYLOL:

>>> t = 12345, 54321, 'hello!'

>>> £ [0]

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:
u==t, (1, 2, 3, 4, 5)

>>> u
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are Immutable:
t[0] = 88888
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:
v = ([1, 2, 31, [3, 2, 11)
>>> v
(rx, 2, 31, [3, 2, 11)

‘Onwg Brénete, ov whelddeg (tuples) otnv €080 mepikheiovtan mavta og mapevOioels, £tol hote oL £vOete
mhelddeg (tuples) va epunvevoviol omaotds UTopovV va ey Bovv ue 1M xwpig mepipddlovoeg mapevoEoels,
av KoL ouyva ol tapevhioels elvol amapaitnteg oUTwg 1) dAhmg (av 1 TAELGdA elval uéPog ag LeyahiTepng
EK@PAoNG). Agv glval dHUVOTY 1 AVTLOTOLYLOT] O€ UELOVMUEVE OTOLYELD (OGS TAELADAG, WOTOOO Eival dUVOTO
va dnuovpynBovv mhelddeg (tuples) wov TEPLEXOVY UETAPANTAE OvTLKEiHEVQ, OTTwG MOTEC.

Av ko ou mhetddeg (tuples) umopel va paivovral TapouoLeg e MoTeg, Yp1oLUOTOLOUVTOL GUY VA OF dLOPOPE-
TUKéG KATOOTAOELG KalL YL SLapopeTLkovg okomovs. O mherddeg (tuples) etvow immutable, ko cuvihBmg mepLé-
YOUV oL ETEPOYEVY aKolovBia aToLyeimv oTa omoia 1 TPdoPaor yivetar péow unpacking (deite mapakdTm
0€ QUTNV TNV €vOTNTA) 1) TO indexing (1] aKOUO KoL KOTA YOPAKTNPLOTLKO OTNV TEPimTwon namedtuples).
O MoTeg elvan mutable, KoL Ta 0TOLYELO TOVG Eival oVVHOWG OUOLOYEVH KO TPOCTTENALOVTOL UE ETTOVOAN YT
ot Mota.

'Eva e1d1kd pofinua eivar 1 Kataokeuy miewddwv (tuples) wov mepiéxouv 0 1 1 otouyeio: 1 ovvrokn éxel
Kdmoleg emumAéov WdLoppubuies yia va tig tpooapudoel. Ou Kevég mhelddeg Kataokevatoviol amd €vo. Kevo
Cevyapl mopeviéoemv, wa mietada (tuple) ue éva ototyeio dnuovpyeitor akKoAoVOMVTOG (Lat TLUT UE KOUULOL
(dev apkei va mepukheietol o povo Tt og mapeviEéoelg). Aoynuo, old asotedeopotiko. Tua mopdderypo:

40 KegpdAawo 5. Aopeg AeSoOpEVWV




Python Tutorial, Anpocisuon 3.9.23

>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)

>>> len(singleton)
1

>>> singleton
("hello',)

Honhwont = 12345, 54321, 'hello!' eivaréva mapaderyua tuple packing: oL tinéc 12345,54321 xou
'hello! ' elvou ovokevaouéveg poli oe o mhewdda (tuple). H aviiotpogn Aettovpyio eivan exiong eqpukty):

>>> x, y, z =t

Avutd ovopdletal, apKeTd 0woTa, sequence unpacking Ko AELTOUPYEL Yo omtoLadNote akohovbio ot deELd
mhevpd. To sequence unpacking OrOLTEL VO VITAPYOVY TOOEG UETAPANTES OTNV OPLOTEPT] TAEVPA TOU GUUBOLOV
LoOTNTOG 000 OTOoLYELD VITAPYOVY TNV akohoubic. Enueiwon otL 1) Tohathy) ovadeom elvol 0TV TPOYUOTL-
KoTTA OThig €vag ouvdvaoudg tuple packing kou sequence unpacking.

5.4 ZuvoAa (Sets)

H Python stepihaufavel emiong évav tomo dedouévav ya sers. 'Eva set eivor o g TaEwvounuévy ovihoyi
ywpig duthotuma otoryeia. O Baoikég xphoelg mepthapdvouv ) dokur dLdTNTaG Wéhoug Ko TV eEGherym
dumhdturtwv eyypopdv. Ta aviikeipeva cuvorov vtootnpilovy eniong nabnuotikés TpdaEelg dnwg Evaon,
ToU), SLapopd KoL CUUUETPLKY dLopopd.

Ta dyKiotpa ) ) ovvapToN set () WToPOoVV va XPNOLUOTOLNO0UV YLoL TH dNULOVPYIO GCUVOLDV. ZNUELWOT): YLOL
VoL SNULOVPYOETE VO KEVO GVVOAO TTPETTEL VOL PN OLULOTTOLYOETE TO Set (), O)LTO { } « TO TEAEVTALO dNULOVPYEL
éva kevo AeEkd, wa doun dedopévawv tov Oa culnTiHooupue TNV ETOUEVY EVOTITAL.

AxolovBei o ovvroun emidelgn:

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket

False

>>> # Demonstrate set operations on unique letters from two words

>>> a = set ('abracadabra')

>>> b = set ('alacazam')

>>> 3 # unique letters in a

_{la', ‘r', lbl, lc|, ldl}

>>> a - b # letters in a but not in b
{lr" ldl’ lbl}

>>> a | b # letters in a or b or both
{Va', Vc', ’rV, ldV, lb’, lml’ 'Z', lll}

>>> a & b # letters in both a and b
_{la', ‘C'}

>>> a ~ b # letters in a or b but not both
{lr" ldl’ lbl’ lm|, lzl, lll}

Ouotwg e list comprehensions, vitootpiCovtat exiong to. comprehensions TV cuvOL®V:

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vrl, le}

5.4. Zuvola (Sets) 1
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5.5 Ac&ika (Dictionaries)

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as «associative memories» or «associative arrays». Unlike sequences, which are indexed by a range
of numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be
keys. Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable object
either directly or indirectly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified in place
using index assignments, slice assignments, or methods like append () and extend ().

Eivou kadtepo vo okegteite éva heEukd wg éva aivolo Levydv key: value, pe tnv mpoimoBear otL ta KAedLh
etvar povadikd (oe éva AeEkd). ‘Eva Levryog aykiulwv dnuovpyei éva kevo heEikd: { +. H tomobéton wog
Motag Cevydv key:value oto AeElkd, autdg elvar emiong o TpoOTOG ue Tov 0molo Ypdpoviol To AeELKE otV
£€000.

O x¥pLeg hertovpyieg oe Eva heELko gival 1) oo OKevon wag TG He Kamoto KAewdi kaw 1) Earywyi tng Tiung
mtou divetar oto Khewdl. Elvan emiong duvary) n duaypagr| evog Cevyoug key:value pe del. EGv amoOnkevete
¥PNOWOTOLMVTOG £Vl KAELDL OV BpiokeTal 101 o€ xpn o, N Takid Ty ov oyetiCetan ue avtd to KAedi €xel
Eeyaotel. Bival opaluo va eEayayete o Ty yp1oLUOToLmVTOG £V 0vITTOPKTO KAELSL.

H extéheon tov 1ist (d) oe évo AeEKO emotpépel o Mot (e OhoL To KAELBLE TTOU XP1OLLOTOLOVVTOL OTO
LeELkd, ne oelpd eroaymyng (av Béhete va taEwvoun0ei, amhmg ypnowomowote 1o sorted (d) ). T vo ehéy-
Eete edv vITApYEL £va Leovmuévo KAeldi oto AeELkd, ypnowuomoote ™) AEEN-KAeldi in.

AxolovBel Eva KpO TOPASELYILOL Y PNOLULOTTOLMVTAG VO AEELKO:

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']
>>> tel['irv'] = 4127
>>> tel

{'jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

['"jack', 'guido', 'irv']

>>> sorted(tel)

['guido', 'irv', 'jack']

>>> 'guido' in tel

True

>>> 'jJack' not in tel

False

O constructor dict () dmuouvpyel heEikd amevbeiog atd axolovbieg Levydv key-value:

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1)
{'sape': 4139, 'guido': 4127, 'Jack': 4098}

Emutléov, ta comprehensions AeELkmv puwopovv va ypnowuosto 0oty yio ™) dnuouvpyio AeEikdv omd avbai-
PETEG EKPPACELS KAELOLOV KO TLUDV:

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

‘Otav ta KAedLA elval amthés ouuPBoLoCELPES, LEPLKES (POPES Elval TTLO EVKONO VaL oploeTe TevyT PN OLUOTOLD-
VTOG oplopato AEEEWV-KAELOLDV:

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jack': 4098}
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5.6 Texvikeqg Looping

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
items () method.

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items() :
print (k, v)

gallahad the pure
robin the brave

Katd 1o looping péow axorovbiac, o deiking 0£omg kow 1 aviioTolyn Ty wropotv vo avaktnovv Tauto-
YPOVOL XPNOLUOTOLWVTOG TN OUVAPTHOT enumerate ().

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

T va kévete loop o V0 1) epLocdTEPEG AKOMOUBIES TAVTOYPOVA, OL KATAYMPIOELS UTTOPOVV VAL OLVTLOTOLYL-
OTOUV UE T ovvdptnon zip ().

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your ? It is .'.format (g, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

[ va xavete loop og o axohovBia aviioTpogpa, KaHopiote TPDT THY aKoAovdia TPOG To EUTPOG Kol UETA
KaAéote T ouvdptnon reversed ().

>>> for i in reversed(range(l, 10, 2)):
print (i)

= w 03w -

T va kdvete loop oe uio akorovBico pe ToEvounuévn oelpd, Xp1NoLOTOLOTE T OUVAPTHOT sorted (), 1)
0TTOl ETLOTPEPEL YLt VEQ TAELVOUNUEVT] ALOTO 0LQNVOVTOG TNV TNy ovoAAoiwT.

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (1)
apple
apple
banana
orange
orange
pear

H ypnon tov set () oe wo axorovBio eEateipet To Suthé otovyeia. Hypnon tov sorted () o€ cuvouoonod e
To set () og wo akohoubia eivol £vog LOLMUOTLKOS TPOTOG YLa va kKdvete loop téve amd uovodikd ototyeio
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™G akoloubiag og TaEivounuévn ogLpda.

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

Mepikég popég eivar deAeaoTkod va alATETE (o AMoTaL EVD TV TTEPINYEIOTE MOTOOO, ELVAL GUYVE TTLO OTTAO
KoL 0oQaAEg Vo ONUOVPYNOETE Lol VEO AOTO.

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NanN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append(value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 MepLoootepa yLa TG CUVORKEQ

Ou ouVOT|KEG TTOV YPNOLUOTOLOVUVTAL 0TI ONAMDOELG while Kar 1 £ umwopov va meptéyouv 0moLovadNToTe
TeLeOTES, OYL LOVO OVYKPLOELG.

The comparison operators in and not in check whether a value occurs (does not occur) in a sequence. The
operators is and is not compare whether two objects are really the same object. All comparison operators have
the same priority, which is lower than that of all numerical operators.

O ovyKplogLs uopovv va givat chvodwtés. o mapddetypa, a < b == c ehéyyeL edv 10 a elval KpdTEPO
07to b ko emIAEOV T0 b LoOVTAL UE C.

OL oVYKPLOELG LITOPOVY VAL GUVOVOOTOUV YPTCLUOTTOLMVTAS TOUG AOYLKOUG TEMeOTEG and KOL O T, KAWL TO QLTTOTE-
Leopa oG ovykpLong (1 omolaodnmote GAng LoyLkhg EKppaons) Wropel va akvpwbel e not. Avtol €xovv
YOUNAOTEPES TTPOTEPALOTITES UETAED TV TEAEOTDV OVYKPLONG, TO Nnot €xeL TNV VYNAOTEPT] TPOTEPALOTTAL
KOl TO or T Younkotepn, €toL dote 10 A and not B or C woodvvapei ue (A and (not B)) or C.
‘Onwg mdvta, oL TapevOESELG WITOPOVV VAL YPNOLUOTOL 00V YL Vo EKPPAGOVY TNV extfuunty) ovvOeo.

O hoykoi Teleotég and KoL or eivar oL Aeyouevol teheotég short-circuit: To. opiopata Tovg agLohoyovvral
amd aplotepd TPog To. deELE Kat 1) aELoAdynom otauatd wolg kaboplotel to amotéheopa. Io apdderyua,
ev 1o A and C eivol ainbéc, alld To B givar Yevdég, to A and B and C dev aEwohoyei thv ékppaon C.
‘Otav xpNOoWoToLElTaL G YEVLKT TULY KoL OYL WG AOYLKT, 1) TLLY ETLOTPOQPTG €VOG short-circuit teheotn elvon
t0 tehevtaio aEoloynuévo dpLoua.

Eivow duvatd va ovTiotouy ioete 1o amoTéleopo (oG ouykpLlong 1 Gk duadiky EKpPoong oe (o LeTafAnT).
T wopdderyuo,

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim'

Znuewwote 0tL oty Python, o avtifeon ue v C, 1 avabeon evidg Twv eKQpaoemy TPETEL VAL YiveTol pNTd
e Tov teheoty| walrus operator : =. Autd amo@eyeL e Kowvy Katnyopio TpofAnudtoy Tov CUVAVIMOVTOL 0T
apoypaupata C: TANKTPOAOYMVTIOG = OF (o EKPPAoT] OTOV TPOOPLLOTAY TO ==.
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5.8 ZuUyKpLon akoAouBLwv Kat AAAwWV TUTNwV

Ta aviikeipevo axorovdiag wropovv cuvnbmg va cuykplBovv pe ddha ovilkeipevo e Tov tdLo Tmo aKo-
MovBiac. H ovykpion ypnowomotei lexicographical ogwpd: mpmta cuYKpLvovToL To SU0 TPMTO OTOLYELD KOLL OV
drapépovv autd KaBopiLel TO AmOTELESUO TG CVYKPLONG €AV ElVOL L00, Ta ETOUEVA dVO OTOLYELD GUYKPIVO-
vTou Ko ovtw KabeEng, £mg dtov eEaviinOel 1 pio ard Tig dvo axorovbies. Edv dvo otouyeio pog alrykpLon
elvan Taw idLa axohovBieg Tou idtov THmov, 1 AeElkoypagiky) ovykpLon payurotomoteitor avadpopkd. Edv
Oho. Ta oToLyEla Vo axoroubLdV cuykpivovtol ioa, ol akolovBieg Bewpovvtal toeg. Edv 1 wa akolovBio
elvar apytkn vroakolovBia g GAANG, 1 wkpdTepn axorovBia eivor 1 wkpodtepn (ehdyoty). H heEikoypa-
@ukn TaEvounon ovppolocelpdv ypnouortotel Tov apiud Kwdikol onueiov Unicode yia vo ta&ivouroet
LEUOVWUEVOUG YOPOKTNPES. Mepikd mapadeiynata cuykpioemv puetat akohovbimv Tov idtov Thmou:

(1, 2, 3) < (1, 2, 4)

[1, 2, 3] < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab'")) < (1, 2, ('abc', Ta'), 4)

Adfete vtoyYn OTL N GVYKPLON OVTLKELUEVOV SLAPOPETIKDV TUTTWV Ue < 1 > €lval vouur vod tov 0po ot
T ovTikeipeva drabétouy Katddinieg uebddovg ovykpione. I'a mopdderyua, ov wktég aptbuntikol Tomol
OoVYKpIvovTaL OVUPOVO UE TNV aplOpnTLky Toug T, omote to 0 toovtan pe 0.0, KA. Alogopetikd, avil vo.
mopéyer wa avbaipetn mapayyehio, o diepunvéag Ba Kdvel raise o eEaipeon TypeError.

YTOONUELWOELG
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Modules

E&v Byeite amd Tov interpreter tg Python kou umeite Eavd, oL oplopoi wov €xete Kavel (OUVOPTOELG KOl UETOL-
BANTéC) xdvovTon. Emouévmg, edv Bélete va ypdpete £vo KATmG UeYOLITEPO TPOYPOLLUAL, ELVOAL TTPOTLLOTEPO
VO {PNOLLOTTOLNOETE VO ETEEEPYOAOTI KELWEVO YLOL VO. TTPOETOLUAOETE TNV ELOAYWYY YLOL TOV interpreter Ko
TV €KTENED TOV (e aUTO TO OPYELO wg input. AuTd gival Yvwotod wg dnwovpyia script. Kabwg to mpdypauuo
00G ueyohmveL, umopei vo 0éhete va to ywploete o€ ToMA apyela yio eukolodTePT) GUVTHPTON. Mtopei emtiong
Vo OEAETE VOL (PNOLULOTTOLYOETE Lol EVYPNOTY CUVAPTNON TOU EXETE YPAPEL O TTOMG TPOYPAUUATA X OPLG VO
avILypdapete Tov opLoud TG oe KaOe TpOypaLuaL.

T vo o vwootpi&er autd, 1 Python €yl évav tpdmo va BAlel opLopog o€ £vo aPYELO KL VA TOUG XPNOL-
norotet o€ éva script 1) og éva dLadpaoTikd instance tov interpreter. ‘Eva tétolo apyeio ovoudletal module* -
00100l Ao e eVOTNTA UToPOUV Vo *ereayOovv oe dhha modules 1) 010 k¥oto module (1 GUALOYY TOV UE-
TafANTOV 0TLG 0TTolEg €xeTe TPOOPaON O€ £va script Tov eKTELELTAL OTOV OVMTEPO ETITEDO KAl 08 AELTOUpYia
aptBpopnxavig).

'Eva module eivar éva apyeio mou mepiéyer opropots Kar dnhmoelg Python. To dvoua apyeiov eival to dvoua
tov module e to emiOnua . py. Méoe oe éva module, to dvoua tov module (wg cupuforooelpd) eivar dtabéoio
g T ™G global petafintig _ name_ . Ta wopdderyua, xpNoLLOTOLOTE TO OYOTNUEVOG OOLG TPOYPULLOL
eMEEEPYOLAG KELWEVOU YLOL VO, SNUWOVPYNOETE £va apyeio ov ovopdaletar £ibo . py 0tov Tpéyovra KoTaloyo
ue to. akdhovba mepLeydueva:

# Fibonacci numbers module

def fib(n): # write Fibonacci series up to n
a, b=20, 1
while a < n:
print (a, end=' ")
a, b =D>b, atb
print ()

def fib2 (n): # return Fibonacci series up to n
result = []
a, b=20, 1
while a < n:
result.append(a)
a, b =Db, atb
return result

Twpa ewodyete Tov Python interpreter ko eLodyete avtd To module pe v okOAoVON EVIOAT):
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>>> import fibo

This does not enter the names of the functions defined in £ibo directly in the current symbol table; it only enters
the module name fibo there. Using the module name you can access the functions:

>>> fibo.fib (1000)

0112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo. name

'fibo'

Edv oxomevete va xpNOLWOTOLEITE OUYVAL Lo CUVAPTNOT], UTOPELTE VO TNV OVTLOTOLYIOETE OF €VOL TOTMLKO
ovoua:

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

6.1 MNeploocotepa yua ta Modules

"‘Eva. module umopei va mepiéyel ekteléoiues dMNAwoelg kabmg Kot optopos ovvapthoemy. AuTtég oL dio-
O€LG TPOOPLLOVTOL YL TNV TTpogToLacia tov module. Extehovvton udvo v modn @opd mov eupaviletal To
dvopa tov module og o dMMiwon ewoayoyrc.! (Ektehovvtol ertiong edv o apyelo exteleital wg script.)

Each module has its own private symbol table, which is used as the global symbol table by all functions defined in
the module. Thus, the author of a module can use global variables in the module without worrying about accidental
clashes with a user’s global variables. On the other hand, if you know what you are doing you can touch a module’s
global variables with the same notation used to refer to its functions, modname . itemname.

Modules can import other modules. It is customary but not required to place all import statements at the beginning
of a module (or script, for that matter). The imported module names are placed in the importing module’s global
symbol table.

There is a variant of the import statement that imports names from a module directly into the importing module’s
symbol table. For example:

>>> from fibo import fib, fib2
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

This does not introduce the module name from which the imports are taken in the local symbol table (so in the
example, £ibo is not defined).

Yrapyer akoun Kot (ol Topaiiayn] yio TV eL.oaywyn OV ToV OVOUATmY ToV OpLleL uLol evOTNToL:

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

Avtd elodyel 6ha to ovopata eKtdg amd avtd mov Eekivolv e kKatm savha (). 2T TEPLOCOTEPES TEPLITTM-
O€LG, oL TTpoypapuotiotés Python dev xpnolnomolovv authv v duvatdmta , KoBdg elodyel €vo dyvmoTto
oUVOLO OvoudTmv oToV interpreter, KpUBovTog VMG KATOLOL TTPAYUOTA TTOV £XETE 101 OPLOEL.

Adfete vrdyn Ot yeVIKA 1) TPOKTIKT TG eloarywyng * amd éva module 1) éva okéto ammodokudeTat, Kabmg
TPOKOLEL OLY VA KAKDG avoryvadoLuo Kmdika. QoTtdoo, eival evidEeL va. TOV XPNOLULOTOLGETE VL0, VO ato01)-
KeVOoETE TNV TANKTPOLOYNON 08 SLadPAOTIKEG TTEPLOdOVG GVVIEDTG.

! In fact function definitions are also “statements” that are “executed”; the execution of a module-level function definition enters the function
name in the module’s global symbol table.
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Edv 1o 6vopa tov module akolovBeitar 0o as, tOTe TO Ovoua ov akolovbel as ovvdéeton amevdeiog pe To
eloaryopuevo module.

>>> import fibo as fib
>>> fib.fib(500)
0112 358 13 21 34 55 89 144 233 377

Avtd ovolaotikd ewodryer o module e Tov idLo TPOmo o Ba kAveL To import fibo, ue Tt uovn dropopa
ot eivan drabéoo wg £ib.

Mrtopei emiong vo ypnowostotn0ei dtav ypnolpuomoleite £rom (e TOPOUOLO EPE:

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 1321 34 55 89 144 233 377

Inueiwon: o Moyoug amotedeopatikoOtTag, kdOe module elodyeton pdvo pia popd avd mepiodo ertoup-
vieg Tov interpreter. Eouévmg, edv oAAGEete ta modules oac, Tpémel va EXAVEKKLVAOETE TOV dLepunvea — 1), etV
etvar wovo évo module wov BéheTe va doKUAoETE dLOOPACTIKE, XPNOLUOTOLOTE TO importlib.reload (),
Y. import importlib; importlib.reload(modulename).

6.1.1 EktéAeon modules wg scripts

‘Otav exteleite évo Python module pe:

python fibo.py <arguments>

o kmdikag oto module Oa exteleotel, AKPLBMOS GOV VO TOV ELOOYAYeETE, OAMG e TO name va €YEL OpPLOTEL O
"__main__". Autd onuaivel 6t TpochEToviag vtV Tov Kmdika 0To Téhog tov module oag:

if name == " _ main_":

import sys
fib(int (sys.argv[1]))

uropeite vo Kdvete To apyelo xpnoLnoTotoLio mg script Kabwg kot wg module tov witopei va euoayel, emeldn
0 KOILKAG TOU aVAAVEL TNV YPAUUT) EVTOLDV eKTENELTOL LOVO €4V TO module eKTEAEITOL G TO «main» aPYELo:

$ python fibo.py 50
0112 358 13 21 34

Edv to module éyeL ewoayBei, o KOdkag dev exteheitan:

>>> import fibo
>>>

AvuTtd ypnolpomoteitan ouyva eite yio Ty Tapoyr evog Polikov user interface oe éva module, ite yia okomovg
doxung (n ektéheon tov module wg script eKTEAEL ULCL SOKLUAOTIKY) COVITAL).
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6.1.2 To Search Path Tou Module

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listedin sys .builtin_module_names. If not found, it then searches for a file named spam.
py in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

o O katGhoyog mov mepLéyeL To input script (1) TOV TPEXOVTO KATAAoYo OTOV dev £xeL KOOOPLOTEL apyEio).
o PYTHONPATH (o, MoTa 0vopdtmy Kotahdyov, pe Ty idto ovvta&n ue ) petofinti tov shell PATH).

o H nipoemuhoyi| wov eEaptdtar oo v eyKatdotoon (Katd ovufoon, cupmepapufavouévou evog Ka-
TaAdyov site—packages, mov xewpiletor To module site.

Inueiwon: Zto ovoTHUATO apyElwV Tov vitooTpilovy symlinks, 0 Katdhoyo ov TEPLEYEL TO input script
vroloyiletar apot akolovOnOei to symlink. Me aha Aoy, 0 Katdhoyog mov mepLéyel to symlink dev mpo-
otiBeton ot dradpouy) avalntmong tov module.

Metd v TtpogTopacia, ta mpoypduuoto Python uropoiv vo tpomomotjoouy 10 sys . path. O Katdhoyog
TTOU TEPLEYEL TO Script Tov ekTeEleiTaL TomobeTelTOL 0TV apyN THG dLadpPouUNG avaliTnomng , WIpooTd amd Thy
UKy dradpoun g PLPAoONKNGg. Autd onuaiver OTL Ta scripts o€ AUTOV TOV Katdhoyo Oa givar poptmuéva
avti yio to. modules pe to idLo0 dvoua otov Kotdhoyo wog PLpAobNKng. Avtd eivan éva opdiua, eKTog edv
mtpoopiletal 1 avikatdotaoy. Bh. v evotnta Standard Modules yio. teplocOTeEPES TANPOPOPIES.

6.1.3 «Compiled» Python apxeia

T va emrtayvvel T poptworn modules,  Python kével cache tnv compiled éxdoom kdOe module otov Katdhoyo
__pycache__ k&tw amd 10 Ovoua module.version.pyc, OOV 1] €K600T KWOLKOIOLEL TN LOPEY] TOU
compiled apyelovs yevikd mepLéyxel Tov apbuod ékdoong g Python. o mapdderypa, oty ékdoon CPython
3.3 m compiled éxdoam tov spam.py Oa amoOnkevtel wg __pycache_ /spam.cpython-33.pyc. Avt)n
ovppaon ovopaoiog, emtpéner oe compiled modules atd dropopeTikés eKOOTELG KOl SLAPOPETIKEG EKDOTELG
¢ Python va ouvurtdpyovv.

H Python eAéyyeL tnv nuepounvia Tpomomoinong tov yaiov évavit g compiled £kdoomng yio va deL edtv elvon
Eemepaouévn Kau ypetdfeton v yiver compile Eava. Avti| eivon pa eviehog avtopatn dwadikaoia. Emiong, ta
compiled modules sivar aveEdptiteg amd mhotpopua, emouévag 1 idta BLprobhKn wropei va Kowvortoun el
OVAUEDO 0 GUOTHUATO LE OLAPOPETIKES OLPYLTEKTOVIKEG.

H Python dev ehéyyeL Tv cache og Vo mepurtdroets. [pdrov, mavta Kavel compile Eavd kKau dgv amoOnKevel
To amotéleopa yio To module wov popTwvetan amevdeiog amd T Ypouun eviordv. Aevtepov, dev eAEYYEL T
wvnun cache edv dev vitapyet to source module. T'ia va viwootypiEete wa diavour| xwpic mnyaio (compiled
uovo), to compiled module mpémer vo Ppioketal 0TOV source KOTAAOYO KoL OEV TPETEL VO VTAPYEL source
module.

Mepikég ouufBoulég yia e1dLtkovg:

o Mrmopeite va ypnoLomoLoete Toug switches —O 1| —00 otnv eviohn Python yia vo pewwoete to péye-
0og evdg compiled module. To -0 switch agalpel Tig assert statements, To —00 switch agaipel oo Ta
assert statements 600 Ko Tig __doc__ ovuforooelpés . Eqpdoov oplopéva mpoypdupota uwopel vo fooi-
Covtar oty OapEn avtdv Twv SLadEouwy, Oa TPETEL VO YPNOLUOTTOOETE OUTHYV TNV ETAOYTH udvo
eqv yvopilete T Kavete. «Optimized» modules éxovv éva opt— tag kou eivar ovvihBwg wkpoTepeg. O
nehovTLKEG exd00ELG Uopel vo alhdEouy Ta amotehéopata TG BEATLOTOTOINONG.

o '‘Eva mpdypapuo dev exteheiton mo ypiyopa otav drofdleton amd éva apyelo .pyc amd 0, Otav
drafdtetar amd éva apyeio .py "« To pdvo mpdypa nou eivalr mio ypryopo amnd Ta
apyxeta 7 .pyc givaln TodTTa PE TV 0Toio (POPTMVOVTAL.

o To module compileall umopel va dnuovpynoet apyeto .pyc yio Oho To. modules og éva Katdhoyo.

o Ydpyovv mepLooOTePEG AETTTOUEPELEG OYETLKA [LE ALUTH) T dLadLKaoia, oVUITEPLAAUPBOVOUEVOU EVOG dLa-
vpduuatog porfg Twv amogdoewy, oto PEP 3147.
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6.2 Standard Modules

H Python ouvvodeveton amd wa Biriodnkn standard modules, M omoio meprypagpetarl oe éva Eeywplotd €y-
vpapo, v Avogopd Bipiobnkng Python («Library Reference» hereafter). Opiopéva modules givor evompa-
TOUEVA OTOV interpreters QUTEG TOPEYOVV TPOOS00T) € AELTOUPYIES TOV eV ATTOTELOVY EPOG TOV TTUPTVAL TG
YADOOOG, AAMG EVIOUTOLS ELVAL EVOWUATWUEVA, [TE YI0. ATOTELEOUATIKOTITA ELTE VIO TNV TOPOYN TPOOPa-
O1G 0€ TPWTOYOVO OTOLYELX TOU AELTOVPYLKOU GUOTHUOTOS OGS oL KANoeLg ovothuotos. To cuvolo tétolwv
modules eivor pa emhoyn dropndppmong ov eEaptartar emiong amd v viwokeipevn matpdppa. T wapd-
deryna, to module winreg mapéyetor wovo oe cvotnuata Windows. 'Eva cuykekpiuévo module mov a&iCe
KATOLOL TTPOCOYN ELVOL TO SY'S, TO 0TTOL0 Elval EvowuaTwuéVo otov interpreter tng Python. O uetafintéc sys .
psl Kol sys.ps2 opilouv Tig OUUBOAOCELPES TTOU YXPNOLUOTOLOUVTOL MG KVPLOL KoL dEVTEPEVOVTA prompts:

>>> import sys
>>> sys.psl
>>> !

>>> sys.ps2

' v

>>> sys.psl = 'C> !
C> print ('Yuck!")
Yuck!

C>

Avtég oL 800 petafintéc opitovtor ndvo eGv o interpreter fpioketor oe dLOdPOAOTIKY| AeLTOUPYiaL.

H petafnt) sys.path eivor pa Aiota cupuforooelpmv mov Kabopilel T dradpouy) avalntmong tov diep-
unvéa yro. modules. Apylkoroleitor o€ (o TPoemAeyuevn dradpoun} tov haufdvetal amd T petofAnti) me-
pLpéAlovTog PYTHONPATH, 1] atd (0L EVOOUATWUEVY TPOETLAOYT €AV To PYTHONPATH dev €yel opLoTel.
Mropeite Vo TO TPOTOTOLOETE Y PTOLUOTOLMVTOG TUTLKEG AELTOVPYiEG AloTOg:

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')

6.3 H ouvaptnon dir ()

H gvoopotouévn ouvaptnon dir () xpnOLUOTTOLELTAL VL0 VO AvaKaAMpEL stoLa ovopato opiCel éva module.
Emotpéeper o taivounuévn Aiotoa oupforooelpmy:

>>> import fibo, sys
>>> dir (fibo)

['"__name__', '"fib', 'fib2']

>>> dir (sys)

['"__Dbreakpointhook__ ', '__displayhook__', '__ doc ', '__excepthook__ ',
' __interactivehook_ ', '__loader__ ', '__name__ ', '__package__', '_ _spec__',
' stderr_ ', '__stdin_ ', '_ _stdout__', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin module_names', 'byteorder', 'call tracing',
'callstats', 'copyright', 'displayvhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',

'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',

(ouvéyela 0TV eV 0ehidaL)
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(ovveyiCeton amd Ty ponyovuevn oehida)

'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',

'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

Xwpig opiouata, N dir () mopoabEtel To OVOUATO TOV €YETE OPLOEL AUTNV T OTLYUN:

>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

['"__builtins__ ', '__name__', 'a', 'fib', 'fibo', 'sys']

Adfete vtoyn Ot TapaBETEL GAOVG TOVUG THTTOVG OVOUATMV: UETAPANTES, modules, CLVAPTHTELS, KA.

H dir () dev mopabétel 1o OVOUOTO TMV EVOMUATWUEVWV OVVAPTHOEWY Kou UeTafAntdv. Edv 0éhete wa
Mota amd avtéc, opitovrol oty Tumkn evotnta builtins:

>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning',
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '_ _build_class__',

' _debug__ ', '__doc__ ', '__import__', '__name__ ', '_ package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec', 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']
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6.4 Maketa

Packages are a way of structuring Python’s module namespace by using «dotted module names». For example, the
module name A . B designates a submodule named B in a package named A. Just like the use of modules saves the
authors of different modules from having to worry about each other’s global variable names, the use of dotted module
names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each other’s
module names.

Ac vmoBéooupe 6L B€leTe va oyedLdoeTe pa cuALoYY 0td module (Vo «TTOKETO») VL0 TOV OUOLOUOPPO YELPL-
ouo apyetmv you Kat dedouévav 1yov. Ydpyouv morhéc dLopopeTikég LOPPES apyelmy Nyov (tov cuvnBmg
OVOYVOPLLOVTOL aTtd TNV ETEKTAON TOVG, Yia TOPAdeyua: .wav, .aiff, . au), ETOUEVWG UITOPEL VOL YPELOL-
OTEL VO ONULOVPYHOETE KOl VO SLATNPYOETE UL AUEQVOUEVT] GUALOYY] AELTOUPYLMV YLOL T LETOTPOTTH UETAEY
TOV dLoPOPWV HopPpov apyetmv. Yrdpyovv emiong molég dLapopeTikég Aettoupyieg mov wwopel vo Oéhete
vo, ekteléoete oe dedouéva Nyov (Orwg WiEr, TPoobfKn NYoUs, EPapUOYT) WO AELTOUpYioG Lo0oTaOWLOoTY,
dMuULovpYia TEXVNTOU OTEPEOPMVLKOV ePE), ETOUEVWG emLThéoV Ba yplipeTe wo otelelwtn pon amd modules
yLoL Vo eKTELETETE OUTEG TIG AeLTovpyies. AkohovBOeil pa thovi| dopr| yLo 1o TakKETO 060G (TOV EKPPATETOL ™G
lEepapykd ovotnua apyeimv):

sound/ Top-level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init__ .py
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py

Katd myv ewoaywyn tov mokétov, 1 Python mpayuotomolel avalnmmon otovg Kotahdyovg 0to sys.path
avVOCNTOVTOG TOV VTOKATAAOYO TOU TTOKETOU.

The __init__ .py files are required to make Python treat directories containing the file as packages. This prevents
directories with a common name, such as string, unintentionally hiding valid modules that occur later on the
module search path. In the simplest case, __init__ .py can just be an empty file, but it can also execute
initialization code for the package or setthe __all__ variable, described later.

OL xpNOTEG TOV TOKETOV UITopoVV va eLodyouv pepovopéva module atd 1o TAKETO, YL TOPASELYOL:

’import sound.effects.echo

This loads the submodule sound.effects.echo. It must be referenced with its full name.

sound.effects.echo.echofilter (input, output, delay=0.7, atten=4)

"Eva evadAaKTikog TpOmTog yia TV eloaywyn Tov submodule givou:

’from sound.effects import echo
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This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

’echo.echofilter(input, output, delay=0.7, atten=4) ‘

Mo dAAn Taporharyn eivon 1) atevBeiog eLoaymyr g embuuntig ovvaptnong 1 UETaPANTG:

’from sound.effects.echo import echofilter ‘

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

’echofilter(input, output, delay=0.7, atten=4) ‘

Adfete vtoym otL dtav xpnowpomoteite from package import item,To OTOLKELO WITOPEL VO Elval giTe
submodule (1] vwomaKETO) TOV TAKETOV 1) KATOLO0 GAAO dvoua TOv OPILETOL 0TO TOKETO, OTTMG ULe OVVAP-
™o, kKAdon 1M petofnt). H import dMlwon eréyyel TpdTa GV TO OTOLYELO €)EL OPLOTEL OTO TAKETO, EQV
Oy, voBéter Ot eivor éva module KoL ETLYELPEL VO TO POPTHOEL , oV deV TO PpeL dnuovpyel 1 eSaipeon
ImportError.

Avtifeta, 6tov xpnowomoteitol ouvtaEn 6nwg import item.subitem.subsubitem, kG0g oTolyeio
eKTOG amd aUTO TO TEAEVTALO TTPETEL VoL ElVaL TTOKETO. TO TEAEVTALO OTOLYXELO WiTtopel va eivar éva module 1
éva ToKETO OMAG OEV WITOPEL VO elval e KAGoN 1) ovvAapTnon 1] UeTAfANT Tov opileTal amd TPonyouuevo
otouyeto.

6.4.1 Ewcayovtag * ano €va lNaketo

Topa © cuufaiver dtav o xpNnotng ypdgel from sound.effects import *;Idavikd, Oo Nhmile koveig
OtL ot B ByeL pe KAToLo TPOTo ato cvaTnuo opyeimv, 0o Ppet kKoo submodules Tov VITAPYOVV TO TOKETO,
Ko Oa T eLodryer Oha g avtd. Autd Ba urtopovoe va TApeL TOAD ¥ pOVo Kat 1) ewoaywyn) submodules propet
va €xeL avembvunteg mopevépyeleg mov Ha Empeme va cuufovv 6tav to submodule elodyetal pnTd.

H podvn Mom gival vo opéyel 0 GUVIAKTNG TOU TAKETOU £va pNTo VPETHPLO ToL Takétov. H dNhwon import
YPNOLUOTTOLEL TNV akOAOVOT oVUPaon: edv 0 KOdKAG _ init_ .py TOU TaKETou opilel wo AMota ue 1o
ovopa __all__, Bewpeiton ot eivor M Mota pe to ovopata twv modules ov Oa pémel vo. eloayBovv dtav
ovvavinoete from package import *. Eivow otnv dlokplth guyépelo Tou ouvtdKTy Tou ToKETOU VO
dlatnpel vt ™) AMoto evnuepouévy), dtav kKukhogpoproet pa véa €kdoon tov makétou. Ou ouvtdKTeg Tou
TTOKETOV EVOEYETOL ETLONG VA ATTOQPACLOOVY VA IV TO VITOOTNPIEOLY, GV dev BAémouv dTL XPNOLUOTTOLEITOL
1 eLlooymyn Tov * amd to makéto tovg. o mapaderypa to apyeio sound/effects/__init_ .py Oa
WTopovoE va. TEPLEYEL TOV 0kOLOVO0 KWK

all__ = ["echo", "surround", "reverse"]

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

If __all__ isnotdefined, the statement from sound.effects import * doesnotimport all submodules
from the package sound.effects into the current namespace; it only ensures that the package sound.
effects has been imported (possibly running any initialization code in __init__.py) and then imports
whatever names are defined in the package. This includes any names defined (and submodules explicitly loaded)
by ___init__ .py.Italsoincludes any submodules of the package that were explicitly loaded by previous import
statements. Consider this code:

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

In this example, the echo and surround modules are imported in the current namespace because they are defined
in the sound.effects package when the from. . .import statement is executed. (This also works when
__all__ isdefined.)

Av ko opropéva modules £xouv oxedLaoTel Yia var eEQYOUV LOVO 0vVOUATO. TTOV akoAovBoUV optouéva. wotifo.
otav ypnolpomoleite To import *, eEakohovBel va Oewpeital Kok TPAKTIKT 0TOV KOSIKA TapoywynS.
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BuunBeite, dev VITAPYEL TITTOTA KOKO e TN ¥pfon Tov from package import specific_submodule!
2TV TPAYUOTIKOTNTA, CUTH ELVOL 1) TTPOTELVOUEV ONUELWOT, EKTOG €Gv To module eloarywyng ypeLdleTaL v
ypnoworomoet submodules pe to (610 dvopa amd SLaoPETIKA TAKETAL.

6.4.2 Intra-package avagopeqg

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder
needs to use the echo module in the sound.ef fects package, it can use from sound.effects import
echo.

You can also write relative imports, with the from module import name form of import statement. These
imports use leading dots to indicate the current and parent packages involved in the relative import. From the
surround module for example, you might use:

from . import echo
from .. import formats
from ..filters import equalizer

AdeTe vIIoOYM OTL OL OYETIKEG ELOOYWYEG Baoilovtol 0to dvouo Tou Tpéyovtog module. Emeldn 1o dvoua tov
KUptov module givan évta "__main___", ta modules mov mpoopiloviar yia xpNon wg Kipto module pog
epopuoyng Python mpémer mdvta vo. ypNoLoToLovV atOAVTEG ELOAYWYES.

6.4.3 Maketa oe MoAAanAoug KataAdyoug

Packages support one more special attribute, __path__ . This is initialized to be a list containing the name of the
directory holding the package’s __init__ .py before the code in that file is executed. This variable can be modified;
doing so affects future searches for modules and subpackages contained in the package.

Eva auth 1 dSuvatdtTa dev Y peLALETOL U VA, UTTOPEL VO XPNOLULOTTOLNOEL YLoL THV ETTEKTO0N TOV GUVOLOU TWV
modules mov Bpiokovial o€ Eva TaKETO.

YTIOONHELWOELG
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KEDAAAIO 7

Eloodog kat ‘E€odog

Yndpyouvv dtdpopol TpOTOL YLoL VO TTOPOVOLACETE TO ATTOTEMEOUATO EVOG TPOYPAULOTOS: TO dEQOUEVOL UITO-
POVVY v EKTUTT®WOOVV GE LOPEPY) AVAYVOOLUT| ATTO TOV AVOPMITO 1) VO EYYPOPOVV OE EVOL APYELD YLOL LEAMOVTLKY
¥pHon. Avtd To Kepdhalo Bo oulnTHoeL ueptkég amd Tig SUVOTOTNTEC.

7.1 Opoppotepn Mopgormoinon EE6Sou

So far we've encountered two ways of writing values: expression statements and the print () function. (A third way
is using the write () method of file objects; the standard output file can be referenced as sy s . stdout. See the
Library Reference for more information on this.)

Suyvd Ba Béhete TePLOGOTEPO ENEYYO OTY HOPPOTOINOY NG EGdOV TOG TOPE ATANDG VA EKTUTTMVETE TUUEG
SLoymPLOUEVES Ue dLAoTNUO. YTTAPYOUV dLAQOPOL TPOITOL YLO. VO, LOPPOTTOOETE TNV £E060.

o T vo ypnowwosoloete formatted string literals, Eexiviote o ovpBorooelpd ue £ or F wpwv amd to
aPYLKO ELOAYWYLKO 1] TO TPUTAO ELooymyLKd. Mésa o€ outhv TV OVUPBOAOCELPAL, UTTOPELTE VAL YPOPETE (LaL
éxppaot Python peta&u yapakthpomv { Kot } Tov WTopel va avopepetal o8 HETOBANTEG 1] KUPLOLEKTUKEG
TLUEG,

>>> year = 2016

>>> event = 'Referendum'

>>> f'Results of the {year event /'
'Results of the 2016 Referendum'

e The str.format () method of strings requires more manual effort. You'll still use { and } to mark where
a variable will be substituted and can provide detailed formatting directives, but you’ll also need to provide the
information to be formatted.

>>> yes_votes = 42 572 _654

>>> no_votes = 43 132 495

>>> percentage = yes_votes / (yes_votes + no_votes)

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

o Téhog, umopeite vo kdvete udvoL 0og 6L TOV XELPLOUO TUUBOAOOELPAG YPNOLLOTTOLMVTAS AELTOVPYLEG
slicing Ko ouvévimong ovuBorosELPdV YL va. dnuovpynoete omoladnTote didtaEn wropeite va go-
vraoteite. O TOmog oVUBOAOOELPAG €xel 0pLouEVESG HeBOdOVG TTOU EKTENOVV YPTOLUES AELTOVPYIES YLOL
™V TPooHNKN oVUBOLOCELPMVY O €V, dEDOUEVO TAMATOG GTNATG.
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‘Otav dev ypeldleote paviaytepn €080, dhha BELeTE ATAMG (oL YPTYOPN ELPAVLOT OPLOUEVWV UETOLANTMV
YL 0KOTTOVG EVIOTILOUOV OPOALATOV, WTOPELTE VO UETATPEWPETE OTTOLALONTOTE TIUY O WO CUUBOAOCELPG |IE
TLG OVVAPTAHOELG repr () N str ().

H ovvéptnomn str () mpooplletol va emOTPEPEL AVATAPUCTACELG TULMV TTOV ELVAL OPKETA OLVOLYVIOOLUES OLTTO
TOV AVOPWITO, VM TO repr () TPOOPLLETL YLOL TN SNULOVPYLC OVOTTAPAOTACEWY TTOV WITOPOVY VA dLoAoTOUV
amd Tov diepunvéa (1 Oa emPdrovv éva SyntaxError av dev vidpyel wodvvaun ouviagn). o aviikei-
UEVOL TTOU OEV €YOUV OUYKEKPLUEVY] OVOITOPAOTOON YO, avOp®ITLvY Katavdhmon, 1 str () Oa emotpéper
™V idLa T pe to repr (). Iodég Tipég, dmmg aplbuoi 1 douég Ommwg Moteg kou heEukd, éxovv v idia
avVOTOPAOTAON YPNOLLOTOLWVTAS 0TToLadnTote ovvdptnot. Ta strings, ovykekpuéva, €xovv 800 dLaKpLTég
TAPOAOTAOELS.

Mepikd mapadeiyparor:

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> vy 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr() may be any Python object:
repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

To module st ring mepLéyel wo kAdon Template mov TPOoo@épeL Evav aKoun TPOTO OVILKOTAGTAONG TLLMVY
oe ovuporooelpéc, ypnowomounvrag placeholders 0mwg $x Kt avukaOLoT®VTag TG ue Tég amd £va AeEiko,
OALG TTPOOPEPEL TTOMD AMYOTEPO ELEYYO TNG LOPPOTTOLN TG,

7.1.1 Mop@omnownpuéva String Literals

Ta Formatted string literals (ovoudCovtou emiong f-strings yio cuvtopio) oag emttpémovy vo oupumephdfete tnv
Ty Twv ekppaoemv Python uéoa oe wo ovpporooelpd, Bétovtag mpdbepa ot ovpporooelpd pe £ 1 F xon
vpbpovtog ekppdoelc wg {expressiont.

"Evag mpooaupetikdg avadetng (specifier) popgpng uopei vo akohovdel v €kgppaot. Autd emttpémet ueyoiv-
TEPO ENEYYO OTOV TPOTTO UOPPOTTOINONG TS TYNG. To TapaKdTtw TapddeLyuo oTPoyyYVAOTOLEL TO pi O€ Tpia
Ynoio uetd to deKadLKO:

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

H petddoon evog aképorov aptduov petd to ' : ' Oa €xeL wg amotéheopa ovTo To mTEdIO va £YEL TAATOG EMAL-
YLOTOU 0pLOUOV XoPaKTHPWV. AUTO Elvan XPNOLUO Yo TV EVOUYPAUULON OTNAMY.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():
print (f'{name:10} ==> {phone:10d}")

Sjoerd ==> 4127

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

Jack ==> 4098
Dcab ==> 7678

Mitopotv va xpnoLuostot 0oy GALOL TPOTOTONTEG VLG TNV UETATPOITY TG TLUNG TTPLV T WOPPOTTOLNOT] TNG.
To '!la' woyveLyia ascii (), to "!'s' woyveLywa str (), Kowto ' r' woyvel yio repr () :

>>> animals = 'eels'

>>> print (f'My hovercraft is full of {animals/.'")
My hovercraft is full of eels.

>>> print (f'My hovercraft is full of {animals )
My hovercraft is full of 'eels'.

For a reference on these format specifications, see the reference guide for the formatspec.

7.1.2 H p€00odog String format()

H Baowk xpfion e uebddov str. format () wotdler ue auto:

>>> print ('We are the who say " tmr format ('knights', 'Ni'))
We are the knights who say "Ni!"

Ou ayKULEG KL OL XOPOAKTPES UECO. OF AUTEG (TTOV oOvoudCovtal TTedio LopepNg) avTtKabioTavToL Ue To ovTL-
keipeva wov petafipdtovion ot uébodo str. format (). 'Evog apBudg otig aykileg Wtopet va xpnoLuo-
stomnBel yia vo avapépeton ot 0€om Tou avtikelpévoy ov petafipateton ot uébodo str. format ().

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

Edv ypnowomorotvron keyword opiopato ot wébodo str. format (), oL TWEG TOUG AVAPEPOVTOL YPTOLUO-
TOLDHVTOG TO GVOUQ TOV OPLOUATOG.

>>> print ('This is .. format (
.. food="'spam', adjective='absolutely horrible'))
This spam is absolutely horrible.

Ta opiopota BEong kow AMENG-KAEWdL0U umopotv vo, ouvduaotolv avbaipeta:

>>> print ('The story of , , and '.format ('Bill', 'Manfred',
other="Georg'))
The story of Bill, Manfred, and Georg.

Edv éyete wa ovuBorooetpd mold pakpld wopgrg mov dev 0éhete va ywpioete, Oa tav wpaio va avope-
PETE TLG UETAPANTES TTOV B poppomotnBouv pe Béon To dvoua avtl yio T 0€om. Autd wopet va yiver amhd
mepvdvrag 1o AeElkd ko xpnouomoudvtag aykvkeg ' [1 ' yio tpdofaon oto Khetdid

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: HE

L 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This could also be done by passing the table as keyword arguments with the “**” notation.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '".format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This is particularly useful in combination with the built-in function vars (), which returns a dictionary containing
all local variables.
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As an example, the following lines produce a tidily-aligned set of columns giving integers and their squares and cubes:

>>> for x in range (1, 11):

print (' ' format (x, xX*x, X*X*x))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 1729
10 100 1000

To o TAHP EmoKOTNON TG LOPQOTTOiNoNG cupporooelpdv ue str. format (), deite formatstrings.

7.1.3 Xelpokivntn Mopgoroinon ZupBoAooeELpwWV

AxohlouBel 0 810G TVAKAG TETPAYDOVOV KoL KUBWV, LOPMOTOUEVOG XELPOKIVITOL:

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=" ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(Enuewhote 6TL To éva, Kevo peta&l kdbe oTNANG TPOOoTEDNKE Ue TOV TPOTO TOV AELTOVPYEL TO print ():
tPoodEtel TAVTO Keva HetaEl Twv opLopdtmv Tov.)

H nébodog str.rijust () Tmv avukelwévmv ouufohooelpdg tomobetel deE1d wo ovpporooelpd oe éva. me-
dio dedopévoy TAATOUG CUUTTANPDOVOVTOG TNV UE KEVA 0T apLoTePE. Ydpyouv mapouotes uébodol str.
ljust () ko str.center (). Avtég oL uéBodot dev ypApouv TmoTa, ATADG ETOTPEPOVV (0. GCUUBOAO-
oelpd. Edv 1 oupforooelpd eLo0d0v givar ToA) ueyaln, v TNV TEPLKOTTOUV, AAME TV ETLOTPEPOVV AUETA-
BANTY: ovtd Ba prepdéper T drataln g oTNANG oag, OAAG auto eivon ouviBwg KaAhtepo amtd v evaiha-
KTIKY, Tov Oa NTov Péuata yio o tun. (Av O€heTe Tpaypatikd TepLKoTty), uropeite mdvta vo tpocbéoete
o Aertovpyia slice, 6mwg 010 x. 1just (n) [:n].)

Yrdpyer o Ay uébodog,  str.z£i11 (), 1 0TOLOL CUUTANPMOVEL oL apLlOuN Tk ovuBorooelpd oto apt-
otepa ue undevikd. Katahafaiver ta ovpfola ouv Kot whny:

>>> '"12'.zfill (5)

'00012"

>>> '-3.14'.z£fi11(7)
'-003.14"

>>> '3.14159265359"'.z£fil11(5)
'3.14159265359"'
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7.1.4 MNMaAwa popepormoinon cupBoAoceLPAq

The % operator (modulo) can also be used for string formatting. Given 'string' $% values, instances of
% in string are replaced with zero or more elements of values. This operation is commonly known as string
interpolation. For example:

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)

The value of pi is approximately 3.142.

[MepLoodTepeg mANpoopieg wmopeite va Ppeite otny evotnta old-string-formatting.

7.2 Avayvwon Kat Eyypaopn Apxeiov

H open () emotpépel éva file object, Kan ypnopuomoteital o cuyva pe dvo opiopata B€ong kot éva dpLopa
MENG-KAeWdLoV: open (filename, mode, encoding=None)

’>>> f = open('workfile', 'w', encoding="utf-8")

To mpwTo OpLopa eivar o ovpBorooelpd mou mepLéyeL To dvoua apyeiov. To detvtepo dplopa eivar o GAAY
oUUPOLOCELPE TTOV TTEPLEYEL UEPLKOVS YOPAKTHPES TOV TEPLYPAPOUV TOV TPOTO UE TOV 0TT0l0 Bal xPNoLuo-
mtomBel to apyeio. H mode wopet va eivor "r' dtav to apyeio Oa givar uovo yo ddfaoua, 'w' udvo yo
eyypapn (éva vdpyov apyelo pe to 1dLo dvopa Ba dlorypapet) kKoL to "a' avolyel To apyelo Lo TPOshp-
TNO1" 0TTOLOdNTOTE HEHOUEVO YPAPOVTOL OTO aPYELO Kal TTpooTifevTal avtopato oto téhog. To 'r+' avolyel
TO APYELO TOOO YL AVAYVMoT 600 Ko yo ypapy. To dpiopa mode givan mpoapetikd: to 'r' Bo Bewpeiton
eqv mopanoei.

Kavovikd, to apyeia avoiyouv og text mode, mov onuoiver 0t dlofdlete Kan ypdpete cuuforooelpés amd
KoL TPOG TO 0Py elo, oL 0TToleg KMALKOTOLOUVTOL O UL CUYKEKPLUEVT Kwdtkosoinon. EGv dev éyel kabopilotel
1 Kwdkomotijon, M TPOEmMAoYY eivar eEaptmuevn amd v mhatpdpuo (deite open () ). Emedn to UTF-8
eivaw To ovyypovo de-facto standard, encoding="utf-8" cuviototoL eKTOG GV Yvwpilete OTL TPETMeL Vo,
YPNOLUOTTOMOETE dLopopeTikn kKwdikomoinon. H mpootnkm evog 'b' ot Aettovpyia avoiyel to apyeio oe
binary mode. Ta dedouéva dvadikng Aettovpyiag drapdfovion Kot ypdpovior mg oviikeipeva bytes. Aev
uropeite va xkobopioete kwdikomoinon dTav avoiyete apyelo o duadikn Aettovpyia.

1t Aettoupyio Keypévov, 1 mpoemhoyi (default) xotd v avayvmon eivor va puetatpéPpete TG KatolEelg
YPOUR®V Yoo ovykekpuévn mhotgdpue (\n oto Unix, \r\n ota Windows) oe wovo \n. ‘Otav ypagpete o€
Aertoupyio KEWEVOU, 1) TTPOETAOYT ElVOL VO, LETATPETOVTAL OL EUPAVIOELS \n 08 KATUANEELS Ypauudy yio.
OUYKEKPLUEVY] TTAOTPOPUOL. AUTY 1 TOPOOKTVLOKT] TPOTOTOLNCT 0TO dEOUEVO QPYEIWV ElVOL KO YL ap-
yetla Kewwévovu, odhd o kotaotpéel dvadikd dedouéva Omwg ovtd oe apyelo JPEG 1| EXE. Na eiote ol
TPOOCEKTIKOL VO (PN OLUOTTOLELTE T HUODLKT| Aettovpyia OTav dLaffATeTe Ko YPAPETE TETOLO APYELQL.

Eival kol mpaktiky va xpnowwomoteite to keyword with 6tov acyoloduaote ue avitkeipeva apyeiov. To
TLEOVEKTNLOL ElVaL OTL TO aLPYEL0 KAELVEL CWOTA UETA TNV OLOKAHPWON TNG EKTEAEONG TOU, AKOUOL KL OV KATTOLOL
oty pokvpet eEaipeat). Xpnoomowdvtog to with gival emiong mohl mo ovviouo amd thv ovvtagn
1oodVvouov try-finally blocks:

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed
True

Edv dev ypnowomoieite ™) keyword with, tote Oa mpémel va kodeite ™) £.close () yo va kKheioete 10
OPYELO KoL VO ELeVBEPMOETE AUETWG TUYOV TOPOVS CUOTHOTOG TOU Y PNOLUOTOLOVVTAL OITTO QUTO.
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Ipoedomoinon: HxAontov f.write () ywpictn yxphon mgkeyword with f1Khfontov £.close ()
WITOPEL VoL 081 yNoEL 0TO 0plopoTo Tov £.write () va unv eyypogel mAipwg oto dloko, akduo Kot av to
npdypapuc eEENOEL pe emTuyioL.

Metd o KAEIoWWOo EVOG AVTLKELUEVOD apyeiov, eite pa dAwon with eite Kahdvtog £.close (), oL Tpoomd-
OgLeg XPNONG TOV AVILKELUEVOL apyelov Ba amoTiyovy auTduaTa.

>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.2.1 M€00doL AVTIKELHEVWYV ApXEiWY

Ta volouta Tapadeiypato o ovTnv TV evoTTa 0o vIToBEGOUV OTL EVa AVTLKELIEVO 0PYELOV TTOV OVOUALETOL
£ éxeL 01 dnuovpynOei.

T va duafdoete ta mepleyopeva evog apyeiov, kaléote 1o £.read (size), 1o omoio dLafdlel Kamola o-
0OTNTO OEDOUEVMV KL TNV ETLOTPEPEL WG GVUBOLOOELPA (08 AELTOUpYia KELWEVOD) 1) G avTLkeipevo bytes (og
dvadLkt| Aettovpyia). To size eivan TpooupeTikd aptbuntikd opiopa. ‘Otov To size TapaleimeTon 1 elvor opvn-
TLKO, 0LOKANPO TO TTepLeXOUEVO ToU apyeiov Oa dafaotel kou Oa emLOTPapELs Eival dLKO oag TPOPANUa Qv
TO 0PYELO ELvaL SUTAACLO ATTO TN UVIUT TOV VITOAOYLOTH OO ALAOPETIKAL, dLOBATOVTOL KA ETLOTPEPOVTOL TO
7ol size yopakTpeg (o€ Aettoupylo kelpévov) 1 byte size (og dvadikn hettovpyia). Edv €xel @tdoet to téhog
TOV apyeiov, To f.read () Oa emotpéPel wa kevi) guuforooelpd (" 1).

>>> f.read()
'This is the entire file.\n'

>>> f.read()
T

To £.readline () dLoPdaCeL uia ypoupy oo 1o apyeio: Evog xopaktnpas véag ypouuns (\n) mopapével
070 Téh0G TNG OVUPOLOTELPAS, KOL TAPOUAELTETOL LOVO OTNV TELEVTALO YPaULLY) TOV apelov eV TO apyeio dev
TELELDVEL OE ULt VEQ Ypapuuy). Autd KabLotd TV Tiut) emotpopng ocag): eav to £.readline () emOTPEPEL
o Kevi) oupuPBolooelpd, €xel PTAOEL 0TO TELOG TOV CPYELOV, EVM ULOL KEVI] YPOUUY OVTLITPOCMITEVETAL 0ITTO
"\n', wo cuuBorOCELPA TTOV TTEPLEYEL LWOVO WOl VEOL YPOUWUT.

>>> f.readline ()

'This i1s the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()

[}

To Ty avdyvoon ypoauumv amd éva apyeto, pmopeite vo kKavete loop mdvm amd To avTiKeLEVO TOV 0pYELOV.
AuTo givar artodoTiKd 0T N, YPHYopo Kol 0dnyel og arhd KmdLKoL:

>>> for line in f:
print (line, end='")

This is the first line of the file.
Second line of the file

Edv 0ékete vo dLapdoete Oheg Tig YPOUUES EVOG apyeiov oe wa AMota, Wmopeite eniong vo. X P1NOLULOTOLYOETE
to list (f) N f.readlines ().

To f.write (string) ypdlpel To TEPLEYOUEVA TOV String OTO APYELO, ETLOTPEPOVTAS TOV 0pLOUd TV YXopa-
KTNP®V 7OV YPAPTNKAV.
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>>> f.write('This is a test\n')
15

AALOL TOTTOL OVTLKELUEVMV TTPETEL VO UETATPATTOVV — E(TE 0€ Pol oUUBoloaeLpd (0g Aettovpyia KeWEVOL) 1 oe
éva avtikeipevo bytes (o€ duadikn Aettovpyia) — TPLV ToL YpApeTe:

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.write(s)

18

To £.tell () emMOTPEPEL EVAV OKEPALO TTOU SILVEL TNV TPEXOVOO OEGT TOU AVTLKELUEVOU OPYELOV OTO CPYELD
TTOV OVTLILPOOMITEVETOL WG apLtOUd byte amd v apy Tov apyeiov dtav Bpioketal o dvadikn hettovpyio Kot
évav adropovy apdud dtav Bploketol oe hettovpyia KeWWEVou.

[ vo alhéEete tn 001 Tov aviikelévou, xpnotuomolote 1o £ . seek (offset, whence). H 6éom vio-
LoyiCetal amd v TpoodNK offset o€ £va oNUELD AVAPOPAS TO ONUELD AVAPOPAS ETTLEYETOL ALTTO TO OPLOUCL
whence. Mio. 0 tiu] whence petpd amd v apyy tov opyeio to 1 ypnoupomolel Ty tpéxovoa Béomn apyeiov
Ko T0 2 XPNOLUOTTOLEL TO TELOG TOU ap)ELOV WG onueio avapopds. To whence wtopei va wapolngOel Ko vo
opiotel amd mpoemhoyn 0, xPNOLUOTTOLMVTAS TNV CP)Y] TOU OPYELOV G ONUELD AVAPOPAS.

>>> f = open('workfile', 'rb+')

>>> f.write(b'012345678%abcdef")

16

>>> f.seek (D) # Go to the 6th byte in the file
5

>>> f.read (1)

b'5!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13

>>> f.read (1)

b'd!’

Ze apyeia Keywévov (autd mov avolyovy xwpig b ot Aettoupyia string), ETPETOVTIOL LOVO QAVALNTNOELS OE
oy€on ue v opy1 Tou apyeiov (1 eEaipeon eivar  avalitnon uéxpL To idLo To apPyELo TOU TEAELWVEL PE
seek (0, 2)) Ko oL WOVEG EYKUPES TWEG offset elvan auTég mov emotpépoviol amd o £.tell (), N undév.
Omotadfrtote AT Tt offset TapayeL ATPOTILOPLITY CUUTEPLPOPAL.

File objects have some additional methods, such as isatty () and truncate () which are less frequently used;
consult the Library Reference for a complete guide to file objects.

7.2.2 AmoOrkeuon SONNUEVWY SEDOUEVWY UE json

Strings can easily be written to and read from a file. Numbers take a bit more effort, since the read () method only
returns strings, which will have to be passed to a function like int (), which takes a string like ' 123" and returns
its numeric value 123. When you want to save more complex data types like nested lists and dictionaries, parsing and
serializing by hand becomes complicated.

Rather than having users constantly writing and debugging code to save complicated data types to files, Python allows
you to use the popular data interchange format called JSON (JavaScript Object Notation). The standard module called
json can take Python data hierarchies, and convert them to string representations; this process is called serializing.
Reconstructing the data from the string representation is called deserializing. Between serializing and deserializing,
the string representing the object may have been stored in a file or data, or sent over a network connection to some
distant machine.

Enueioon: H popgi) ISON ypnoipormoteitor ouviBwg amd oUyypoveg EQOPUOYEG YL VO ETLTPETEL TV OVTOA-
Ly dedouévav. TTodhot Tpoypaupatlotég eivor 118m eEOLKELWUEVOL UE AUTIY, YEYOVOGS TTOU TNV KOOLOTA KOl
emhoyn Lo dLoheLTovpyLKOTHTO.
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Edv éyete éva avtikeipevo x, popeite va deite v avarapdotoot cuuforooepdg JSON ue pia i ypouus
KOOLKOL:

>>> import Jjson

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]'

Mo G0N Topaihoyn) TG ouvapTonG dumps () , Tov ovoudletal dump () , ThMG OELPLOTTOLEL TO AVTILKELUEVO
oe éva text file. 'Eto, edv 1o £ elvon éva avitkeipevo fext file Tov avolyel yia yypopn, WTopove vo Kdvouue
ovTo:

’json.dump(x, f)

I va arokmdikomomoete Eavd To avtikeipevo, eGv To £ eivon éva avtikeipevo binary file V) text file wov €xet
avoigeL yLa avayvmon:

’x = Jjson.load(f)

Inueiwon:  Ta apyeio JSON mpémer vo eivor kmdukomomuéve oe UTF-8. Xpnowomouote to
encoding="utf-8" 6tav avoiyete to apyeio ISON wg fext file TOGO yLoL AvAyvVwor OGO KoL YLo. €YYPOLPY).

AvT) 1) ATt TEXVLKT OELPLOTTOINONG WITOPEL VO YELPLOTEL MoTeS Kou heELkd, dhhal 1) aeLploTtoinom avbaipetwv
otrywotimtov kKAdoewv og JISON amoartel Miyn emumhéov mpoontdOeia. H avapopd yio to module json mepiéyet
o ENynon yro autod.

Agite gmiong:
pickle - to pickle module

e avtifeon ue to JSON, to pickle eivon €vo TPWTOKOALO TOV EMLTPETEL TH OELPLOTTOINON awbaipeTa TOATAO-
Kov avitkeluévmv Python. Qg ek totov, sivan ovykekpuuévo yio tnv Python kou dev uopet va ypnowuoroun et
YLOL ETILKOLVMVIQL UE EQOPUOYES YPAUUEVES 0€ dhAeg Yhwooes. Eival emiong avaoparéc oo Tposmioyy: N ao-
ogiproroinom pickle dedopévmv mov mpoépyovian o wa wy oELOTLOTY [T YY) Witopel va ekteléoel avbaipeTo
KodLKa, edv to dedouéva Exovv dnuovpyndel amd Evav éumelpo eloforéa.
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KEGAAAIO 8

2 pdAuata kat E€alpgoelq

MéypLTmpa ta unvipato opoludTmy (error messages) O&v TV TEPLOGOTEPQ ATTO OO AVOPEPOT KAV, OAA OV
€yete dOKIUAOEL TA TOPAdELYUATO, TTOAVOTOTA £XETE OEL UEPLKA. YTTAPYOUV (TOUAAYLOTOV) V0 SLOpOPETLK
el opaludtwv: syntax errors (CUVTOKTUIKA OAALOT) Ko exceptions (EEaLPETELS).

8.1 Syntax Errors (ZuvtaKkTtika Z¢paiparta)

Ta syntax errors, Yvwotd Ko oG parsing errors, ivat iowg To mo ouvnOLouévo eidog mTapamdvov ov haufavete
ev eEakolovbeite va nabaivetre Python:

>>> while True print ('Hello world")
File "<stdin>", line 1
while True print ('Hello world'")

A

SyntaxError: invalid syntax

The parser repeats the offending line and displays a little “arrow” pointing at the earliest point in the line where the
error was detected. The error is caused by (or at least detected at) the token preceding the arrow: in the example, the
error is detected at the function print (), since a colon (' : ') is missing before it. File name and line number are
printed so you know where to look in case the input came from a script.

8.2 Exceptions (E§aipgoeLg)

Axoun KoL av po TpdTaon 1 o EKEPaot eival OUVTOKTIKG 0moTh, WITopel va Tpokaléael opdiuo dtov
vivetal mpoomdBeia extéreong tg. Ta opdipata mov eviomiCoviol Katd v ektéleon ovoudlovran e&ai-
péoelg Kar dgv givar dvev dpwv potpaia (fatal): ovvropo Oa udbete mwg vo to xewpileote oe TPOYPAUIOTOL
Python. Qotdoo, oL teplocdtepeg eEaupéoelg dev avtiuetomifovrar omd Tpoypdupata Kaw 0dnyody og unvo-
UOTO. OPAMIOTOG OTTMG (POLVETOL EDM:

>>> 10 * (1/0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>> 4 + spam*3

(ouvéyela otV emtdpevn oehida)

65




Python Tutorial, Anpocisuon 3.9.23

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

H televtaio ypouur] tov unviuatog o@dinatog virodetkviel T ouvefn. O eEapéoelg vmdpyovv oe da-
(POPETLKOVG TUITOVG KoL O TUTOG EKTUTMVETUL MG UEPOG TOU UNVUUOTOG: OL TUTOL 0TO TOPAdELYIa ELvVOL
ZeroDivisionError, NameError kol TypeError. H cuufolooelpd ov eKTUMVETOL WG TUTTOG eEai-
peEONG EivaL OVOU TNG EVOWUOTOUEVNG EEALPEING TTOV TTPOEKPE. AUTO LOYVEL VL0 OLEG TIG EVOMUATWUEVES
(built-in) eEaupéoeic, oAG dev ypeldletan va 1oyvel yia eEatpéoelg mov opilovtal atd To XpHoTy (o Ko iva
wa xpnown ovufoon). Ovstandard eEaupéoeig eivar evoopatmuévo (built-in) avayvwplotikd (L deopevuéveg
MEeig-Khetdud).

H vrdhoutn ypauun mapéyel Aemtopuépeleg ue BE.on Tov THmo g eEAipETNg KaL TO TL TNV TPOKALECTE.
To mponyoluevo uépog Tou uNvouaTog oEAluaTog enpavitel To mepBariov 6mou ouvvépn v eEaipea), Le )

nopet aviyvevong otoiffag. ['evikd meptéyel wo otoifa aviyxvevong ypouuov tnyne: wotdco, dev Oa euga-
viCel ypapuég mov dropdovror amod standard eicodo.

To bltin-exceptions wopadétel TIg EVOMUATOUEVESG EEAPETELS KL TLG £VVOLEG TOVC.

8.3 Awaxeipion EEaipeoswv

Eivol duvatd va ypagtel khdikag mov xepileton emheyuéveg eEaipéoels. KortdEre to axdhovbo mopaderyua,
TO 0700 TNTA OTTO TOV XPNOT VO ELOAYEL Evav EYKUPO aKEPALO apLlOud, ahhG ETLTPETEL OTOV YPTOTH VO
dLakoOPeL To TPOHYpaupa (xpnopomordviag Control—C 1 6,11 VTOOTNPILEL TO AELTOVPYLKO cVOTHU): ON-
LELDOTE OTL Lo SLOKOTTY) TTOU SNULOVPYEITOL 0TTd TOV XPHOTY oNuotodoteitol Kdvovtag raise Tnv eEaipeon
KeyboardInterrupt.

>>> while True:

try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

H dMiwon try Aettovpyel og eENc.
« Ilpdrov, exteheitan M iry clause (1 TpodTaon(ewg) uetasy twv MEewv-khediov try and except).

o Ebv dev mpoxiyer eEaipeon, M except clause mopaleimeton Ko 1 EKTELEON NG TPOTAONG try OAOKAN-
POVETAL.

« If an exception occurs during execution of the try clause, the rest of the clause is skipped. Then if its type
matches the exception named after the except keyword, the except clause is executed, and then execution
continues after the t ry statement.

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer
try statements; if no handler is found, it is an unhandled exception and execution stops with a message as
shown above.

A try statement may have more than one except clause, to specify handlers for different exceptions. At most one
handler will be executed. Handlers only handle exceptions that occur in the corresponding try clause, not in other
handlers of the same t ry statement. An except clause may name multiple exceptions as a parenthesized tuple, for
example:
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except (RuntimeError, TypeError, NameError):
pass

A class in an except clause is compatible with an exception if it is the same class or a base class thereof (but not
the other way around — an except clause listing a derived class is not compatible with a base class). For example,
the following code will print B, C, D in that order:

class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls{()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

Note that if the except clauses were reversed (with except B first), it would have printed B, B, B — the first
matching except clause is triggered.

The last except clause may omit the exception name(s), to serve as a wildcard. Use this with extreme caution, since it
is easy to mask a real programming error in this way! It can also be used to print an error message and then re-raise
the exception (allowing a caller to handle the exception as well):

import sys

try:
f = open('myfile.txt")
s = f.readline()
i = int(s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except:
print ("Unexpected error:", sys.exc_info () [0])
raise

The try ... except statement has an optional else clause, which, when present, must follow all except clauses. It
is useful for code that must be executed if the try clause does not raise an exception. For example:

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except OSError:
print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines"')
f.close()

H yptfion tg mpdTaong else eivor Kalitepn amd v mpoodnkn mpdobetov Kddika oty mpdtact try,
emeldr) amopeyel v Katd AdBog ovAM Y wag eEaipeong mou dev TPoeKVPe 0ITd TOV KMSLKA TTOV TTPOTO.-
TEVETOL OTTO TNV TTPOTAoN try ... except.
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When an exception occurs, it may have an associated value, also known as the exception’s argument. The presence
and type of the argument depend on the exception type.

The except clause may specify a variable after the exception name. The variable is bound to an exception instance
with the arguments stored in instance.args. For convenience, the exception instance defines __str__ () so
the arguments can be printed directly without having to reference . args. One may also instantiate an exception first
before raising it and add any attributes to it as desired.

>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:
print (type (inst))
print (inst.args)

# the exception instance

#
print (inst) # __str___ allows args to be printed directly,

#

#

arguments stored in .args

but may be overridden in exception subclasses
X, y = inst.args unpack args
print ('x =", x)

print ('y =', y)

<class 'Exception'>
("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy = €eggs

If an exception has arguments, they are printed as the last part (“detail”) of the message for unhandled exceptions.

Exception handlers don’t just handle exceptions if they occur immediately in the try clause, but also if they occur
inside functions that are called (even indirectly) in the try clause. For example:

>>> def this_fails():
x =1/0

>>> try:
this_fails ()

except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 Raising E§aipeocswv

H dMiwon raise emitpémel 0TOV TPOYPAUUOTLOTY VO AVOYKAOEL VO eupavioTel o kabopliopévn eEaipeon.
INo mopdderypo:

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

The sole argument to raise indicates the exception to be raised. This must be either an exception instance or
an exception class (a class that derives from Exception). If an exception class is passed, it will be implicitly
instantiated by calling its constructor with no arguments:

raise ValueError # shorthand for 'raise ValueError()'

EGv mpémel va mpoodlopioete edv €yl eyypagel wo eEaipeon, alhd dev okomeveTe Vo, T XELPLOTEITE, Lo
amhovoTePY) LoPPY TN MAwoNG raise oog emtpénel va Kévete Eava raise Tv eEaipean:
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>>> try:
raise NameError ('HiThere')
except NameError:
print ('An exception flew by!')
raise

An exception flew by!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

NameError: HiThere

8.5 AAuoldwTEg EEalpeoelq

The raise statement allows an optional £from which enables chaining exceptions. For example:

# exc must be exception instance or None.
raise RuntimeError from exc

Avtd pwopei va eivar yphowo otav petaoynuotiCetor eEapéoeis. Mo mapdderypo:

>>> def func():

raise IOError
>>> try:

func ()

except IOError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
File "<stdin>", line 2, in func

OSError

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Failed to open database

Exception chaining happens automatically when an exception is raised inside an except or finally section.
Exception chaining can be disabled by using from None idiom:

>>> try:
open ('database.sqglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

To TepLocdTepes TANPOPOPIEG OYETIKA Ue TNV UNYoviIKY oalvoidwv, deite bltin-exceptions.
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8.6 Etalp€ocelg nou kaBopilovtal anod To Xpnotn

To TPOYPAUUATO WTOPOVV VO, OVOUATOUVY TIG SLKEG TOVG eSaLpEoeLg dNULovpYmVTAG o vEa KAAoT eEaLpé-
oewv (deite KAdoeig yio meploodtepa oxetikd e tig kKhaoelg Python). Ou eEaupéoeig Ba mpémelr ouvnBwg vo
mpoépyovral atd Ty KAGoN Exception, &lte Queca eite EUUEDAL.

Mitopovv va oplototv KhAoEL Eaipeong Tov Kavouy oTLdhItote Wopel vo. Kavel omoladnmote dAhy KAGo,
oA ovviBwg dtatnpovvtan omthég, oVy Vv TPOOPEPOLVY LOVO Evav apLOIO YOPAKTPLOTLKMY OV ETLTPETOUV
v eEaymy) TANPOQPOPLDOV OYETIKE e TO OPAMILA 0ITO TOVG XELPLOTES YLO. TV EEQipEO).

OL mepLoooTepeg eEaLpLoelg 0pilovial (e ovOuaTa Tov TEAELOVOLY oe «Error, mapouoL (e Ty ovouacic
TOV TUTKOV eEqpEoewy.

Many standard modules define their own exceptions to report errors that may occur in functions they define. More
information on classes is presented in chapter KAdoeg.

8.7 KaBopLopog evepyelwyv KabapLopou

H dMiwon try €xelr o G TTpooupetiky) pdTao Tov TPOOoPIiLeTaL Vo opioet evépyeles Kabaplopoy mov
TIPETEL VOL EKTELEOTOVV VTG 0TToLe0dNote ouvOTkes. [o Tapaderypa:

>>> try:
raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

Goodbye, world!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

KeyboardInterrupt

Edv vrtdpyer o tpdtaon £inally, N apdtaon £inally Oa exteleotel wg 1 TEAEVTALA EpYOTIQ TPV ATTO
™V ohokMpwaon g TpdTaong try. H mpdtoon £inally ekteheiton eite OxL 1 TpOTOOT LTy TOPAYEL (WO
eEaipeon. Ta axdrovBa onueio oulntovv mo mepimhokeg TepuTTdOELg OTaV enpaviletol ua eEaipeon:
o Eb&v mapovotaotei wa eEaipeon katd v ektéheon g mpdtaong try, n eEaipeon umopei va avrie-
TOILOTEL 0TTO e TPOTOoT except, Edv 1 eEaipeon dev avuipetwmiletor amd wa tpdtaon except,
1 eEaipeon yiveron Eavd raise petd v extéheon) g tpodtaong finally.
o Mua eEaipeon Ba ropotoe vo tpok et KaTd TNV EKTELEOT oG TpoTaong except 1 else. Ko wdit,
1 eEaipeon tibetan Eava petd v ektéheon g mpdtoong £inally.
o EGv m mpdtaon finally ektehéoer o mpdtaon break, continue 1 return, ot eEapéoelg dev

aVEGvovTaL €K vEov.

o Edv n mpotoon try graoel oe wo. d\hwon break, continue 1) return, 1 apdtaon finally Ba
exTeELeoTEL OKPLBMOG TTPLY 0Ttd T break, continue or return g eKTéLeONS TG SNAWONG.

o Edv wo mtpdtaon £inally mepihapfdver pia SHhmon return, 1 Ty Tov emoTpépetol O eival au
o v mpdtaoh finally g dNAmOoNG TG return, Kot OxL 1 T amd T dMAwon t ry tg apdtaong
return.

T wopdderypo:

>>> def bool_return():
try:
return True
finally:
return False

(ouvéyela otV eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> bool_return()
False

‘Eva w0 sepimhoxo opdderyuor:

>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

‘Ontwg umopeite va deite, N mpodToon finally ekteleitan o omoladnmote mepismtwon. To TypeError mov
duovpyettar pe ™ diaipeon dYo cuuforooelpwv dev YePIteToL amd TV TPdTAOoT except KoL ETOUEVIG
yiveton Eavd raise petd tnv ektéheon tov 6pov finally.

ZTLG EQPAPUOYEG TOV TIPAYUATIKOD KOO, 1) tpdtaon £inally eivol xpfowun yo tnv arelevfépwon eEwre-
PLK@V TTOPmV (OTTWG apyeia 1) ouvdEaelg dLkTUov), aveSApTiTa amd To eV 1) YPNOT TOV TOPOL HTAV ETMLTUYNC.

8.8 MNMpokaboploPEVEG EVEPYELEG KABapLOHOU

Mepikd avitkeipevo opllovy Tig TumKEG evEPYELEG KAOOPLOWOV TTOV TTPETEL VO AVOLOUBAVOVTOL OTAY TO AVTL-
Keipevo dev ypetdletar mhéov, aveEdptnta 0srd To edv 1) Aettovpyia TOU XPNOLUOTOLEL TO AVTIKEineVo TTéTuYE
1N amétuye. KottdEre to axdrovbo aviikeipevo, to omoio mpoomabdel va avoiel éva apyeio KoL va eEKTUTMOEL
TOL TEPLEYOUEVA, TOV OTNV 000V).

for line in open("myfile.txt"):
print (line, end="")

To mpdPANUa He QVTOV TOV KDOLKA Eivail OTL OPNVEL TO 0P elo ovoLyTd YLoL ATtPOodLOPLOTO YXPOVIKO dLAGTNUO
UETA TNV OLOKATPWOT TNG EKTENEONG QUTOV TOU TUNOTOG TOV KMOLKa. Avutd dev eivar mpodfinuo oe amhd
oevapLa, old umopel va elvol TpdPinua ya peyolitepeg epapuoyéc. H OMhwon with emtpénel oe avri-
Kelueva 0mms apyelo va XpNoLLOToLOUVTOL e TPOTTO TToV dtaopalilel Ot Kabapilovial mavto dueoa KoL
OWOTA.

with open("myfile.txt") as f:
for line in f:
print (line, end="")

Metd TV eKTELED TG TTPOTAONG, TO aPYelo f eival TAvTa KAELGTO, AKOUO KO OV TTOPOVOLAOTIKE TPOPANUQL
KaTd TV eneSEPYAoio TV Ypouudv. Ta OVILKEIPEVO TTOV, OTTMG TA OPYELD TTAPEXOVV TPOKADOPLOUEVES EVEP-
veteg kabaplopot Ha To VITodeLKVIOUV 0TV TEKUNPLWCT TOUG.
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KE®AAAIO 9

KAdoelg

Ou khdoelg mopéyovv éva téco opadomoinong dedouévov kar hettovpytkdtntac. H dnuovpyia wag véag
KAAOoNG dNuovpyel Evay VEO TOTO OVTIKELUEVOV, ETTPETOVTOG VEA OTLYULGTUTA OVTOV TOV TUITOV TTOV TTPO-
Kevtan va yivouv. Kébe otrypdtumo kAAong Wtopei vo €xEL XopaKTNPLOTIKG TTOU GUVOEOVTOL UE QLUTO YLOL TH
drathpnon g Katdotoomg tov. Ta otrypdtuma KAAoNG wtopouv va €xouv emiong uebddovg (tov opitovron
azrd TV KLAOT] TOU) YLOL TNV TPOTTOTOIN 0T TS KATAGTOOTG TOV.

Ze oUYKPLOT UE GAAES YADOOEG TPOYPAUUOTIONOU, O UNXOVIOUOS KhAomg tg Python mpooBétel khdoelg e
eMAYLOTO VEO OUVTAKTIKO Ko onuaotohoyia. Eival éva petypo tov pnyovioumv kKAdoewv ov Bpébnkav ot
C++ Kot oto Modula-3. Ot khaoglg ¢ Python mapéyovv dha ta standard yopakTnpLotikéd Tov AVTLKELUEVO-
0tpapovg Ipoypaupatiopov: o uNyaviouds TG KANPovouKkoTntag tg KAGong emttpérel Thv VropEr ok-
MoTAdV BaoKOV KAACEDV, (oL TTaporyOUevn KAGOoN va Wtopel vo topakd el ooleodnmote nebodovg g
Baoukng kKhGong N kKAdoewv, kou wo uéBodog va umopel vo koréoel ) nébodo uiog Paotkng kKAdong pe to
idto ovopa. Ta aviikeipeva uopovv va eptéyovv avbaipeta mood ko eidn dedouévav. ‘Ommg Loy vEL Y Ta
modules, ot KAAOELG OVUUETEXOVY 0TH duvaKT) (puor g Python: dnuovpyotvral kKatd to xpdvo ektéleong
Ko Wiropovv vor Tpostomototv mepantépm UeTd T dnuovpyia.

Ztnv opohoyia tng C++, ovvihBwg ta wéhn g KAGong (ovumephappavouévav tmv uelmv dedouévav) eivor
Onuéora (ektog 0mtd Préme mapokdtw Ioiwikés MetafAnTés), Kou OMES OL CUUUETEYOVOES GUVOPTIOELS ELVL EL-
kowkés. Onwg Ko 610 Modula-3, dev umdpyouv GUVTOUOYPOPLES YLOL TNV AVOPOPA OTA LEAY TOU OVTLKELUEVOU
amtd TG uebddoug Tov: M uEB0dOg dNMMVETAL e PNTO TPDTO OPLOUOL TOV AVTLITPOCMITEVEL TO OVTLKELUEVO, TO
ortoio mapéyetal Euueca oo v KMon. ‘Orwg kot oto Smalltalk, ot idieg ov KAGoeLg elval aviikeipeva. Avtd
TOPEYEL ONUOATLOLOYIOL Yo ELoAYMYT| Ko eTovopaoio. Ze avtifeon ue tig yAdwooeg C++ kow Modula-3, ou built-
in TOmoL uwopovv va ypnowworonfotv wg faotkés KAAOELS Yo emtékTaon amd tov xphot. Exiong, dnwg oty
C++, oL mepLocdtepot built-in tedeotég pe edikn) oUvtokn (apbuntikol teleotés, eyypai K.AT.) wrtopolv va.
EMAVOITTPOTILOPLOTOVV YLOL TOL OTLYULOTUITA KAAONG.

(EMeiper KaOoMKTg amodeKTNG 0poloYiag Yia Vo IANom Yo TG KAAOELS, Bo KAvm mepLotaoiak xpnon
O6pwv amd T Smalltalk kow t C++. Oa xpnotpomolovoa dpovg amrd T Modula-3, KaOmg 1 OVTLKELWEVOOTPUPNS
ONUacLoAOYie TOV glval o Kovtd og avt)v g Python amtd 6t tng C++, AMG mtioteVom OTL Aol avoryvaoteg
TO €)X0VV OKOVOEL.)
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9.1 Aiya AdyLa yia Ovépata kat AvTiKEipgeva

Ta avtiKeipeva €ouv LovodkoTnTa Kot odhd ovopota (o€ molamhd media) wropovv vo ovvdedovv oto
1010 avtiKelpuevo. Avto elval Yvootod wg Peudmvupro og alleg YANooec. Autd cuviOwg dev EKTIUATOL [LE (LaL
PO porttd oty Python kou ptopei vo ayvoeitan pe aopdrero dtav aoyoleitol ue apetdfintovs faotkoig
timovg (apbuoi, oupfohooelpés, Theddeg (tuples)). QoTO00, TO PEVOMVVLO EXEL ULt TLOUVMOG EKTANKTLKY] ETTL-
dpaon ot onpactohoyia Tov Kodika g Python mov mepihaufdver evpetdfinta avitkeipevo 6mwg AMotec,
LeELkd, Kol Toug TepLocotePous AALOUS TOTTOUG. AUTd Ypnoluosoleital ouvhBmg TPog dPeLOG TOU TPOYPAu-
UOLTOG, OEOOUEVOD OTL TO YPEVODVUUO CUULTTEPLPEPOVTOL OV OEIKTES Atd 0pLopéveg amopels. ['ia mopdderyua,
1 uetddoon evog avtikelévou eivol avéEodn agot pdvo évag deiktng mepva amd TV VAOITOiN o, KoL oV (o
OUVAPTIOT TPOTOTOLEL EVOL AVTIKELUEVO TTOV €XEL TTEPATEL WG OPLOUA, O KOA®V Ba deL TV ooy — ovtd
eEaheigel TNV avdykn yia 800 dragpopetikolg unyaviopos Hetddoang oproudtwy dmwg otnv Pascal.

9.2 EppBélela kat MNedia Ovopatwyv otnyv Python

Ipwv atd v eLoayOYH TV KAAGEWV, TPETEL TPHDTO VO 00G TW KATL Y10 TOUG Kavoveg epféherag g Python.
OL oplopoi Twv KAGoewv maifouv pepikd Eekabapa KOMTO e To. Tedi0 OVOUATMVY Kot TPETEL VoL yvopilete
TOG AELTOVPYOUV TIANPWG TOL TTEDLC OVOUATMY KoL 1) EWPELELD VL0 VAL KaTtavonoeTe TANpwg Tt ovppaivel. Ta-
PEUTTLITTOVTOGC, 1] YVOON YLo aLuTO To Bépa elval xproun yio Kabe tpoywpnuévo poypoupotioti tg Python.

Ag Egxiviioovpe pe oplopévoug opLtopovc.

"Evag medio ovoudtwv (namespace) €ivor o ovtLotoiyon amd ovouota oe aviikeipevo. Ta meptocodtepa me-
dia ovopdtwv vhomotovvtal emti Tov TapOdVTOG WG AeELkd Python, allé avtd cuvhBmg dev yivetan avTAnmto pe
Kavévay tpdmo (eKtdg amd tnv amddoon) ko wropei va alhdEer oto péhhov. Mapadeiyuarta nediwv ovoudtwv
glvalL: To OVVOLO TV EVOMUATOUEVDV OVOUATOV (TTOU TTEPLEYEL CUVOPTNOELG OTTWG abs () KoL EVOOUATOUEVO,
ovoparta eEapéoewv). to kKabolkd ovouato oe éva module KoL TO TOTLKA OVOUOTOL OE (oL ETTIKATON GUVAP-
™ong. Katd pio évvola to 0Uvoro TV XOpaKTNPLOTIKOV EVOG AVILKELUEVOV OYNUOTICEL emiong éva medio
ovopdtawv. To onuavikd Tpdypa Tov TPETEL VO, YVOPLLETE Yo TOL TEdLOL OVOUATOV glva OTL dEV VTTdipyEL Ko
wio amoAiTwg oyEon UETAED OVOUATOV 08 SLapoPETLK( TEDIO OVOUATWV, VLol TOPASELYIA, HVO dLOPOPETLKA
modules wwopei koL tar dV0O Vo 0ploovv o CUVAPTNON maximize ywplg oUyyvon — xpNotes Twv modules
mpémeL vo. TNV TpoobEcouy ue to dvoua tov module.

[MopeumuttovIng, xpnowwomold Tt MEN attribute yio omolodntote dvoua ov akohovbel o tekeion — yio.
TopAdELYLO, OTNV EKPpaon z . real, To real eival éva attribute TOU AVTIKELUEVOL z. AVOTNPE WADYTAGS, OL
avagopés oe ovouato twv modules eivol avapopég o attributes: oty ékppaon modname . funcname, TO
modname givar éva module avtikeipevo KoL 1o funcname eival €vo attribute Tov AVILKELUEVOV. Zg AUTNV TV
TEPLITTOON OVUPALVEL VO VTTAPYEL UL ATTAT) OVTLOTOLYLOM ueTaE0 Tav attributes twv modules kot TV KaBOAK®OV
ovoudTwY oL optlovral oto module: polpdLoval Tov idto xwpo ovoudtwmv!!

Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the del
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.

OL X®POL OVOUATOV dNULOVPYOVVTAL OF SLOPOPETIKES OTLYUES Ka Exouv diapopetikt) didpketa Lwng.O yo-
pog ovopdtwv mov mepLEyeL T built-in ovopato dnuovpyeitor Katd v ekkivnon tov diepunvéa g Python
Ko dev drarypdpetal woté. O KaBohkog ympog ovoudtov yia évo. module dnuovpyeiton dtav drofdletol o
opLopdg tov module. Kavovikd, ot ydpot ovoudtmv twv modules dtopKolv emtiong uéypt va TepuotLoTel o diep-
unvéag. OL dNAMOELS TOV EKTELOVVTOL OTTO TV ETIKAN 01 OVAOTATOV ETTLITEDOV TOU dlepunvéa, eite dafafovran
amd éva script eite dLadpaoTikd, Bempovvral pépog evog module Tov ovoudletal __main__, EMOUEVIG EXOUV
TOV O1KO ToVG KoMK xmpo ovoudtmv. (Ta evomuatmuévo ovopata oty Tpoyuattkdtnta vrdpyouvy emi-
ong oe éva module,avtd ovoudCetar builtins.)

O TomKOG Y DPOG OVOUATOV YLOL L0 GUVAPTION ONULOVPYELTAL OTAV KOAELTOL 1] CUVAPTN O, KoL dLorypApeToL
otav 1 oVVAPTNOY emLOTPEPEL 1] ONULOVPYEL WO EEAIPEDN TOU SEV OVTIUETOIULETOL 0TV GUVAPTNOY. (ZTNV

! Except for one thing. Module objects have a secret read-only attribute called __dict__ which returns the dictionary used to implement
the module’s namespace; the name ___dict___is an attribute but not a global name. Obviously, using this violates the abstraction of namespace
implementation, and should be restricted to things like post-mortem debuggers.
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TPAYUOTLKOTNTA, 1) MO Oa oy KOAUTEPOS TPOTOG YLOL VO TTEPLYPAYPOUE TL TPAYUOTIKG cupfaiver.) Duotkd,
oL ETOVONAUPOVOUEVEG ETULKANOELS £XOUV TO SLKO TOVG TOTLKO YMPO OVOUATMV.

H eppédlera eivar pa meployn kelwévou evog mpoypdupatog Python dmov évog ympog ovoudtov eivol dueoa
npoofaoipoc. To «Aueon mpdofacn» edm onuUalvel OTL ULe OVETTLPUAOKTY avapopd o€ €vo. Gvoua Tpoomodel
VoL BPEL TO OVOUQ OTOV Y MPO OVOUATMV.

Mapdho Tov ta Tedia TPOTALOPILOVTOL OTATLKA, YPNOLULOTOLOVVTOL SUVAULKA. Z€ 0TTOL0dNTOTE YPOVO KOTA
™V dLapKeLa TG eKTéNEONC, VITapyovVy 3 1 4 évOeta medio TwV 0TolmV oL XHPOoL oOvoudtwy eivol dueoo Tpo-
opaatuol:

o 1) evO0OTEPN EUPELELDL, 1) OTTOLOL OLVOLNTELTOL TTPWTA, TTEPLEYEL TOL TOTILKA OVOLOLTOL

« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contains
non-local, but also non-global names

o 1 emduevn mpog TV TeErevTala epPélela epLéyeL ta TPéyova Kabohkd ovouata tov module

* 1] 7TLO ATTOUAKPUOUEVT] EUPELELD (TTOU €YLVE TENEVTALA OVOLTTNOT) ELVOL O Y DPOG OVOUATWV TTOU TEPLEYEL
built-in ovoporto

If a name is declared global, then all references and assignments go directly to the middle scope containing the
module’s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be
used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create
a new local variable in the innermost scope, leaving the identically named outer variable unchanged).

ZuvhBwg, 1) TOTTLKY] EUPBELELDL TTOLPOTTELLITEL OTAL TOTILKG 0vOUaTaL TG (KELWEVNG) TPEXOVONS OVVAPTNONG. EKTOG
OUVAPTHOEMY, 1] TOTILKY EUPELELDL OLVOLPEPETAL TTOV (L0 YMPO OVOUATMV UE TV KaOOMKT eufiEAeLa: TOV YMPO
ovopdtawv tov module.Ot opLopoi KAGoe®mV TooBeToVY vay oKOuT Y MPO OVOUAT®Y 0TIV TOTLKY| eUfEAeLa.

Eival onuovtikd va ovveldntomorfjooupe 0Tl oL epPéleteg kabopiCovtan pe keipevo: 1 KabBolkt) euféleto wog
ovvaptnong mov opitetar og £éva module givar o ymMpPog ovoudtmv ovtov Tou module aveEGpTnTa amd To TOU
1 Ue oo PYeuddvupo Kodeitar 1 ouvapmon. Amd v dAAn TAevpd, M TPAYUOTIKY] AVaLNTNON OVOUUT®Y
yivetal duvopukd, KoTd To Xpdvo ekTéLeong — woTd00, 0 0pLoUdS TG YAMOOoOG EEEMOOETOL TTPOG TN OTATLKY)
AVAAUOT) OVOUATWV, TV WP TG <UETAYADTILONG, ETOUEVIS UV Baoileote o duvoulkn avdivon ovopotog!
(ZmVv TpaypaTkOTNTa, 0L TOTLKEG UeTAPANTESG €xouv N1ON KabopLoTel OTATLKA.)

Mo draitepn Woppubuia g Python givar 6t — av o dnhwoelg global N nonlocal dev gival og Loy
- 0L EKYWPNOELG OTO OVOUOTO TTNYOivouv Ttdvto oty evdotept euféhera. Ou exympnoelg dev avitypdpouv
dedouéva — amhmg deouevouv ovouato oe avitkeipeva. To (dLo Loyvel kot yio Tig diaypopés: 1 dNhwon del x
OPOLPEL TNV CVVOEDT] TOU X ALTTO TOV YMPO OVOUATWV TTOV AVOLPEPETAL OITO TNV TOTTLKT] EUPBENELD. ZTHV TTPOLYUOL-
TKOTHTO, OAEG OL AELTOVPYIESG TTOV ELOAYOVV VEQ OVOLOLTO. Y PV OLUOTTOLOVY THY TOTILKY) EUPENELD: CUYKEKPLUEVOL
oL dMAMOELG, import KoL oL 0PLOUOL GUVOPTNOEMY deopueouv To Ovoua tov module 1 TG ouvapTNoNg OTNV
ToTiKT) euféhera.

H dMiwon global umopei va ypnowosmombei yia vo vrodei&er otL ovykekpuéveg petafntég Louvv otnv
KaBoAukn euféhera kKou o pémer va avakauypovy ekel. H 0Mhwon nonlocal vwodnhovel 0TL CUYKEKPLUEVEG
uetaAntég Covv og o eomihelotn eupérera kan Oo TPEmeL var avaKdupouy eKel.

9.2.1 MNapadelypa Eppérelag kat Xwpwv Ovopatwyv

Avtd eivau évo Topdderypa Tov deiyVeL TOV TPOTO AvapopAis 0T dLaPOPETIKA TELA KO Y MPOVG OVOUATWV
Ko Thg ToL global Kaw nonlocal exnpedlouvv To variable binding:

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam

spam = "nonlocal spam"

def do_global() :

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

global spam

spam = "global spam"
spam = "test spam"
do_local()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

To awoTéAEoHA TOV KMALKA OTO TOPAIELYUOL ELVOLL:

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

SNUELMOTE TTOG 1) EKYMPNON oK) (1) oTtoia eivan Tpoemheyuévn) dev aGhaEe tnv déouevon scope_test’s Tov
spam. H exywpnon nonlocal GAAaEe TV SE0UEVOT TOV scope_test’s TOU spam Kol 1] EKympnon Tov global
dAhoEe T déopevon oe enimedo module.

Mropeite emiong va deite OTL dev VNP e TPONYOVUEVT) DEGUEVOT YLOL spam TPLV ATt TNV eKYmpnon global..
9.3 Mua nmpwtn patia otig KAaoelg
O K)hGoerg etodryouv Aiyn véa oUvta&r, Tpetg vEoug TUITOUG OVTLKELUEVMV Kol KAITOLX VEX GUOOLOAOYiAL.

9.3.1 Zuvta&n Opiopou KAaong

H amhototepr popen optopots KAAong WoLatet ue avto:

class ClassName:
<statement-1>

<statement-N>

Opopoi kKAdoewv, 6Ttmwg opLopoi cuvapthoemy (def dMMADOELS) TPETEL VO EKTELEGTOVY TPOTOV £XOUV OTTOLO-
dMmote amotéheopa. (o pmopovoarte vo tomodetioete Evay opltopnd kKhaong o Evay kKhAdo pag dnhmong i £
1 uéoa o€ pLa GUVAPTNON.)

2t Tpd&n, oL dnhdoelg uéoa oe Evav oproud kKAdong cuvhBwg Ba eivol oplopol ovvaptTnoemv, aAhd emtL-
Tpémovtol dAheg dONADOELG Ko UEPLKEG POPES xpnotueg — Oa emavérBoupe og autd apyodtepa. O opiopol
oUVaPTHOEMVY HEOA 08 (o KAGON cuvnBme €XOUV Wo. TTEPLEPYT LOPEPH MOTAS OPLOUATMV, TTOV VITAYOPEVETOL
amd TG ovupaoelg KAong yia ueBodovg — ko T, autd eEnyeital apydtepa.

‘Otav ewodyeton évag oplopudg KhAomg, dnuovpyeital £vag vEog XMPOG OVOUATMV KoL YPNOULOTOLELTAL MG
TOTLKT) EUPELELO. — ETTOUEVMS, OLEG OL EKYWPNOELS O€ TOTLKEG UETUPANTES TN YAULVOUY OE AUTOV TOV VEO YMDPO
OVOUATMV. ZUYKEKPLUEVQ, OL OPLOUOL CUVAPTIOEMV SETUEVOUV TO OVOLLOL TNG VENG OUVAPTNOTG QM.

When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ll learn more about class objects in the next section. The
original local scope (the one in effect just before the class definition was entered) is reinstated, and the class object is
bound here to the class name given in the class definition header (C1lassName in the example).
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9.3.2 Avtikeipeva KAaong

Ta avukeipevo kKhdong viroatnpifouv Vo eidn mpdEewv: avapopig XopaKTNPLOTIKMY KoL OTLYULOTUITO.

O Avagopés xaparTnoteTkdV YP1NOLUOITOLOVY TV TUTTLKT] GUVTOE TTOU XP1OLLOTTOLELTAL Y1a OMOL TLG CLVOL(PO-
PEG Y OPaKTNPLOTIK®V 0TV Python: ob 7 . name. Ta €ykvpo ovOUaTO Y OPAKTPLOTIKMV ELVaL OAO TO OVOLLOTOL
IOV BPLoKOVTOY OTOV XHPO 0OVoUdTV THG KAAoNG 0TV dnuovpyndnke to avitkeipevo g kidone. ‘Etol, av

0 0pLopdg TG kKAdong épolale wg eENG:

class MyClass:
i Sl‘mple example class
i = 12345

mrn

def f(self):
return 'hello world'

then MyClass.1i and MyClass.f are valid attribute references, returning an integer and a function object,
respectively. Class attributes can also be assigned to, so you can change the value of MyClass. i by assignment.
___doc___isalsoavalid attribute, returning the docstring belonging to the class: "A simple example class".

H «\on onyutdtumo (pnoLLomoLel onUeLoypapio. ouvapTnong. AThmg TPOoToLOeite OTL TO AVTIKELUEVO TG
KAGoNG elvor por ouvapTNon Xwpig TOPAUETPOVG TOV ETLOTPEPEL EVOL VEO OTLYULOTUTO TNG KAdonc.Iia mapd-
deryua (vtoBétovrog ™V Tapamdve KAGon):

x = MyClass ()

dnuovpyel Eva véo o yudTvTo TG KAAONG KO EKYWPEL QUTO TO OVTLKELUEVO OTNV TOTILKY UETOPANTY] X.

The instantiation operation («calling» a class object) creates an empty object. Many classes like to create objects with
instances customized to a specific initial state. Therefore a class may define a special method named __init__ (),
like this:

def _ init_ (self):
self.data = []

When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly-created class instance. So in this example, a new, initialized instance can be obtained by:

x = MyClass ()

Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passedonto __init__ (). For example,

>>> class Complex:

def _ init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1
(3.0, —-4.5)
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9.3.3 AvTiKEipEVA ZTLYHLOTUTIWV

Topo T umopovue va Kdvovue pe to avitkeipevo otyiotimmy; Ot udveg hettovpyieg mov yivovtal Koto-
VONTEG OTTO TOL AVTILKELUEVOL OTLYOTUTTMV €LVOL OL AVOpOPES XOPOKTNPLOTIKADV. YTapyovv 600 €ldN £yKupmy
ovoudtwv attributes: attributes kouw uéfodor dedouévorv.

Data attributes correspond to «instance variables» in Smalltalk, and to «data members» in C++. Data attributes need
not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is
the instance of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

x.counter = 1
while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)
del x.counter

The other kind of instance attribute reference is a method. A method is a function that «belongs to» an object. (In
Python, the term method is not unique to class instances: other object types can have methods as well. For example,
list objects have methods called append, insert, remove, sort, and so on. However, in the following discussion, we'll
use the term method exclusively to mean methods of class instance objects, unless explicitly stated otherwise.)

Ta éykupa ovopata wefddmv evog avikelévou otryudTumon egaptmvtar amd v KAGon tov. EE opiopov,
OMOL TAL OPOAKTNPLOTIKG Wag KAAONG TOU Elval avIlKelevo, ouvapTnong opitouv tig avtiotolyes uebddovg
TV oTtyumotinmy ™g. 'Etol 0to mapdderyud pog, to x.f eivar wa £ykupn avoapopd uefddov, agol to
MyClass.f givan ovvaptnon, ol to x.i dev eival ooV to MyClass.i dev givar. AMG To x.f dev gival 1o id1o
npdrypa ue to MyClass.f — givau éva avukeiuevo uediédov, OyL £V OVTIKELLEVO OUVAPTNONG.

9.3.4 Avtikeipeva Mebodou

ZuvnOwg, pa HEO0dog Kaleitor AUECMG UETA TN HECUEVOT) TNG:

x.£()

In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a method
right away: x . £ is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (xf())

0o ouveyioel va ektumtdveL to hello world péypl To Téhog Tov ¥povov.

‘What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
Python raises an exception when a function that requires an argument is called without any — even if the argument
isn’'t actually used...

2NV TPOYUOTIKOTNTA, UWITOPEL VO EYETE UOVTEWEL TV OITAVTINOT: TO LOLULTEPO UE TIG HeBddoVG elvar OTL TO
OVTLKEIUEVO TOV OTLYIMOTUITOU UETOPLBALETOL WG TO TPMTO HPLOUA TG GVVAPTNONG. ZTO TAPAdELYUE NaC,
N KMon x. £ () elvar akppog 1oodvvaun ue to MyClass. £ (x). evikd, 1 kKAfon wag uedddov ue wo
LMota oo n opiopota L0odVVaEL ue TV KANON TG avIioTolyNng CUVAPTNONG UE Mo Aot opltopudtwy mov
dMULOVPYELTOAL UE TNV ELTOYWYT] TOU OVTLKELWEVOU OTLYIOTUTTOU THG UeBGSOU TTPLV amtd TO TPDTO OPLOLLQ.

If you still don’t understand how methods work, a look at the implementation can perhaps clarify matters. When
a non-data attribute of an instance is referenced, the instance’s class is searched. If the name denotes a valid class
attribute that is a function object, a method object is created by packing (pointers to) the instance object and the
function object just found together in an abstract object: this is the method object. When the method object is called
with an argument list, a new argument list is constructed from the instance object and the argument list, and the
function object is called with this new argument list.
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9.3.5 MetaBAntég KAaong Kat ZTLyHLoTuUTiou

e YeVIKEG YPAUUES, OL UETABANTEG OTLYLOTUTTOV TTPOOPILOVTOL YO SESOUEVO LOVODLKE Yo KGOE oTLyudTumo
Ko oL LeTafANTEG KAAOTG ELVaL YLoL YOPAKTNPLOTLKA Kot ueBdd0Vg Tou HoLpalovral OAM Ta OTLYULOTUITO TG
KAdong:

class Dog:

kind = 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance
>>> d = Dog('Fido")
>>> e = Dog('Buddy")
>>> d.kind # shared by all dogs
'canine'’
>>> e.kind # shared by all dogs
'canine'
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy’

'Onwg ovInmOnke oto Aiya Adyia yia Ovduata kar Aviikelueva, To Kowd dedouévo umopel vo Exouv mlavag
EKTANKTLKG TTOTENECLOTAL [E TY) CUUUETOYY avTtKeEWwEVmV mutable dmwg Moteg kKou AeEikd. T apdderyua,
N Mota tricks 6Tov TopaKaTo KOdKa dev Oa TPETEL VAL YP1OLUOTTOLELTOL WG PeTafANTY KAAoNG emeldr) udovo
uia Mota Oa propovoe va givor Kowvy) og Oha o otrypdtusta Dog:

class Dog:
tricks = [] # mistaken use of a class variable

def _ init_ (self, name):
self.name = name

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

>>> d.add_trick('roll over')

>>> e.add_trick('play dead')

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

O 0wotdGg 0YedLOOUOG TG KAAONG OaL TTPETEL VOL PN OLUOTTOLEL (Lol UETOPANTI] OTLYIOTUITOV AV

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

>>> d.add_trick('roll over')
>>> e.add_trick('play dead')
>>> d.tricks

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

['roll over']
>>> e.tricks
['play dead']

9.4 Tuyxaieg MapatnpnoeLq

Av 10 1610 OVoua YOPOKTNPLOTLKOD EUPAVICETOL KA O€ £Va OTLYIOTUITO Kol 0€ ULo. KAGOY), TOTE 1) avol)Tnon
YOPAKTNPLOTLKMOV SLVEL TPOTEPALITITA GTO OTLYULOTUTTO:

>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east

Ta xapaKTNPELOTIKG dESOUEVWY PTTOPOVV VAL OVOPEPOVTOL e neBOdOVG KaBmG Kaw 0td arhoig xpNoTeg («ite-
MatES») evOg avitkeluévou. Me ahha MoyLa, oL KAGoELg dev UITopovv va. xpnotuostotnfov yio TV vAoToinom
KoOaphV apneNUévav THTTOV EdOUEVOV. ZTNV TPOYUOTIKOTNTA, Titota otnv Python dev xaOiotd duvory|
™V emPoln) g amdkpuyPng dedouévawv — Oha facitovrol oe cVupoon. (amd v G TAEVPA, 1 EQPAPUOYY
Python, ypapuévn ot C, umopei vo. amokpOyper evieAdS TG Aemrtouépeteg vAomoinong ko va. eréyEet tnv mpod-
opoaon og éva aviikeipevo v eiva amapaitnto autd wopel va ypnotpomowm el amd enektdoelg oty Python
vpauuéveg oe C.)

O xpNoTteg O TPETEL VOL XPNOLUOTTOLOUV TOL XOPUKTNPLOTLKA SESOUEVIV UE TPOTOYT] — OL XPNOTEG EVOEYETAL
vo. urepdéPouv ta aueTdfinto wov dratnpovvral amd TG ueBddovg oPPayiloviag Ta UPOKTPLOTIKA TMV
dedouévmv tovg. Adfete vITOYN OTL OL YPNOTEG WITOPOVV VAL TTPOCHEGOUV LKA TOVG OPAKTNPLOTLKE dedoé-
VOV 08 V0L OVTLKELUEVO OTLYIOTUITOU Y WPIG VOL ETNPEATOUV TNV EYKUPOTNTA TV HeBOdWV, EPOTOV ATTopeyo-
VTOLL OL CUYKPOVOELS OVOUATWV — KO TTAAL, (ol GVUB00T OVOUAGLOG UTOPEL VO OMOEL TTOMOVG TTOVOKEPALOVG
ed.

Agv umapyEL CUVTOUOYPAPLL YLOL TV OVOPOPA XAPOKTNPLOTIKMV dedopuévarv (1] AMwv nebddwv!) néoa amd
TG ueBOd0VG. ALUTLOTOVM GTL AUTO TNV TPAYUOTLKOTNTO GVEAVEL TNV OVOYVWOLLOTNTO TWV HEBOSwV: dev
VITAPYEL Kol TOavOTNTO OUYYUOTG TOTUKMV UETAPANTMV KL TwV UETAPBANTWV Ttopadeiyuatog dtov eEetd-
Covpe wa uébodo.

Zuyvd, To TpdTo dpLoua pag uedddov ovoudteton self. Autd dev elvol Timoto TePLoooTEPO AT UL oVUBaoN:
T0 Ovopa self dev €xeL Kopia AToAITOG WoLaiTePN onuacio yio tnv Python. Znuewnorte, wotdoo, 6Tl ov dev ako-
LovOToeTe TN GVUPAON 0 KOOLKAG 0aG WITOPEL VAL ELVOL AYOTEPO EVOVAYVIWOTOG 08 AAOVG TTPOYPUULATLOTES
Python, kaw gival emiong Katovontd 0TL wwopei va. ypaptel va tpodypauuo. class browser mov vo. faciletol oe
wo TéTolo ouuBoon.

Kd&0e avtikeipevo ouvaptnong mov eivorl xopakTnpLotikod kKhiong opilet (o uéfodo yia oTLyioOTUITO OVThHG
™G KMAONG. AEV EIVOL ATTOPALTNTO O OPLOUOG TG CUVAPTNONG VO TTEPLKAELETOL [LE KELUEVO GTOV OpLoud TG
KAGONG: 1 0vTLOTOlYMON VO AVTIKELUEVOU CUVAPTNONG O€ ULoL TOTTLKY) UETABANTH TG KAAONG elvar emmiong
evtaEet. o mapaderypa:

# Function defined outside the class
def fl(self, x, vy):
return min(x, x+ty)

class C:
f = f1

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

def g(self):
return 'hello world'

h =g

Now £, g and h are all attributes of class C that refer to function objects, and consequently they are all methods of
instances of C — h being exactly equivalent to g. Note that this practice usually only serves to confuse the reader of
a program.

Ot uébodot umopovv vo Kooty ddieg uebdd0UG YPNOLUOTOLDVTOG YOPAKTNPLOTLKG (eBddoV Tov argument
self:

class Bag:
def @ init_ (self):
self.data = []

def add(self, x):
self.data.append (x)

def addtwice(self, x):
self.add(x)
self.add(x)

OL 1éBodoL PITOPEL VO avapEPOVTAL 08 KABOMKAE ovopata e ToV D10 TPOTTo OTTmg oL uVNOLOUEVES OUVOPTY)-
oelc.H xaBolkn euféreia mov oyetiCeton pe po pébodo eivarl To module wov mepiéyxel tov opopnd t™g. (Mo
KAGon dev xpnolpomoLeitol ToTté g KAk euPELELD.) AV KoL OTTAVLOL CUVAVTE KAVELS évay Kahd AOYo yio
™ %P1 on KabohKdv dedopévarv oe pa néBodo, vdpyouv morhéc Nowueg xpNnoeLs e kKabolkng eupérelos:
YLoL VO TPAYUX, OL AELTOUPYLES KO OL AELTOVPYLKEG LOVADES TTOV ELOGYOVTOL OTNY KOOOMKT| EUPéLeELD UTTOpPOVY
va ypnotpomotnBotv amd pedddove, Kabmg Kol ouvopTNOELG Kat KAAOELS TTov opifovtal o avtod. Zuvnbng,
1 KAGom Tov mepLéyel T uéBodo opiletar amd pudvn g oe avth TV KabBolkn euféheia, KoL oTNV eTOUEVT
evotnto. Oa Bpoviue peptkovs kohog MOYoug Yo Toug 0Toiovg ua uéBodog Oo 0ghe vo avapépel T Sk TG
KAGo).

Kd&0e tun) elvan éva aviikeipevo Kau eopévog €xel uua kAdon (ovoudteton exiong tomog TG). AmobnkeveTon
wgobject.__class__.

9.5 KAnpovouikotnta

DuoLKd, Eva YOPAKTNPLOTIKO YAMOOoOG dev Ba fiTav avtaELo Tou ovouatog «class» ywpig tv vtootpiEn g
Kinpovowkdtntac. H auvtoEn yio évav mopayouevo oplopd KAGong wotdler ue auto:

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a scope containing the derived class definition. In place of a base
class name, other arbitrary expressions are also allowed. This can be useful, for example, when the base class is
defined in another module:

class DerivedClassName (modname.BaseClassName) :

H extéheon evog mapayduevou optopot KAGoNg poywpd To idLo 6Ttmg yia o faotky khaomn. Otav to avti-
Keipevo g KAGoNG KaTaoKevatetal, 1 faotky kKAdon amopvnuovevetal. Autd ¥p1oLULOTOLELTAL YIO TNV ETTL-
MU0 AVAPOPMV XAPUKTNPLOTIKMV: EAV £V TNTOVUEVO YopaKTNPLoTKO dev Bpedei otnv Khdon, 1 avalhitnon

9.5. KAnpovoupwkotnta 81




Python Tutorial, Anpocisuon 3.9.23

POy WP otV ovalNTnon ot Baotkr KAGOoY. AuTdg 0 KavOvas EQapUoOtETOL ovadpoutkd edv 1) idLa 1 faotk
KAGon mpoépyetonl amd Kamoro AN KAAon.

Aev VmAPYEL TITOTA TO LOLOUTEPO OYETLKA UE THV ONUWOUPYIC OTLYWMOTUTOU TTAPAYOUEVOV KAAOEWV:
DerivedClassName () dnuouvpyel évo véo otrydtumo g kAdons. O avagopég nedoddwv emhvovion
wg €ENG: YiveTow avalnTnom TOU aVTIOTOL(OV XOPAKTNPLOTIKOY KAAGNS, KOTERAIVOVTOG TPOG T KATW OTNV
oAuoida TV BaotKkdV KMAoEMY €AV Elval amapaithTo, Kot 1 avapopd g nebddou eivar Eykupn edv avtd
O IOEL £VaL AVTLKELUEVO OUVAPTNONG.

Ou mapdywyeg KMAOELG EVOEXETOL VO TAPOKAUTTOVV TLG ueBOdoUg TV Pootkmy tovg kKhdoewv. Emedn ot
uéBodoL dev €youv eldLKA TPOVOULO OTay KohoUV dhleg ueBddoug Tov idLov avikeuévov, ua uéBodog wag
Baoikng khéong mov kohel o G nébodo mov opiletor oty idia faokn KAAoN uropel vo kKatalnEel
va Kohel o uéhodo puag mapayouevng kKhaong mov v ovtkoouotd. (o mpoypappatiotég C++: Oheg oL
uéBodol otnv Python givol ovoLaoTikd «ELKoVIKES».)

Mua vmeployvovoo uébodog oe o mapoyouevn kKhaon wmopel oty mpoypatikomto va 0éhel vo emektel-
VEL OVTL VO QVTILKOTOOTNOEL amhmg T wéBodo Paotkng khdong e to ido dvopa. Ymdpyer €vag amhog
TPOTOG YLo. Vo KaAéoete T uéBodo Paoikng khdong amevdeiac: amlwg Kaiéote to BaseClassName.
methodname (self, arguments) . AuTtd eilval meploTAClaKA YXPNO1lPO OTOUG YXPNOTEGQ
(AM&PRete undyn 6tir autd Aeittoupyel pdévo edv n Pacikn kAdon eilval mpooBdoiun
w¢ | ' BaseClassName otnv Kool eufiérera.)

H Python &ygL 800 (evoopatwpéveg) built-in guvapTioeLg Tov AELTOVPYOUV te KANPOovouLKOTTaL:

o Xpnowomomote To isinstance() yw vo eiéyEete TOov TOMO €vOg  OTLYWOTUTTOU:  TO
isinstance (obj, int) 0a sivar True udvo elv 10 obj._ class__ eivar int 1 ;mpoép-
YETOL 0TTO KoL KAGoT artd int.

o Xpnowomomote to issubclass() 7y va ehéyEete v  Khnpovowkotnta Khdong: To
issubclass (bool, int) eivar ~ True™ agov to bool eivor vmokAdon tou int. Qotdoo,
To issubclass (float, int) eivalFalse agov to float dev elval vrokidon Tov int.

9.5.1 MoAAanAn KAnpovouikotnta

H Python vtootnpiCel emiong o popet tolhamirg kAnpovoukdtnrag. ‘Evog oplopodg khéong ue morhamhés
Baotkég KhGoeLg potdiCel ue avtd:

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as
depth-first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an
attribute is not found in DerivedClassName, it is searched for in Basel, then (recursively) in the base classes
of Basel, and if it was not found there, it was searched for in Base2, and so on.

2Ty TpoyuaTtkdT T, Elvar Aiyo mmo mepimhoko amd avtod. H oepd avaivong tg uedddov alhdlel duvourkd
YLO, VO, VTTOO T PiEEL OuveEpPYaTIKES KAMOELS O€ super () . AUTH 1) TTPOOEYYLOT ELvaL YVWOTY O€ OPLOUEVEG GAAEG
YA®ooES TOAATTANG KANpovoukdTnTag wg call-next-method ko elvol o Loyupt 0o T covmep KA ON TOU
BplokeTon o€ YAMOOEG LELOVMUEVTIG KANPOVOULKOTITAC.

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond relationships
(where at least one of the parent classes can be accessed through multiple paths from the bottommost class). For
example, all classes inherit from object, so any case of multiple inheritance provides more than one path to reach
object. To keep the base classes from being accessed more than once, the dynamic algorithm linearizes the search
order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only once, and
that is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents).
Taken together, these properties make it possible to design reliable and extensible classes with multiple inheritance.
For more detail, see https://www.python.org/download/releases/2.3/mro/.
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9.6 IdwwTIKEG MeTaBANTEQ

O petoffAntég otrywotimov «Private» otig omoieg dev eivar duvatn 1 Tpdofoor eKTdg 0Td TO E0MTEPLKO EVOG
OVTLKELUEVOV,0EV VITapyovv otV Python. Qotdoo, vitdpyet pa ovupaor wov akohovOeital amd ToV TEPLOCO-
tepo Python kaddika: éva dvopa pe tpdbepa kdtw ovha (;t.). _spam) 0o TPETEL VoL AVTLUETWITICETOL OG U1
duooro uépog tov API (gite mpoxertan yio ovvaptnon,uéfodo 1 uéhog dedopévmv). Oa mpémel va Bewpeiton
WG MeTTOUEPELDL VAOTTOINONG Kol VTTOKELTOL 08 AANLYES Y WPLG TPOELdOTOIN o).

AgdOUEVOU OTL VTTAPYEL LLaL EYKVPT| TTEPLTTTOON YPTONG VLo LOLWTLKE UEAT TG KAAONG (dMAadn yLo VoL 0Ttopev-
%000V GUYKPOVOELG OVOUAT®V [1E OVOUATO TTOV 0PILoVTOL OTO VITOKAAGELS), UTTAPYEL TEPLOPLOUEVT] VITOOTY)-
PLEN YL évarv TETOLo UMY OoVIONd, Tov ovoudleton name mangling. OmOLOdNTOTE AVAYVWPLOTIKO TNG QOPUOG
___spam (TOVAAyLoTOV V0 TPOTOPEVOUEVEG KATM TTOVAES, TO TTOAV (0L 0T OUVEYELDL KATW TTOVAL) avTkadi-
otatoL (e Kelpevo pe to _classname_spam, OT0V T0 classname €val To OVOUO. TNG TPEXOVOAS TAENG UE
™V TPOTY VIToypdpon stripped. Autd to mangling yivetou xwpig va Aaufavetol voy ) | cuvtakTikn 0éon
TOV TOV QVAYVWPLOTLKOV, OPKEL VoL eupaviCeTal evtdg TOU OpLotov (ag KAAOoTGS.

H mopafioon ovoudtmv eivo xpiouun yio vo. ETLTPETETAL OTIG VTTOKAGOELS VOL TTOPAKAUTTOUV (eBOdouG ym-
pig va dLaxdmTouy Tig KA oelg uefddwv evdokhdoewv. o mopdderyua:

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update (iterable)

def update(self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

To mopamdve mopdderyna Ba Aertovpyoloe akouo kow v o MappingSubclass eloNyaye £va avayvo-
pLoTkd __update 0ol aviltkatootadnke ue To _Mapping__update oty KAAoH Mapping Kou U€ TO
_MappingSubclass__update otn KA4on MappingSubclass avTioTtoLyd.

Adfete vdOYPn OTL oL KOvOoveg mapofloong €xouv OxedLOOTEL KUPLWG YLoL TNV OTOQUYN OTuyNud-
tov.EEakolovbei va eival duvati 1 Tpdofaon 1 1 TPoToToinoy wag uetafAnTg mov Bewpeitol LOLWTLKY).
Avtd umopel va glvan ypfoLo akduT Kol o€ ELOLKES TEPLITTWOELS, OTTWG GTO TPOYPOLUL EVTOTLOUOV CPAAUAL-
twv(debugger).

ZNuelmote OTL 0 KOILKOG OV UETAPLBAOTNKE 0T0 exec () 1) 0T0 eval () dev Bewpel OTL TO TO Gvoud KAAOoNG
™G KAAoMG emtikinong va elval 1) Tpéyovoa KhAoT. AUTd elvol TopOUOLO UE TO TTOTELECUO TG KABOA LK G
MAWONG , TO WTOTELETUE TNG OTTOLOG ETTLONG TTEPLOPILETOL OTOV KWMLK OV £XEL peTayhwttiotel pali(byte-
compiled). O id10g mePLOPLOUOG LOYVEL Yo ToL getattr (), setattr () ko delattr (), Kabwg Kot dtov
vivetal avapopd amevleiog oto _ dict_ .
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9.7 Mikpompayupata

Sometimes it is useful to have a data type similar to the Pascal «record» or C «struct», bundling together a few named
data items. An empty class definition will do nicely:

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name = 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

A piece of Python code that expects a particular abstract data type can often be passed a class that emulates the
methods of that data type instead. For instance, if you have a function that formats some data from a file object, you
can define a class with methods read () and readline () that get the data from a string buffer instead, and pass
it as an argument.

Instance method objects have attributes, too: m.___self__ is the instance object with the method m (), and m.
___func___is the function object corresponding to the method.

9.8 EmnavaAnmnreq

MéyptL twpa ThavOTOTA EXETE TOPATNPTOEL OTL TOL TEPLOCOTEPA OVTLKEIIEVOL container PIToPOvV VoL ETAVOAN-
@OoVV ypnoLpuoToLdVTOG o dhwon for:

for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end="'")

Aut6 10 0TVA TPOOPaoNG Elval GOpEG, ouvormTikd Kan foikd. H yprion twv Iterators diamepva Ko evomoLel Ty
Python. Zto mapaoknvio, 1 dMiwon for kadei iter () oto avikeipevo container. H ouvaptnon emotpéper
€vo avTUKELEVO iterator Tov opilel ™) uébodo __next__ () momoia €xeL mpdofact o€ ototyeio 0To container
éva KGOe popd. Otav dev vtdpyouv Ao ototyeio, To__next__ () dnuovpyei wa StopIteration eEai-
peon mov AéeL Ttov Bpdyo for va teppatiotel. Mmopeite va karéoete T wébodo _ next_ () ypNOLUOTOLD-
VTOG TV EVOOUOTOUEVT) OVVAPTNON next (). Autd to mopdderypo deiyvel TG Aettoupyovv Oha:

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

next (it)
StopIlteration

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object with a __next__ () method. If the class defines __next__ (),
then __iter__ () can justreturn self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len(data)

def = iter_ (self):
return self

def _ next_ (self):
if self.index == 0:
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

w oo 3 -

9.9 N'evvntopeg (Generators)

Generators givan éva omthO Kan Loyvpo gpyodeio yio ) dnuovpyia iterators. Eivan ypapuéveg oov Kovovikeg
ouvvapTthoelg oALG ypnowomolovy ) yield 6mote Oéhovy va emotpépouv dedopuéva. Kabe popd mov kahei-
Tow next () 0€ autd, o generator ouveyilel amd ekel mov otaudtnoe (Bupdtar Oheg Tig TLuEG dedopuévmv Kot
mota dMAwon ekteréotnke tehevtaia). 'Eva mopdderyuo delyver 0TL oL generators Wmopel vo eivol aonuovto
evKolo va dnuovpynfouv:

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datalindex]

>>> for char in reverse('golf'):
print (char)

Q O H rhoe

Anything that can be done with generators can also be done with class-based iterators as described in the previous
section. What makes generators so compact is that the __iter__ () and __next__ () methods are created
automatically.
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‘Eva G0 Baotkd apokTnplotikd eivat OTL oL Tomikeg LeTafPANTEG Kot 1) Katdotaor eKTéheong amobnkevo-
VTOL QUTOUATO UETAED TwV KAHoEWV. AUTO éKave T1 OUVAPTNON TTLo €0KOAY 0TIV YPOPT| Kot TOA Lo EeKd-
Bapn oo P TPOGEYYLOT TOU XPNOLUOTTOLEL eTafANTég Tapdaderyua 6mwg self. index kaw self.data.

Extog amd v avtépotn dnuovpyia neboddov kot v amobfkevon g KatdoToong TV TPoYPAUUOTOGS,
Otav oL generators TEPUOTILOVTOL, EYELPOVY auTONOT TV €E0ipeon StopIteration. e ovvdvaoud, avtd
TOL YOPAKTPLOTIKG KAOLOTOUV EUKOAN TH dNUOVPYLO ETAVAAMPEDY Y mPIG TEPLOGOTEPT TPOOTADELDL QTTO TH
oUVTaEN Hog Kavovikhg ouvapTnomg.

9.10 Ekgppaoelg Nevvijtopwyv

OpLopévol amhol generators LITopovV va KodLKomotn0ovv ouVoTTLKG MG EKPPAOELS PN OLUOTOLMVTOG ULa GV~
vta&n opdpola pe Tig list comprehensions, oA\ e wapevOéoelg avti yio aykOAes. AVTég oL EKPPATELS £XOVV
OYEOLOOTEL YLOL KOTAOTAOELS OTTOV O generator yP1OLUOTTOLELTOL OUESMS OTTO La TTEPLKAEiOVTa ouvipTom. Ot
eKPPAOELG generator €(voL 7o CUMITTAYElG aMG AYOTEPO EVEMKTES OO TOVG OPLOUOVS TAPOUG generator Kot
telvouv va eival eplocdTepo LK Tpog T wvnun amd aviiotorya list comprehensions.

Mopadeiypato:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

>>> list (data[i] for i in range(len(data)-1, -1, -1))
[Vf', Vl', ’OV, YgV]

YTOONHELWOELG
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2 Uvtoun &evdynon otnv Standard BipALoBrikn

10.1 Aientagn AELTOUPYLKOU ZUOTHHATOG

To module os mapéyeL dekddeg hetTovpyieg YLo. OAANAETIOPOLON UE TO AELTOVPYLKO GVOTNOL:

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python39"'

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today"') # Run the command mkdir in the system shell
0

BepoawmBOeite 0tL ypropomoleite To 0TVh import os aviiywo 1o from os import *. Autd Oa kpatnoet
T0 0s . open () VIO TN OKILAON TNG EVOMUATOUEVNG CUVAPTNONG open () TToU AELTOUPYEL TTOA) SLAPOPETIKAL.

O evoopotopéveg ouvoptnoelg dir () karhelp () givan xpNoueg wg dLadpaoTtikd fondnuata yia epyaoio
ue peyaro modules 0mwg os:

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help(os)

<returns an extensive manual page created from the module's docstrings>

I KoONUEPLVES BLAYELPLOTIKEG EPYOOLES O€ apyELa Ka KaTahdyoug, To module shut 11 mapéyel puo demap
VYNAOTEPOV EMUTEDOV TTOV ELVOL TTLO EVKOAT 0TV YPNON:

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 Wildcard Apxeia

To module glob mopéyel o Aettoupyia yia T dMuLovpylo MoTmV apyelmv omd avalnTioelg Ue XopoKTNPES
WITAAAVTEP KATAAOYOU:

>>> import glob
>>> glob.glob('*.py")
["primes.py', 'random.py', 'quote.py']

10.3 Opiopata YypaupnRGg EVTOAWYV

Common utility scripts often need to process command line arguments. These arguments are stored in the sys
module’s argv attribute as a list. For instance the following output results from running python demo.py one
two three at the command line:

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

To module argparse mopéyeL £vav o eEEALYUEVO UNyavIoUO YO TV ETESEPYOOILO OPLOUATOV YPOUUNG
evtohmv. To akdloubo script eEdyeL £va 1) TePLOTOTEPO OVOILATA OPYELWV KL EVOV TTPOALPETLKO apLtOUd YPOL-
WV 1oV B0 EPPAVIETOVV:

import argparse

parser = argparse.ArgumentParser (

prog='top',

description="'Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '—--lines', type=int, default=10)

args = parser.parse_args()
print (args)

‘Otav ekTeAELTOL 0T YpOouU EVIOL®V To python top.py —-lines=5 alpha.txt beta.txt, to script
opiletto args.lines oe 5 Kawto args.filenames og ['alpha.txt', 'beta.txt'].

10.4 Avakateubuvon €£060u OPAANATOG KAl TEPHATLOMOG TIpO-
Ypapuatog
To module sys €xeL emiong XapoKINELOTIKA YL stdin, stdout, kou stderr. To tehevtaio elval xpNoLwo yLo Ty

EKITOWUTTY) TTPOELOOTTOLCEMY KL UIVURATOV GPOAMATOV MOTE VO EIVOL 0PATA 0KOpa Kot Otav To stdout €xeL
avakotevbuvOel:

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

O 1o Guesog TPATOG YLOL VoL TEPUATIOETE €val script elvol va XP1NOLUOTOOETE TO Sy S .exit ().
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10.5 Taiplacpa HOTiIBWV CUNBOAOCELPWV

To module re mapéyeL epyaheio Kavovik éKppaong yLo. ponyuévn eneEepyoocia ovpporooelpwyv. o woiv-
TTLOKY] OLVTLOTOL(LOT] KO YELPLOUO, OL TUTTLKEG EK(PPATELS TPOOPEPOVY GUVOTTTIKES, BedTioTomOtUéveg AMIOELS:

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat'")

'cat in the hat'

‘Otav ypetdfovratl udvo amhég duvatdTNTES, TPOTLUMVTAL OL téB0dOL cuuBorooeELP®YV, ETELdN Elvan evKoldTe-
PES OTNY OVOAYVIOT KCL TOV EVIOTLOUO OPOAUATWV:

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 Maénuatika

The math module gives access to the underlying C library functions for floating point math:

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

To module random mapéyetL epyoleio o va KAvovpe Tuyaieg emhoyEg:

>>> import random

>>> random.choice (['apple', 'pear', 'banana'])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

To module statistics vmoloyiler faoikés otatotikés WOLdTNTES (LEGOG OPOG, dLAUETOS, dLaKVuavo,
K.AIT.) aplfuntikov dedouévov:

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

To épyo SciPy <https:/scipy.org> €xeL molhég Ghheg eVOTNTEG YLOL 0PLOUNTLKOVS VITOAOYLOUOVG.
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10.7 Npéopaon oto Aladiktuo

Yndpyet évog aptBpog modules yio tpdofaon oto dLadiktuo Ko eneEepyaoio TpwTokOA®Y dLadikTiov. Avo
a7td ToL 7o oA eivan to urllib. request yio va Ty avakmon dedopévav amd devbivvoeig URL ko to
smtplib yio TV amooTol aAnloypapiog:

>>> from urllib.request import urlopen
>>> with urlopen ('http://worldtimeapi.org/api/timezone/etc/UTC.txt"') as response:
for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib

>>> gserver = smtplib.SMTP('localhost')

>>> server.sendmail ('soothsayer@example.org', 'Jjcaesarlexample.org',
"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

n n)

>>> server.quit ()

(Enueunote 0TL To deVTEPO TaPAdELYIOL Y PELALETOL dLakomaTy) alnhoypagiag mov ektekeitan oe localhost.)

10.8 Hpepopunvieg Kat wpeq

To module datet ime mapéyel KAAOELG VIO XELPLOUO MUEPOUNVLADV KOL WPADV e ATAOVG Kol GUVOETOVG TPO-
mtovg. Evo vtootnpileton 1 aptBuntikn nuepounvio Ko mpa, 1 vhomoinon e0TdleTol 0TV OTOTENEOUATLKT
eSaywyn LEMDV YLOL LOPPOTTOiNoT KoL xelpLopd eE6dov. To module entiong vwootnpilel aviikeipevo mov éxouv
enmiyvmon Cwvng wpac.

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %b %Y is a %A on the &d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368
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10.9 Xuprnieon AedopEvwv

Ou ouvnBels noppég apyeLofETNong Kol ouurieong dedouévav vootnpitoviar dueca amd modules Omwg:
zlib,gzip,bz2, 1zma, zipfile koawtarfile.

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32 (s)

226805979

10.10 M€tpnon enidoong

Opropévol xpnoteg Python avasttiooouv fadl evdlagépov va yvwpilouv T OYETIKT atdd001 SLOPOPETLKMVY
npooeyyloewv oto idLo mpoPAnua. H Python mopéyel éva epyakeio pétpnong mov amavtd oe autég Tig epmT-
OELG AUECMG,

To TapadeLy oL, WITOPEL va gival dEAENOTIKO VaL PN oLLoTooeTe T duvatdtyta tuple packing kou unpacking
avTi ™G TOPAdOTLOKTG TPOTEYYLONG Y THV evodhayT) opiopdtwy. To module t imeit deiyvel ypfyopa éva
TATELVO TTAEOVEKTNLOL OTTODOONG:

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"').timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

Ze ovtifeon ue to emtod emimedo evkpivelog Tov timeit, Ta modules profile kou pstats mapéyouvv ep-
YOLELOL YLOL TOV EVTOTILOUO KPLOLUMVY YPOVIKDV TUNUATWV 08 UEYOAUITEPO UTTAOK KMOOLKO.

10.11 'EAeyxoq notdtntag

Mo Ko} TPoog€yyLlon Yo TV ovAamTuEn hoyloiwkoy vpmAig olotnTag givar va ypdpovtal tests yio ka0g
Aertovpyia KaOMG avarTTiooeTaL KoL Vo, eKTELOVVTOL OVYVE 0T Ta tests Katd T dLadikaoio ovAamTtuEnc.

To module doctest mapéyel éva epyodeio yia T odpwon evog module KoL TV emLKVPWON tests Tov eivor
EVOWUATWUEVES OTIG OUUPBOLOTELPEG eYYPApmV eVOg poypduuatos. H kataokeu Tou test eivat 1000 o
000 1) AITOKOITY) KO ETKOAANOT WOG TUTTLKN G KA oNG Lali pe ta ammoteléopato tg ot ovuBorooelpd eyypd-
POV. AUTO BEATLAVEL TNV TEKUNPLOON TAPEXOVTOG OTOV ¥PTOTN £Val TTOPAIELYIOL KOl ETLTPETEL 0TIV EVOTNTO.
doctest va BefawOel OTL 0 KMOLKOG TAPOAUEVEL TLOTOG OTNV TEKUNPLMON:

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

men

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests
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To module unittest dev eivar t6oo gvkolo 600 to module doctest, ald emiTpémer T dLothpnon evOg
7110 OMOKANPpwUEVOL OCUVOLOU tests ot EgxmpLotd apyeio:

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

with self.assertRaises (TypeError):
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

10.12 Batteries Included

H Python éyeL puo grhocopio «ovumepthaupdvoviol pratopieg». Avtd gaivetal Kahitepo Héoa amo TG e5e-
MYUEVEG KO LOYVPEG HUVOTOTNTEG TV UEYUAUTEPWV TAKETOV TNG. [l Topdderypa:

o Ta modules xmlrpc.client koL xmlrpc.server Kafiotodv TV vAOTOINGT KA OEMY QTOUOKPU-
ouEVOV dLadtkaolmy o wa oxeddv aonuavtn epyaocio. [Mapd o ovopato twv modules, dev amorteiton
aueon yvaon 1 xepLonog e XML.

o To maxéto email eivar wua BLBALOOTNKY YL TN SLOYELPLOT UNVUUATOV NAEKTPOVIKOU Tayvdpoueiov,
ouumepthapfavopévav MIME kot GAhomv unvupdioy eyypdewy mov Bacitovtar og RFC 2822. Ze avti-
Beon pe To smtplib koL poplib mov TNV TPAYUATKOTHTA OTEAVOUY Ko AauBdvouy unvouota, To
mokéto email €xel éva mApeg 0VVOLO EpyaleimV yLoL TN dNLovpYia 1 TNV ATOKWILKOTTOLN 0N TOAVTTAO-
KWV S0UmV UNVUUATOV (CUUITEPLMAUBAVOUEVDV TOV CUVIUUEVDV) KOL YL TV EQOPUOYT] KOOLKOTTOLN oM
KoL TPWTOKOMO KePAMdwV 0T0 dLadikTvo.

o To maxéto json mapéyel LoyVPT VITOOTHPLEN Lo TNV AvAlVOY AUTNG THG dNUOPLAOVG LOPPHS AVTO-
haryng dedopévav. To module csv vTooTnpilel TV AUESN AvAyVOON KaL EYYPUPY) APYELWV OE LOPPY TL-
UNG dLaymPLOUEVOU He KOUUOTA, TOV oVVIHOMS VITOoTNPICETAL 0TTO FATELG HEDOUEVMV KO VTTOMOYLOTIK
@UAha. H XML eneEepyacio vmoompileton amd to mokéto xml .etree.Element Tree, xml.dom
Ko xml . sax. Mali, autég oL LOVAOES KoL TO TTAKETO AITAOTTOLOVY ONUAVTILKA TV ovTahhoyy) dedoué-
vov HetaE epapuoymv Python kot dAhmv epyodeimv.

o To module sglite3 amotelei évav wrapper yio ™) Buprodnkn g Pdong dedouévawv SQLite, apéyo-
vTag ua ouveyng péon dedouévmv ou umopei vo evnuepwOEL KoL va TpooTENATTEL Y PTOLULOTOLMVTAG
ehappidc un turtkn ovvtaEn SQL.

o H diebvomoinon vmootpiletar amd évav opbud modules, ovumepihopufavouévov tTov gettext,
locale, Kou 10 mOKETO codecs.
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kKeoAralo 11

> Uvtopun rieptiynon otnv MNpdturin BipALobrikn — Mepog |

Avt 1 devTepn) mepuynon kolvmtel ta o tponypéva modules Tov VTOoTNPILOUV ETOYYEAMLOTIKES OVAYKES
mpoypoppatiopot. Autd ta modules GrTdvio epPAvICOVTOL O ULKPA Scripts.

11.1 Mop¢ortoinon €§6dou

To module reprlib mopéyel wo €KO00N TOV repr () TPOCAUPUOCUEVT] VLU CUVTOUEVUEVES EUPOVIOELS UEYAL-
Aov 1 fabid évOetwv containers:

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{lal, lcl, ldl, leI, lfl, 'g" ‘.‘}"

To module pprint mpoo@épel o eEehyrévo éleyyo TG EKTHTMONG TOOO0 TV eVonoTmuévav (built-in) Ko
TOV KOOOPLOUEVV ATTO TOV YPTOT AVILKEWWEVOV UE TPOTTO TTOV EIVOL EVAVAYVOOTO 0t Tov dtepunvéa. ‘Otav
TO ATOTELEOOL Elval peyolUTtepo amd pio ypauum, o «pretty printer» poabétel alayég Ypouuns KoL e60yEG
YLoL VoL EUOvIoTEL TTlo EgkdBapa 1) doun) dedouévmv:

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue'lll

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red'l]l],
[['magenta', 'yellow'],
'blue']]]

To module textwrap WOPEPOTTOLEL TG TOPAYPAPOVS TOV KEWEVOU MOTE VAL TOLPLALEL o€ éva dedouévo mhdtog
000vrg:

>>> import textwrap

>>> doc = """The wrap() method is just like fill() except that it returns
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like f£ill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

To module 1ocale £yeL TpdoPaon o€ o FAon SESOUEVOV LOPPMOV SESOUEVIV CUYKEKPLUEVNG KOVATOVPOG.
To XaPUKTNPLOTIKO OUOOOTTOINONG TNG CUVAPTNONG LOPPOTTOINONG THG TOTLKNG pUOUONG Tapéxel Evay Gueco
TPOTO LOPPOTTOINOTG APLOUMV UE dLaWPLOTIKA OUAdWV:

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_ United States.1252")
'English_United States.1252"

>>> conv = locale.localeconv () # get a mapping of conventions

>>> x = 1234567.8

>>> locale.format ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv['currency_symbol'],
conv|['frac digits'], x), grouping=True)

'$1,234,567.80"

11.2 Templating

To module st ring mephappdver po evektn KMo Template pe amhomotnuévn ovvtagn KatdAnin yo
enmeEepyaoia amod TEMKOUG YPH0TEG. AUTO EMTPETEL OTOVG YPNOTEG VO TTPOTAPUOLOVV TIG EPAPUOYES TOVG
Ywpig va ypelaletal va OAMGEOUV TV epapuoy.

H popg) ypnotuomotel ovopata kpdtnong 0¢ong wov oynuatiCovrar amxd $ pe Eykupa avayvoplotikd Python
(ahpaplBunTikols yopakTipeg kKou Katw mavleg). Ileparlovtag to placeholder ue aykivleg emtpémer vo
akolovBeital amd mepLocdTEPQ ahpaplOunTKd Ypduuota ympig evordueoa keva. [pdgpovtag $$ dnuovpyet
éva gviaio $:

>>> from string import Template

>>> t = Template ('S folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund")
'Nottinghamfolk send $10 to the ditch fund.'

H uébodog substitute () Khvel raise éva KeyError 6tav éva placeholder dev mapéyetal o éva heEKo 1
éva Opopa AMEENG-KAewdLov. T epapuoyég otuh ovyywvevong mail, To dedopéva, Tov TAPEYovVTaL Ad TOV
¥PHoTN eVOEyETAL VO eivan eEMMTTY) Ko 1) uEB0d0G safe_substitute () umwopel va givan mo KoTdAnin —
0a agpnoer ouetdfinta to placeholders edv Aetmmovv dedouéva:

>>> t = Template ('Return the S$item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to $owner.'

Ou vToKaTNyopieg TPOTHIWV WITopovv va Kabopioouv évav mpocapuoouévo oprobétn. INa mapdderyua, va
batch pdypoppe petovouaotog yuo £va Tpdypauuo TEPLYNONG PWTOYPOUPUDY WIToPEl Vo eTAEEEL VO, Yp1OL-
norotel oVpPora Tooootov Yo placeholders 6twg 1 TPy oVOA NUEPOUNVIKL, O APLOUOS aKoAovBiag ELKOVOVY 1)
1 popen apxetov:
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>>> import time, os.path

>>> photofiles = ['img_ 1074.3jpg', 'img 1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = 'S%'
>>> fmt = input ('Enter rename style (%d-date %n-segnum —format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' $bsy"')
>>> for i, filename in enumerate (photofiles):

base, ext = os.path.splitext (filename)

newname = t.substitute (d=date, n=i, f=ext)

print (' -——> '.format (filename, newname))

img_1074.jpg ——> Ashley_0.jpg
img_1076.jpg ——> Ashley_1.jpg
img_1077.jpg ——-> Ashley_2.7pg

Mo &y eapuoyn yio templating eivor o dtoywplopdg TG AOYLKNG TOU TPOYPAUUATOG OTTO TLG AETTTOUE-
PELEG TOAMATAMV HopPadV eE680V. AuTtd KaOLOTAE duvaTy TNV AVTLKATAOTAON TPOGAPUOCUEVOV TPOTVITWV
v apyeia XML, avapopés amhol Keluévou Ko avapopég otov HTML.

11.3 Epyacia pe duadlkeg dlatagelg eyypapng dedopevwy

To module struct mopéyel TG oUVOPTNOELS pack () Ko unpack () yuo gpyacio ue Lopeég duUdLKMV
(binary) eyypogpadv petafintov ufkovs. To akdhovbo mapdderypa deiyvel Tmg va Kévete wo hovmo uéow
TOV TANPOPOPLOV Keparidag oto éva apyeio ZIP ywpig ™ xpnon tov module zipfile. Ov kwdiKol TOKE-
Tov "H" ko "I" avTrpoommevouv aplbpovg xwpig vroypog dUo Kai tecodpwv byte avtiotouya. To "<"
vodnhmver 6Tt gival Tumikoy peyébovg Kau og oelpd byte Aiyo endian:

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range (3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:starttextra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header
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11.4 Multi-threading

To threading ivar po TEYVIKT Y10 TNV AITOCUVOEDT EPYAOLMV TTOV eival dradoyikd eEaptmueves. To vipoTo
WITOPOVV VA XPNOLUOTOLN 00UV yioL TV BEATioN TG avTamdKpLonG TV EQAPUOYDV TOV dEYOVTAL EI00S0
amd Tov XPNOTN VM GANEG EpYOTiEg EKTEAOUVTAL OTO TOPAOKNVLO. Mia OYETIKT| TEpimTmon ypfong extelel
I/O mapdnho pue vrohoylopnovg oto dAko viua.

O akdrovBog kKmdLKag deiyvel wg To module VoV emmédov threading umopel va extehel epyoocieg 6To
TOPOOKNVLO EVD TO KUPLO TPOYPOoUpa ouveyilel vo eKTeeiTaL:

import threading, zipfile

class AsyncZip (threading.Thread) :
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile
self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip'")
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

H xdpia tpdkinon twv epopuoydy TOAATAOV vUATwV €ivol 0 GUVTOVIOUOS VNUATOV TOU UoLpAtoviol
dedopéva 1 alhovg tdpovg. ol o okomd avtod, To thread module wapéyel Evav aplOpd TPWTOYOVWV OLYYPO-
viopov, ovumepthoufavouévav locks, events, uetafAntov ouvOnKmy, Kot semaphores.

Evd outd ta epyadeio eivan loxupd, wKpd opaluoto oxedLoopol wropet va 0dnyHoovy oe TpoAfuaTo o
eivar duokoro va avastapayfouv. Emouévmg, 1 TpoTtiduevn IpoceyyLot 0Tov GUVTOVIOUO EPYACLOY ELVOL VO,
OUYKEVTPWOEL OAN M TPOOPaom O Evav TOPO O€ £va LOVO VUL KAl 0T GUVEYEL VAL X pnotpostoln el o module
queue, YL0. TPOPODOTNOEL AUTO TO VIUA e auTuoTa amd ddha vijuoto. O EQapUOYEG TOU (PNOLLOTTOLOVV
CVTLKELUEVO Queue 1O ETKOLVMVIO KOl OUVTOVIOUO HETAED VNUATMV Eival TTLo EUKOLO VO OXEDLAOTOVV, ElvaL
TTLO EVOVALYVIOTEG KOt TTL0 0ELOTTLOTEG,

11.5 Logging

To module 1ogging mpoo@épel £va MANPWS EE0TAMOUEVO KoL EVEMKTO CVOTNUO KATAYPAPNG. 2TV AThov-
OTEPT] LOPEPT] TOV, TCL WNVUUATO KOTAYPOPNG ATTo0TEAMNOVTOL G€ €Va 0pYELO 1) 0TO sys . stderr:

import logging
logging.debug ('Debugging information')
logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error —- shutting down')

Avtd apdyer Ty ax6iovdn €£080:

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down
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Amtd default (mpoemihoyn), To EVNUEPWTLKA UNVOUOTO KOL TO UNVUUOLTO EVIOTILOUOU GQOAUATMY 0ITOKPUITTO-
vTow KoL 1) £€E080¢ amootédheTol og TUTTKO opalua. AMeg emhoyég eE0dov mepthaufdvouv dpouordynon
unvopdtov péom email, datagrams, vtodoywv (sockets), 1| oe HTTP diakouoty (server). To véa giltpa wiro-
povv va emhéEouv dLapopeTik) dpouordynor ue BAon Ty TpotepaLdTITe Tov unvipotog: DEBUG, INFO,
WARNING, ERROR, xou CRITICAL.

To ovotnua logging umopei va dropoppwbei amevdeiog amd tv Python 1 pmopel va poptwbei amd éva eme-
Eepyaouo apyeio SLoudpE®ong YLo TPOCUPUOCUEVT] KATOYPOET| XWPIG TNV TPOTTOTOINoT TG EPAPLOYIC.

11.6 AdUvapeg avagpopeg

H Python kdivel avtopatn duayeliplon uviung (KOTapéTpnon avamopmy YLo. T0. TTEPLOCOTEPA AVILKELUEVA KoL
garbage collection yio. Tnv eEGheryn tov KUK V). H uvihun ehevBepdvetar Aiyo petd tnv kotdpynon e te-
Levtaiog avopopds oe AUTiV.

Avti M TPooEYYLoN AELTOUPYEL KOG Yo TG TTEPLOCOTEPES EQPAPUOYES, AAMG TTEPLOTACLUKA VITAPYEL OVAYKT
TOPAKOALOVONONG OVILKEWWEVDV UOVO EQROTOV YPNOLOTOLOVVTOL ATtd KATL GALO. AVOTUYDGS, 1) TAPAKOIOV-
Bnom Tovg dnuovpyel wo avagopd mov ta Kéver poviuo. To module weakref mapéyel epyohelo yio v
TOPAKOAOVONON AVTIKELUEVV Y WPIG TN dMuovpyia avapopds. ‘Otov To aviikeipevo dev ypetdetal miéov,
agatpeitan autopata amd Evav Tivaka aofevols avapopig Kol EVEPYOITOLELTOL UL ETTLOTPOQPT] KAHONG YLO
avikeipevo aofevoig avapopdg:

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ _repr__ (self):
return str(self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

d['primary'] # entry was automatically removed

File "C:/python39/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 EpyaAeia ywa epyaocia pe Aioteg

[ToAAég avaykeg doumv dedouévov umopov va KahvgpHov ue Tov evomuatmiévo timo AMotog. otd00, ue-
PLKES (POPES VTTAPYEL ALVAYKT] YLl EVOAMLOKTIKES VAOTTOLTOELS UE SLALPOPETLKOVG oUUPBLBAoUOVG Atddoong.

The array module provides an array () object that is like a list that stores only homogeneous data and stores
it more compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers
(typecode "H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array
>>> a = array('H', [4000, 10, 700, 222221])
>>> sum(a)

(ouvéyela otV emtdpevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

26932
>>> all:3]
array ('H', [10, 7001)

The collections module provides a deque () object that is like a list with faster appends and pops from the
left side but slower lookups in the middle. These objects are well suited for implementing queues and breadth first
tree searches:

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft())
Handling taskl

unsearched = deque([starting_node])
def breadth first search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal(m):
return m
unsearched. append (m)

Extog amd tig evahhoKTIKEG VAOTTOLOELG MOTOV, 1) fLPALoONKY Tpoo@épel emtiong Kar Ao epyaieio Ommg
10 module bisect (e CUVAPTIOELG YLOL TOV XELPLOUO TOELVOUNUEVWY MOTDV:

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> pbisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

To module heapg mapéyet Aettovpyieg yio tnv vhomoinon cwpwv (heaps) wov Facifoviol o Kavovikég AMoTeG.
H xataympron ue v xyounhotepn T dtatnpeitor tavro otn 0€on undév. Avtod eivan xpNoLo yio EQopuo-
VEG TTOV €XOVV ETAVELLNNUUEVA TTPOOBOOT OTO WKPOTEPO OTOLYELD OALG eV BELOVY va EKTEAEGOVY (LaL TTANPT
tagvounon Motog:

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 Decimal Floating Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating point arithmetic. Compared to the built-in
float implementation of binary floating point, the class is especially helpful for

o OLKOVOULKEG EQAPUOYES KOl GALES XPNOELS TTOV AIToLTOVY OKPLBY| dEKOOLKT avamapaoTao,
o éheYY0G YL TNV axpifela,

o £\EYY0G TG OTPOYYVAOTTOLNONG YLOL TNV EKTTAT|PWOT] VOULK®V 1] KUVOVLOTIKDV OLTTALTOEWV,
o JTOPAKOAOVONON ONUOVTIKMV dEKASIKMOV YNPimv, 1)

o EQUPUOYEG OTTOV O YPNOTNG AVAUEVEL OTL TO ATOTEAEGUOTOL TOULPLALOVY UE VITOLOYLOUOUG TTOU EYLVOLV IE
TO YEPL.
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To Tapaderyua, o VIToAoYLIoUOG eVOg pdpov 5% ot ypéwon Thhepmvou 70 AemTtdVv divel dLOPOPETLKY ATOTE-
Mopata og dekadiky) Kivnti vrodiaotoly) kou og dvadikt) (binary) Kivnti vitodiootol. H dtogpopd yiveton
ONUOVTLKT] EGV TAL ATTOTENEOUOTA OTPOYYVAOTTOLNO0UV 0TO TIANOLEGTEPO AETTTO:

>>> from decimal import *

>>> round (Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

To amotéheopa Decimal datnpel Eva undEv 0Tto TELOG, CUVAYOVTAS CUTOUATO T ONUAOL0 TECOAPWV OEcEWV
amd molamhdoio pe onuacio dvo Béoewv. To dekadikd avamapdyer To LoONUOTIKG OTTWG YIVOVTaL UE TO
YEPL KOL QTOPEVYEL TNTHUOTOL TTOV UITOPEL VO TTPOoKPouY dTav 1) Suadiky Kvnti| vrodiaotoly dev umopel v
AVILTPOOWITEVEL AKPLBMG TG deKAOLKEG TOTOTNTEG.

H oxpipiig avarapdotoon emtpénel oty KhGon Decimal vo ektehel vroloylopoug modulo Kou doKiég
LOOTNTAG TTOV €lval AKATOAMNAEG YLa dUAdLKY KLVNTH VITOSLAOTOM):

>>> Decimal ('1.00"'") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1'")]1*10) == Decimal('1.0")
True

>>> sum([0.1]1%10) == 1.0

False

To module decimal mapéyel aplOUNTLKT ue 0omn axpifeia ypetdletar:

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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Ewkovika MNMeptpdAAovta Kat makeTa

12.1 Ewcaywyn

O epapuoyéc Python ovyvd ypnoyorooty makéto kot modules wov dev awotehoUv UEPOG TG TUTTLKNG PL-
BroOfKnc. OL eaproYEg LePLKES POPES Y PELATOVTOL ULt oUYKEKPLUEVT EK0ON oG PLBAOONKNG, Emeldf N
eopuoyn wropet vo amartel v emdLOpOmon evdg cUYKEKPLUEVOU OQALLATOG 1) ETTELDN 1) EQaPUOYY €XEL
ypagel ypnolpomoldvras o Semepacuévn ékdoan g dtemapig thg PLpiodnkmc.

Avtd onpaiver dtL pwopei va unv givan duvatd yo pia eykatdotaon Python va minpoi tig amartioelg KaOe
epapuoyns. Edv n epapuoyn A ypeideton v ékdoon 1.0 evdg ovykekpiuévov module, adhd 1 epapuoyn B
yperdletat v £xdoo 2.0, TOTE oL ATOLTNOELS BPlokovTal 08 GUYKPOUOT KoL 1) eyKatdotaon thg £kdoong 1.0
1N 2.0 6o apr|oeL poL EQoPUOYT CViKOvT Vo EKTELEOTEL.

H Mon yia autd to mpdPAnua eivae va dnuovpyfoete éva virtual environment, €vo. vTOVOUO SEVIPO KATAAO-
YOU TTOV TTEPLEYEL (oL EYKOTAoTaoN Python yio o ouykekpuévn ékdoon g Python, kabwmg kot évav aptbud
pdoHETWV TAKETWV.

ALOPOPETIKEG EPUPUOYEG UTTOPOUV GTI] CUVEYELL VO YPT|CLUOTTOLOVV JLAPOPETIKA etkoviKd tepLBailovta. T'a
VoL EMAVOETE TO TTPONYOVUEVO TTOPASELYUO OVTIKPOUOUEVIV OTTOLTNOEWY, 1] EQPAPUOYT] A WITOPEL va €XEL TO
dLK0 ™G eLkoviKo mepLPalhov ue eykateotnuévn v ékdoon 1.0 eva ) epappoyr B €xer ahho etkoviko mepL-
Badhov pe v ékdoon 2.0. Edv ) epapuoyn B amartel avafaduon Biprodnkng oty éxdoon 3.0, autd dev
Oa emnpedoel To ePLBAMOY TNG EPaPUOYNG A.

12.2 Anuioupyia LKOVIKWYV NEPLBAAAOVTWYV

The module used to create and manage virtual environments is called venv. venv will usually install the most recent
version of Python that you have available. If you have multiple versions of Python on your system, you can select a
specific Python version by running python3 or whichever version you want.

T va dNuovpynoete €vo eLkoviKO sTepLBAILoV, amoQaoioTte Evov pakelo 0ov BéheTe VO TO TOTOOETNOETE
Ko ekteléote To module venv wg €va script pe ) dtadpout| Katahdyou:

python3 -m venv tutorial-env

This will create the tutorial—env directory if it doesn’t exist, and also create directories inside it containing a
copy of the Python interpreter, the standard library, and various supporting files.
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Mo kouwvi) TomoBeoia Katahdyou yio éva etkovikd septBdihov eivan . venv. Avtd to dvouo Kpatd tov Ka-
tdhoyo ouvnBwg kKpuuuévo oto shell oog KoL cuverdg pokpLd amd ) dadpoun, eV Tov divel Eva dvoua Tov
eEnyel yioti vtdpyeL 0 KaTAhoYoG. ATTOTPETEL ETLONG TN CUYKPOLOT] UE 0PYELC 0pLoHoD HeTafANTdY TEPLBEA-
LOVTOG . env OV VITOOTNPLLOVY OpLopUEVA Epyolela.

MOAig dNovpyNOoETE EVaL ELKOVIKO TTEPLPAAAOV, WTOPEL VO. TO EVEPYOTTOLOETE.

>¢ Windows, ektehéote:

’tutorialfenv\Scripts\activate.bat

Ze Unix 1] MacOS, extehéore:

’source tutorial-env/bin/activate

(AT To script eivar ypaupévo yua to bash shell. Edv ypnowwomoteite ta shells esh 1) £ish, vwdpyovv evailo-
KTUKG scripts Tou Oo TPETEL VAL X PN OLULOTOLOUVTOL OVTL AUTMY, Ot act ivate.cshkatactivate. fish.)

H evepyomoinon tou etkovikov eptBdilovrog Oa alldEet To prompt Tou shell oag yio va deiEet woLo elkovikod
mepBdihov ypnoworoteite Kat Bo tpomooloel To mePPUAlov £Tol doTe 1) ekTéheon Tng python va oog
dmoel T ovykekpLuév €kdoon kol eykataotaon g Python. INa moapdderyua:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', "/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

12.3 Awaxeipion NMNak€twyv pe to pip

You can install, upgrade, and remove packages using a program called pip. By default pip will install packages
from the Python Package Index, <https://pypi.org>. You can browse the Python Package Index by going to it in your
web browser.

To pip €xeL évav apBpd vmoevtohdv: «install», «uninstall», «freeze», K.Aw. (Zuppouvlevteite tov 0dnyd
installing-index yio A pY TEKUNPLOON Y10 TO Pip.)

Mropeite va eyKaTooTHoETE TNV TELEVTALA £KO00N EVOG TAKETOV TPOTOLOPILoVTag Eva OVoUO EVOG TOKETOV:

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

Mrtopeite emioNG VO EYKATOOTIOETE L0 CUYKEKPLUEVT £KB00T) EVOG TTAKETOV {VOVTOG TO GVOUO TOV TOKETOV
okohovBovuevo amd == Ko Tov aptiud €kdoong:

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

If you re-run this command, pip will notice that the requested version is already installed and do nothing. You can
supply a different version number to get that version, or you can run pip install --upgrade to upgrade the
package to the latest version:
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(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests—-2.6.0
Successfully installed requests-2.7.0

pip uninstall followed by one or more package names will remove the packages from the virtual environment.

pip show will display information about a particular package:

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip 1list will display all of the packages installed in the virtual environment:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze will produce a similar list of the installed packages, but the output uses the formatthatpip install
expects. A common convention is to put this list in a requirements. txt file:

(tutorial—-env) $
(tutorial-env) $
novas==3.1.1.3
numpy==1.9.2
requests==2.7.0

pip freeze > requirements.txt
cat requirements.txt

To requirements. txt umopel ot ouvéyela va dnpuootevdel otov Eheyyo £Kd00mg Kot va diatebel wg népog
wog epapuoyng. Ou xpNoTeg PITOPOUV 0T CUVEXELD VAL EYKATAOTIIOOUV OMOL TOL QITALPOLTTO TOKETOL UE TO
install -r:

(tutorial-env) $ python -m pip install -r requirements.txt

Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))
Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests
Running setup.py install for novas
Successfully installed novas—-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’ve
written a package and want to make it available on the Python Package Index, consult the distributing-index guide.
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kKEoAanalo 13

Kal twpa T

H avéryvawon autot tov SL8aKTkov vALKoU milavotato VIoYVoE To EVOLOPEPOV aag YL T xpNon tg Python
— Bo wpémel va elote Tpdbupol va epapudoete v Python yia tv emilvon Tov tpofinudtmv tov mpayuo-
KoV oog kOopov. Iov mpémet va Tdte yio vo, LAbeTe mTePLocoTepal;

AuTd 10 SLOOKTIKO VALKO glval H€Pog Tou GuvOLoU TeKUNpiwaong g Python. Mepikd dhha €yypacgpo Tov ov-
vohou elvou:

library-index:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lot of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers,
parse command-line options, write CGI programs, compress data, and many other tasks. Skimming through
the Library Reference will give you an idea of what’s available.

installing-index eEnyel mwg v eykataotioete tpdodeta modules ypapuéva amd Ghhovg xpnoteg Python.

reference-index: Mia hestropepng eEfynon tg oUuvtaEng ko thg onuootoroyiag. Eival fapid avayvoon,
oG glvan phoLo og TANPNG 001NYOS YLo TV 1dLaL T YAhood.

[Meproootepa Bonduata yia Python:

https://www.python.org: The major Python Web site. It contains code, documentation, and pointers to Python-
related pages around the Web. This Web site is mirrored in various places around the world, such as Europe,
Japan, and Australia; a mirror may be faster than the main site, depending on your geographical location.

https://docs.python.org: Tpnyyopn mpdopoon oty tekunpiwon g Python.

https://pypi.org: To evpetpro Maxétwv Python, mov mponyovuévog ovopatotav emiong Tupokoueto!,
eivau éva gupetnplo Python modules tou €xouv dnuovpynOel amd pnoteg wov givar duabéouuar yuo M.
MOohig EekivioeTe TV KUKAOQOPio TOU KMBLKA, WTOPEITE VO TOV KOTAYWPNOETE £8® Y1 TO BPOVV GAAOL.

https://code.activestate.com/recipes/langs/python/: To Python Cookbook eivat o apketd peyahn ovihoyr
mopaderyudtov kmdika, ueyolitepa modules kol ypnowua scripts. Idwaitepa aEloonueinteg ouvelopo-
péc ovdAéyovtar og éva BuBiio pe titho Python Cookbook (O’Reilly & Associates, ISBN 0-596-00797-3.)

http://www.pyvideo.org collects links to Python-related videos from conferences and user-group meetings.

! To «Cheese Shop» eivai éva okitoo Twv Monty Python: éva mehdtng pmaivel o éva Tupokopeio alhé 6,1 Tupi TNTHoEL, 0 LVITAAATNOG
Mgl Ot dev vdipyeL.
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« https://scipy.org: To épyo Scientific Python wepihaufdaver modules yio yp1yopovg VITOAOYLOWOVS KAl YEL-
PLOROVG TULVAKMY GUV 0L OELPG OTTO TTOKETAL VL0 TTPAYUOTOL OTTMG 1] YPOUULKT) GAYERPQ, OL LETAOY 0L
twopol Fourier, ou un ypouukol Mteg, oL KOTAVOUES TUYAIVOD opLlOUdYV, 1) OTATIOTIKT AVAAVOY KaL T
Aot TapdpoLaL.

INo epwtoelg Kal avagpopég mpofinudtov mov oyetiCovral ue Python, umopeite vo dnuocievoete oty
oudda oviNToNG comp . lang. python, 1 vo Tig 0TeiAeTe 0TN AMoTta aAnAoypapiog otny dievBuvon python-
list@python.org. H oudda ovintnong ko 1 Moto alnhoypopiag eival gatewayed , £T0L OOTE TO WVUULATOL TTOU
dnuootevovrol 0to éva Ba tpomBovvTal avTOUATO 0TO GALO. YITAPYOUY EKATOVTIADES AVAPTHOELG TV NUEPQL,
OV KAVOUV (KOl OITtavToUV) EPMTIOELS, TPOTEVOUV VEeg duvaTdTNTES Ko avakowvdvouy véo modules. Ta
apyeia g Aota adknhoypapiog eivar droéoiua ot dievbuvon https://mail.python.org/pipermail/.

ITpwv amtd T dnuoocievon, @povrtiote va ehéyEete ) AMoto pe Frequently Asked Questions (o€ cuvtopoypapio.
FAQ). OLFAQ gpwtioelg amavtouv o€ ToAEg amd Tig epwThoeLg o epgpavilovrol Eava Kow Eava Kol pmopet
VoL TEPLEYOVV 101 TN Mo Yo To TPdPANUd oac.

YTOONHELWOELG
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kKeoAnalo 14

AwadpaocTtikn Enegepyaoia Input kat Avtikatdotaon lotopkou

Oplopéveg ekdooeLg Tov interpreter tng Python vrootnpifovv v eneEepyaoio tov tpéyovtog input koL TV
OVTLKATAOTOON TOU LOTOPLKOY, TOPOUOLa e TIg Aettovpyieg mov Bpiokovior oto kélvugog Korn ko oto ké-
M@og GNU Bash. Avtd vhomoieitar ypnoipomormvtag ™ Biodnkn GNU Readline, 1 omoia vrootnpilet
duapopa otvh emeEepyaociag. Avth 1 BLprodNKY €xel T Sk TG TekuNpiwon Tov dev B avTLypapouue
edw.

14.1 ZupnAnpwon Tab kat Ene&epyaocia lotopikou

Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module
names. For dotted expressions such as string.a, it will evaluate the expression up to the final ' . "' and then
suggest completions from the attributes of the resulting object. Note that this may execute application-defined code
if an object with a __getattr__ () method is part of the expression. The default configuration also saves your
history into a file named . python_history in your user directory. The history will be available again during the
next interactive interpreter session.

14.2 EvaAAakTIKEG AUOELG Yia ToV AladpacTiko Interpreter

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some wishes are
left: It would be nice if the proper indentation were suggested on continuation lines (the parser knows if an indent
token is required next). The completion mechanism might use the interpreter’s symbol table. A command to check
(or even suggest) matching parentheses, quotes, etc., would also be useful.

'Evog evalhokTikog, Pedtiopévog, dLadpaotikog interpreter mov vdipyel €dd KoL 0PKETO Kapod eivol o
IPython, To omoio dtaBétel cuuTAHPWON tab, EEEPEVVIOT AVIIKELUEVWV KO TPONYUEVT] SLOLELPLON LOTOPLKOD.
Mitopei emiong vo TPOcapUOoTEL TAMPWGS Kat Vo evomuotmdel oe ddheg epapuoyés. ‘Eva aho mapduoto
Bertiopévo dradpaotikd mepifarlov eivol o bpython.
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keoanalo 15

Floating Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction

’0.125

has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction

’0.00l

has value 0/2 + 0/4 + 1/8. These two fractions have identical values, the only real difference being that the first is
written in base 10 fractional notation, and the second in base 2.

AvoTUYX DG, T TEPLOGOTEPO dEKADIKA KAAOUATO OEV UITOPOUV VO OVOTTAPAOTAO0UV aKPLBDG G KAACUOTAL.
H ovvémeia eivon 0TL, yevikd, oL dekadikol aptBuol Kivntig vtodLaoTolg Tov elodyete tpooeyyilovral uovo
a7td TOUg dUadLKOUG apLBUoVS KLVNThG VTTOSLAOTOANG TTOV Elval TPAyILOTL ATTOONKEVUEVOL GTO UNYAVIULCL.

To pdPIua eivar o Katovontd oty apyh we pdon to 10. Oswpriote to kAdoua 1/3. Mmopei va to mtpo-
ogyyloete wg kKhdopa faong 10:

’0.3

1, Kahvtepa,

’0.33

1, Kahvtepa,

’0.333

Kot oVt kabeEng. ‘Ooa ymepia ko av giote diatedepévor va ypdapete, to amotéheopo dev Oo givar moté
akpLBoS To 1/3, odhd Oa eivar pa ohoéva Kat Kaditepn mtpooéyyion tov 1/3.

Me tov idLo tpomo, aveEaptta amd to méoo YPpia Bdong 2 eiote diateBeluévol va xpnoLULOTOLOETE, 1)
dexadukn tun 0,1 dev umopel va avasapaotadel akplpng wg kKhdoua faon 2. Ztn fdon 2, to 1/10 eivon to
KAdopa mov emavalapufaveTol

0.0001100110011001100110011001100110011001100110011...
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ZTapoThoTE 08 0TToLOVONITOTE TTeEmePAouévo aptBud bit kKaw AMaufavete puo TPOoEYYLOT. ZTIG TEPLOOOTEPES
unyavég ofuepa, ot floats pooeyyiLovtal ypnoomoumvtag To pdta 53 bit Eekivdvtag amd To o onua-
VTLKO bit KoL e TOV TAPOvVoUooT 0g dUuvaur tov dvo. Ztny mepimttwon tov 1/10, to dvadikd khdoua eivor
3602879701896397 / 2 ** 55 mov elvol kovtd adhd Oyl akplpag too pe tnv mporypotikn tun tov 1/10.

Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if
Python were to print the true decimal value of the binary approximation stored for 0.1, it would have to display

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

That is more digits than most people find useful, so Python keeps the number of digits manageable by displaying a
rounded value instead

>> 1 / 10
0.1

Amhidg OuunOeite, TopdLo TOU TO EKTUTWUEVO TOTEAEOUO LOLATEL LE THV aKpLBT) Ty Tov 1/10, 1) tporypatiks
TTOONKEVUEVT TUUY ELVOL TO TANOLEGTEPO AVATTOPAOTAGLUO dVAILKO KAAGLLO.

Eival evdiagépov OtL umapyovv mohhol dapopetikol  dekodikol aplbpol mov  popdlovtar To
ido mnoéotepo Katd mpooéyyion dvadikd KhGopo. o mapdderyua, ov apbuoi 0.1 Ko 0.
1000000000000000055511151231257827021181583404541015625 givar Oha Katd TpoCEYYLON
ue 3602879701896397 / 2 ** 55. Aedouévov 0TL Oheg aUTES OL OEKADIKEG TIES HOLPATOVTOL TNV {dLaL
TTPOCEYYLOT], OTTOLAONTOTE ATd OVTEG Bl Witopovoe va eppoviotel datnpwvtag Tapdinia to apetédfinto
eval (repr(x)) == x.

Iotopukd, To prompt thg Python kol 1 evowpatwuévy ouvapton repr () Oa eméleye ovtd pe 17 onuoavtkd
ynoia, 0.10000000000000001. Eekivarvtag ue tnv Python 3.1, ) Python (ota meploodtepa ouoTnuota)
ebvan mhéov o B¢om va emhéEet To guvToudTePo amd avTd Ko amhé eupavier to 0. 1.

Note that this is in the very nature of binary floating-point: this is not a bug in Python, and it is not a bug in your
code either. You'll see the same kind of thing in all languages that support your hardware’s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

Eival onuavtiko vo Guveldntomotjoovpe 0Tt autd eiva, UE TNV TIPAYUOTIKT £VVoLa, (o PeudaioOnon: amha
OTPOYYULEVETE TV TAPOVGLAON TG TPOYUOTIKNG AEl0g TOU UNyoviuaTog.

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not
yield exactly 0.3, either:

>> 1 4+ .1 + .1 == .3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value
of 3/10, then pre-rounding with round () function cannot help:

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:
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>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with «0.1» is explained in precise detail
below, in the «Representation Error» section. See The Perils of Floating Point for a more complete account of other
common surprises.

As that says near the end, «there are no easy answers.» Still, don’t be unduly wary of floating-point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
more than 1 part in 2**53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind
that it’s not decimal arithmetic and that every float operation can suffer a new rounding error.

Evd vitdpyovy maboloyiKeg TEPLITTMOELS, YLOL TNV TTLO TTEPLOTACLOKT X PTON TNG 0PLOUNTIKNG KIVNTNG vrodia-
otolc, O deite 0TO TENOG TO TOTEAEOUOL TTOV TTEPLUEVETE EAV ALTTAMDG OTPOYYULOTTOLOETE TNV EUPAVLON TWV
TEMKOV QTOTEAEOUATOV GOG 0TOV 0pLOId Tmv deKadikmv Ynpimv mov mepiuévete. To str () ouvnbmg apket,
Ko yro Kahitepo €heyyo deite Toug TPOodLOPLOTEG LOoPPTG TG LeBOdoU str. format () o€ formatstrings.

[0 TEPUTTWOELG YPHONG TTOV ATTALTOVV aKPLBT) dEKODLKY] AvaTapAoTaoT, SOKLUAOTE VO PYOLULOITTOLHOETE TO
module decimal mov e@apuOleL deKadLKT apLtOUNTIKT KOTEAMNAN YL0L AOYLOTLKES EQAPUOYES KOL EQAPUOYES
VYNNG aKpLBElac.

Mo dAn popen akplpois apbuntikig vrootpiletar 0md to module fractions, 1 omoia viomotel Ty
opLOun Ty pe Baor tovg opBoloyikoig aptBurovg (€tol ot apLduot dTTwg to 1/3 pmopotiv va avamoapocstadovv
aKpPLBMOC).

If you are a heavy user of floating point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

Python provides tools that may help on those rare occasions when you really do want to know the exact value of a
float. The float .as_integer_ratio () method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float .hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921£f9f01b866ep+1"’

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

Aedopévou ot M avastopdotaon eivol akpLpng, eivol xpnouun yio v aELomoT) LETAPOPE TIMV 08 dLapo-
petikég ekddoelg g Python (aveEaptnoio mhatpdpuag) kot v avrarlhayrh dedouévmv ue dileg yAdooeg
IOV VITOOTNPILOUV TNV 1L poppn (6mtwg Java kaw C99).

Another helpful tool is the math. fsum () function which helps mitigate loss-of-precision during summation. It
tracks «lost digits» as values are added onto a running total. That can make a difference in overall accuracy so that
the errors do not accumulate to the point where they affect the final total:

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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15.1 Z¢paApa Avarnapaotaong

Avti 1 evotira eEnyei o mapdderyua «0.1» hemrouepds Ko SelyVeL THG WTOPELTE VO EKTELETETE Lo OKPLPT
AvVAAUOT TTEPUTTDOOEWV OTTWS AT Lovol oag. Yrotifetar ot éxete Paotki) eEolkeimon pe tv avamopdotaon
dVAdIKNG KIVNTNG VTTOSLALOTOTG.

To Spdiua avarapdotacns (Representation error) avogépetal 0To YeYOvOg OTL opLouéva (To TePLocoTEPa,
OTNV TPOYUATIKOTNTA) deKAILKE KAAOUOTA eV Wopov va avamapaotadotv akping wg dvadikd (Bdon
2) khdopata. Avtdg eival o KUpLog Aoyog yia Tov omoio 1 Python (1) Perl, C, C++, Java, Fortran, kot mwollég
dAhec) ovyvd dev enpavilovv tov akpLpn dexadikod aptud mov mepLUEVeETE.

Why is that? 1/10 is not exactly representable as a binary fraction. Almost all machines today (November 2000) use
IEEE-754 floating point arithmetic, and almost all platforms map Python floats to IEEE-754 «double precision». 754
doubles contain 53 bits of precision, so on input the computer strives to convert 0.1 to the closest fraction it can of
the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

’1 / 10 ~= J / (2**N)
e
’J ~= 2%*N / 10

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

>>> 2%*52 <= 2%*56 // 10 < 2**53
True

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

Therefore the best possible approximation to 1/10 in 754 double precision is:

’7205759403792794 / 2 ** 56

H diaipeon tov aptBunti) KoL Tou Topovouaoti) ue SU0 UELDVEL TO KAAOUA, OF:

’3602879701896397 / 2 ** 55

Adete vTOYN dTL 0TTO TH OTLYWUT| TTOV KAVOUE OTPOYYVAOTTOLN 0T, AUt ELVOL 0TV TPAYUATIKOTNTO ALYO peya-
Mtepo amd to 1/10- av dev eiyape 0TPOYYULOTOLOEL TTPOG TO TTAVW, TO TINALKO Oa ftav Alyo pkpoTepo amd
to 1/10. AAMAG o xapia Tepimtwon dev pmopel va eivan axoySag 1/10!

So the computer never «sees» 1/10: what it sees is the exact fraction given above, the best 754 double approximation
it can get:

>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625. Instead of displaying the full decimal
value, many languages (including older versions of Python), round the result to 17 significant digits:

>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"

15.1. X¢pdaApa Avanapdaoctaong 113




Python Tutorial, Anpocisuon 3.9.23

114 Kegahaio 15. Floating Point Arithmetic: Issues and Limitations



KEoAAAIO 16

Mapdptnua

16.1 AwadpaoTtikn Asttoupyia

16.1.1 Awaxeipion ZPaApatwyv

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns
to the primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace.
(Exceptions handled by an except clause in a try statement are not errors in this context.) Some errors are
unconditionally fatal and cause an exit with a nonzero exit; this applies to internal inconsistencies and some cases of
running out of memory. All error messages are written to the standard error stream; normal output from executed
commands is written to standard output.

ITANKTPOLOYMVTAGS TOV X OpOKTN PO dlaKom g (cuvnBwg Control—C f Delete) oty KipLa 1 deuTtepelovoa
YPOUUY] EVIOADV 0KVPMVEL TV £60000 KoL EMLOTPEQPEL 6TV KOPLAL Yoo eviokdv.! TIANKTpohoyhvTag o
Srakort| evad ekteleital o eviolt) dnuovpyeiton 1 eEaipeon KeyboardInterrupt, 1 0moio Wropsl vo.
avTueTOmoTel amd o TpdTaon try.

16.1.2 ExkteA€oipa Python Scripts

Zta ovothuato BSD’ish Unix systems, ta Python scripts uwopotv va yivouv Gueca ektehéoua, 6mwg ta shell
scripts, BaCovrog T ypouun:

#!/usr/bin/env python3.5

(vmoBétovtag 0T 0 interpreter BpiokeTol 6To PATH TOU YPpNOTH) OTHV 0p)1) TOU GEVOPIOV Ko divovtag 0To
apyelo o ekteléotun Aettovpyio. To # | mpérmel va eivan oL S0 TPMTOL Y OPAKTHPES TOV aPYelov. Ze OPLOUEVES
TMOTPOPUES, CQUTY| 1) TPADT YPOUWY TTPETEL VO TEAELWVEL e (oL ypauur) Tomov Unix ov TeELELMVEL Ue (o
vpouu tmov Unix wov tehetmvel (" \n'), oyt pe ypouu) Windows (' \r\n'). ENUEL®OTE OTL O YOAPAKTIPOG
KOTOKEPUATIOUOU, , ' # ', XP1OLUOTTOLELTOL L0 TNV éVopEN evdg oyoAitov otnv Python.

To script pwopet vo 500et wo ekteléoun Aertovpyia 1) GdeLa, XPNOLUOTOLDVTOG TV eVTOLT chmod.

$ chmod +x myscript.py

1 "Eva mpopnua pe to moxéto GNU Readline puwopei vo 1o amotpéapet.
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Zrta ovotuorta Windows, dev vitdpyel 1) évvola TG «ektehéotur Aettovpyiogy. To Tpdypopua eyKaTaoToong
g Python ovoyetiler avtépata ta apyeia . py pe to python . exe €101 hoTe vo ekTELEITOL EVaL dLITAO KK O€
éva apyeto Python wg script. H eméktoomn umopei emiong va elval . pyw, 0€ QUTNYV TV TEPLTTWOT, TO Tapadupo
TG KOVOOAOG TTOV EUPAVITETOL OUVNOWG ATOKPVITTETAL.

16.1.3 To dLadpaocTiKO apXeio eKKivnong

‘Otav ypnowpooteite tnv Python d1adpaotikd, eivan ouyvé BoAKO va eKTEAOVVTAL OPLOUEVES TUTTLKEG EVTOLEG
K&Oe popd mov Egkivd o interpreter. Miopeite va to Kévete avtd opilovrag wa petafinti mepidihovrog
ue to dvouo PYTHONSTARTUP 010 Ovoua £vOg apyelov Tov TEPLEYEL TLG EVIOMEG EKKIVIIONG 00G. AUTO givan
TOPOUOLO UE TO YOPaKTNPLOTIKO . profile ota Unix shells.

Avutd to apyeio drapdletar povo o dLadpaoTtikés ovvedpieg, oyt dtav 1 Python duafdler eviorég amo éva
script, kow Oyt 0tV 1o /dev/tty divetar mg 1 pnT TNy EVTOA®V (1] 0TTtoia Kotd To. AAACL GUUTTEPLPEPETAL
oav pa dtadpaotiky) ouvedpia). Exteleiton otov idlo xmpo ovoudtmv 6mov ektehouvTo OANAETLOPAOTIKES
EVIOAEC, £TOL (DOTE TO. OVTIKELUEVQ TTOV OpPILeL 1) eLodyeL va wopouv va xpnotpomotnfoiv ywpig empuiagn
ot dadpoaotik) epiodo hertovpyiag. Mmopeite emiong va alldEete Tig TPoTPOTES Sys . psl KAl SyS . ps2
o€ avTod TO apyELo.

Edv 0éhete va dLapdoete éva emuthéov apyeio eKKiviong amd Tov TPEYOoVTa KATAAOYO, UWTOPELTE VO TO TTPO-
ypauuaTioeTe 0To KoOOMKO apyeio eKkivong ypnoomolmvtag Kodiko émtwg 1 £ os.path.isfile ('.
pythonrc.py') : exec (open('.pythonrc.py') .read()).Ed&v0élete v xpnOLLOTOLHCETE TO Op-
yeto ekxivnong oe éva oevdiplo, Tpémel vo. To KAvete pntd oTo script:

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 Ta Modules Npocapuoyng

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works,
you need first to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages’

Topo umwopeite vo dnuLovpynoete Eva apyelo e To dvopo usercustomize . py 0€ AUTOV TOV KOTAAOYO KoL
va Bdhete 0,1 BéheTe oe aLTOV. O emnpedoet KGOe emikinon g Python, ektog ediv Eekiviioel pe TNV emhoyn
—S QUTEVEPYOTTOLNOTE THV AUTOUATY ELOAYWOYT.

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global
site-packages directory, and is imported before usercustomize. See the documentation of the site module for
more details.
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Mwoodpt

>>> To mpoemheypévo Python prompt tov dtadpaotikov shell. Zuyvd epgpaviCetal yio tapadeiyuato Kndiko
OV UITOPOVV VO, EKTEAEGTOVV SLALdPAOTIKA OTOV interpreter.

. Mmnopei va avagépetan o€:

o To mpoemiheyuévo Python prompt tov duadpaotikov shell Katd TV eLooymyr Tou KOdKa yLo éva
WThok Kdduka pe ooy, dtav Ppioketar péoa o va Lehyog TaLpLoouévav aplotepdv Kot deEuhv
delimiters (;wopevOéoels, aykiies, AyKLOTPO 1) TPLTAG ELOAYMYLKA), 1| uetd tov Kabopoud evog
decorator.

o H evowpatmuévn otabepd E11ipsis.

2to3 'Eva epyodeio mov mpoomadei vo petotpéypel tov kmduko Python 2.x og k®dika Python 3.x dtoyelpiCovtag
TLG TTEPLOOOTEPES ALTVUBATOTNTES TTOV WITOPOVV VO EVTOTLOTOUV OVOAIOVTOG TNV TTNYT) Ko dLaoyilovtag
T0 dEVTPO avdluaong.

2t03 eivan drabéowo oty otdvtap PPAodNKn wg 1ib2to3, mapéyetor éva onueio elsddov wg
Tools/scripts/2to3. BA. 2to3-reference.

agnpnuévny Baokn kAaon Ou agnpnuéveg Baotkég kKhAoelg ouumAnpdvouy to duck-typing mopéyovtog évav
TPOTO opLopo interfaces 6tav Ghheg teyvikég 6mwg 1 hasattr () Ba Nrav adégieg 1 avemaicdnto
havBaopéveg (Yo mopdderypo e magic methods). Ta ABC (abstract base class) e106youv elKoVIKEG VITO-
KMAOELS, OL 0TT0leg elvan KAAoELG TToU eV KANpovopouvToL amd o KAGGT, oAld eEakolouBotv va ava-
yvopitovior amd 10 isinstance () ko amwd to issubclass ()” A v Tekunpiwon tov module
abce. H Python dua6éter modhd evoopatwuévo ABC yio douég dedouévav (0to module collections.
abce), apBuovg (oto module numbers), poég (oto module povdda i o), eloaywyn finders ko loaders (oto
module importlib.abc). Mmopeite va dnwovpynoete to dikd oag ABC pe to module abce.

annotation Mo eTikéta oV OYETICETAL UE WO LETAPANT, £Vl YOPAKTNPLOTIKO KAGONG 1 (WOl TAPGUETPOG
OUVAPTNONG 1) TUY TTOV ETLOTPEPETAL, TOV YPNOLUOTTOLELTAL KOTA oVUBOOT WG fype hint.

Aev givor duvati M Tpdofaoy oto annotations TwV TOTLKOV UETAPANTOV KATA TO YPOVO EKTELETNG, AAAG
To annotations twv global LETOUPANTOV, TWV XOPAKTNPLOTIKMV KAAOTG KOl TOV GUVAPTHOEMV AroOnKey-
oVTaL 0TO EOLKO XOPAKTNPLOTIKO __annotations_  twv modules, Twv KAACEWV KAl TMV GUVOPTN-
CGEMV, OVTIOTOLY .

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality.

opopo. Mo i) petoaBipdletan oe pio function (| method) xoxd v KAMon g ouvdptnong. Yrdpyovv do
£idn opLopdtov:
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o keyword argument: £vo. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (TT.%. name=) O€ o, KAon ouvapT-
oNG 1 TEPVADVTAG TO WG TUUT| 08 £va heELko mtpLv amd * *. Tia TapddeLyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akolovbeg KA oELS Tpog complex () :

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o positional argument: €vo. dpLopo. Tov dev givar optopo keyword. Ta opilopato O€ong pumopovv va eu-
paviCovrol otV apyNs Wag Motag oplopdtmv n/Kot va netapLatovral mg otouyeio evog iterable
mpwv oo *. T wapdderyna, To 3 koL 1o 5 amotehoVv opiopata 0Eong 0TLg TopaKaTm KANOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiouato eKymPOVVTOL 0TS OVOLLOOUEVES TOTILKES UETAPANTEG 0TO GmUA Wa ovvapTnong. Bi. Ty
evotnta calls yio Toug KaVOVES TOU SLETOUV QLUTNV THV EKYMPNOT]. ZUVTOKTIKY, OTTOL0ONTOTE EKPPUOT|
WITOPEL VAL (PN OLUOTONOEL YLOL VO AVATTAPOOTNOEL EVaL OpLona” 1) AELOAOYOUEVT] TLUN EKYWPELTOL OE L.
TOTTLKT) UETOPANTY.

B\. emtiong v eyypagn Tov YAwooapiov yio. to parameter, thv FAQ gpdtnomn oto 1 duagopd peta&n
oplopdTmv kor Topouétpwv, kol PEP 362.

0oUyYpOvog dtyelproTi)s context An object which controls the environment seen in an async with statement
by defining __aenter__ () and __aexit__ () methods. Introduced by PEP 492.

aovyypovog generator Mio. ouVAPTNOY TTOV EMLOTPEQEL Evay asynchronous generator iterator. MowdCeL pe wio.
ouvapTnon coroutine tov opiletal pue async def ektdg amd OTL mEPLEYEL EKPPATELS yield yio TV
TOPAYOYY WLAG OELPAG TLUDV TTOV (WITOPOUV VAL ¥pnoLpomomBouv oe évav async for Bpdyo.

ZuvhBwg avagépeTal 08 WO OUVAPTNOY aoVYYPOVOU generator, GAAG WTOPEL VO AVAPEPETOL O VOV
aclyypovo generator iterator 0€ OpLOUEVA. contexts. Ze TEPLITTMOELG OTOV TO EMILWKOUEVO VONUOL dEV
elval oapéc, (e TNV XPNOoN TV TANPOV 0wV OTTOPEVYETAL 1] ATAPELD.

Mo GUVAPTNON AOVYXPOVOU generator WITOPEL VAL TEPLEYEL EKPPACELS awalt , KaOdg KoL dNADOELS
async for,xaLasync with.

aovyypovog generator iterator 'Evo aviikeigevo mou dnuovpyhnke amd wo ouvvaptnon asynchronous
generator.

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local
variables and pending try-statements). When the asynchronous generator iterator effectively resumes with
another awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

aovyypovog iterable An object, that can be used inan async for statement. Must return an asynchronous iterator
fromits __aiter__ () method. Introduced by PEP 492.

aoUyypovog iterator An object that implementsthe __aiter_ () and __anext__ () methods. __anext___
must return an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

XOPoKTPLOTIKO A value associated with an object which is referenced by name using dotted expressions. For
example, if an object o has an attribute a it would be referenced as o.a.

awaitable An object that can be used in an await expression. Can be a coroutine or an object with an
__await__ () method. See also PEP 492.

BDFL Axpwviuo tov Benevolent Dictator For Life, xolokdyaBog diktdtopag tg Cwrg, dnhadn Guido van
Rossum, o dnuovpydg g Python.

dvadiko apyelo A file object able to read and write bytes-like objects. Examples of binary files are files opened in
binary mode ('rb', 'wb"' or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of
io.BytesIOand gzip.GzipFile.

120 Mapaptnua A'. NMwooapt


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://gvanrossum.github.io/
https://gvanrossum.github.io/

Python Tutorial, Anpocisuon 3.9.23

BA. emiong rext file yio €va avTiKELEVO TUTTOU OPYELO LKAVO VO SLaFAOEL Ko VL YPAPEL ST T AVIIKELUEVO.

bytes-like avtikeipeve 'Eva oviikeipevo mov vmootnpiler to bufferobjects kou propei va eEdyer éva C-
contiguous buffer. Avtd mepihopfdver Oha ta avikeipeva bytes, bytearray, koL array.array,
Kabmg Kat Tord Kowvd memoryview avukeipeva. Ta dvadikovy tomov (bytes-like) aviikeipevo umo-
POV va xpnotpomotnfovv yio dLdpopeg Aettovpyieg wov drayelpiCovrar dvadikd dedouéva” avtd me-
pLhaufavouv ovumieon amodNKevon oe duadikd apyeio KoL amooTol) uéow socket.

Oplouéveg hettovpyieg yperdtovrol tor duadikd dedouéva va eivor uetofintd. H texunpioon ovyva
OVOPEPETOL 08 AUTA MG «dVAdLKA avTiKelpeva avayvoonc-eyypogrc» (read-write bytes-like objects).
Mapoadelynato PeTAPANTOV OVILKEWEVMVY TPOCWPLVTG 0ToONKEVOTG TTEPLEXOUV bytearray KoL éva
memoryview evog bytearray. AMeg hetTovpyleg ammantovv Ty amofnKevong tmv dvadikmv de-
dopéva oe auetdfinta avitkeipeva («duadikd ovTikeipeva wovo avayvwang»” (read-only bytes-like
objects) mopadeiyuoTo OVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode O mnyaiog kmdika tng Python petayhwtrtiteton oe bytecode, 1) e0mTEPLKT) AVATOPAOTAOY EVOG TTPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal enionNg TPOCWPLVE OG . Py C
apyela MoTe 1 eKTELEOT TOV (BLOV apyelov Vo Elvol YpNYopOTeEPY TV deUTEPT Popd eKTENEONG (UITTO-
pel vo amopevy el 1) €K VEOU UETOYADTTLON aItd TOV TTNyoio KOdika oe bytcode). Avti 1 «evdidpeon
YADOoO» Aéyetal OTL TpE el 08 WoL virtual machine mov €KTENEL TOV KMOLKO UNYAVAG TOV OVTLOTOLYEL
oe kGBe bytecode. AGfete vty OtL To. bytecode dev aVOUEVETOL VO AELTOUPYOUV HETAED SLOPOPETLKMV
ELKOVIKOV pnyavdv Python, ovte va givar otabepd ueto&o tmv ekdooewv tng Python.

Mo Alota ammd 0dnyieg oxetikd ue ta bytecode wtopei va Bpebei oty tekunpiwon yio to module dis.

callback Mua subroutine cuvaptnon 1 omoio ueTofLpdletar wg OpLona wov Oa ekTeLeTTEL KATOL0 OTLYUY OTO
ueAMov.

kAdon ‘Eva mpdtumo yio ) dnuovpyio avitkeluévoy mov opiloviol ad To xpnoty. Ou oplopol Khaoewv
ouvNBmg TEPLEXOVV 0pLoPOUG neBOdWV OV AeLTovpyoUV g oTLyUoOTUITA THG KAGONG.

petafinti kAdons Mo petafint mov opileton og wio KMo Kot poopiletor va tpomomomOel pdvo oe
emimedo Khaong (dnh. OxL o€ £va oTLYWLOTUTTO oG KAGONG).

coercion The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3,
but in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the
same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., f1oat (3) +4.5
rather than just 3+4.5.

uryadikog apiuds Mio eTéKTO01 TOU YVOOTOU GUOTHUATOG TTPAYUATIKMOVY aptOudv 6To 0Toio Orot oL apid-
pot ekppdtoviar wg aBpoloua evdg TPAYIATIKOU HEPOUG KOl EVOG avTaoTikoy uépovs. Ot pavtaoTi-
Kol apbuoi eivor Tpoynatikd ToMoTAAoL0L TG PAVIOOTIKNG Lovada (1) TeTpaywviky pila tov —1),
IOV OVY VA YpapovTal i ot podnuotikd 1 § ot unovikr. H Python éyel evowuatmpévn vmootpiEn
Yo (yodtkotg aplfpovg, oL 0oiot YPApovToL Pe duTdv TOV TEAEUTALO GUUBOAOUO” TO POVTAOTLKO Ué-
POg ypapeTal e To exidnua Jj, m.y., 3+173. [Na vo amoxtioete mpdoPaon og ovvOeTa LoOdVVOU TO
module math, ypnowomouote To cmath. H xpfion wyodikmv aplBumv givat évo apKeTd Tponyuévo
LOONUOTLKO XOPOKTNPLOTIKO. €AV OEV YVWOPILETE TNV OVAYKT TOVG, Elval 0yedOV alyoupo dti wmopeite
VOL TOL O'YVON|OETE UE ALOPALELQL.

Swayeprotiic context An object which controls the environment seen in a with statement by defining
__enter_ () and __exit () methods. See PEP 343.

context petafAnt) Mo petafAnTy) ov uropel va £yl ToMEG dLOPOoPETIKEG TIWEG AvALOYO. e TO context.
Avuto givan xowd oto Thread-Local Storage omov kd0e ektéheon tov vINUATOG WITOpPEel Vo EXEL dLapo-
peTKT) T yrow wo petainti). IMapdha avtd, pe tig context uetafAntég, Wropet va vrdpyovv Tolhd
mepLpdAhovta o £va ViU EKTELEDTG KOL 1] KUPLOL P10 VLo TLG context LeTaSANTég eivan M Tapakohov-
Onon tov petafintov oe tavtdypoveg diepyaoiec. Bh. contextvars.

contiguous 'Eva buffer Oewpeiton contiguous axpipng edv eivon eite C-contiguous eite Fortran contriguous. To
buffer undevikdv draotdoewv eivar C kon Fortran contiguous. Z& (lovodLAoTATOVS TTIVOKES, TA OTOLYED
TPETEL VaL TOTTOHETOUVTOL GTN WviuT) TO v SiTthal 0TO GAAO, LE GELPG ADEN GG TV BELKTHOV EEKLVDVTAG
artd to undév. Ze mohvdidotatovg C-contiguous Tivakes, 0 TehevTalog deikTng HeTofdiletan TayvTEPQ
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OTaV EMLOKETTOVTOL TO OTOLXELD O OELPA dleuBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETABGMETAL TTLO YPTYOPOL.

coroutine O\ coroutines €ivol (oL Lo YEVIKEUUEVT popn) subroutines. Ot subroutines elodryovtal o€ €va onueio
Ko eEdyovral oe dAho onueio. Ot coroutines witopei va eloayBotv, vo eEayBov KoL va ouveyLoTolv oe

oM drapopeTikd onueio. Mmopov va vhomotoovy pe v dMiwon async def. Bh. emiong PEP
492.

coroutine cuvaptnon Mo oVVEPTNOTN TOV ETUOTPEQPEL £VAL. coroutine OVTIKEIEVO. Mol GuvapTtnoy coroutine
Witopel vo opiletol amd ) dMAwon async def, KoL Umopel va mepLéyeL await, async for, kot
async with AEeig khedid. Autég ewonydnoav amd to PEP 492.

CPython H xavoviki) vhomoinon g yAdooog poypaupatiopwot Python, 6mwg diavéuetor oto python.org. O
0pog «CPython» ypnowwomoteital OTav eivol amapaiTnTo Yo TV SLAKPLoN VTG TG VAOTOINoNG o
deg Omwg M Jython M v IronPython.

decorator Mo ovvdptnomn mov emotpépel wa dAkn ovvdptnot, ovvifwg epapudleTal MG LETAOYUNTL-
ouOg GUVAPTNONG XPNOWOTOUDVTAG TNV @wrapper oUVTOEN. ZvvnOiouévo mapadeiyuata yio Tovg
decorators eivow classmethod () ko staticmethod ().

H oUvtaEn tov decorator givar amhdg KoAhwioTiky), ou akoiovbolr V0 oplopol cuvaptioewy eival
ONUaoLOAOYLKE LoodUvauoL:

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

H {81 évvola vtdipyet yio g kAdoelg, ol ypnolpomoleitol Ayotepo ovyvd exel. BL. v tekunpimon
vio. function definitions kou class definitions yia epLoodTepa oyeTikd ue Toug decorators.

descriptor Any object which defines the methods __get__ (),__set_ (),or__delete__ (). Whenaclass
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

[0 TepLocdTEPEG TANPOPOPLEG AVaPOPLKA U TIG ueBOdoVG TmV descriptors, BA. see descriptors 1) to ITpa-
KTkOg 00MY0G Yo T xpron tov Descriptor.

AeElk0 An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eqg__ () methods. Called a hash in Perl.

kotavonon AeEwkov 'Evo ovumayhg TpOmog yio vo, erteSepyooteite OAa 1| n€pog TV OTOLEIWY Ot £val ETT0-
VOATTTLKO KoL VoL EmLoTpo@el évo, ue he&ukd ue to amotehéopata. results = {n: n ** 2 for
n in range (10) } dnwovpyel éva heEukd mov mepiéyel To KAewdi n o avtiotouyiletal ue Thv Tum
n ** 2.B\A. comprehensions.

oyn AeEikov Ta aviikeipeva mov emotpépovion arnd dict.keys (), dict.values (), ko dict.
items () koAoUvTor 0elg AeElkol. Autég mopEyouv wo SUVOULKY] 0PN TOV TV EYYPOPOY TOU Ae-
Eukov, ov onuaiver 6Tl dtov To AeEko petafdiietar, 1 dyn aviikotomTpiler ovtég Tig odhayéc. T
VoL voryKGoeTe TNV 0 heEuikol va yiver o mhfpng Alota ypnowuomomote to 1ist (dictview) . BA.
dict-views.

docstring A string literal which appears as the first expression in a class, function or module. While ignored when
the suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing
class, function or module. Since it is available via introspection, it is the canonical place for documentation of
the object.

duck-typing 'Evo 0TuA TpoypouatiopoV o dev eEETALEL TOV TUITO EVOG OVTLKELUEVOU YLOL VO TTPOCOLOPIOEL

793

av €yeL T owoTh dLemaEn” avtiBeTa, 1 1EB0DOG 1] TO YOPAKTNPLOTLKO KOAELTAL OITAMG 1) XPNOLUOTTOLELTOL
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(«If it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éupaon otig demapég Ko
OYL 08 OLYKEKPLUEVOUG THTTOUG, O KUK OYESLOOUEVOG KOLKOG BeTLDVEL TNV evEMELQ TOV emLTPémovTaG
™V ohvpoppLkn vrokotdotaot. O timog duck-typing amogpelyel dokLég ypnopuomolmvTas type ()
N isinstance (). (Enueiwon, wotd00, 6TL 0 TUTOG TATLOG duck-typing umopel va. cuUTANPWOEL e
abstract base classes.) Avti avtot, cuvnOwg ypnowomotel dokiuég hasattr () 1 mpoypopuationd EAFP.

EAFP Ilwo g0xolo va Tnthoelg ouyympeon mopd adeto. Autd to Kowvd otul mpoypapuatiopoy og Python
potimo0ETeL TV VIapEN EyKupwV KAEWSUOV 1) YOPOKTNPLOTIKMOV Kot oVAapupdver eEalpéoelg edv 1
vtdeon amodeyDei ecpalpuévy). Auto to kabopd Kot Yp1Yopo GTUl YopoKTNPILETAL 0T TV TOPOVoLa
oMMV INhwoewv try kKo except. H teyvikn épyetar oe avtifeon e to otuk mov eivar LBYL Kowvo
o€ MoMEG dAleg Yhwooeg, omtwg 1) C.

éxkgppaon Eva kouudtt ouvtang mov umopet vo a&oloyn0el oe kdmowa tur). Me dhha Moy, po Ekgppaon
glvol o ovoompevon ototyelwv Ekppaong dwg kKuplodeEia, ovopata, TPOGROOT YAPAKTNPLOTIKOV,
TELEOTEG 1] KAOELG CUVOPTNOEMY TTOU OAEG ETLOTPEPOUV O TLLY. Z€ aviifeon ue molég dhheg YAmo-
ogg, Oev elval OAeg oL YAWOOLKEG dOUES EKQPPATELS. YTTAPYOUVE ETLONG statements TOV eV UTOPOVV VO
ypNopoTomBovv wg eKPPAceLs, OTTmg To while. O avaféoelg TMMV ival emiong dNAMOELG 0L eK-
ppaoeLs.

module exéktaons 'Evo module ypapuévo oe C 1) C++, o ypnotpomoteitar amd to C API tng Python yia va.
OMANAETLOPATOVY e TOV TTUPT VA KOL [LE TOV KMOLKO TOU P OTH.

f-string Ou kvpLoheKTikég oupforooelpég ypnotpomotovy e tpdlepa '£' N "F' ovoudlovior cuvnwg «f-
strings» wov eivon cuvtopoypapica tov formatted string literals. BL. extiong PEP 498.

OVTIKEIUEVO apyeiov An object exposing a file-oriented API (with methods such as read () or write ())toan
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file
or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

2TV TPOYUOTLKOTITA VITAPYOUV TPELS KATNYOPLES VTLKELWEVWV apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyela keyévov. O dLemapég Tovg opilovtal oty evotnta 1 o. O Kavovikdg 1pdmog
YLOL VO ONULOVPYNOETE VOl OVTLKELUEVO 0P ELOV ELVAL XPNOLUOTOLDVTOG TV CUVAPTNON open () .

OVTIKEUEVO TTOV poLalerl pe apyeio 'Evo ouvavuuo ue To file object.
finder 'Eva avtikeipevo mov mpoomadei va Bpet to loader yio éva module swov e1oMyOm.

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

oképare dwaipeon H podnuotikn) Slaipeon wov 0tpoyyuhostoLel Tpog Ta KAtw 6Tov Kovivotepo aképato. O
teleoTthg axépanag diaipeong eivan / /. T mapdderypa, M ékgppaon 11 // 4 aEwoloyeital og 2 ot
avtifeon pe ™V Tur 2 . 75 OV ETLOTPEPETOL OTTO THV SLALPEDT] e VITOSLAOTOMY). Znueimon ot (-11)
// 4 Kbvel -3 emeldn) ot eival 1 6Tpoyyulomoinoy moog Ta kdtw Ttov -2 . 75. BL. PEP 238.

ouvaptnon Mo oelpd ad SNMDOELS TTOU EMLOTPEPOVY KAITTOLOL TLUT) OF GUTOV TTOU TV KAAEOE. Z€ OUTEG UITO-
POUV VAL TTEPAGTOVV KOVEVL 1] TTEPLOGOTEPO. OVIGUATA TTOV WTOPEL VAL PNOLLOTOINOEL YO TNV EKTELEDT).
B\. emtiong g evotnteg parameter, method, ko the function.

ouvvaptnon annotation 'Evog annotation juog Tapauétpov GuvapTnong 1 Wag TUG ETLOTPOQNG.

OL oVvOPTNOELG annotations GUY VA YPNOLOTTOLOVVTOL YO vodelEels Thmov: yia ToPdderyua, auty M
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPIOUATO 1Nt Ko ETLONG AVAUEVETOL VO £XEL WO ETLOTPEPOUEVT|
T int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H oVvtoEn ouvdptnong annotation avolvetar oty evotnto function.

See variable annotation and PEP 484, which describe this functionality.
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_ future__ 'Evofuture statement, from ___future__ import <feature>,KaHodNYel TOV UETAYAMTTLOT
va uetayhmttioet to Tpéyov module ypnopomoldvrag ovvtaEn 1 onuactohoyic wov Oa yiver 1 TUTTLKY
oge pehhovtiky ékdoon g Python. To module _ future_  texunpudvel Tig mbaveég TWéG Tov feature.
Me v eloaymyn authg Tg AELTOUPYLKTG LoVAdaAS Ko TV aELOAGYNOT TV UETABANTOV TNG, WITOPE(TE
vaL OeLTE TTOTE (AL VEQ dUVATOTNTA TTPOOTEONKE YL TPDTY PoPA TNV YADOooo Ko toTe Oa yiver (1) €yive)

1 TTPOETULAOYY):
>>> import __ future_
>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

ovihoyn amoppindrev H diadikacia anehevBépmang g uvihung dtav dev xpnowwomoteiton dhho. H Python
eKTELEL GUALOYT] ATTOPPLUATOV HECH KOTAUETPNONG OVAPOPDV Kot eVOg KUKMKOU OUAAEKTY) OKOUTTL-
LV oV eiva og BE0T Vo aviyveEVEL KOl VO OTTAEL TOVG KUKAOUG avapopdc. O GuMEKTNG AmoppLudttmy
wropet vo eheyy el xpnoluomotwvtag to module ge.

generator Mua ouvapTNON TTOV EMLOTPEPEL €V generator iterator. MOLATEL LE ULaL KOVOVLKY] GUVAPTNON EKTOG
aTto TO OTL TEPLEYEL EKPPACELS yield yia THV TOPAymYY) WOG OELPAG TULMV TOU UITOPOVV VAL YP1OLUO-
ooy og Evav Bpoyxo for 1 IOV PTOPOVV VO avoKTNOOUV pia T opPAa e TV CUVAPTNON next ()
function.

ZVVHDWG AVaPEPETOL OE L0 GUVAPTNOT) generator, GAAG (WITOPEL VoL VAPEPETOL OE £VALV generator iterator
0€ UEPLKA contexts. Ze TEPLTTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELvaL GAPES, 1] XPNOT) TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator 'Evo avtikeigevo mov dnuovpyeitor oo wua GuvapTnon generator.

Each yield temporarily suspends processing, remembering the location execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in
contrast to functions which start fresh on every invocation).

generator £k@paot) Muo £K@paon Tou emoTpépet Evay iterator. Moldlel ue Kavoviki £Kgppaon Tov akolov-
Ositon awd e TPoTooT for mov opilel wia uetafAnty fpodyov, £vo epog KoL (oL TTPOULPETLKY TPOTAON
if. H ouvdvaouévn £Keppaon dNUoVpYEeL TLWES YL Lo OUVAPTNOT EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

YeEVIKT] ouvaption Mo ovvaptnon mov amoteleltanl amd ToAATAEG CUVOPTHOELS TOU VAOTOLOVV TNV idia
Aettoupyia yra dLapopeTikovg Tumovg. [owa viomoinon mpémel va ypnotpomomOel katd T didprela
o KAMong kabopitetor amd Tov akyopliuo ommootols.

B\ emtiong v Kotaympnon tov single dispatch, tov decorator functools.singledispatch () ko
PEP 443.

vevikog tomog 'Evog type tov uopel va apauetporom0et” ouvnOwg uia container class, 6twg 1ist fdict.
Xpnowwosoteiton yio type hints Kow annotations.

T wepLoodtepeg Aemtouépetes, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.
GIL B\ global interpreter lock.

global interpreter lock O pnyavioudg ov ypnowpomoteitan amd tov diepunvéo CPython yuo va. dLoopatice
ot wovo éva viua extelei Python byrecode kéOe @opd. Avtd amhomotel tnv vhosoinon CPython om-
ULOUPYDVTOG TO LOVTEAD OVTLKEWEVOU (OVUTEPILAUPBAVOUEVMY KPIOLU®V EVOOUATOUEVOY TOTOV OTTMG
w.y. dict) épueco aopalég Evavl tautdypovng Tpoofaons. To kKheidwuo okdxinpov tov diepunvéa
SLEVKOAUVEL TOV dLepunvEa Vol elval TOMATADOV VIIUATOV, E1G BAPOG TOU UeYAAOV HEPOVGS TOV TTAPAAAT-
MOUoU TOV TAPEXOVV OL UNYOVES TTOMOTAMV ETTEEEPYATTDV.

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally-intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0.
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Iponyoupeveg mpoomdbereg va dnuovpyn el évag drepunvéag «eAevBepwv-vynudtwv» (AUTdg TOU KAEL-
dveL Ta Kowvoypnota dedopéva pe ol Lo AemTouepy evancOnoio) dev NTo EmTUYELG ETELON 1) OITO-
8001 VITOYMPNOE 0TV KOLVT| TTEPimT™aon evog eneEepyaoth. [liotevetal dtu 1) vépBoon outov Tou Tpo-
BAuatog amddoong Ba KAvouv oA TTLo TEPLTAOKT KoL ETOUEVIS TTILO OATAVIPT) OTNV GUVTIHPNOT).

hash-based pyc 'Eva apyeio kpugpng uvnung byfecode mov ypnoLUOTOLEL TOV KATOKEPUATIONO KoL 0L TOV
YPOVO TPOTOTTOLNONG TOV ALVTIOTOLYOU OPYELOV TTPOELEVONG YLOL VO TTPOOALOPLOEL TNV EYKUPHTITOL TOV.
BA\. pyc-invalidation.

hashable An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__ () method), and can be compared to other objects (it needs an __eq___ () method). Hashable
objects which compare equal must have the same hash value.

H OmapEn hashable kbvel évo, aviikeipevo va umopel va ypnowpomotn0el wg khetdi AeEukot kow wg uéhog
€VOG CUVOLOU, ETTELDN AUTES OL DOUES DESOUEVV Y PNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta wepLocdTEPa amd Ta OUETAPATA EVOOUATOUEVO OVTLKELIEVA TN Python wrtopoitv vo kotakepuott-
oToVV” TO HETAfANTA KovTéLvep (0mmg oL Mioteg 1 To heEika) dev eivar” ta apeTafAnta Koviévep (Ommg
mheladeg kou ta frozesets) PITOPOUV v KOTOKEPUATLOTOVY WOVO EAV TO. OTOLYELD TOVG ELVOL KOTAKEPUOL-
Tiopéva. Ta avtikeigevo mov eival otiypdTuTa KAGoEmY Tov opilovtal amtd To XpNoTH WIopouv vo
KaTokKepUaTlotovv amd mpoemAoyr). Ola ouykpivovtal dvioa ektog amd Tov outd TOUg) Kot 1 T
KATOKEPUATLOUOU TOVG TPOEPYETOL Atd TO 1d () .

IDLE An Integrated Development Environment for Python. IDLE is a basic editor and interpreter environment
which ships with the standard distribution of Python.

immutable 'Eva avtikeipevo ue otabepn tun. Ta apetdfinto avitkeipeva mepthaupdvovy apbuots , ovu-
Bolooelpéc Kau mherddeg. 'Eva tétolo aviikeipevo dev umopel va alldEet. ‘Eva véo avrikeipevo mpémel
va dnuovpyn el edv mpémer va amoOnkevtel wa dragopetikt| tun. IHailovv onuoaveikd pdro oe uépn
OOV Lo 0TOOEPE aTTaLTETOL, YL TOPAdELYIO WG KAEWDL 08 Evol AeELKo.

gwoayouevo path Mua Aiota 0mtd tomoOeoieg (1) kataywoioes Stadpour)s) mov wtopov va avalntnovv path
based finder ywo. vo. elooy0ovv modules. Katd v diadikaocio elooymyns, avty 1 Moto pe tomodeoieg
ouvnOmg €pyetTaL omd sys . path, ol yio to vtomokéta pmopel eniong va £pbel amd 1o yopaKTnpL-
OTLKO TOV TAKETOV YOvEQ __path__.

aoayoyn H dwodikaoio kotd Ty omoia o kdhdikag g Python ot éva module givar Stabéoun otov Kmdika,
Python evog dAhov module.

swoaywyéas Evo aviikeipevo uropel ko vo ovatntel kow vo poptdvel évo module” kau éva finder kou loader
OVTLKELUEVO.

duadpaotikog H Python éyel évav SLadpaotikd Siepunvéa 6mtov onuaiver OtL umopelg va elodyelg SNAmoeLg
KoL EKQPACELS OTNV ELOOYMYT] EVTOLDV TOU dlepunvéa, EKTEMDVTOG TG AUECO KoL ELPOVICOVTAG T
avtikeigevo. AThdg ekKLviote TV python ywpic opiouata (bavig emhéyoviog To amd To KUpLo
UEVOU TOV VITOLOYLOTH 00G). ATtotelel Evav armodoTikd Tpdmo YL va doKudote véeg 1déeg 1) va eEetdiote
LertovpyLkéc novadeg ko akéto (Buunbdeite help (x) ).

interpreted H Python eival o interpreted yAdooa, o avtifeon pe o PeTayAmTTLOMEVT, oV Ko 1) dLdKpLom
WItopet va. giva Ko ol Moym g mapouoia Tou bytecode petayhmTTioTy). Autd onuoivel 0Tt ta apyeio
TPOENEVONG UTOPOUV VoL EKTENeOTOUV amtevdeiog xwpic va dnuovpyndel pntd éva exteléono apyeio
oV otV ouvvéyelo, ekteleitar. Ou interpreted YAdooeg ouviiBwg €xouvv wkpOTEPO KUKAO avamTuENG/
EVTOTILOUOU CQAMLATMV 0Tt TIG UETAYAMTILOUEVES, OV KOL TO TTPOYPAULOTE TOVG YEVLKA eKTENOVVTOL
7o apyd. Bh. emtiong inferactive.

TEPUATIOUOS AerToupyiag diepunvéa Otov Inteiton tepuationds hettovpyiog, o diepunvéag tng Python ei-
OEPYETOL O€ ULaL ELOLKT) PAoT OOV ortehevBepdveL oTadLokd Ohovg Tovg dratbépevovg Tdpove, dmtmg
LertovpyLkéc novadeg Ko TohMamhég Kpiolueg eomtepikéc douéc. Emiong mparyuatomotel apketé K-
OELG 0TO GUAAEK TN GKOVmALH V. AUTO WTOPEL VO, EVEPYOTTOLNCEL TNV EKTEAEDT KMOLKA O KATOOTPOWELG
7tov opilovron amod to PN ot 1) oe callbacks aoBevoic avramokpioelg. O KOILKOG TOV EKTEAEITAL KOTA
™ Ao TEPUATIONOV AeLTovpyiag umopet vo ouvavtioel duigpopeg eEapéoelg, kKadmg oL TOPOL 0Toug
omolovg Baoiletor evdéyetal vo unv kettovpyotv mhéov (ovviOn mapadeiyuata eivor oL AelToupykég
novadeg BBALOONKNG 1) 0 UNYAVIOUOS ELOOTOLTEMY).
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O Baotkdg MOYOG TEPUATLONOU AELTOVPYiaG TOU diepunvéa eivar 6tLto __main__ module 1 ohokAnpo-
OnKe 1 eKTELEON TOV KMOOLKO TTOV ETPEYE.

iterable An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any
classes you define with an __iter__ () method or with a _ getitem__ () method that implements
Sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
...). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary to call iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator An object representing a stream of data. Repeated calls to the iterator's __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further
calls to its _ next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 11 st) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

[MepLoodtepeg mANpoopieg wmopotv va Bpedolv oto typeiter.

ovvapnon key Mia ouvdptnon khewdi 1 wo ovvaptnon ta&wvounong eivar po duvotdTnTo KA oNg mov
emMOTPEPEL IO TYU] TTOV YPNOLUOTTOLELITOL YLor ToEwvounon M dudtan. T mapdderyua, locale.
strxfrm () YPNOLWOTOLELTOL YO TNV TOPOYwYY EVOG KAEWDLOU TaELvounong wov yvwpilet g ovufa-
0€LG TOELVOUNOTG YL OUYKEKPLUEVEG TOTILKEG puOUiOELG.
‘Eva. oplOudg epyodleimv omnv Python &éyetor Paolkég ouvaptnoels yio Tov €AEYX0 TOU TPOTOU
ue Tov omoio Tt otouyeia tatvouovviar 1 opadomolovvtol. Avtd mEpéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
KalL itertools.groupby ().

There are several ways to create a key function. For example. the st r. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such
as lambda r: (r[0], r[2]).Also,the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of
how to create and use key functions.

opwopa keyword BA. argument.

lambda Mo avdvuun evoouotouévy cuvaptnon mov amoteleital amd Wo. LOVOSLKY) expression 1) 0molio
aEroroyeitan Otov kodeitar m ouvaptnon. H ovvtagn yio ) dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL Look before you leap. Autd to oTuh Kmdikomoinong eréyyel pntd TG mpoimoEaelg mpLv mTpayuoto-
oL oeL KAMOELS 1) avolnTioels. Autd To OTul €pyETaL 0€ avtifeon e v Tpooéyyion EAFP Ko Xopo-
KTnpitetan amd v mopovoia Todlwv dnhwoewy 1 f.

Ze éva mepLailov molhamhmv vnudtov, | tpoogyyion LBYL pmopel va diakivouveloeL vo. eLoAyEL
wo ouvOfKn aydva uetal «the Looking» kol «the leaping». o tapdderyua o khdikag, 1f key in
mapping: return mappinglkey] WTOPEL VO OITOTUXEL €AV £va GANO VIO OpaLp€OEL TO key o
TO mapping PETA T dokut, OAG TPV aTd TV avolnot. Avtd to Tpdfinuo pmopet va Aubel ue
KAELDOUOTA 1) XpMoLpoToLdvTas TV tpooéyyion EAFP.

Aot A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked
list since access to elements is O(1).

list comprehension 'Eva ovumayfg tpdmog yia vo. emeEepyaoteite OAa 1 H€POG TV OTOLYEIWY OF Ol OKO-

MovBia Kal vo emotpépete po Mota pe ta amotehéoparta. result = ['{:4#04x}'.format (x)
for x in range(256) if x % 2 == 0] dnuovpyei wo AMoto CUUBOLOCELPMY TOV TEPLEYOVV
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Tuyovg dexaeEadikoig aptduovg (0x..) oto evpog amd 0 éwg 255. H wpdtoon i f eivar mpoarpetiky). Eqv
mopalewpBei, Oha To 0TOLKELQL 0TO range (256) vropfdihovtal ot emeEepyaocia.

loader An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

noykt uédodog ‘Eva drumo ovvdvopo yia. special method.

mapping A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder 'Evog finder mov emotpdenke pe avolnmmorn oto sys.meta_path. Ou finders ueta-
dradpoung oxetitovrat, ald drapépovy oo ta finders entry Stadpous.

B\ importlib.abc.MetaPathFinder yia tig uebddoug mov vhomolovy oL meta path finders.

nero-khaon H xhdon wog khaong. O oplopol kKhdong dnuovpyotv évo dvopo kKAGong, éva AeEikd kKhdong
Ko o Alota ootk khaoewv. H peta-khdon eivar veetbuvn yio v adKTnon autmy ToV TpLov
0pLOUATOV KoL TNV dnpovpyia g KAGong. OL eploooTePES AVILKELUEVOOTPEPELS YADOOES TPOYPO-
UOTLOUOV TTOPEXOUV WO, TPOETULAEYUEVY VIOTTOiNOoY. Autd mov KGvel Tnv Python Egywploti) eivan 6t
elval duvati n duovpyia Tpooapuoouévmy uetakhdosmv. O TepLocdTepoL xpNoTeg dev ypeLdtovol
7T0Té€ AUTO TO epyaelo, ald dTav TopaoTEL AVAYKY), AUTO TO EPYAAELD, OL UETO-KAAOELS UWITOPOUV VO
TapEXOLVV LOYVPES, Kopég AMioels. ‘Exovv ypnoupomomOel yio tnv katoypagpt) tpdofaong xapaKTnpL-
OTIKAOV, TNV TPOTONKN 00PALELOS VHUATMY, TNV TOPAKOALOVON 0N SNULOVPYIOG OVTLKELUEVOV, TV VAO-
moinon singletons, Kou TOMEG GAAES epyOOieC.

[MepLoodtepeg mANpopopieg umopovv vo fpedovv oto metaclasses.

uédodog Mia cuvdptnom mov opifeton péoa oto odua wag kKhdong. EGv kaheitar wg yapaxtnplotkd peg
TEPLTTMONG OVTNG TNG KAAONG, 1 nEB0d0G Oa AAEL OVTIKELUEVO TEPILTTWONG WG TPWTO TNG argument
(to omoio ovviBwg ovopdLetor sel £). BA. function xow nested scope.

ogpa avahvong nedodwv Method Resolution Order is the order in which base classes are searched for a member
during lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the Python
interpreter since the 2.3 release.

module 'Eva avtikeipevo mov ypnotuever wg opyovmtike povada tov kmdika tg Python. Ta modules €yovv
évav ympo ovoudtmv mou mepLEyeL avbaipeta avtikeipeva Python. Ta modules goptdvovior otny
Python pe tv dradikaocio importing.

Bh. emtiong package.

TeyviIkEg Tpodiaypaes module ‘Evo namespace ov mepléyel TG TANPOQopieg Tov oYeTiCoviaL pe v eL-
oayWYN OV YPNOLUOTOLOUVTOL VIO THY OpTtwon €vog module. Mo mepisttwon tov importlib.
machinery.ModuleSpec.

MRO Bh. method resolution order.

mutable To supetdfinta avrkeipeva wropotv va aldEouv Tig Tiég ald va kpatnoouv to id (). BA.
emiong immutable.

named tuple O 6pog «named tuple» epapudletar Yo, 0moLovdNToTE TUTTO 1 KAAOT oV KAnpovoueitat amd
TNV TAELADO. KOL TV OTTOLMY TO. OTOLXEL WITOPOVY VA EVPETNPLOTOLNOOVV Eival TPOGBATLUOL Y PNOLLO-
TOLDOVTOG EXMVUUO XAPOKTNPLOTIKA. O TOT0og 1 1) KAGON umopel va €xeL Kow AR YOPOKTIPLOTLKA.

Tol\oi evomuortouévol timol eivor named tuples, CUUTEPIAAUPBAVOUEVDV TWV TLUMDV TTOV ETMLOTPEPOVTOL
anmd time.localtime () kouos.stat (). Eva d\o mopdderyuo eivor 1o sys. float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True
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Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand or it can be created with the factory function collections.namedtuple (). The latter
technique also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace To pépog dmov arodnkevetan o petofAn. To namespaces VAOTOLOUVTAL WG AeELKA. YTdpyovv
0L TOTTLKOL, 0L KatBoMKOL KO 0L evowuaTwuévol namespaces Kabmg Kot oL EVOETOL namespaces 0€ AVTIKEL-
ueva (oe pebddovg). o Tapaderypa oL ouvapToelgbuiltins . open Kol 0s . open () dlokpivoviol
aTto TOUG YWPOVG OVOUdT™V Tovs. O xmwpot ovoudtwv fondolv exiong tnv avayvooludTnTa Kot T ov-
vTpnoLpoT T KobLotdviog oapés toto module vhormotel wa Aettovpyia. o mopdderyua, ypdgoviag
random.seed () | itertools.islice () KaBLoTd cOPEG OTL QUTEG OL CUVAPTIOELS VAOTTOLOVVTOL
artd Ta module random kow itertools, aviioTtolya.

mokéro namespace A PEP 420 package which serves only as a container for subpackages. Namespace packages
may have no physical representation, and specifically are not like a regular package because they have no
__init__ .pyfile.

B emiong module.

nested scope H duvatdtnta avagpopds oe (o petafAnty o évav meptkhelopevo optopod. I'a apdderypa wo
oVVApPTNOT OV OpITeTaL HECO OE e GAA GUVAPTNOY UITOPEL VO avapEPETaL 08 UETABANTEG OTNV EEW-
TEPLKT] CUVAPTNON. ZNUeELmoTe OTL to évOeTa medio amd mTPOoETLOYH AELTOUPYOUV UOVO Yo Avapopd
Ko Oy yro ekyopnon. Ot tormukég petafAntég dtafaloviol Kol Ypapoviol 0To ECWTEPLKO Tedl0 Epap-
noyns. Opoiwg, ou kaBolkéc uetafintég drofdtouv Kot ypdpouv otov KaBolkod ympo ovopdtwy. To
nonlocal emutpémel TNV eYYPaP 08 eEwTEPLKA TTEdIAL.

KkAGon véov otuh Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

ovukeipevo Omoladnmote dedouéva e KoTaoToon (YopaKTNPLOTKA 1) TLUY) Kot KafopLopévn oupsepLpopd.
(uéBodor). Emiong, N telkn footkn) kKhAom ommolaodfote new-style class.

moaxkéto A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module with an __path___ attribute.

BA. emtiong regular package xow namespace package.

TUPAUETPOS Mia EyKupn ovioTita ot évav oploud function (| pé6odog) mov kabopilel éva argument () og
OPLOUEVEG TTEPLITTOOELS, OPLOUATO) TTOV Utopel vo. dey el 1 ouvaptnon. Yrdpyouvv mévie €idn mapous-
TPWV:

o AéEn-kAeldi 1) Oon: kKabopilel éva OpLopa Tov Witopet vo petafipaotel eite Oéoews | wg dpLou

AéEnG-kAetdtov. Avtd eival To TPOETUAEYUEVO EIOOG TAPAUETPOV, VIOl TAPAdELYUA foo KoL bar oTa.
axohovba:

def func (foo, bar=None):

o Oéoewe udvo: kabopilel éva dpLopa mov uropel va mapéyeton pdvo amd m Béon. Ou Tapduetpol
1Ovo B£0MG WITOPOVV VA 0PLOTOUV CUUITTEPLMAUSAVOVTOG EVOLV Y UPAKTNPO / 0T AMOTA TAPAUETPWV
TOU OPLOLOY CVVAPTNONG UETA 0Ttd aUTEC, Yo Tapdderyua posonlyl kon posonly2 oto eENg:

def func(posonlyl, posonly2, /, positional_or_keyword) :

o AéEng-kAeldi udvo: kabopilel éva dplopa Tov Wrtopel vo mapéyetor wovo ue MEN khewdi. Ou ma-
pauetpot povo yro MEEN-KAedl Wtopotv va 0pLoTolV oVUITEPILAUBAVOVTAS UL TAPAUETPO OF-
ong 1 ok€To * 0TI MOTA TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OITO QUTEG, VLA TTOPASELY L
kw_onlyl xou kw_only2 ota. axdhova:

def func(arg, *, kw_onlyl, kw_only2):

o uetafAnti Oéong: ko0opilel OTL umopel va mapaoyedei wa avbaipetn akohouvbio optopdtwv OEong
(emumhéov TV oplopdtov Béong ov eivar 1N amodektd omd dhheg Tapouétpovs). Mia tétola
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TOPAUETPOS WTOPEL VO OPLOTEL TPOCAPTDVTAG TO OVOUQL TNG TTAPAUETPOV UE *, YLO. TTOPAELY UL
args oto. akoOhovbo:

def func(*args, **kwargs):

o uetafinth AéEn-kAeldi: kabopilel OTL umopovv vo mapéyovtar cvbaipeto ToAG opiopata AEENG-
KAewdLov (emuthéov Twv opropdtwv MENG KAEWdL0U Tov givan 0rmodektd 0td dleg mapauétpovg).
Mo tétole TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUDL TNG TOPAUETPOV UE * *, YLl
TOPAdeLYno. kwargs Omme ToPATAV®.

O opdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLKA OGO KL T OITOLTOVUEVO OPIOUOTO. , KO-
0MG Ko TPOETUAEYUEVES TUIEG VLA OPLOUEVA TTPOOLPETLKG OPLOUALTAL.

BA. exiong v argument Kotaymplon gupetnpiov, Ty epdtnon FAQ oyetkd pe 1 dtogpopd petaso
OPLOUATOV KO TAPOUETPWY, TV KMAON inspect . Parameter, tnv evotnta function koaw PEP 362.

path entry Muo pepovouévn tomobeoio oto import path Ty omoio cupufovieveton o path based finder yio. vo.
Bper modules yio eLoorywy.

path entry finder 'Evog finder mov emotpépetar amd évav Kahouevo 0to sys.path_hooks (dnhadn éva
path entry hook) mov Eépel mwg va evtomiCel modules pe path entry.

Bl importlib.abc.PathEntryFinder yua tig uefoddovg mov o entry finder duadpoung vhomorei.

path entry hook A callable on the sys.path_hook list which returns a path entry finder if it knows how to find
modules on a specific path entry.

path based finder 'Eva amé ta mpoemheyuéva meta path finders mov ovalntd évo. import path ywo. modules.

path-like avrikeipevo 'Evo avtikeipevo mov aviurpoonmevel évo path cuvothuatog apyeiov. ‘Eva avikei-
uevo path eivar eite éva avtikeipevo str 1 bytes mov avimpoonmevel éva path 1 éva aviikeipuevo
7tov vhorotel 1o TPwTdKoro os.PathLike. Eva aviikeinevo mov vootnpilel 10 TpwTOKOMAO oS .
PathLike umopel vo uetatpamel o path ovotiuatog apyeimv str 1 bytes Kahdviog v cuvap-
™on os. fspath () ”ta os.fsdecode () KoL os. f£sencode () wropovv va ypnotomondovv yio
™V eyyinon evog amotehéouatog str 1 bytes, avriotovya. Ewonyn amd tov PEP 519.

PEP IIp6toomn Beltimong Python. 'Eva PEP givou éva €yypago oyedloonol mov mapéyel IANpoqopieg otny
Kowvotnta Python 1) mepuypdgper wa véa duvatdtnta yio v Python 1 tig dradikacieg 1 to mepiBh-
Lov . To PEP Bo mpémel va mop€youy (o GUVOTTTLKT) TEYVLKT TPOodLOrypapr] Kot (o AOYLKY YLt T
TPOTELVOUEVOL Y OLPOKTNPLOTLKAL.

Ta PEP mtpoopiCovror va givar oL KUpLot unyaviouol yior v pdtaot CuovILK®V VEmV XopoKTPL-
OTIKAV, L0 T1] OVAMLOYT] TANPOQOPLAV TNG KOLVOTITAG Yo Vo TNTNUOL KO YLoL TNV TEKUNPLDOT TWV
ATOPATEMV OYEDLOOUOV TTOV €YoV eloay el otnv Python. O ouyypagéag tov PEP gival vteubuvog yio
TV 0LKodOUN 0N CUVaLvETNS eVTOg THG KOLVOTNTOG KOL TNV TEKUNPLDON AVTIOET™V aOPewV.

BL. PEP 1.

tuiquoe. ‘Eva ouvolo amd apyeio oe évav udvo kotdhoyo (evdeyouévmg amodnkevuévo oe apyeio zip) mov
ouupdriovy og éva namespace Takéto, dmmg opiteton oto PEP 420.

opwopa 0¢ong BA. argument.

provisional API 'Eva provisional API givow owtd mou éxer eokepuévo eEarpedei amd tig backwards eyyunoelg
oupfotdTNTag TG TUTTLKNG PBAMOOKNG. AV Ko dev avauévovtor ONuovTkég odayég o Tétoleg die-
TTOPES, EPOOOV ETLONUALVOVTAL WG TPOOWPLVES, alharyég un backwards cupufatotnrog (Léypt Ko Kotdp-
YNON NG DLETAPNS) WITOPEL VO TPOKMPOVV €V KPLOEL ammopaitTo amd Toug Baotkovg TPoyPoLULATL-
otéc. Tétoleg ohhayég dev Ba yivouv dokoma — O ouufouv uovo edv amokaivgphotv cofapd Bepehimon
ehatTdpaTo IOV Topaleipdnkay pv axd ) cuumepiinyn tov APL

Axoun xow yia provisional API, ov un backwards ovufatég arhayéc Bewpovvrar «hdom €oyotng
avaykne»- 0a eEakorovdel va yivetar kdbe mpoondBeia yio va Bpebei wa Mon backwards ovufoti
0€ TUYOV EVIOTLOUEVO. TTPOBANUOTOL.

Avth 1 dradikaoio emitpémer oty Tk BLPAoONKN va ouveyioel vo eEehooeToL tEe THY TAPOSO TOU
YPOVOU, YWPIG VO KAELDWVEL TPOPANUATIKG OpAALOTA OYESLATUOV VL0 EKTETOUEVES YPOVIKES TEPLODOUG,.
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B\ PEP 411 yia teploodtepeg AeTTOUEPELEC.
provisional wokéro BA\. provisional API.

Python 3000 Weudmvupo yia to ovvolo ekdocewv Python 3.x (emvonOnke mpLy amtd mold Kopd dtav 1) Ku-
Khogopia tng €kdoong 3 NTay KATL 0TO UOKPLVO UEAAOV.) AUTO OVOUALETOL ETTLONG G CUVTOUOYPLPLAL
«Py3k».

Pythonic Mua 16¢a 1} éva Koupdtt Kddiko wov akolovdel motd ta o Kowvd iddpata thg Yhwooag Python,
oVvTi VoL VLOTTOLEL KADOLKOL Y PN OLUOTOLDVTOG EVVOLES KOLVEG 08 (AAES YAwooES. TLa TapddeLyua, Evo Kowvo
wimuo otnv Python eivar va kéver wo emavédinym ctave amd oha ta otouyeio £vog iterable ypnoiuo-
mowwvtag o dMiwon for. TTodég dhheg YADOOES TOV HEV £YOUV QVTOV TOV TUTO KOTAOKEVNG, £TOL OL
avBpmwrtol wov dev eival eSotkewmwpévor pe v Python ypnoypomoloty pepikég popéc Evav aplbuntikod
ueTpnT:

for i in range(len(food)):
print (food[i])

Avtifeta, o o Kabopr nébodog Pythonic:

for piece in food:
print (piece)

avayvoplopevo ovoua ‘Eva dvoua pe Koukkideg mou deiyvel T «dradpourp» amtd 1o kKa0ohkd glpog evdg
module oe pwa KAAom, ouvaptnon 1 uéBodo mov opiletar o avthv TV evdtnTa, Otwg opileTar 0To
PEP 3155. T ouvoptioeLg Ko KAAGELG OVATATOV ETLITESOV, TO OVOYVWPLOUEVO Ovoua ival idLo pe To
OVOULOL TOV AVTLKELUEVOU:

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _gqualname_

ICY

>>> C.D.__qgualname_
'C.D'

>>> C.D.meth. gualname
'C.D.meth'’

‘Otav ypnolpomoleiton yio ovapopa oe modules , To TAOWS avayvwELGUEVO dvoua GNUOLVEL OLOKANPO
To drakekoupuévo path pog to module, GuuTEPIAAUPBAVOUEVWV TUXOV YOVIKMV TOKETWV TT.). email.
mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

M 00g avapopac The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. The sy s module defines a get refcount () function that programmers can call to return
the reference count for a particular object.

Kovoviko mok€ro ‘Eva mopadoolakd package, dnwg £vag Katdhoyog mou mepiéyel évo __init__ .py op-
Yelo.
BA\. exiong namespace package.

__slots__ Muia dMhwon péoa og o KhAo1 Tov EE0LKOVOUEL LviuT SNADVOVTOG €K TV TPOTEPWYV XMDPO YLO.
ToPAdeLyua YopakTNPLoTikG Kot eEaleipovrog AeEtkd otywotimmy. Av Kot dNUOQIMG, 1 TEXVIKT

glval KAmmg dVOKOLO va YiveL 0mOTH KoL TPoopIleTal KAAUTEPX YLOL OTTAVLEG TTEPLITTMOELG OTTOV VITAPYEL
ueydhog apLiudg OTLYUOTUTTWVY OF 0L EQAPUOYT] KPLoLUNG-UVAUNG.
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okolovlio. An iterable which supports efficient element access using integer indices via the __getitem__ ()
special method and defines a ___len__ () method that returns the length of the sequence. Some built-in
sequence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (),butis considered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__ () and __len__ (), adding count (), index (), contains__ (),
and _ reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension 'Evog cupmayng tpomog yio va eneEepyooteite OMa M uépog Twv otoryeimv oe éva iterable
KO VO ETILOTPAPEL £Vl GUVOLO UE TOL autoTeEAéouoTa. results = {c for c in 'abracadabra'
if ¢ not in 'abc'} dnuwovpyei To ouvolo cuuforoospwy {'r', 'd'}. BL. comprehensions.

novaduko dispatch Mo pop@ny dispatch generic function 6tov 1 VAOTOINOY eAEYETOL e BAOT TOV TUTTO £VOG
UEUOVOUEVOV OPLOLLOTOG.

slice 'Eva avtikeigevo mov ovviBmg mepiéyel Eva tufiua wog akolovdiog sequence. Anpovpyeitan éva slice
YPNOLUOTTOLMVTAG T onueimaon subscript, [] pe dvo kot KGtw teleieg ueto€l aplbudv d6tav divovia
toAhoi, Omwg 0to variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOLUOTOLEL EGWTE-
pLKd aviikelpeva slice.

181k uéBodog Mua uébodog ov kaheitar olwnpd atd v Python yia vo ekteAéoet uo ouyKeKpLuev het-
Tovpyia ot évay timo, 6TTwg 1 TPooO K. Tétoleg uébodol xovve ovopata oV EEKLVOUV KoL TELELHVOUY
ue dumhég kdtm mavhes. O eldLkég néBodoL TEKUNPLDVOVTOL 0TO specialnames.

dAwon Mo mpdtoon eivol pépog wag covitag (éva «umhok» Kdduka). Mia tpdtaon eivar eite évog
expression gite uo ad ToAEg douég ue wa MEEN-KAewdi dnwg 1 £, while n) for.

Kwdukoroinon kewnévov Mia ovpuforooelpd otnv Python givar pa akohoubio onueiwv kddika Unicode (oto
eVpog U+0000-U+10FFFF). ['ia vo auroOnkevoeTe 1) v PETAPEPETE o OUUPBOLOCELPA, TTPETEL VOL OEL-
promonOei wg dvadiki) akolovdia.

H ogipromoinon wag ouuorooelpds oe pa dSuadLkt) akorovdia elvol yvmot wg «KwdLKomoinon» , Ko
N avadnuovpyia g ovuforooelpdg amd v dvadikr] akolovbia elval yvmoTi wg «aUmokmOLKoTol-

non.

Yrdpyet po wotkihion SLopopETIKNG OELPLOTOINONG KELEVOL codecs, oL 0TToioL CUAAOYIKA avapépovTaL
WG «KMOLKOTOLNOELG KEWUEVOU».

opyeio kewévov 'Bva file object tkavo va. SLoPATEL KoL v, YPApEL ovTLKeiueva st r. Zuyvd, éva apyeto Keyué-
VOU OTTOKTA TPAYUATIKA TPOoRaon o o por] dvadiki) por) dedouévmv Ko yelpileTol auTOUoTe THY
text encoding. TIopadelylorta apyeimv KEWEVOL eival apyeio Tov avoiyouv og hettovpyio kepévou (' r'
N 'w'), sys.stdin, sys.stdout, Kol 0TLYWOTUITO TOV 10.StringIO.

Bh. emiong binary file yio évor OVILKEILEVO OPYELOV [LE dUVATOTITA AVAYVWONG KaL eYYPAPNG dvadikd
avukeiueva.

oupforocelpd TPUTA®Y eloaymYIKOV Muio oUUBOAOCELPE TTOU SeOUEVETOL OTTO TPELG TIEPLTTWOELG EiTE EVOG
eLooywytkov (») N wag amootpdpov (). Av Kou dev Tapéyouv Kouio AeLTovpytkoOTnTo Tov dev eivol
duabéaun pe ouufohooELPEG PE LOVA ELOOYMYLKE, elval xpfoLues Yo dtagpdpoug Adyous. Zag emTpé-
TTOUV VO CUIITTEPLLAPETE LOVA KO DLTTAG ELOAYDYLKA Y WPLG dLopuYY O (o OVIBOLOCELPA Kol UTTOPOVY
VoL EKTELVOVTOL OF TTOMEG YPOUUES Y WPLG T1) X P01 TOU XULPOKTHPO CUVEYELX, KAOLOTOVTAGS TO LOLaiTEPQL
yPHoWO KaTd T GUVTOEN eyYpApoV te oupforooelpés.

tomog The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible as its ___class___ attribute or can be retrieved with type (ob7) .

type alias 'Eva cuvovuuo yio évay timo, mov dnuovpyeital (e tv avabeor) Timov 0g Vo ovoyvoPLOTLKO.

Ta type aliases gival ypnowua yio v amhomoinon rype alias. Tio wapaderypao:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
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WITOPEL VoL YivEL TTL0 evavayvwoTto dmwg:

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

B\ typing kouw PEP 484, mov meprypdepel authv Tnv hettovpytkdtnta.

type hint 'Evag annotation mov KaHopilel TOV avoueVOUEVO TUTTO VLol (o UETOPANTY], EVOL YUPAKTNPLOTIKO
KAGONG ) Wt TTAPAUETPO OVVAPTNOTG 1) TLUT) ETLOTPOPTG.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

YrodeiEeig tomov (type hints) yia kabBolkég petaPinTés, xapoaKTHPLOTIKE KAAONG KoL ouvapTh-
oelg , OMG Oyl ToTké ueTafANTég, UmopovV VA TPOOTEAACTOUV YPNOLUOTOLMVTAG TO typing.
get_type_hints ().

B\ typing ko PEP 484, mov meprypdepel outhv Tnv hettovpytkdtnto.

kobohxés véeg ypaupés Eva tpdmog epunveilag podv Keluévou otov omoio Oha ta akdlovba avayvwpilo-
vtar g MEelg wag ypopung: 1 ovufaon téhovg ypouug tov Unix '\n', 1 ovupaon twv Windows
"\r\n', ko v moid ovppaon Macintosh '\r'. BL. PEP 278 xauw PEP 3116, kabng ko bytes.
splitlines () yw mpooOetn xpnon.

annotation pevapiyeig ‘Evag annotation o, petaAng 1 evog xopaktnpLlotko KAGoNG.

‘Otov annotating puo HeTaBANTY 1 va xopakTnpLotikod kKAdong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV X PNOLULOTOLOVVTAL CUVIOWGS YLaL fype hints: Y10 ToPAdeLyuo outh N LeTaFAnTy
avapéveral va MfeL Tiég int:

count: int = 0

H o¥vta&n annotation petafinTig mepryppetal oty evOTITa. annassign.
See function annotation, PEP 484 and PEP 526, which describe this functionality.

virtual environment 'Evo cuvepyotikd ommopovopuévo meptBdllov xpovou eKTELEDTG TOU EMLTPETEL OTOVG
YPNOTES KOl TG €puproYég T Python va eykatootioouv Kat va avafaduicovv mokéto diovoung
Python ywpig va mapeufaivouy oty ovumepipopd ddhwv epapuoymv Python ov ekteloVvtat 0Tto (610
ovoTNUO.

B emiong venv.

virtual machine 'Evog vmoloyiotig opiletal €€ ohokAfipou astd to hoyiowkd. H eucovikr| unyovn tg Python
extelel To bytecode mov ekméuTETAL ATTO TOV PUETAYAWTTLOTY bytecode.

Zen tc Python Koatdhoyog oyedlaotikdv apydv KoL (LLOCOQLOV TTOV ELval YPHOLUES YO TNV KATOVONOT
Kaw ™) yphHon g YAwooac. O Katdhoyog umopel va Bpedel TNKTporoymvTag «import this» oty
SLAdPAOTLKY) KOVOOLQ.
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nAPAPTHMA B’

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

H avamtuEn tov eyypdewv kol Tov epyaleimv Toug eivat e€” ohokApou eBehovtiki] TtpoomtddeLa., dwg Kat
1 idua 1 Python. Edv 0éhete va ouvelopépete, piEte wa potid oty oelido reporting-bugs yio Anpogopieg
OYETIKEG e TO TG VO, To Kdvete. Kawvouprol eBehoviég eivan mavta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:
« Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« the Docutils project for creating reStructuredText and the Docutils suite;

o Fredrik Lundh yia to 61k6 Ttou Alternative Python Reference mpdtlext amd 1o omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IMoAhol GvBpwmoL éxovv ouvelopéper otn yAwooo Python, tnv Bupiobnkn g Python, kol to €yypago tg
Python. Aeite Misc/ACKS otig mtnyég dravoung g Python yia wo Aoto tov ouvieheotav.

Movo e T ouUBoAT| KoL TIG CUVELOQOPEG THG KoLvotntag tg Python, 1 Python €yeL tétola vépoya éyypapa
- Zag evyopLotovpe!
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lotopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

‘Ekdoon Mpoepxduevn ard | ‘Etoq Idloktnoia | GPL compatible?
0.9.0éwg 1.2 | 8/v 1991-1995 CWI vau
13¢éwg1.52 | 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oyl
2.0 1.6 2000 BeOpen.com | OyL
1.6.1 1.6 2001 CNRI oyl
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF va
2.1.1 2.142.0.1 2001 PSF VoL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 kou whvo | 2.1.1 2001-ofuepo. | PSF VoL

Enueiwon: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible
licenses make it possible to combine Python with other software that is released under the GPL; the others don’t.
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Xapm, otovg morhoVg eEmTepLkolg e0ehovteg Tov epydotnKav Katm amd Tig 0dnyieg Tov Guido, avtég ot
eKOO0ELS EYLVALY EPLKTEC.

.2 Opol kaL nipoumoBbEoeLg yLa TNV npéopacn n} TNV XPrion tTng
Python pe aAAoug tpomnoug

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

Kdémolo Aoyioukd mou givan evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTOEVTAL (LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV Gdeia. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyioukd yuow puoL EAMTTN MOTa AUTOV TV 0dELmV.

M.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.23

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.23 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.9.23 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.9.23 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.23 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.9.23.

4. PSF is making Python 3.9.23 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.9.23 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.23

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.9.23, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

r2.2 XYMo®QNIA AAEIAZ BEOPEN.COM I'lA PYTHON 2.0

ZYM®ONIA AAEIAZ ANOIXTOY KQAIKA BEOPEN PYTHON EKAOZH 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(ouvéyela otV TOUEVN OEMD)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

r.2.3 ZYM®QNIA AAEIAZ CNRI I'lA PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in

(ouvEyEeLa TNV ETTOUEVT) GENDQ)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

r.2.4 XYMOQNIA AAEIAZ CWIT'IA PYTHON 0.9.0 EQx 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.23
DOCUMENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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.3 Adeleq katL Euxaplotieg yia Evoopatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVapLoTImV Yo, AOYLOWKO Tpitmv,
IOV EVOOUOTOVETOL 0TV dtavour| g Python.

M.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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M.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, http://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

M.3.3 Aouyxpoveg socket unnpeoieq

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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M.3.4 Awaxeipion Cookie

H evomto http.cookies mepléyel TV mopaKdT® E100TOINON:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

M.3.5 Avixveuon eKTéAeong

H evomto t race mepiéyel v TapokdTm eL00TOiN0:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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M.3.6 Zuvaptnioelg UUencode kat UUdecode

H evomto uu mepLéyet v mopakdtm domoinon:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

M.3.7 KAjoelg Anopakpuopevng Awadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e1d0moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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".3.8 test_epoll

The test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.9 EmAoyn kqueue

H evomta select mepiéyel tv mapokdtm ewdomoinon yio v kqueue diemagpi):

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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r".3.10 SipHash24

To apyelo Python/pyhash.c mepiéyxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakdatm onueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kau dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from http://www.netlib.org/fp/.
The original file, as retrieved on March 16, 2009, contains the following copyright and licensing notice:

/******************‘k*****************‘k***************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

M.3. Adeleg kal Euxaplotieg yia Evowpatwpevo AOYLOULKO 145



http://www.netlib.org/fp/

Python Tutorial, Anpocisuon 3.9.23

r.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

EE R R e . N S N S S SN SRS S S T SIS S SN S N S N S S S e R N S N S N S T S T R

(ouvéyela otV eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

% ok X ok X % X %

ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L T T T I S S S S N S S S S S S N S N S N N S S T S e . N S N S S S S S S S S S S S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

* QUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured ——with-
system—expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

r.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured ——with-
system—-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

(ouvéyela 0TV TOUEVY 0EMD)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

r.3.15 zlib

H eméxtaon z1ib dnuovpyeital Yp1oLUoTOLmVTAS VO CUUTEPIAAUBAVOUEVOL avTiypapo Tmv Tnydv zlib,
eqv 1 £xdoom Tov zlib tov BpiokeTol 0To GVOTNUO ELVOL TTOA) TTOME YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

M.3.16 cfuhash

H vhomoinon tov mivaKa KoTaKepUATIONOU OV xpnotiomoteital amd 10 tracemalloc Baociletol oto €pyo
cfuhash:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its

(ouvéyela 0TV TOUEVY 0EMD)
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contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured ——
with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

M.3.18 W3C C14N ocouita SoKLHuNiQ

H oovita doxiurig C14N 2.0 oto mwokéto test (Lib/test/xmltestdata/cl14n-20/) avaktiOnke amd
tov totdtomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Kau dravépetar pue v ddewa 3 phtpov
BSD:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

(ouvéyela 0TV nOUEVY 0EMDL)
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are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2023 Python Software Foundation. ‘Ol To. StkodUoTo SLOTPOUVTAL.

Copyright © 2000 BeOpen.com. OLa T SUKOLMOUOTA SLATNPOVVTOL.

Copyright © 1995-2000 Corporation for National Research Initiatives. Olo. To. StKaLOUATO SLATNPOVVTAL.

Copyright © 1991-1995 Stichting Mathematisch Centrum. ‘Ola Tal SLKOLOUOTA SLATPOVVTOL.

AvatpéEte 010 lotopla kar Adea Yo TPNG TANPOQOPNON OYETIKE te TNV AdeLa YpNoNG Ko Tig eE0V010d0-
THOELS.
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MN-aApaBLTIKA
..., 119
# (hash)
comment, 9
* (asterisk)
in function calls, 30
* %
in function calls, 30
2to3, 119
: (colon)
function annotations, 32
->
function annotations, 32
>>> 119
BDFL, 120
CPython, 122
C-contiguous, 121
EAFP, 123
Fortran contiguous, 121
GIL, 124
IDLE, 125
LBYL, 126
MRO, 127
PATH, 50, 115
PEP, 129
PYTHONPATH, 50, 51
PYTHONSTARTUP, 116
Python 3000, 130
Python Enhancement Proposals
PEP 1,129
PEP 8,32
PEP 238,123
PEP 278,132
PEP 302,123, 127
PEP 343,121
PEP 362,120, 129
PEP 411,130
PEP 420, 123, 128, 129
PEP 443,124
PEP 451, 123
PEP 483,124
PEP 484,32,119, 123,124,132
PEP 492,120, 122

PEP 498,123

PEP 519,129

PEP 525,120

PEP 526,119, 132

PEP 585,124

PEP 3107, 32

PEP 3116, 132

PEP 3147,50

PEP 3155, 130
Pythonic, 130
REC

RFC 2822,92
Zen tnc¢ Python, 132
_all_ 54
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