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Python Tutorial, Anpocisuon 3.10.18

H Python eivor pua e0koln otnv ekudOnom, woyvph yhwooo poypauuatiopov. Exel amoteheopotikés doués de-
dopévarv VYNAoY emITEdOV KoL pol oth) GAAG OTOTEAEOUOITLKY) TTPOGEYYLON OTOV AVILKELUEVOOTPAPT| TTPOYPOLLL-
notopd. To koo ovvtoKTiKo Kai 1 duvouki tumomoinon g Python, og ouvdvaoud ue t diepunvevuévn gpuon
™G, TNV KabLoTovy Wavik) YAdooo yia scripting kot taygia avamtuEn epapuoydv og molhovg Topelg 0TS TEPLO-
00TEPEG TAATPOPUES.

O diepunvéag tng Python kau 1) extetauévn tumky (standard) Bipiodrikn dratibevron elevBepa oe Inyaia 1) dva-
SLKY Lop@Y YLoL OAES TIG KUPLEG TAATQOPUES atd TNV LoTtooelida TG Python, https://www.python.org/ Ko usopovv
vo dtoveunBotv ehevBepa. O idL10g LOoTOTOTOG TTEPLEXEL EioNG dLavouég ko delkteg oe woMd dwpedv modules
Tpitov, Tpoypdupato ko epyareio Python, kabwg kot tpdobetn texunpinon.

O depunvéag g Python emekteivetal e0KOMO (e VEES GUVAPTIOELS KO TUTTOVS OESOUEVMV TOU VAOTTOLOVVTOL OF
C 1 C++ (] GMeg yhwooeg mov wropotv vo, kAnBovv amd tn C). H Python eival emiong katdAnin og yMmooo
EMEKTAONG YLOL TTPOOOPUOOLUES EPAPUOYES.

Avutd 10 tutorial ELOQYEL TOV OVOLYVIOTY] OVETTLONWOL OTLG BOOLKEG EVVOLES KOL OUVOTOTNTEG TNG YADOOGOG KOl TOV
ovotuotog Python. BonOdel vo éxete mpoyepo évav diepunvéa Python yio mpaktikn eumelpia, alhd dho to
mapadeiypota elvor ovtoTel|, 0mote to tutorial pwropel vo dLafaotel ko eKTOg oVVOEDTG.

[0l ot TEPLYPOLPT| TOV TUTTOTONUEVWV OVTLKEWEVMVY KoL EVOTNTWV, deite library-index. To reference-index divel
évav Lo emionuo oplopd g yAdooac. a va ypdpete emextdoelg oe C 1 C++, duafdote to extending-index Kot
To c-api-index. Yrdipyouv emiong apketd fipiia wov karivmrovy tnv Python oe fabog.

Avrtd o tutorial dev tpoomadel va eival TEPLEKTIKO Kat Vo KOAUPEL KAOE Y opaKTNPLOTLKO 1] akdun ko kKaOe ovyva
YPTOLUOTTOLOVUEVO YOPUKTNPLOTIKO. Avtifeta, 0o cog Tapovotdoel ToMG amd T Lo AEL0oNUELDTA UPUKTH-
protikd ™G Python ko Ba oag dmdoet puar Koy tdéa yia T yevon KoL 10 Vpog TG YAWooas. Apov 1o daffGoere,
Oa eiote og O¢om va draPdlete Kar va ypdpete modules kot tpoypdupota Python, ko Oa giote £toluol vo udbete
mepLocoTepa Yo, o dudpopa modules BifiioOnkmv Python mov meprypdpovtan oto library-index.

AEiCeL emiong va dwafdoete 1o I'Awoodot.

Mepiexopeva 1
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KEDAAAIO 1

Avolyovtag Tnv 0peén oag

Edv kdvete ol Souleld o€ VTOMOYLOTES, TEAMKA B0l SLOTLOTOOETE OTL VITAPYEL KATOLL EQYOTia TTov Oa OEhate
va qutopartormomoete. o mapdderypa, uwopel vo OELETE VoL TPAYIATOTOLOETE OVALTTHON KO OVTLKATAOTAO)
o€ peydho aplbud apyeimv KeLWEVOU 1] V. LETOVOULGOETE KOl VO OVOILATAEETE (Lol OETY APYELDV PMTOYPAPLDY UE
mepimhoko Tpdmo. Towg Oa OEhaTE VO YpAPETE oL WKPT) TPOTUpUoouévy Bdon dedouévav 1 o eEetdikevuévn
epapuoyn GUI 1| éva amhd mawyvidt.

Edv eiote emayyehuatiog mpoypapuatio|g LoylopuKkol, WTopel vo peaotel va epyooteite pue morhéc Pupiio-
O1jkeg C/C++/Java, adrd o ovuvnOlouévog KUKAog eyypaprg/compile/dokiung/re-compile givor mold apyds. Towg
vphopete éva test suite yio o tétoto fLfAodNKm Ko fpiokete T dnuLovpyia KmdLKa testing uuo KovpooTikt| dtoi-
dukaoia. H iowg éxete ypdper Eva mpdypopua ov Bo WropoVoe vo. XPTOLUOTTOLEL UL YADOOO ETEKTOONG, KOl
dev Oélete va o edLAOETE KL VO EQOPUOTETE O EVTELDG VEQ YAMTOO Y10 TV EPUPUOYT OOG.

H Python eivonw anhdg n yAwooo Yo €04c.

®a umopovoate va ypdpete éva Unix shell script 1) Windows batch apygiol yio. opLopéves ammd avtég Tig epyaoies,
oAAG ta shell scripts eivor tor KOAUTEPO Lol TN UETOKIVIOT Op)ElwV Kot TV odhayr| dedopévav keévou, dev
etvar katdAnia yio epappoyég 1 oy vidra GUL Oa pmopovoarte va ypapete évo C/C++/Java mpdypapua, ahhé
wropel va ypetaotel ToAig xpOvog avamttuEng yia va dnuovpynOei wo tpdTy €kdoon Tov mpoypauuatos. H
Python givar mwo amh ot yp1on, diabéowun oe Aettoupykd ovotnpate Windows, macOS kow Unix kou o cog
BonOnoeL vo. ohokANpmoeTE TN dOULEL TTLO YPNYOPOL.

H Python givow amhf ot xpnomn, old eivan po Tpoyuatiks] YAMooo TPOoYPOULOTIOUOY, TTOV TPOGPEPEL TTOAD
TEPLOOOTEPT SO Ko VITooTNPLEY Yol LEYOA TTPOYPAUUATO ATt 0,TL WTOPOVV va. Tpoa@eépouv ta shell scripts 1)
ta batch apyeio. Ao v ahn thevpd, 1 Python tpoogépel emiong mol meplocdtepo éleyyo opaindtov amd t C
Ko, OVTOG Wat YADOo 1oAY vipnAod emmédov, EYEL EVOOUATMUEVOUS TUTOUG OEDOUEVOY VYNAOD ETLTESOV, OTTMG
EVEMKTOVG TivaKeg, Kat AeELkd. Adyw TV TLo YeVIKdV Thmwv dedouévawv tng, 1 Python umopel vo epapuootei oe
évav oA peyaiitepo touéa pofAnudtwv amd Ty Awk 1 akdua kou v Perl, ®ot600 TOAMGE TTpdrynato eivol
TOVLAYLOTOV TOOO gUKola otV Python 600 og avtég Tig YAdooEs.

H Python odg emtpémer vo ywpioete to Tpdypoupnd oag oe modules wov (ropovv va exavoypnoLLomofotv o
ara Tpoypdaupato Python. ‘Epyetan pe puo peydin ovdhoyn standard modules wov Wtopeite va xp1oLLoToL)oeTe
WG BAOT TOV TPOYPOUUETOV 00G — 1 WG TAPAdELYUa YIa Vo, EeEKIVIOETE VO LOOOLVETE VO TPOYPOUUOTICETE OE
Python. Opiopéva amtd avtd ta modules apéyovv mpdypata o6mwg /O apyeinv, KMoeg ovothuotog, sockets,
axoun kou interfaces o€ toolkits ypagikdv diemmagng xpnot, émwg to Tk.
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H Python eivou o interpreted yAhmwooo, 1 omoia umwopel vo oo eE0LKOVOUNOEL ONUAVTIKO xpdvo Kotd TV ova-
TLTVEN TOV TTPOYPAUUATOS, Emteld dev ammanteital compilation kou linking. O interpreter pmopei vo. xpnolpostornOsi
dLadpaoTLKd, YEYOVOG IOV KAOLOTA EUKOAO TOV TTEPOUATIONS UE YOPAKTIPLOTLKA TG YADOOAS, T 0VVTaEN TTpo-
YPOUUATMV 1] TOV ENEYYX0 GUVOPTHOEWV KATA TNV avATTTUEY Tpoypdupatog amd Katm mtpog ta thve. Eivou emtiong
uLoL VY PNOTH oPLOLOUN YoV,

H Python emitpémel ota mpoypduuato va ypdeovior oupmayr| Kot evaviyvwoto. Ta mpoypduuato mou giva
vpauuéva og Python givar ouvnBmg ot pikpotepa amd to aviiotowya mpoypduuatoa C, C++ 1 Java, yia dtdpo-
poug Moyovg:

o 0L TUTOL OESOUEVAOV VPNAOV ETLITEDOV OAG ETLTPETOVY VO EKPPACETE TOMVUTLOKEG AELTOVPYiES oe uic udvo
dMhwone

* 1 ouadoTToinom SNAdoEwY yivetal e 00N OVTi YLoL aryKOEG apyfg Ko ANENGe
o dgV amauToVVTOL SNADOELS UETAPANTOV 1) OPLOUATWV.

H Python eivow eextdowun: av Eépete nmg va mpoypaupartilete oe C eivor e0KOAO va TPooOETETE O VEQ EVOW-
uotwuévn ovvaptnon 1 module otov interpreter, €Te YL VoL EKTEALEGETE KPLOLUES AELTOVPYLEG ILE UEYLOTY TAX VTN T,
eite yia vo ouvdéoete mpoypdupato Python pe Bipiiodfikeg mov pumopel va eivar dabéoueg povo o dvadiky
nop@1 (OTWG ol PLALOONKY YPAPIKDV Y10 CUYKEKPLUEVO TTpounOeuTh)). MOMG KOAMOETE TPOYUATIKL, WTOPELTE
vo. ouvdéoete tov Python interpreter oe i eappoyn ypouuévn og C KoL va T XPNOLULOTOLOETE G ETEKTUON 1)
YAMOGO, EVIOMDV YLOL QUTIV TNV EQOPUOYVY].

Mopeumrtovime, N YAdooo mpe to dvopd g amd v ko) tov BBC «Monty Python’s Flying Circus» Kau
dev €yl Kapio oxéon pe epmetd. H avagopd oe oketg Monty Python otnv tekunpimon 0yt wovo emtpémetal, aAhG
Ko evlappiveror!

Twpa mov giote dhot evBovotaouévor pe v Python, Oa Bélete va v eEetdoete e mepLoodTepeg hemTopEpeLEC.
Emeldn o kahitepog tpdmog Yo vo Labete (o YAOooo ElvoL Vo T1) P OLUOTTOLYOETE, 0 001YO0S EKUdONoNg oog
npookahei vo aiEete pe tov Python interpreter kabmg drafdlete.

1o emduevo Kepdhoto, eEnyeitol 1 unyavik g xpHong tov interpreter. Avty| eivor pdhov meli Tinpogopia,
OAG aTTopaltnTh) Yo T oKL TMV TAPAdELYULATWY TOV TOPOVOLAToVTaL ApYOTEPQ.

O umdhoLog 081Y0G eKUAONONG ELOAYEL DLAPOPA XUPOUKTNPLOTIKE TG YAMOOHS KoL TOU ouotiuotog Python
UEOM TOPASELYUATMVY, EEKIVOVTOG Ue TAEG EKPPATELS, dNADOELG Ko TOTOVG dedopuévmy, H€ow ouVapTHOEMY
kot modules ko Téhog ayyiCovrag mponyuéveg £vvoleg OTTwg eSaipéoelg Kat kKAdoelg mov Kabopilovtar amd tov
xpHo™.

4 Kegahawo 1. Avoiyovtag tnv ope&n oag
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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/python3.10 on those machines where it is
available; putting /usr/local/bin inyour Unix shell’s search path makes it possible to start it by typing the command:

’ python3.10

oto shell.! Epdoov 1 emhoy) Tov Katahdyov 6mmov Bpicketal o interpreter eival (o emioyy £YKOTAGTAONG, KOL
dAha uépm eivar TOavae ETKOLVWVNOTE UE TOV TOTILKO oag guru TG Python 1) Tov duayelplot) ovotuatog. (7T.x.,
/usr/local/python glival (o dNUoping evalaKTiKY Tomo0eoiaL.)

On Windows machines where you have installed Python from the Microsoft Store, the python3.10 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 mdmxtpohdynomn evog yapoaktipa téhovg apyetov (Cont rol-D oto Unix, Control-Z ota Windows) otnv Kv-
pLoL ypouut] eVIoadv ovorykdtel Tov interpreter vo fyet pue undevikn Katdotoor eE6dov. Edv avtd dev Aertovpyei,
uropeite vo fyeite amd Tov diepunvéa TANKTPOROYDVTAS THY 0kOAOVOY EVTOA): quit ().

O duvototnreg emeEepyootag ypauung Tov interpreter epthoufdvouy interactive eneEepyaoia, avitkoTaoToOo
LOTOPLKOV KOl GVUTANPWOT KOdLKa o€ ovoThuato wov vrootnpilovy tnv GNU Readline Bifflo07kn. Towg o mmo
YPNYOPOG EAeYYOG Y1t va deite av vrtootnpiletal 1 eneEepyaoio TG YPOUUNG EVIOMDV elval VO, TIAKTPOAOYT)-
oete Control-P oty mpmtn ypapuus eviohmv Python ov Aaufavete. Eav nynoel, €xete eneSepyacia ypoupung
eVIOM®DV+ BA. TO mapaptua Atadoactikn) Exeseoyaaia Input kaw Aviikatdotacn 16Topucot yuo eLooywyy oTo TAT-
ktpa. Edv dev gaivetar va ovufaiver timota 1) av nynoeL to ~P, M eneSepyacio g YPouung EVIOADY dev giva
dLabéaiun- Oo umopeite va xpNnoLuoToLoeTe LOVo To backspace yLa vaL aQaLpETETE YOPAKTHPES OITTO TV TPEXOVOQL
ypoyuu.

O interpreter Aertovpyel Kdmwg 6mtmwg to Unix shell: dtav kodeitan pa standard eicodo ouvdedeuévn o€ (Lo CuoKeL
tty, dLafalel kou extelel eviohés OMNAETLOPAOTIKA: OTAV KOAEITOL UE EVO OPLOUA OVOUOTOG CLPYELOV 1] UE EVal
apyeio wg standard €i0odo, draPdlel ko ektelel Eva script amd avtd To ApyELo.

! S0 Unix, o Python 3.x interpreter o mpoemihoyn Sev eival eyKaTeoTUEVOG LE TO KTEMEOLIO 0pyElo TTOU ovopdileTon python, 6ToL hoTe
va iy épyeton o conflict pe éva exteréopno Python 2.x wov eykabiotatal TovTodypova.
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'Evag 8eltepog TpOTog EKKivoNg Tov interpreter eivaw python —c command [arg] ..., 1 Omoio EKTENEL TIG
evtolég oto command, avahoyo pe v emhoyn —c tov shell. Epdcov o dnhwoelg Python cuyva mepiéyovy keva
draotTuata 1 GAhovg XopaKTpeS TTov eivar edikol yia to shell, cuvnOwg ovviotatal va avagépete to command
0TO GUVOLO TOV.

Oprouéva Python modules eivor emiong ypnowo og scripts. Avtd wropovv va KAnfovv ypnoLiomotmvtas o
python -m module [arg] ..., To 0moio eKTelel TO TNyaio apyelo yio To module cov va giyate ypdaper 1o
MPEG Gvoua TOU, 0T YPAUUY EVIOAMV.

‘Otav XPNOLUOTTOLELTOL EVOL SCript 0PYELD, UEPLKES (POPES ELVAL YPTOLULO VO WTOPELTE VO EKTENETETE TO SCript KoL Vo
eloélOete oe interactive Aettovpyia petd. Avtd Uopel va yivel TepvamvTag To —1i pLv astd To script.

‘O\eg oL ETAOYEG TG YPOUUNG EVTOMMV TTEPLYPAQOVTAL GTO using-on-general.

2.1.1 Ewcaywyn Opioupatoqg

‘Otav elval yvwotd otov interpreter, To OVOpOL TOU Script Ko ta TpOoOETO 0PIoUATO GTNV CUVEYELC UETATPETOVTOL
o€ AMoTta ouuoAOCELPMV KoL EKYWPOUVTAL TNV UETOPANT argv oto module sys. Mmopeite vo amoKToeTe
TPOOPAOT O€ AUTHY TNV AoTA EKTELMVTOG TO import sys. To unkog g AMoTog eival TOUMAKLOTOV £Vale 0TV OEV
divovrou script ko dev divovtar opiopata, To sys.argv [0] eivor pa kev) ouvpporooelpd. ‘Otov 1o dvoua tov
script divetow wg ' - (;wov onuaivel standard €(0060¢), T0 sys . argv [0] opileton wg ' —". ‘Otav ypnowomoLeita
N evioAr) —c, 10 sys.argv[0]  “opiletalr oce °'-c'.'Otav XPNOWOTOLETAL 1] EVIOAT —m , TO SYS.
argv [0] opiCetal mg to mANpeg dvopa tov module mov Bpioketor. Ou emhoyég mov PpEnKav HETA TNV EVTOAT
—c N 1o —m module v KATAVOLDVOVTOL ATTO TOV ETTEEEPYALOTH ETLAOY(DV TOV interpreter TG Python aAAé apnvovton
0TO SyS.argv Yo TV eviol) 1 To module vo. TO SLOYELPLOTEL.

2.1.2 Interactive AeLtoupyia

‘Otav duafdlovtal eviolég amd €va tty, o interpreter Aéyetol 0Tl BploKeTOL OF interactive Aettovoyia. Ze o)
Lettovpyia vTevOUILTEL TNV ETOUEVY] EVIOAT UE TNV KUoLa £vToAr), cuviBmg tpia ovuBola peyahitepo (>>>)s yio
TLS YPOUUESG CUVEYELAS, VITEVOUWILEL UE T SevTepetovaa evToAn, amd mTpoemhoyn Tpel Tteheleg (. . . ). O interpreter
EKTUTTAVEL EVOL NVUUC KOAWOOPIOUOTOG TTOV OVOPEPEL TOV aptBd £K8001G KoL (ol ELOOTTOLN 0T TVEVUOTLKMV
SUKOLWUATWV TTPLY EKTUTTMOEL TO TPWDTO UHVUULOL:

$ python3.10

Python 3.10 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

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

ATowtoUvTol Ypaupuég GuvEXELOG OTOV ELOGYETOL MOl KATAOKELY] ToMdV ypapudv. T mapaderyuo piEte wa
UoTd o€ auThy Ty Ohwon 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!

T teploodtepa oxETIKA (e TNV interactive Aertovpyia, Ph. Awadpactikn Asitovoyia.

6 Kegahaio 2. Xpnoiwponoiwwvtag tov Interpreter tng Python
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2.2 O Interpreter kat To NeptBaiiov tou

2.2.1 Kwdwkomoinon Nnyaiou Kwdwka

And mpoemhoyn, ta nyaia apyeio Python aviipetomitovion g kwdukomomuéva oto UTF-8. Ze avthv tv ko-
dLKOTTOIN O, OL XAPUKTNPES TV TEPLOGOTEPOV YAMTOMY GTOV KOGIO UTOPOVY VO XPNOLUOTOLN B0V TOUTOYPOVOL
oe literal cupfolooelpéc, avaryvmpLoTika Kot oo — oV Ko 1 Turitky] BLAAoO KN ¥pNOLUOTOLEL HOVO YXOPOKTY)-
pec ASCII yio. avayvoploTikd, o oOupaon ov mpémetl va, akolovbel 0mtolodfote popntog kKmdikac. o va
EUPOVIOEL OWOTA OAOVG OUTOVG TOUG YUPOUKTIPES, TO AoyLopkd eneEepyaoiog oag Tpémel va. oavayvopioet 0Tt To
apyeto eivor UTF-8 kau mpémet vo pnoyoTtoLel (ol YPOUIOTOOELPE TTOV VO VITOOTNPILLEL OAOUG TOVG Y APUKTPES
TOU apyeiov.

o vo dhwoete e KmdLKOTOINOoT SLAPOPETLKY Altd TNV TPOoemAeyUEvT, Oa mpémel va mpootedel o eldLK
YPaUUT OXOMWOV WG TN Ypouu Tov apyeiov. H ouvta&n eivon n eENg:

# —*- coding: encoding —*-

610V 10 encoding eival éva amd To EyKupa codecs mov vootpitovrol amd v Python.

T wopdderypa, yio va didoete 6Tl TpdKeLTaL va ypnowomonei 1 kmwdikomoinon Windows-1252 , 1 mpd
ypouU Tov apyelov Tov s yoiov Kodika Oa spémel vo eivau:

# —*— coding: cpl252 —*-

Mo eEaipeon otov Kavova first line eivar dtov o mnyaiog kmdukag Sexivd ue wa ypouuy UNIX «shebang». Ze
auThv TNV TTEpimtmon, 1 dMrwon Kwdikoroinong Oa mpémel vo tpootedel wg devtepn ypauur tov apyetov. o
TAPAdELYLOL:

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

YTOONUELWOELG

2.2. O Interpreter kat To Meptpaiiov Tou 7
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Mia Aturm Eltcaywyn otnv Python

Zta akdhovba mapadeiyuata, 1 eicodog Kot 1 €50d0g dlakpivovTal otd TV TEpovsic 1) THY 0ITovsic. prompts
(>>> Kat ...): Yo va eTavalAPETE TO TAPAdELYLLDL, TPETEL VAL TANKTPOLOYHOETE TOL TTAVTA UETA TO prompt, OTAV
avtd VITaPYEL OL YPOUUES TTOV OEV 0pYiCouv pe prompt givan €5080¢ atd Tov diepunvéa. Enueiwon ot €vol dev-
TEPEVOV prompt UOVO TOV O oL YPOLUUT) OE VAl TAPAdELYIa ONUALLVEL OTL TTPETTEL VOL TANKTPOLOYNOETE Ol KEV
YPOUUT)* CUTO YPTOLULOTTOLELTOL YLOL VO TEPUATIOETE ULOL EVIOAT TTOMDV YPOUUMV.

IMoMG 0t6d To TOPOdELYUOTA 0E QUTOV TOV 001Y0, akOuT Kol autd oV EL0AYOVTIOL 0TO dLodPaoTIKO prompt,
mepLéyouv oyoia. Ta oyxdia otnv Python Egkivouv pe tov yapaktipo hashtag, #, kol ekteivovrol puéypt To TéAog
™g ypouuns. ‘Eva oyoMo umwopei vo eupavioTel 0TV apyn oG 0eLpds 1 LETA atd KEVA SLOoTHUAT 1) KOOLKA,
oAAG Oy néoa oe pia ouuforooelpd. ‘Evag yapaktipag hashtag uéoa oe pio ouuforooelpd eivor amhig €vag
yopaxtipag hashtag. Aedopuévov 6tL T o OMOL OTOOKOTOUV 0TIV OITOCAPTVLOT TOU KOILKE KoL OEV EPUNVEVOVTOL
07t v Python, pmwopoiv va mopoleimovtal Katd TV 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."

3.1 Xpnowpomowwvtag tnv Python wg AplBpounyavn

Ac dokipudoovpe pepkég amhég eviohég tng Python. ZEekiviote Tov dtepunvéa Ko TEPLUEVETE TO TPWTO prompt,
*>>>" (Agv Oa mdper oAl ypdvo.)
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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%*¢6

20

>>> (50 — 5*6) / 4

5.0

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

O axépatot aptbpoi (.. 2, 4, 20) €xouv tov Thmo int, o aptBuol ue dekadikd ymepio (7t.y. 5.0, 1. 6) &povv
Tov TUmo £loat. Oa dovue TEPLOGOTEPQ YLOL TOVS OPLOUNTLKOVG TUTTOVS 0PYOTEPT OF QUTOV TOV 0N YO.

H dwaipeon (/) mavra emotpépet éva float. Twa va kdvete floor division (oxéporo diaipeon) Kou va mwhpete €va
OKEPOLO QTOTEAEOUO, UTOPELTE VAL YPNOLUOTTOLOETE TOV TeheoT) //  “« yia va unoloyloete To To
unddoino plac Siralpeong, ypnoipomolnote Tov Tedeotn = %

>>> 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 xpnoLuomo|0eTe TOV TEAEOTY * * Y10, va vtohoyioete duvapelg':

>>> 5 ** 2 # 5 squared

25

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

To ovuporo TG LodTNTAG (=) XPNOLUOTOLELTOL YLOL TNV AvAOEON (oG TLUHG OF (Lo UETAPANTY). 2T OVVEYELD, OEV
epovileTon amoTéLeoUa TPLV ato TO ETOUEVO dLadpaoTtikd prompt:

>>> width = 20

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

Av pio petafint dev éxer «oprotel» (dev g €xel amodobel kAol ), 1 TPoomabela ypnong 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

! Aedopévou 6T To * * éxel LeyaliTepT) TPOTEPOULOTNTA Ot TO —, TO —3* * 2 Oa eppnvevTel mg — (3**2) Kat étot Oa tpoktpet —9. T va
TO QITOQPUYETE VT KaL VAL TTUPETE 9, UWITOPELTE VOL Y PNOLUOTOLOETE (—3) **2.

10 KegaAaio 3. Mia Atumnn Etcaywyn otnv Python
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Yrdpyer TApng vmroothplEn yio dekadLkd Ympioe TENEOTEG Ue TELEGTEOUG LKTOV TOTTOV UETATPETOVV TOV OKé-
paLo teELeoTéo o€ dEKAdIKO:

>>> 4 * 3.75 - 1
14.0

211 8100paoTIKT] AELTOVPYLQ, 1) TEAEVTOLO EKTUTOUEVY £K(PPOOT EKYXWPELITAL TN LETAPANTY _. AUTO onuaivel Ot
otav ypnowpomoteite v Python mg aptuounyovn ypapeiov, eival KAmmg 7o eUKoLO VoL GUVEYLOETE TPOTYOUUE-
VOUG VTTOAOYLOUOUG, YLO. TTALPAOELYLAL:

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

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

Avti 1 petapint Oa mpémer va oviuetomiletor amd Tov xpnotn og uovo Yo oavayvmaon. Mnv tng avodétete
PNTA wo T — Ba dnuovpyovoote o oveEGPTNTH TOTTLKY) HETABANTY UE TO idL0 OVOUO. 0TTOKPVITTOVTOG TNV
EVOMUOTWUEVT] LETABANTI] UE T UOYLKY] THG CUUTTEPLPOPAL.

Extog amd int ko £f1loat, 1 Python vmootpiler kKo dhlovg Tomovg apbuwy, 6mwg Decimal kol Fraction.

H Python éygL emtiong evowpatopévn vroothplEn yuo complex numbers (uryadikotg aptOuols), KoL XP1oLLOTTOLEL
™V KaTdAnEn J M J yua va dnhdroet to pavraotikd puépog (.y. 3+573).

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:

2 Te avtifeon pe dhheg YAMOOES, oL edLKOL YopaKTpeg Ommg To \n éxouv TV idLo. onpacic 16oo pe amhd (" . .. ") 600 Kal e STAG
("..." ewaywykd. H uévn drtogopd neta€u tov 8o eivan 6tL péoo oe amhd eloaymykd dev ypetdletol va amogpiyete to " (0AG Ttpémel
VoL atoUyeTe T \ ') Kat TO avTioTpoo.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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>>> '""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
'First line.\nSecond line.'

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

Second line.

Edv dev 0éheTe oL (apaKTNPES TOV TPONYOUVTAL OTTO Uict \ VO EPUNVEVOVTOL WG ELOLKOL YOPUKTHPES, WTOPELTE VO
YPTOLULOTTIOL|OETE AKATEQYATTES CUUPOAOGELOES TTPOOHETOVTOG EVOL T TTPLV ATtd TO TPADTO ELOUYWYLKO:

>>> 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

Yrdpyer por SuodLdxpLTy Uy oTG aKaTéPYaoTeS CUUBONOOELPEG: ILa OKATEPYOOTY OURPBOLOCELPd OEV UITo-
PEL VO TELELMVEL OE TTEPLTTO aplBpd yopakthpwv \” deite To Auua Twv Zuxvov Epotnosnv yio teploodTtepeg
TIMNPOPOpLES Ko AVOELS.

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 U)

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

O oupforooelpég wtopotv va ouvdebouv (KodnBovv 1 pia oty GAN) pe Tov TeheoTh +, Kat vo emavoingpbotv
LE TOV TENEOTI *:

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

'unununium’

AV 1 mapamdve oupfolooetpés (Tov TEPIKAELOVTOL 08 ELOOYWYLKG) 1) o Sistha otV dAAN ovvdéovTon ovtduaTa.

>>> 'Py' 'thon'
'Python'’

Avt 1 Aettoupyia eivou daitepa yphoun dtav Oéhete va omdoete ueydheg ouUBOLOOELPES:

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

(ouvéyela otV emoOUeV oerda)

12 KegaAaio 3. Mia Atumnn Etcaywyn otnv Python
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

Qot600, aUTO AELTOUPYEL LOVO e KUPLOAEKTIKEG GUUBOAOOELPES, OyL Le UETAPANTEG 1) EKPPAOELS:

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'

AAAAAAN

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
("un' * 3) 'ium'

AAAANA

SyntaxError: invalid syntax

Av Béhete va ouvdEoeTe NETAPANTES 1) Uiat LETABANTT) Kol Uict KUPLOLEKTLKT) GUUPBOLOTELPLL, Y PNOLULOTTOLYOTE TO +:

>>> prefix + 'thon'
'Python'

Ou ovuporooeLpeg WIToPoVV vaL eival mpoomeldoyues (LEGW EVPETNPILOV), LE TOV TPWTO YOPAKTIPA VO EXEL TOV
deiktn 0. Aev vrdpyel EexwpLotdg THTOG YO YOPAKTHPEGs £VAG XOPAKTNPOG EIVOL OTTAMG Wiok CUUBOAOOELPG pe
uéyebog éva:

>>> word = 'Python'

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

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

n'

O deixteg Wropovv va eivor ko apviTikoi aptbuol, yia vo Eekivioete v apibunon amd to deEud:

>>> word[—1] # last character

lnl

>>> word[-2] # second-last character
'O'

>>> word[-6]

IPI

Inuerdote 6t 0pov to -0 givar to idto ue to 0, ou apvitikoi deikteg Eekivolv artd 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)
IPyl
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

OL deiKkTeg EVOG TEUAYLOUOV EXOUV YPTOLUES TTPOETUAOYEGe 1] TOPALELPT] TOV TPDTOV DELKT €XEL WG TPOETLAOYT
T0 UNdEV, N TapPdAeP TOV deVTEPOL SEIKT £YEL WG TPOETAOYT TO UEYEDOG TNG GUUPOROGELPAG TTOU TEUAYILETAL.

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

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

lon'

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

[pooéEte mig N apyr| mepthapfdvetor TAVTa, evd To TEAOG TAvVTo eEaipeital. Autd eEoopotilel 6TLTo s[:1]
+ s[i:] elvow mdvta i00 pe s:

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

"Evag tpomog va Oupdote mmg Aettoupyov oL TEUOLOUOL elval Vo OKEPTELTE OTL OL OelKTEG delyvouv uetaty yo-
POUKTNPWYV, UE TO APLOTEPO (KPO TOV TTPMOTOV YapoKThpa vo. apbueitor pe 0. Tdte To 8eELO dkpo Tov TeheuTaiov
YOPAKTHPA WOG CUUBOAOOELPAG V XOPAKTNPWV ExeL OEIKTN v, YLaL TOpAdeELyL:

A S
' Pl vyl t[h|oln|
e e s Sttt
0 1 2 3 4 5 6

-6 -5 -4 -3 -2 -1

H npwtn oepd aplbpmv diver ) B€on twv detktav 0...6 oty cuuforooelpde n devtepn oelpd dlvel Toug avti-
oToLyoug apvnTkovg deikteg. O Tepoylopds oo i £mg j amoteleiton amd OLOVG TOUG YOPAKTHPES UETAED TmV
AKPWV € ETIKETEG | KOL j, AVTIOTOLYCL.

To pun apvnTikots delkTeg, To UNKOG EVOG TEUAYXLOUOD ELVAL 1) SLOPOPA TV BELKTWV, €AV Kat oL dV0 glval evtog
TV opimv. o mapdderyna, to piKog tov word [1: 3] elvon 2.

H amdmeipa xpnong evog ol ueydhov deikty Oo 0dnyNoeL og 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

Q01000, 0L OEIKTEG EKTOG EVPOVS UVTLUETMIULLOVTOL YWPLG GPALULA OTAV YPNOLLOTTOLOVVTOL VL0, TELOYLOUOVGS:

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

[}

O oupporooelpég g Python dev propotv va odAAGEovv — eivou immutable. Emopévwg, 1 ovabeon o€ pua cuyKe-
Kpwévn B€om ot cuufolooelpd 0dNYeL oe oAl

>>> 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.:
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>>> 'J'" + word[1l:]
'Jython’

>>> word[:2] + 'py'
'"Pypy’

H evowpatmuévn ovvapton len () mOTPEQPEL TO UNKOG PLag GUUBohooELpAs:

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

Agite eriong:

textseq O ovufohooelpéc eivar mapadeiypata Tomwy akoloviog Ko vITtoaTNPILouy Tig KOWVEG TPAEELS TTOV VITO-
ompilovtal amd tétolovg THTOoVE.

string-methods O. cuppolooelpég vtootnpifovy évav peydio apliud pedddmv yia Baotkolg HETATYNULATLOUOVG
Ko avanmon.

f-strings Kvplohektikéc ouppolooelpég o €XOUV EVOOUOTOUEVES EKPPAOELS.
formatstrings ITAnpogopieg oyeTIKA Ue TH HOPPOTOiNoY cuUBorooelp®Y ue T uéBodo str. format ().

old-string-formatting O Tahég hertovpyieg poppomoinong mov Kadovvioar OTav oL oVUPOAOCELPEG Elval O apL-
0TePOG TENEDTEOG TOV TEAEDTY] % TEPLYPAPOVTOL AETTOUEPETTEPQL EOW.

3.1.3 Aioteq

H Python yvwpiCel évav aplBpd cvvletwv Timmv dedoUEVMV, TTOU XPNOLULOTOLOUVTOL YLOL TV ORAdOTOIN o dAA®DY
Tpov. O 7o gVEMKTOG elval 0 TUTTOG AloTa, 0 0TTOL0G WITOPEL VO YPapTEL WG ULoL MOTA SLO{WPLOUEVWV UE KOUULOL
TLOV (0TOoL ELWV) avAueoa o€ TETPayw Ve ayKUleg. OL MOTES LITOPEL VOL TEPLEYOVV OTOLYELO SLAPOPETLKMDV TUTTWV,
oA ouvNBmg Oha ta aTouyelo Exovv ToV idLo THIO.

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

‘Onwg oL oupforooelpés (Kar OAoL oL GALOL EVOWUOTOUEVOL TUTTOL Sequence), oL MOTEG WTtopovV va, detktodoTtnHovv
KO VOL TEROYLOTOVV:

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

1

>>> squares|[—1]

25

>>> squares[—3:] # slicing returns a new 1ist
[9, 16, 25]

‘O)oL oL TEPOYLOUOL ETILOTPEPOUV (LaL VEX MOTOL TTOV TIEPLEYEL TO TNTOVIEVA OTOLYELO. AVTO Onuaiver 6Tl 0 AKOAOV-
00og tepayLoudg emotpépel va shallow copy (pnyo aviiypago) g Motag:

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

O Moteg vmootnpilouvv emiong hettovpylieg dmmg ovvdeon:

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
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Ze avtifeon pe tig ovuforooeLpéc, oL 0TToleg eivan immutable, oL MoTeG eivan mutable Timmog, dnhadi| eivan duvatov
vo, alGEeTe To TEPLEYOUEVO TOVG:

>>> 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 avdOeon oe tepayiopoig eivor emiong duvot), kKow avtd pwopel axdun ko vo alhdEel to péyebog tng Motag 1
VoL T SLayPaPEL EVIEMDG:

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

['a', 'b', 'c', 'd', 'e', 'f£', 'g'l

>>> # replace some values

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

>>> letters

[ta', 'b', 'c', 'n', 'BE', 'f', 'g'l

>>> # now remove them

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

>>> letters

[ta', 'b', 'E', 'g'l

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

>>> letters

[]

H evowpatmuévn ovvdpton len () epapudletar emxiong otig MoTeg:

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

Eival duvatd va epgpmiedoete Moteg (Vo dnuovpynoete Moteg mov mepLéyovv dhheg MOTeg), yia mapaderyuor:

>>> a = ['a', 'b', 'c']
>>>n = [1, 2, 3]

>>> x = [a, ]

>>> x

[['a', 'b', 'c¢'l, [1, 2, 3]1]
>>> x[0]

[lal, 'b', lcl]
>>> x[0][1]
!
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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:

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

0 Ul W NP PO

AuTo T0 TAPAdELyUa ELOGYEL DLAPOPO VEQ YOPAKTIPLOTLKG.

o Hrpot ypoupun mepiéyxel wo toAlamin avabeon: oL LeToPANTES & Kol b Taipvouv Toutdypove. TG VEES TLUEG
0 xat 1. v Tedevtaio ypapuy auto xpNoLUoTToLeEiToL Savd, amodetkviovtag OTL oL eKppaoelg ot deELd
mevpd 0ELoroyotvior Oheg TpdTa TTPLY Yiver omoradnmote avdbeon. O ekppdoelg oty 8eELd mThevpd
aEtohoyotvtal atd opLotepd Tpog To. SeELd.

o O Bpodyoc while exteleitar 600 1 ovvONKn (d: a < 10) mopapéver alnbng. v Python, 6mwg Ko
ot C, omoladnmote un undevikn axépoto Tun eivar aAnong, to undév eivan Yevdéc. H ouvOfkn popet
€mloMNG Vo elvar po. oupBorocelpd 1) oL AloTa, 0TV TPAYUATIKOTYTO 0TToLadNTOTE 0koAOVDiae 0TLdNTOTE
ue un undevikd unkog eivow olnbég, kevég axohouvbieg eivar Pevdeig. To TEGT OV YPNOLUOTOLEITAL GTO
mopdderypno ivar o i ouykpLon. O Tumikoi TeheoTtég oUyKpLong ypdgovtal Omtwg ot C: < (ukpdTtepo
artd), > (ueyohitepo amod), == (100 ue), <= (WKPOTEPO 1) i00 pe), >= (ueyahitepo 1) oo pe) Kal ! = (urn ico
Ue).

o 210 cwua Tov Ppoyov VITApYEL coxn: 1 €00y elval o Tpdmtog g Python va opadormolel eviohéc. Zto dia-
dpaoTikd prompt, TPETEL VO, TTANKTPOAOYHOETE €va. tab 1) Kevd(a) yia KGO ypauuy ue ecoyr. Ztnv apakn 0o
TIPOETOLUAOETE TILO TTEPITAOKES eLoaymyEg yia TV Python pe évav emeEepyaot kewévovs Ghot ou aErompe-
meig eneEepyaotés keévou dabétouv Ty duvatdtnta avtduatng ecoyns. ‘Otav ewodyetar o ovvheTn
€VTOAT] OL0dPAOTIKA, TTPEmeL Vo akoAoVOELTOL ATTd (oL KEVY] YPAUUY VLo VA VITOONAMVEL TV OMOKAN P
(0o 0 CUVTAKTIKOG AVOAUTIG OEV UITOPEL VO UOVTEYEL TTOTE TANKTPOAOYNOATE TNV TEAELTOLOL YPOUN).
Znueiwon 6t ke ypapun uéoa oe va Baotkd WThok TpémeL va £xeL TNV idLo GOy,

e The print () 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 i1 is 65536

To 6propa-khewdi end pmopel vo xpnoLoTon el yio TV amroQuyn TG VEaG YPOUUNG ULETd TV £€5080, N Yo
VO TELELWOETE TNV £E080 U o, SLapopeTikr) ouuBoAooeLpd:

>>> a, b =0, 1
>>> while a < 1000:

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

print (a, end=',")
a, b =Db, atb

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

YTIOONHELWOELG
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Meploodtepa epyaleia EAEYXoU Porig

Besides the whi 1e 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 vrdpyovv undév N meplocdtepa uépn el i £ ko to tunua e Lse eivan poarpetiko. To keyword “e11 £7
elvar ouvtopoypapio tov “else if”, Ko givar xpnown yuo va amoguyete Ty vrepfohkt) 0oyt). Mo axolovbio
keyword:/if ... e1lif ... elif ... elvan vwoKOTAOTATO TOV ONADOEWV switch 1) case oV VAPYOVV O Ghheg
YAmOOoEG.

Ed&v ouykpivete v idto Ty pe morhég otabepéc 1 eMEYYETE VIO CUYKEKPLUEVOUS TUTTOUG 1] Y APOKTNPLOTIKA,

wropel emiong va Bpeite yprown t dMiwon match o weploodTepeg hemtopépeles, avatpéEte ato Ilpotdoeis
match.

19




Python Tutorial, Anpooiguon 3.10.18

4.2 Mpotdaocelg for

H dMlwon £or omnv Python dtagépel Alyo amd autd mov pmopet vo éxete ovvnbioer ot C 1 otnv Pascal. Avti va
emavolopfavete Tdvio pua oapdunTiky Tpododo aplbuav (6mtwg ot Pascal) 1) va divete otov yprotn ™) duva-
TOTNTO VO 0pLoEL TOOO TO Prua eavdinymg 600 ko T ovvOnKkn drakormng (Omtwg C),n dhwon ™ Python for
emavohaufavetor Tdve amd to otoyeia omotacdnmote axkolovdiag (Aotag 1 ouuporooelpds), Le T OeLpd oV
eupavitovror otnv akorovdia. Fo tapdderyua (ywpig Aoyomaiyvio):

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

O KOOLKOG TOV TPOTOTOLEL Utat CUAAOYN eV emavolaufavetor Tdvm amd Ty idto cvhhoyn WITOPEL Vo eival
dvokohog Yo va. yivel owotdg. Avtifeta, eivar ouvnBwg o amhd va kdvete loop mdvw amd va aviiypopo
OUALOYNG 1] VO ONULOVPYNOETE Lt VEOL GUALOYN:

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'BERA': 'active'}

# 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 ypeidletor va Kdvete emavdnym oe wa akolovbio apbuwmv, 1 evoouatmwuévn (built-in) cuvaptnon
range () elvol xpnowun. Anuovpyel aplBuntikég Ttpoddovg:

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

S w N e O

To dedouévo telkd onueio dev amotelel TOTE HEPOG TG Tapayduevng akolovbiog: to range (10) dnuovpyei
10 Tpéc, Toug deikteg yia otoryeio wag axolovbiog ufikovg 10. Eivar duvotov va agfioovue to epog va Eekivd
amd dGAro aplBud 1 yro va kabopioete o SLapopetiky TPooavEnot (akdun Kot apvnTik), LEPIKES POPES QUTO
ovopdCeran “Prua’):
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>>> list (range (5, 10))
(5, 6, 7, 8, 9]

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

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

[ va yivouv iterate ou deikteg (o akolovBiag, umopeite va ouvdvaoeTe Tig range () koL len () wg eEng:

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

3 little
4 lamb

ZTULG TTEPLOOOTEPEG TETOLES TTEPUTTMOELS, WGTOCO, ELVaL BOKO VO YPNOLLOTOLYOETE TN OUVAPTNON enumerate (),
deite Teyvikés Looping.

'Eva tepiepyo mpdypa ovppaiver ov arhig EKTUTMOETE VO range:

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

Me oM0VG TPOTOVS TO AVILKEIUEVO TTOV EMLOTPEPETAL OO TO range () OUWITEPLPEPETOL OOV VO, Ebvor o AMota,
oAAG otV TpayuotikoTTa OeV givan. Elvol éva avTiKeiievo mov emoTpépeL Ta SLadoyLkd otoLyetlo TG emtbuun-
g axolovbiog dtav Kdvete emavdinym mdvew Tov, adlhd dev praiver Tpoypatikd ot Mota, eE0IKOVOpmvTag
£TOL Y WPO.

Aépe Ot éva tétolo aviikeipnevo eivaw iterable, dMhad, KATAMNAO ®g 0TOYOG VL0 CUVOPTNOELS KOl KOTAOKEVEG
IOV TEPLUEVOLY KATL OITO TO 0IT0L0 WITopovv va MaBouv dtadoytkd atouyeia uéypt va eEaviindel 1 tpoopopd.
Eidaue 6tL 1 0hwon £for elvol pa TEToLa KATOoKEUT), EVE £va ToPAdeLyILoL GUVAPTNONG TTOV TTaipVveL éva iterable
elvaun sum () :

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

Apyotepa Bo dovpe TEPLOOOTEPEG GUVOPTNOELS TTOV ETLOTPEPOLY iterables Kau Aapfdvouv tovg iterables wg opi-
OoUOToL. 210 KePAahawo Aoués Aedouévav, Bo ovEnTHoovue AeTTTopEPE0TEPA YIOL 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 1 se 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):

(ouvéyela otV emtduevV oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

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

O 00 J o U i WIN -

equals 3 * 3

(Yes, this is the correct code. Look closely: the e1 se clause belongs to the for loop, not the i f statement.)

When used with a loop, the e1se clause has more in common with the e1se clause of a t ry statement than it does
with that of if statements: a try statement’s el se clause runs when no exception occurs, and a loop’s e1lse clause
runs when no break occurs. For more on the t ry statement and exceptions, see Acaycioion EEapéoemv.

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

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

if num % == 0:
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 MNpotaocelq pass

H dhwon pass dev kavel timota. Mmopel va xpnouomotnei dTov oToLTeiTol CUVTaKTIKG pe TPOTaoT, OAAG
T0 TPOYpOULa dev artountel Kapio evépyeta. I'a mopdderypo:

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

Avtd ypnopomoLeitor ouvnOmg yo T dnuLovpyia ELAYLOTOV KAACEMV:

>>> class MyEmptyClass:
pass
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‘Eva 6\ho uépog pass mov umopel va ypmotpnosown el eivar wg place-holder yio pow ouvapTnon 1 10 omua viTd
Opovg Otav epYALenTe 08 VEO KOOLKA, EMLTPETOVTAS OO VO CUVEXIOETE VO OKEPTEDTE O £VAL TTLO APNPTUEVO
emimedo. To pass ayvoeiton oLwmnid:

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

4.6 MNpotaocelg match

Mo SMAworn match malpver o EKppaot Kot ouyKpiver Tnv Tt g we dtadoyikd potifa o divovial wg va
1] TEPLOOOTEPQL UTTAOK TTECDV-KEPAAAIWV. AVTY EIVOL ETLPAVELOKA TTOPOUOLa Le po Tpdtaon switch otnv C, Java
1 JavaScript (kau woMég dhheg YAMOOES), OALA ElvaL TTLO TAPOUOLO UE TNV AVTILOTOLYLON TPOTUTWV 08 YADOOES
omtwg 1 Rust 1) 1 Haskell. Exteheitol povo to mpmto potifo wov toupldler Ko Wropei emiong va eSarydryer otoryeio
(oTouyeio axorovBiag 1 LOLOTNTES AVTIKELWEVO) QITO TV TUUY OE LETOPANTEC.

H amhovotepn popuo ovykpivel wo it Oépatog e éva 1 meptoodtepa literals:

def http_error(status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"
case _

return "Something's wrong with the internet"

ZNUELMOTE TO TEAEVTALO WITAOK: TO «variable name» _ lettovpyel wg umailavrép Ko 8ev OTOTUYYAVEL TOTE VO
TaupLalet. Edv dev taupldel kovéva case, Kovévag oo Toug KhAdoug dev ekTeAeiTOL.

Mropeite vo. OUVOUAOETE TTOAAA YPAUUATO OE VAL LOVO HOTIRO YPNOLUOTOLMVTOG TO | («1)»):

case 401 | 403 | 404:
return "Not allowed"

Ta potipa umwopei va potdLouv pe avabéoelg unpacking, Ko urropovv va xpnotuomotn 0oy yio T cUvOeoT HETO-
BANTOV:

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

Mehetnorte to éva mpooektikd! To mpwto potifo €xer dvo literals, kal umopel vo Bewpnbei wg eméktoom tov literal
notifov mwov paiverol maparmdve. AAMG to exduevo dVo pnotifa ovvdualouv éva literal oe wua petafinty, Kou 1

4.6. Mpotaocelg match 23




Python Tutorial, Anpooiguon 3.10.18

uetopfINT decueder o ) amd to Béua (point). To tétapTo potifo cvAhaufdaver dvo Tég, Yeyovog mov to
K&veL evvoloroytkd apouoto ue v avadeon unpacking (x, y) = point.

Edv ypnowuomoieite KAAOELG YL T o) Twv OESOUEVIV OGS, WTOPELTE VO XPNOLUOTTOLOETE TO OVOUOL TNG KA
oNg 0KoAovBoVpEVO aTtd ULt ALoTa 0pLOUAT®VY TOV LOLATEL e Vv KOTAOKEVAOTY), OAA 1e T duvatdThTOo VoL
OVALOUPAVEL Y OPAKTNPLOTIKG 08 HETAPINTES:

class Point:
Xx: int
y: int

def where_is (point):
match point:

case Point (x=0, y=0):
print ("Origin")

case Point (x=0, y=y):
print (£"Y={y}")

case Point (x=x, y=0):
print (f"X={x}")

case Point () :
print ("Somewhere else")

case _
print ("Not a point")

Mitopeite vo XPNOLUOTOLOETE TOPAUETPOUG BEONG LE OPLOUEVES EVOWUATOUEVEG KAAOELS TTOV TTOPEXOUV ULaL
OELPG YLOL TOL YOPAKTNPLOTIKA ToVg (7T.). KAAoELS dedouévawv). Mmopeite emiong vo oploeTe o, CUYKEKPLUEVN
0£0m YL YOPAKTNPLOTIKA O€ NOTIRa, OPILOVTOG TO ELOLKO YOPaKTNPLOTIKO _ match_args_  ong KAAOELS 00G.
Edv éyeL oplotel og («x», «y»), To. akdhovba potifa eival 6lo toodivoua (Kol oo dEoUEVOVV TO YOPAKTNPLOTLKO
y OT1 HeToPAnTh var):

Point

(1, wvar)
Point (

(

(

1

1, y=var)
x=1, y=var)
y=var, x=1)

Point
Point

"Evag ouvioTOUEVOg TPOTOG Yia Vo, SLaBAoeTe TOL POTIO ElvOL VO TOL OEITE G ULaL EKTETAUEVT LOPEPT] AUTOV TTOU
Ba Bahete oTO OPLOTEPA LLOG AVABEONG, VL0 VO KOTOVONOETE TTOLEG UETAPANTEG Bl 0pLoTOUV 0€ TL. MOV TOL arve-
Edpnto ovopata (Otwg var Tapamdve) eKympovvTal atd wa SHAwon avtiotoiylong. Ovopota ue Kovkkideg
(0nwg oo .bar), OvVOUATA APOKTNPLOTIKMV (Ta x= KL y= TOPATdvm) 1] ovopato kKAdoewv (avoyvmpifoviol
amd 1o «(...)» mov Pploketal dimha dwg To Point mapamdvm) dev avatifevtol Toté.

Patterns can be arbitrarily nested. For example, if we have a short list of points, we could match it like this:

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:

print (f"Single point {x}, {y/}")
case [Point (0, yl), Point (0, y2)]:

print (f"Two on the Y axis at {yl}, {y2}")
case _

print ("Something else")

Mopovue va tpooBécovpue o Tpdtaon i f oe éva potifo, yvwotd og «guard». Edv to guard eivou false, tomatch
ovveyilel yia vo SoKLILAOoEL TO EMOUEVO UTAOK TTECMV-Kepaiaiwv. AGPete vtdym 6t | VAN TG TWNG YiveTol
stpLv o guard aELoroynOei:
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match point:
case Point(x, y) if x ==
print (£"Y=X at {x}")
case Point (x, Vy):
print (f"Not on the diagonal")

IMoAAG Gdha BaoLKd XAPOKTNPLOTIKE VTG TNG OTAmong:

 'Ontwg to unpacking avabéoewv, Ta potifa mAelddag (tuple) Ko AoTtag £xovv akpLBmg TV idto onuaciao Ko
tapLdfovv mpoyuotikd pe avbaipeteg axohovbieg. Mio onuavtiky eEaipeon givar 6tL dev tauptdouvv pe
iterators 1) ouuBoOAOOELPEC.

o Ta potipa akolovbiog vroompilovv extetauévo unpacking: [x, vy, *rest] xou (x, y, *rest)
Lertoupyel mapouola pe to unpacking avabéoewv. To dvoua LETA TO * UITOPEL ETTLONG VAL €ivaL _, OTTOTE TO
(X, ¥y, *_) OVTLOTOLYEL OF (o akohouBic TOVAGKLOTOV dVO GTOLYELWV YWPIG VO dEGUEVEL TAL VITOAOLTTOL
oToLYELL.

o Mortifa avriotoiyiong: { "bandwidth": b, "latency": 1} Katoypdpet Tig Twég "bandwidth™
Kot "latency" amd éva AeEikd. Ze avtibeon pe ta potifa akolovbiag, emumréov KheldLd ayvoolvralt.
Ymootnpiletol emiong to unpacking 0mmwg to * *rest. (AMA to **_ Oa NTov meptttd, emouEvVmg dev emL-
TPETETAL.)

o Ta devtepevovia HoTio PITopPovV va AroTuITwOoUV YpNoLoToLw VTS 10 keyword as:

case (Point(xl, yl), Point (x2, y2) as p2):

0o kataypdapel to deVTeEPO GTOLYELD TNG ELOOOOV WG P2 (EQOTOV 1) €l00d0G elvan (o akolovBio dYo onueiwv)

o Ta meproodtepa literals ouykpivovion pe LodTTA, 00TOCO TO singletons True, False Kot None ovykpivo-
VTOL (E TOUTOTNTO.

o To potiffa propovv va xpNoLuoToLoVy OVOUAOUEVES 0TAOEPES. AUTA TTPETEL VOL ELVAL OVOUOTOL e KOUKKIOEG
YLOL VO UMV EpUNVEVOVTOL G capture UETABANTY:

from enum import Enum
class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:
print ("I'm feeling the blues : (")

T o Aesttopepn) emeEnynon Kou tpdobeta mapadeiyuata, pmopeite va deite to PEP 636 1o omoio eivol ypouyt-
UEVO o€ PoppnN EKUaOmoNG.
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4.7 KaGoplopog Zuvaptnoewy

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 f eiodyel o ouvaptnon optoudg. Mpémel va. axohovBeiton amtd To Gvoua TG oUVAPTNOoNG KoL TN
Mota TV TUTTIK OV Tapapétpwy oe tapévieon. O dmAdoelg mov oynuatiCouy To omua TG ouvdpTnong Eekvolv
OTTO TNV ETOUEVT] YPOUUN KOL TIPETTEL VAL ELVAL EOOYES.

H mtpwtn 8MAmon 10U 0OUATOG TG GUVAPTNONG UTOPEL TPOALPETIKA Vo elvar éva literal guufolooelpdg autd
to literal oupuforooelpdg eivar 1 cupfolooelpd Tekunpimong g ovvaptnong 1 docstring. (Tlepiocdtepa Yo o
docstring propeite va Bpeite oty evotta Svufolooeipés Tekunolwons.) Yrapyovv epyaieia Tov pnouomoLovy
docstrings yLo TV cuTORATY TOPOYWYT SLOOKTUAKNG 1 EVTUIING TEKUNPILMONG 1] YLOL VO 0LPT)TOUV TOV ¥PToTH VO
sepuyn0el dradpaotikd oTov KMALKaA: eival KoAY TPaKTiky vo oupsepthapfavovtor docstrings 0Tov KOHSLKO 1oV
YPAPETE, YLaL AUTO KAVTE TO UV OELQ.

H extédeon pog ouvaptong elodyeL £vay véo TTivako oVUBOLMY TTOU YP1OLULOTTOLELTAL YLOL TLG TOTILKESG UETOPANTEG
™G ovvaptnong. Ilo ovykekpLuéva, OAEg oL EXYMPNOELS UETARANTOV OE ULat OVVAPTNOT AToONKEVOUV TV TLu
OTOV TEVOKO, TOTILKMDOV OUUPBOAWVs EVA 0L AVOPOPEG UETAPANTOV KOLTALOVTAL TPMTO OTOV TTEVOKO TOTLK®OV OULL-
BOM®V, 0TN CUVEYELDL OTOVG TLVOKES TOTKMV CUUBOAMY TV GUVAPTNOEWV TOV TEPLKAELOVY, LETE OTOV TThvaKa
KaBoAK®MV ovuBOrwV KoL, TEAOG, 0TOV VoK EVOOUOTOREVOV ovoudtwv. 'Etol, ol kabohkég uetafintég kol ou
UETOPANTEG TV CUVOPTNOEMVY TTOV TEPLKAELOVV SV UITopoVV va. ekympn00UV mg Lo TLUT) LECA OE (o GUVAPTION
(extdg ehv, yio kabolkég petafntés, mov ovopdfovran oe ma dMAwon global 1, Yo UETAPANTEG CUVAPTHTEDY
mtov epLkheiovy, ovoudtovial g pa dMAmwon nonlocal), av KoL WTOPEL VO AVAPEPOVTOL.

O tpayuatikég mopduetpol (opiopota) oe wo KAoT ouvapTnong EL0AYOVTOL GTOV TOTILKO VALK OUUBOL®V TG
KOALOVUEVNG OUVAPTNONG OTOV aUT) KOAELTOL £T0L, T opiouata ueTafLpdtovtal ypnowpomolwvtog call by value
(6mov 1 value eivar TavTo £va avTikeievo reference, oL Ty Ty Tov oviikelpuévov). ‘Otov o cuvapTnon Kahkel
wor G ovvapTnomn 1 Kahel Tov eautod TG avadpouka, dnuovpyeitar Evog vEog TvaKag TOKMOV ouuBolmy
Yo QUTHY TV KMo,

'Evog oplopdg ouvapTnong ouoyeTiCel To Gvouo TG CUVAPTIONG UE TO OVTLKEILEVO GUVAPTIONG OTOV TPEYOVTA
sivaka ouuforwv. O diepunvéag ovayvmpileL TO AVILKELIEVO OTO 0TTOL0 ETTLONUALVETOL AUTO TO OVOUA WG GUVAP-
T™No1 7oV opiLeTar arrd ToV ¥PHoTH. AN OVOUATO (WTOPOVV ETONG VO DELXVOUV TO (810 OVTLKEILEVO GUVAPTNONG
Ko Wropovv emiong va xpnotuostotnfotv yio tpdofaon ot ouvapTnon:

>>> fib

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

>>> £(100)
0112 358 13 21 34 55 89

[Mpogpyoduevol amd ddieg YAOOOoES, umopel va avutoydeite 0tL to £1ib dev elvor o ouvapTon alhd wo dLadi-
Kaoto, KaBmg dev eMOTPEPEL ULOL TULY. ZTNV TPAYUOTIKOTITA, OKOWUN KoL OUVAPTNOELS Xwplg OMlwon return

I Sty mpayuomikdémra, 1 kAjon ue avagopd avukswévov 0o fTay wa Kalitepy meplypag, kadbg edv petafipaotel éva petapintd
avTkeinevo, o kKahmv Oa deL Tuy OV alhayég Tov KAVEL 0 KOADV 08 0UTO (OTOLYELC TTOV ELTGYOVTOL OF ot MOoTaL).
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EMLOTPEPOVY oL TN, av Ko ndihov Bapeth. Avti n tur ovoudCeton None. H eyypagt| tng tiumeg None amd tov
diepunvéa, v Ba NTav 1 wovN TLun tov ypdpetal. Mmtopeite va 1o deite av To OELETE TPAYUATIKA Y PNOLLOTOLM-
vTag T print ():

>>> fib (0)
>>> print (£ib(0))
None

Eivau ammhd va ypdapete pion ouvaptnon mov emLoTpEpeL o Mot e Toug apbuots g oepdg Fibonacci, avti va
TNV EKTUTTMOETE:

>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result.append(a) # see below
a, b ="Db, atb
return result

>>> f100 = f£ib2(100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Avt to Tapdaderyua, wg ouvnbme, deiyvel puepLkd véa yopaktnpLotikd Python:

o H 0lwomn return emotpépel pue o T oo wa ovvapmon. To return ywpig dpioua £K@paong, mt-
otpé@eL To None. H stdhon tov téhovg uag ouvaptnong emotpépet emxiong 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 ob j 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 KAdoeic) 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], but more efficient.

4.8 MNepLoocotepo yia tov KaBopLlopod Zuvaptrioewv

Eivauw emtiong duvatdg o oplopds ouvapthoemy pe HeTafANTo aptdud optopdtmv. Yapyouv Tpes Loppes, Tov
WITOPOVV VO GUVOVAOTOVV.

4.8.1 Mpoermheypeveg Tipeg Opiopatog

H o gpfiowun gpdpua eivor vo kabopioete pua wpoermheyuévn tun yio €vo M meplocdtepa opiopota. Avtd on-
ULOUPYEL ULt GUVAPTN O TTOV UItopel vo KhNOel e Mydtepa oplopota amd autd mov €yl opioet 0TL emtpémer. [
mopdderyuo:

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'):

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

return False
retries = retries - 1
if retries < 0:

raise ValueError ('invalid user response')
print (reminder)

Avti 1 ovvdptnomn uropel va kKAnOei pe dudipopoug tpdTovg:
* divovtog wovo to voypemTikd dploua: ask_ok ('Do you really want to quit?')
* divovtag éva amd To TpoaLpeTikd oplopota: ask_ok ('OK to overwrite the file?', 2)

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

Avutd 10 Tapaderyua elodryel emiong to keyword in. Avtd ehéyyel edv o axohovbia mepLE el 1 OxL WO CUYKE-
KPLUEVT TLu.

Ot poemheyuéveg TEG 0ELOAOYOUVTOL OTO ONUELD TOV OPLOUOD THG CUVAPTNONG 0TO NEdi0 TOV 0pileTat, £TOL
WoTe

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

0o eKTUTTOEL 5.

Inunavrkn tpoewdomoinon: H mpoemheyuévn tiuy oElohoyeiton pdvo pio popd. Avtd Kavel ) dagpopd otav 1)
TPOETAOYT) gival £va LeTaBANTO aviikeipevo, Omtmg wa Mota, AeELkd 1) otydtuma Twv Teplocotepmy KAAoemV.
[No wopdderyua, 1 okdLovdn oVVapTNOT CUCoMPEVEL TO OPLOOTA TOV SLABATOVTOL OF AUTO OF ETOUEVES KAT|OELG:

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

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

Avto 00 eKTVTTOOEL

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

E&v dgv 0éhete va yivetan Kowvn) xpnom Thg TPOemAOYNG UETAED TmV ETOUEVMV KAOEWY, Utopeite va ypdapete
TN oVVAPTHOT WG eENG:

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

OL OVVAPTHOELG WTOPOVV ETTLONG VO KANOOUV pNOLUOTTOLMVTAG TO keyword arguments T Lopgng kwarg=value.
T Topdderypa, Thv akolovdn ouvapTnon:

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, "!")

déyeTou £vor atanTovuuevo Opopa (voltage) Ko Tpic TpoaLpeTikd opiopata (state, action, Kol type). Avt)
1 CUVAPTNON WiTtopel vo. kKANOel ue 0moLovonmote amd Toug akdAovboug TPOTOVG:

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

odG Oheg oL akOhovOeg KAToeLg Oa fltav 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 wo kKAnon ovvdptnong, to keyword opiopata mpémel vo akohovBouv opiouata Béong. ‘Ola tao keyword opi-
oUorToL ToU SLoPBALOVTOL TTPETTEL VOL TOLPLALOVY UE EVOL OTTO TO. OPLoILOLTA TTOV YivovToL dekTd autd T ouvapTnon (..
1o actor dev eivol £YKupo OpLOUa YLoL T OUvApTNOoT parrot), Kat 1 S1itakn toug dev eivol onuovitkr]. Avto
sepLapBavel etiong un TPoaLpeTLka opiouata (.. parrot (voltage=1000) eival emiong éykvpo). Kavéva
OpLopa dev wropet var MAPEL pLat Ty TEPLooOTEPES OTtd Uit Popég. Akohovbel £va Topdderyo Tov amoTuy Vel
AOY® auTOU TOV TEPLOPLOUOUV:

>>> 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 vITtapyeL PLo. TEAMKY ETLONUT TUPAUETPOG TNG LOPPNG * *name, haupdvel Eva AeEuko (deite typesmapping)
mov epLéyeL Oha ta keyword opiopota EKTOG 0To CUTE TOU AVTLOTOLXOUV OE L0L ETLON T TOPAUETPO. AUTO (WTOPEL
VO OUVOVOLOTEL PE (0L ETTLONUY TOPAUETPOG TG LOPPNG *name (TToV TEPLYPAPETAL GTNV ETOUEVY] VTTOEVOTNTA) N
omoia houfdver éva tuple tov mepLéyeL Ta opioparta 0¢ong mépa amd v emionun Aota topapétpov. (To *name
TIPETEL VO EUPAVICETOL TTPLV atd To * *name.) [ mapdderyua, ov opioovue po ouvapTon OTmwg avT:

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])
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Mitopei vo KaheoTel KAmmg €Tot:

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 uOLKd 0ol EKTUITMOoEL:

—-— 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

client : John Cleese

sketch : Cheese Shop Sketch

Adfete viioym OTL M) oeLPa pe TV omolo ektummvovtal To keyword opiopata givan eyyunuévn Ot ToupLaler ue
OeLPaG e TV omoia dOOMKAV otV KAMO1 TG CUVAPTIONG.

4.8.3 EWBLKEG MapApeTPOL

A6 poemAoyn, TO OPLOUTO UTTOPOVV VA UETABLBAOTOVV 0g o ovvdption Python eite pue Bdorn ) Oéon eite
pNTé ue to keyword. ot avayvooludtnta Ko arddoon), ivat LoyLKo Vo, TEPLOPLOTEL O TPOTOG UE TOV 0TTOl0 UITo-
POUV VO TTEPAOOVY T OPIOUOTAL, ETOL DOTE EVOG TPOYPAUUOTIOTIG VO UNV XPELALETOL VO KOLTAEEL TOV OPLOUO
NG OVVAPTNONG YL VA TPoadlopicel edv ta atorxeio petafipatovrol Katd Béon, kotd 0éon N keyword, 1 xotd
keyword.

"Evog 0pLopdg ouvapTnong Wtopel vo. LoLACeL e auTo:

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

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

6mov TaL / Ka * givan tpoaupeTika. Edv xpnowomorotvral, autd to oUuBoro virodelkviouy To 100G TG Tapol-
UETPOUG UE TOV TPOTTO TTOV TO OPLOUATO WITOPOVV VO LeTaBLpaotovv ot ovvdptnomn: wovo Béong (positional-only),
0éomg 1 keyword (positional-or-keyword), ko woévo keyword (keyword-only). O keyword apduetpol ovogpépovol
ETLONG WG OVOUOLOUEVES TTOPAUETPOL.

Mapapetpor ©€ong 1 Keyword

Edv ta / Kau * dev umdpyouv otov oploud TG CUVAPTNONG, Ta Opiopate WTtopovv vo UeTaPLBaoTovv o pa
ouvaptnon ava Béon 1 Katd keyword.
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Mapapetpol Mévo-©€ong

EnaveEetdlovtag avtd to Oéua Myo mo Aemtouepmg, eival Suvatd va eTLoNUAVETE OPLOUEVES TTAPAUETPOVG WG
uévo Oéong.Eav udvo Oéong, | 0eLpd TOV TOPAUETPWV E£XEL ONUAOLO KOL OL TTAPAUETPOL OEV UITOPOUV VAL UETOSL-
Baotovv pe keyword. Ou mopduetpor povo Bomng tomobetovvtan mpLv amd éva / (Tpog To eunpds-kadbetoc). To
/" “xpnoiponoteitatr yia va Sraywploetl Aoyilkd Tlg mapapétpouc pdévo Béong and Tig
unéroinec mapapéTpoug. EAv Sev undepyel TO |/ GTOV OPLOUO THG GUVAPTNONG, OEV UITAPYOUV
moapdpeTpol wovo BEong.

O apdpetpol Tov akolovBovv to / wropei va eivon Oéong 17 keyword W) uévo keyword.
Opiopata povo Keyword
[0 v ETLONUAVETE TIG TAPAUETPOVS WG udvo keyword, VITOSELKVVOVTAG OTL OL TAPAUETPOL TTPETTEL VAL TTEPATOVY

a6 to keyword dplopa, ToobeToeTe £va * 0T MoTo 0pLOUATOV OKPLBOGS TTPLV QT TNV TPD TN TOPAUETPO (SVOo
keyword.

Mapadeiypatra Zuvaptioswyv

Zre@TelTe Ta akOAOVOA TAPUELYIATO OPLOUDY CVVAPTHOEWV divovTag LOLiTEP TPOoToYT) 0ToVG delkTeg / Kol
* -

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

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

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

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

O mpWTOGg 0PLONOG CUVAPTNONG, standard_arg, 1 O OlKelo poper), dev BEteL meploploios oty ovupaon
KAHONG KoL TO OPLOUALTO. WITOPOUV Va TTEPATOVY artd O€on 1) artd keyword:

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

H devtepn ouvaptnon pos_only_arg meplopiletal ot xpnon novo mapauétpov 0¢ong kabwg vrapyel Eva /
0TOV 0pPLOPOG TG CVVAPTNONG:

>>> 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:
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>>> 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 Ko TG Tpelg ovuBaoelg 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)
123

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
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, €EeTGoTE AUTOV TOV 0PLORO CUVAPTNONG Tov €xel o Thav ovykpovon uetaEl Tov opiouatog Béong
name KoL **kwds mov €ygl g KAeldl To name:

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

Aev vrdipyer kopio havi| KAHon ov Ba Ty Kavel va emotpéetl True kabwg to keyword 'name ' o cuvdéeta
TAVTA PE TNV TPDTN Tapauetpo. Ta mapdderyua:

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

A xpnowpomolmvtas / (opiouato povo Béomg), elvar duvatd Kabmg emttpémel 1o name wg Oplopa BEong Ko
T0 'name’' wg kAewdi ota keyword opioporta:

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

return 'name' in kwds
>>> foo (1, **{'name': 2})
True

Me dAha AOyLaL, TAL OVOUOTO TWV TOPAUETPWOV WOVO BE0NG wtopov va xpnouuormot0ovv o * *kwds ywpig Aod-
(ELOL.
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Avakepalaiwon

H siepimtoon ypnong 0a kabopioel moleg mopapétpoug Oa xpnotuomotn0ovy 6Tov opLopud TG CUVAPTNONG:

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

Qg Kabodnynon:

o Xpnowpomoorte T 0€on novo edv BELETE TO OVOUO TOV TOPAUETPWY VA NV givar drabéouo oto xphHot.
Avto gilvar xpNoLo 0Tay o OVOUOTA TAPAUETPMV EV £X0UV TPAYUATIKO vOnua, edv dev Oéhete va emifBa-
AETE TN OELPG TV 0PLOUATMOV OTOV KOLELTAL 1] CUVAPTNON 1) AV TPETEL VO ANPOOUY 0PLOUEVES TOPEUETPOL
0éomng xat avbaipeta keywords.

o Xpnowwomorfote keyword povo otav ta ovouato £xouv vomua KoL o oploudg TG CUVAPTNONG Elval TTLo
Katovontog otav elvol pnTog te ovouota 1 OEleTe Vo amoTpéete Toug ¥p1MoTeg va Paciloviol oty Béon
TOU ETLYELPNUOTOG TTOV UETOPLPATETAL.

o To éva AP, xp1oLpomot)ote To povo BEoNG yLo vo. atoTpéPeTe T dLakorm) Ty aAhaymv toug APL, edv 1o
OVOUOL TNG TTOPAUETPOV TPOTTOTONOEL 6TO UEMLOV.

4.8.4 Aioteg AuBaipetwyv OpLopatwyv

Télog, ) MyOTEPO GUY VAL Y PTOLUOTTOLOVUEVT] ETULAOYT ELVOL VOL OPLOETE OTL (Lt CUVAPTNOT) WITOPEL VoL KANOEL pe Evav
avBaipeto apBudg opropdtwv. Avtd to opiopato Ba TvlyBolvv oe wa mhewdda (tuple) (Bh. IMAewddes (Tuples)
kar AkolovOieg). TIpwv amd tov ueTafAntd aplbpd oplopdtwv evogyetal va TpokuPouv undév 1 mepLocoTepa
KOVOVIKG oplopataL.

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

Kavovikd, autd ta variadic opiopota Oa givol tehevtaio 0T MoTo TV ETONU®Y TAPAUETPMYV, ETELDT) OUALEYOUV
ko T vTdAoLTO oplouorTa £L00dOV TOV peTAPLBACovToL ot GuVAPTNOY. OTOLEGONTOTE TUTTLKEG TAPAUETPOL
IOV gppavilovral PeTd TV TapaueTpo *args eival “uovo keyword” oploporta, Tov onuaiver 0Tl WTopouv va
ypNnooomBotv uovo mg AéEeic-kheldid kat OxL wg opiopata BEong.

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

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

'earth.mars.venus'

4.8.5 Unpacking Aioteg OpLopatwy

H avtiotpogn katdotaon ovpfaivel 0tav ta opiopato fpiokoviol dn oe pwa AMota 1) mheldda (tuple), adhd mpé-
TTEL VO AITOCVITLEGTOVV YLO. [LOL KATO1) GUVAPTNONG TOV AITOLTEL EeympLotd opiopato Bong. Mo mapdderyua, 1
evoopatwuévy (built-in) ouvépton range () avapévelr Eexwplotd start Ko stop opiopoto. Edv dev eivor dtabé-
olua EeYwpLoTd, YpoPTe TNV KAHOT CUVAPTNONG UE TOV *-TEAEOTI] YO VO ATTOCVWITLECETE TO. OPLOUATA ATt UL
LMota 1 Thewdda (tuple):

>>> list (range (3, 6)) # normal call with separate arguments
[3, 4, 5]
>>> args = [3, 6]

(OVVEYELAL TNV ETTOUEVT OELLOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

Me tov id1o TpdITo, To AeELKa wtopouv va apadidovy keyword opiopato (e Tov * *-teleot:

>>> 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 !

4.8.6 Ekppaocelg Lambda

Mitopotv av dmuovpynBotv WKpPEG avmvureg ouvaptnoelg ue to keyword 1ambda. Avty 1 cuvapTtnon €TL-
otpépeL To dbpolopa Twv dvo oplopdtwv TG lambda a, b: a+b. Ou cuvoptioelg Lambda pmopoiv va
¥ PNoLoToBouv dmov asontovvTal avTikeipeva ouviptnong. [eplopilovral GuvTaKkTikKG o€ tict Lovo EKpPOo).
ZNUAoLOAOYLKA, eival athmg syntactic sugar yio Evov opLlopd Kavovikng ovvdptnong. Omwg ol oplopol évoetmv
oUVaPTIHOEMV, 0L OVVAPTNOELS lambda putopovv va tapaméumovy oe PETAPANTES 0Td TO TTedLo TOV TEPLEYEL:

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

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

42

>>> £ (1)

43

To mopamdve Topdderyua xpnowwomotei o Ekgpaot lambda yio va emiotpéper o ouvaptnon. Mo GAn xpnon
elval 1 HeTadoo oG kpg ouvaptnong wg dpLopa:

>>> 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')]

4.8.7 ZupBoAooelpeg Tekunpiwong

AxorovBoUv opLopéves ovpuPaoels oyeTiKd e To TEPLEXOUEVO KaL T LLOPPOTTOLNTT) TWV OUUBOLOTELPDV TEKUNPL-
WoNG.

H mipdn ypouun tpémer var eivon Tévto (o GUVTouT], GUVOITTLKY TEPIA P Tov 0KOTTOU TOU avItkeluévou. Tia
OoUVTOWLO, OEV TIPETEL VO VOLPEPEL PNTA TO OVOUE 1] TOV TUTTO TOU OVTLKELUEVOD , KaOmg ovtd eivar drabéaiua
ue dAho péoa (extdg €0V TO OVOROL ELval PYLOL TTOV TTEPLYPAPEL T AELTOUPYLO TG CUVAPTNONG). AUTH 1] Ypouun
TIPETTEL VOL EEKLVAL LE KEPOAALO VPO KOL VO TEAELDVEL LE TENELOL.

Edv vmapyouv meploooTtepeg YPOUUES 0TI CUUBOLOOELPA TEKUNPLWONG, 1) devTepn Ypauur Oa mpémel va eival
Kev), dlawpifovrag omtikd ™) ovvoyn amd v vrodhoutt) mepLypagt]. Ou akOLoUOEg YPOUUES TIPETEL VOL ELVALL
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uio 1| TEPLOOOTEPES TOPAYPOLPOL TTOV TEPLYPAPOVY TIG CUUPACELG KAONG TOU OLVTLKELUEVOV, TLG TIOAPEVEPYELEG TOV
K.ATT..

O parser g Python dev agaipet v ecoyr| amd ta literals g ovpporooelpdc Tolamv ypauumv oty Python, ero-
uévmng ta gpyodeia mov eneEepyalovToL TNV TEKUNPIimaT) TPETEL VO APOLPECOVV TV 00T €AV glval embuunto.
Avtd yivetal xpnowwomotmvtag v akdhovdn ovupaot. H mpdn un kevi|] ypouur| getd v mpot ypauun mg
ovpporooelpdc kaBopitel To péyedog tng ecoyng yro oAdKAN P TN oupforooelpd TeEKUNPLwong. (Aev uTopovue vo
YPTOLULOTTO)OOUUE TV TIPMTY YPOUUT 0LPOV ELVaLL YEVIKA SLTTAC OTO ELOOYMYLKA TG OVUBOLOTELPAS, ETOUEVG N
egoyn tng dev elval epupavig oto literal Tng ovuBorooelpda.) To Kevd dLAoTNUO «LOOdVVAUO» GE QUTNV TNV ECOYN
OPOLPELTAL OTY) CUVEYELX OTTO TNV 0PYT] OADV TV YPOUU®Y TG oVUPBorooelpdc. Ou Ypauuég Tou £Xouv iKpoTepn
eooyn dev Oa mpémeL va eupaviCovtar, ahhd av eupaviotovy 0a mpémel vo ogporpedel 6Ao To apyLkd Kevo TovG.
H woodvvapio tTmv Kevarv diaotnudtov Oa spémer vo eEéyyetanl PeTd TV eTEKTOON TOV KapTehdv (o€ 8 Kevd,
KOvoViKa).

AxohlovBel évo tapaderyua evog morhamhmy ypauudv docstring:

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

No, really, it doesn't do anything.

mmn

pass

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

No, really, it doesn't do anything.

4.8.8 Annotations Zuvaptrioswyv

To Function annotations €iva evielmg TPOALPETLKES TANPOPOPILES LETADEDOUEVIV TYETLKA UE TOVG THITOVG Y PNOL-
norotoVvToL ad ouvapTNOoELS Tov kabopilovrar amd to xpnotn (dsite PEP 3107 xou PEP 484 yio meploodtepeg

TMNPOPOPLES).

Annotations are storedinthe __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 def 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'
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4.9

Intermezzo: Ztul Kwdika

Topa o TpdKeLtaL va ypdpete ueyohitepa, kot tto ovvleta Kopudtia tg Python, eivol ) katddinin otyun va
WANOETE YL 6TVA Kddtka. OL TEPLOCOTEPES YADOOES LWITOPOVV VAL YPOLPTOUV (1] TTLO GUVOTTTIKEGS, LOQOPOTOLNUEVES)
0€ JLALPOPETIKG OTUA: LEPLKEG €LV TTLO EVOVAYVWOTEG atd Glheg. To va dlevkolivete Tovg dGAhoug va dLadoovy
TOV KOOLKO 00G eival mdvto pa Ko éa kot 1 viodEton evdg wpaiov otuk Kodiko onddel mdpa okl oe

ouTo.

[ v Python, to PEP 8 éyeL avadewyBel wg 0dnydg o6Tuk 0TOV 07T0i0 TNPOoUV T0. TEPLOGOTEPQ EPYQ- TPOWOEL £Val
oMY EVOVAYVEOTO Kat evyapLoto otul kwdika. Kade mpoypappoatiotig Python Oa mpémel va to dtofdoel kol
onyun €dw elval T o onuavTikd onueia tov eEdryovton Yo e0dc:

Xpnowomolnote €00y 4 dlaotnuatwv kow oyL tabs.

Ta 4 kevd eivan évag Kahog oupBipaouds ueta&l g ukpng ecoxng (emtpémel peyohitepo Babog enpm-
Levong) KoL ™G ueyaing eooyng (evkorotepn oty avayvmon). Ta tabs dnuovpyodv cuyyvor, Kou eivo
KaAOTEPO VO Tapaueivouv améEw.

TuAMETE TIg YpoUUEG £TOL hoTE VO unv vItepPaivouy Toug 79 yapakthpec.

Auto Bon0d Tov yp1oteg ne wKpég 000veg Kat kablotd duvart Ty UtapEn ToA®V apyeimv Khdika dimha-
dimha og peyalitepeg 000veg.

XpPNOLUOTTOLEIOTE KEVEG YPOLUES YLOL VO LA WPLOETE CUVAPTHOELG Ko KAAOELS KoL HeYaA)TEPO UITAOK K-
KoL GO CUVOPTNOELS.

‘Otowv givar duvatdv, Bdhte oyxdla o€ Lot dLKY) TOUG YPOoUU.

Xpnoipomowote docstrings.

Xpnoomorjote Keva yopw ortd Teeotég KoL uetd amd kopuata, o oxL amevbeiog péoa de douég orykv-
Movia = £(1, 2) + g(3, 4).

Ovopdiote TG KAMAOELG KOl TIG OUVOPTNOELS O0G UE OUVETELA: 1) oVpPaorn €ivar vo YXP1NOLUOTTOLE(TE
UpperCamelCase yio LG KMAOELS KoL lowercase_with underscores yLo TIG CUVOPTIOELG KOL TIG
uebodoug. Xpnoworoteite wavta 1o sel £ wg dvoua o to TpdTto dpopa uedddov (deite Mia modrtn uotid:
otig KAdoeig yio teplocdtepa oxeTIKA e TG KAAOELG KoL Tig uefddovg).

Mnv xpnowosoLeite pavtaytepés KMOLKOTOLOELG EAV 0 KMOLKOG OGS TPOOPILETAL VO YPNOLUOTOOEL O
debvn mepLpdihovta. H mpoemroyn tg Python, UTF-8, 1| axdua kaw to amhd ASCII Aettovpyovv koritepa
oe KGOe meplmtwon.

Ouoiwg, un ypnoworoieite yopakthpeg mov dev eivar ASCII oe avaryvoplotikd edv vtdpyer LOvVo 1 o
pouLkpy mhavoTNTo oL AvOpwIToL IOV WAOUV dLapopeTikT] YAwooo va dtofdoouv 9 va dtotnpfcovy tov
KOOLKO.

YTIOONHELWOELG
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KEGAAAIO D

AopEg Asdopgvwv

Autd T0 KePAAaLo TTEPLYPAPEL OPLOUEVO TTPAYLOTA Ta OTToloL £XETE WADEL 1101 UE TEPLOTOTEPES METTTOUEPELES KOLL
tPooOETEL ETIONG UEPLKA VE.

5.1 MNeploocotepa yua tTIg Aioteq

O timog dedouévmv Motag €xel puepikés axoun nedddovs. AkohouBovv Oheg oL néO0dOL AVTLKELEVOV TOTTOV Ai-
otog:

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)
Ewdryer éva otouygeio og o dedopévn Béon. To mpwto dpLopa eivar to index tov gToLyeiov mpLv ad To
omoio Ba ewoaybei, emouévg a.insert (0, x) EOGYETOL OTO UITPOOTLVO UEPOG TNG MOTAC, KAL TO & .
insert (len(a), x) wWo0dLVAuEL ue a.append (x).

list.remove (x)
Kartopyel to tpdto otouyeio amd ) Moto tov omoiov 1 Ty lvan ion e x. Kdve raise 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 al[:].
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list.index (x[, start[, end] ] )
Emotpépel To undevikd index ot MoTa TOU TP®TOL 0TOLYELOV TOV 0TTOl0V 1) TLuY) eivan ton e x. Kdvel raise
é¢va ValueError eGv dgv vtdpyeL TETOLO OTOLYELO.

Ta mpoarpetikd oploporta start Kou end epunvevovTaL OTwg 0T ONUELOYPOpia slice KoL yPNOLLoTOLoVVTOoL
YLOL TOV TTEPLOPLOUO TNG avalnTnong O€ Lo CUYKEKPLUEVY vmoakolovdia g AMotag. O emotpepouevog
delKkTNG vIToAOYILETOL OE OYEON PE TNV QPN TNG TANPOVG akohovBiag avti yia to dpLoua start.

list.count (x)
Emotpépet Tov aplBud Tov Qopdv mov eugpaviteTol 1o x ot AMota.

list.sort (*, key=None, reverse=False)
Ta&wvouei ta oToLyeia ™G AMotag ot 001 Tovg (T 0plopaTa LITOPOVY VoL YPNOLUOTTOOOVV YL TPOCOP-
woyn ta&wvdunong, Pr. sorted () yio tv €ENyNon tovg).
list.reverse()
Avtiotpégel To otolyeia g AMotag ot 001 Tovg.
list.copy ()
Return a shallow copy of the list. Equivalentto a [ : ].

"Evo Tapdderypa mov pnouomoLel Tig TepLocotepes amd Tig uebddovg g Motog:

>>> 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

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’

Mmopei va €yete mapatnpnoer 6t uébodol 0wg insert, remove or Sort TOV TPOTOTOLOVV UOVO T AloTal
deV £Y0UV EKTUTOUEVY TUW) ETLOTPOPNC — EMLOTPEQPOVY To poemheyuévo (default) None.! Avti) eivar wa apyn
OYEDLOOUOV YL OAEG TLG METAPANTES douég dedouévawv otny Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello', 10]
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+4j < 5+77 isn’t a valid comparison.

1 AMeg YAOOEG eVOEYETAL VO EMOTPEYPOVY TO UETAMOYUEVO OVTLKELUEVO, TO 0TTOLO EMLTPEMEL TNV OAVOLOMTY EKTELEON UEDGSWV, dTTWG
d->insert ("a")->remove ("b")->sort () ;.
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5.1.1 Xpniotn Aotwyv 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 ()

>>> stack.pop ()

>>> stack
[3, 4]

5.1.2 Xprion Alotwv wg Oup€g (Queues)

Eivau emiong duvatd va ypnowwomon el pa Alota mwg ovpd (queue), O7T0v T0 TPHTO 0TOLYELO TOV TPOCTIOETAL ElvaLL
TO TPWTO OTOLYELO OV avaktatol («first-in, first-out») « WOTO00, OL MioTES dEV VOl ATOTELEOUOATIKEG YLOL AUTOV
tov okomd. Eve to va mpoobéoelg kal va agpalpéoels (otoryeio) oto Téhog TG MoTag eival ypNyopo, Kavovtog
QUTEG TG TTPOOOETELG KL TLG ApOLPETELS (OTOLYELMVY) 0TV apyn TG MoTta eivar apyd (emewdn Oha To oToryeio
TPETEL VO, UETATOTLOTOVV KATA £VAL).

[o va epapudoete o oupd (queue), xPNOLWOTOL0TE TNV collections . deque 1) omolo OYESLAOTNKE YL VO
éxeL ypfyopeg mpoobioelg Kot agpapéoelg Ko amd To dvo dxpa. o mapdderypa:™:

>>> 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 Aiotag

Ta comprehensions Motog mapéyovy €va cuvortikd Tpdmo dnuovpyiog Aotmv. Ou ouviBelg eQopuoyEés eiva
1 dnuovpyio véwv Motdv dmov kdbe otouyeio eival To amotéleoua Kdmolwv TpdEewv Tov epapuoOovTaL g
K& uélog wog ahng axorovbiag 1 iterable, 1 1 dnuovpyia wag vtoakorovdicg OVTOV TOV GTOLXELWVY TOV
LKOLVOTTOLOUV L0 GUYKEKPLUEVT] CUVOTIKY).

To Tapaderyua, ag vrodéoovue ot OELovUE VO dNUOVPYHCOVUE Pl MOTO TETPOYMVMY OTTMGC:
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>>> squares = []
>>> for x in range (10):
squares.append (x**2)

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

Adfete vroPn 6TL autd dnuovpyel (N avitkablotd) wia petainty pe to dvopa x mov eEokolovdel va vtdp-
¥eL Letd TV ohokANpwaon tng loop. Mmopove vo vToloyicovpe T AMOTO TWV TETPAYDVOV YWPLG TOPEVEPYELES
XPNOLULOTTOLMVTAG:

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

1, LoodVvauaL:

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

TTOV ELVOL TTLO CUVOTTTIKO KO EVOVAYVIOTO.

'Evo. comprehension Motog amoteleltor amd ayKUAES TOU TEPLEYOVV (Lo EK(PPO.oT akohovBovuevy amd o Ttpd-
taon for, ot ovvéyxela undév 1| epLocdTepeg mpotdoelg for N if. To amotéheopa Ba eivor wua véa Moto o
TPOKVITTEL 0TTO TV 0ELOAOYNON] TG £KQPOONG O0TO TACLOLO TV TPOoTAoewv for kol 1 £ wov TV akokovBovv. T
mopdderyna, avtn 1 Moto ouvovdtel ta otouyeio d0 MoTmY eqv dev eivan ioeg:

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

KO LOOOUVOEL UE:

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

ZNUELMOTE TTOG 1) OELPA TV dAdoewv for Kot i £ eivar idua ko ot 00 ATooTATUOTAL.

Edv 1 éxgpaon givar mhelddo (7. T0 (X, y) OTO TPONYOVUEVO TAPAIELYIAL), TTPETEL VO UITTEL O€ TOPEVOEDT).

>>> 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 list 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)

(ouvéyela otV emduevn oehida)
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>>> [(x, x**2) for x in range (6)]
[0, 0), (1, Ly, (2, 4), (3, 9, (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6)]
File "<stdin>", line 1
[x, x**2 for x in range(6)]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3]1, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Liotag umopel va mepléyovv oVvheTeg eKpPACELS Ko £VOETEG OLVAPTNHOELS:

>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
[*3.1', '3.14', '3.142', '3.1416', '3.14159"']

5.1.4 Comprehensions EvOetwv AloTtwv

H apyxn éxgpoon og éva comprehension MoTog Uropei va givat 0moladNnmote avdaipetn EKQPOoT), CUUTEPLALLL-
Bavouévng evdg dhhov comprehension Alotac.

ZrepTelTe To akOAoV00 Tapaderyua wag uitpog 3x4 mov vhomowndnke g pao Alota 3 Motdv unkoug 4:

>>> matrix = [
[1, 2, 3, 41,
[5, 6, 7, 81,
g, 10, 11, 121,

To axo6lovBo comprehension Aiotag Oa petapépel ypouuég KoL oThles:

>>> [[row[i] for row in matrix] for i in range (4)]
ey, 5, 91, 12, 6, 101, I3, 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
tee, s, 91, (2, e, 101, (3, 7, 111, [4, 8, 12]]

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

>>> transposed = []
>>> for i1 in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append(row[i])

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

transposed.append (transposed_row)

>>> transposed
(1, 5, 91, (2, 6, 101, [3, 7, 111, [4, 8, 12]]

Ztov mpoyuatikd Koouo, Oa mpémel va mpotiudte TG evoopotopéveg (built-in) ouvapmnoelg amd TG ovvOeteg
evtolég pong. H ovvdptnon zip () Ba ékave eEalpetiki] SOUAELd YLa QUTNV TNV TEPITTWON YPHONG:

>>> list (zip(*matrix))
(1, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

Agite Unpacking Alotes Ootoudtamv Y100 \eTTOUEPELES OYETIKA UE TOV CLOTEPIOKO O€ QUTHY TN YPOUWY.

5.2 H diAwon 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 al[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

(]

To del umopel emtiong va ypnotpomomOel yio ™) dtarypa@r) oAOKANp®VY petafAnTav:

>>> del a

H avagopd oto dvopa a 0to eENg eivar éva oo (Touhdytotov uéypL vo Tov eKywpn sl dAin tium). Oa fpodue
dhheg yphoelg yio to del apyodtepa.

5.3 MAeLadeqg (Tuples) kat AKoAouBieg

Eidaue 6t oL Aloteg Ko oL ouufBorooeLpéc (strings) £xovve TOAES KOLVES LOLOTNTEG, OIS AeLToUpYies indexing Ko
slicing. Eivaw 800 mapadeiynato tomov dedouévwv sequence (deite typesseq). Aedopévov 0tL 1 Python eivan o
eEeMooouevn Yoo, alhot tustot dedouévmv akorovbiog uropovv va mpootefovv. Yrdpyel emiong évag dAhog
TUITKOG TUmog dedouévmv akolovbiag type: the mAeidda (tuple).

Mua hetdda (tuple) ammoteleitan amd Evav aplbud TV oV YWPILOVTOL UE KOUUOTA, VL0 TTOPASELYLOL:

>>> t = 12345, 54321, 'hello!'
>>> t[0]

12345

>>> t

(12345, 54321, 'hello!")

(ouvéyela otV eoOUEV oerda)
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>>> # Tuples may be nested:
u==zt, (1, 2, 3, 4, 5)
>>>
((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

(L, 2, 31, 3, 2, 11)

‘Onwg Brémete, oL mherddeg (tuples) otnv €080 mepukheiovion TdvTo o€ mapevOEaeLs, £ToL ote oL évOete Thelddeg
(tuples) va epunvevovtal 6woTde PITOPoVV va. eloayfovv pe N ywpig meptarlovoeg mapevhEoELg, av Kal Guyva
oL mapevOEoeLg elval amapaitnteg ovTtwg 1 AAAWS (av 1) heldda eivar uépog wog peyahitepng Ekppaong). Aev
elval duvaty 1 OVILOTOLYLOY 0 UELOVOUEVA OTOLYELD WA TAELADAS, MOTO0O gival duvaTd vo dnuovpyndovv
mhelddeg (tuples) wou mepLéyovy uetafintd avrikeipeva, dmmg AMotec.

Av xau oL Theladeg (tuples) UTOPEL VAL POIVOVTOL TTAPOUOLES UE MOTEG, XPNOLUOTOLOVVTOL CUYVA O SLOPOPETIKEG
KATOOTAOELG Ko YLo dLopopeTikos okomovs. O mhewddeg (tuples) eivan immutable, kow cuvnOmg ePLEXOUV pLaL
etepoyevn akolovBio otolyeiwv ota omoia 1) tpdoBaon yivetow uéow unpacking (deite mopakdtw o OVTHY TV
evotnta) N to indexing (M| akoOUO Kol KOTE YOPAKTNPLOTIKO 0TV Ttepimtwon namedtuples). Ou Moteg eival
mutable, KOL TO. OTOLYELO TOUG €lval GUVNOMG OUOLOYEVY KoL TTPOOTENALOVTAL [ ETAVAAYY 0T MoTO.

"Eva edkd mpopinua eivor 1 kataokevt| mhetddwv (tuples) ov meptéyovv 01 1 otouyeio: ) ovvtaln €xel kamoteg
emUTAEOV 1OLOPPUBLUIES YO VO TIG TTPOoTaprdoeL. O Kevég TAELAdES KOTAOKEVATOVTOL 0Ttd €va Kevd Cevydpl mo-
pevhéoewv, wo mheldda (tuple) pe £va otolyeio dnuovpyeitan oaKolovdmVTaG to Ty we Koupo (dev apkei vo
meptkAgleTaL pa WOvo Tun o€ TopevOEoeLs). Aoynuo, odld amoteheopatikd. o mopdderyuo:

>>> empty = ()

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

0

>>> len(singleton)

1

>>> singleton

('"hello',)

Holwont = 12345, 54321, 'hello!' elvol éva mapdderyna tuple packing: oL typuéc 12345, 54321 Ko
'hello! "' elvou ovokevaopéveg poli oe wa hewdda (tuple). H avtiotpopn Aettovpyia gival emiong epukT):

>>> x, y, z = t

Avutd ovopdletor, apKeTd omWOTh, Sequence unpacking Kou AELTOUPYEL Yo ortoladnmote akorovBia oty deELd
mhevpd. To sequence unpacking astortel vo vrdpyovy TOoeg UETAPANTEG GTNV 0PLOTEPY TAEVPE TOU SUUPBOROU LG0-
TG 600 oToLyela VITdpyouv oty akohoubio. Enueiwon ét 1 wolhamhi) avabeon eivar 0TV TPAYUATKOTITOL
amhag évag ouvdvaoudg tuple packing ko sequence unpacking.
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5.4 ZuvoAa (Sets)

H Python mepihapBdver emiong évov tomo dedopuévmv yia sets. 'Eva set elvar o un taEwvounuévn ouddoyn xmpic
duthotuma otoyeia. Ou Baotkég xpnoeig mepthaupdvouy t dokiun dLOTTag HEAOVG KoL TV eEGleLpr dLThOTU-
v eyypagdv. Ta avitkeipeva guvolov vitootnpilovy emiong nadnuatikéc Tpagelg Omg Evawon, Tout, dtapopd
KO CUUUETPLKT] dLapopdL.

Ta dyxiotpa 1) 1 OUVAPTNON set () WIToPOoUV VO, PN OLLOTOBoUV Yol T dnuovpyior GuVORwV. ZNUelwon: Yo
Vo dSNUWOVPYNOETE VA KEVO OVVOLO TTPETEL VAL YPTOLULOTTOLYOETE TO set (), OyL To { } « To TelevTaio dnuovpyel
éva kevo AeELkd, wa doun dedopévav tov Oa culnTiooupue TNy eTOUEVY EVOTITA.

AxolovBel o ovvtoun enidelEn:

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

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

>>> a # unique letters in a

{'a', 'r', 'b', 'c', 'd'}

>>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>>> a b letters in a or b or both

\ #
_{'al, lc', lr', ldl, lbl, lml’ IZII lll}
>>> a & b #
{la" ICI}

>>> a ~ Db # letters in a or b but not both
{Vr', Vd', VbV, YmV, YZV, llY}

letters in both a and b

Ouoiwg e list comprehensions, vitootpiCovtal emiong to. comprehensions Twv cuvOL®V:

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

5.5 Ae&ka (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 ().

Eivol koAOtepo vo okegreite évo heELkd wg éva aUvolo Cevydv key: value, pe tv mtpoimdBeon 6tu ta KheldLd
elvan povadikd (oe éva AeEkd). 'Eva Levyog arykOhwv dnuiovpyei éva kevo AeEikd: { . H tomobétnon wag Motag
Cevymv key:value oto heELkd, avtdg givar emtiong o Tpdmog pe Tov omoio ypagpovtol ta AeEukd atny 50do0.
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OL kVpLeg hertovpyieg oe évo AeEkd eivor M amobikevon wog g pe kémowo kheldi kow 1 eEaywyn g Tuhg
mov diveton oto KAeWdi. Eivou extiong duvat 1 duaypagr| evdg Cetvyovug key:value pue de 1. Edv amoOnkevete ypnot-
wortolhvtag £va kKhedi wov Ppioketal 1o o xpon, 1 ol T wov oxetiteTol ue outd To Khedi £xel Eeyaotei.
Eivol opdhua va eEarydyete pa tiun xp1oLomoldvtag éva avimopkto KAELdI.

Hextéleontov 1ist (d) oeéva AeEukd emotpépel pio Alota pe OAa ta KAELOLA TTOV Y P1oLUOTTOLOUVTOL 0TO heELKO,
ue oelpd eloayoyng (av Békete va tagivoundei, amhmg ypnowomomote to sorted (d)). I vo ehéyEete edv
VITAPYEL £Va HEPOVIUEVO KAeLSE 0TO AeELKO, xpmoLuomolote T AEEN-KAeldi in.

AxolovBei éva pkpd mapdderypa ypnotuomotmvtog éva AeEko:

>>> 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

>>> 'jack' not in tel

False

O constructor dict () dnuovpyei heEukd amevbeiag amd axolovdieg Levywv key-value:

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

Emut)éov, ta comprehensions AeEikdv wwropovv va ypnowwomotnBoiv yia ) dnuovpyio AeEikmv amd avbaipeteg
eKPPAOELG KLELOLOV KL TLUMV:

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

‘Otav ta KAeWLA elvor arhéc oUIPBOLOTELPES, LEPLKES (POPEG ELvaL TTLO EVKOAO VO 0PLOETE LEVYN YPNOLUOTOLDVTOG
opiopota AEEewv-KAeldLhv:

>>> 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 it ems ()
method.

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

gallahad the pure
robin the brave

Katd 1o looping péow axorovbiag, o deiktng 0ong Kaw 1 avrioTouyn T Propovv vo avaktniovv tautdypova
YPNOLULOTTOLMVTAG T OVVAPTNOT enumerate ().

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

0 tic

1 tac

2 toe

T va kdvete loop og 00 1) TePLooOTEPES 0kOMOUDIES TOVTOYPOVA, OL KOTAXWPLOELS WTOPOUV VOL OLVTLOTOLYLOTOVY
ue ™) 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 Dblue.

TN va kavete loop o o akolovbia avtiotpopa, Kabopiote TpdTa TV akolovbic TPog Ta EWTPOS KaL UeTd
KoAéoTe T ouvapTnon reversed () .

>>> for i1 in reversed(range(l, 10, 2)):
print (i)

= w o3 w0 -

T va kdvete loop og pLo akolovdio pe TaEvounuéve oelpd, xpNoLUoToLote T ovvdptnon sorted (), M omoia
eMLOTPEPEL (oL VEA TaELvounuévn Mota agivovtag tnv mtnyn ovaihoimtn.

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

(ouvéyela otV emtoOUeV oerida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

orange
orange
pear

H yp1fion tov set () oe wa axolovBia eEaleipet ta Sumhd otovyeio. H xpfon tov sorted () oe ovvduaoud pe
To set () og wo akohoubia eival Evag LOLOPATIKOS TPOTOGS YL VoL KAVeTe 1oop Tavm amd povadikd oToLyeio Thg
akolovbiog oe tagivounuévn oelpd.

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

Mepikég popég eivar deheaotikd va alALETE Lo AoTo EVD TV TTEPINYELOTES MOTOOO, ELVOL GUYVA TTLO OTTAO KL
aoParéG va dnuLovpyNoeTe wia véa Motol.

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 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 MepLoocoTtepa yLa TG CUVONRKEQ

OL oVVONKES TTOV XPNOLUOTOLOVVTAL OTLG dONAMOELG while Kot i f UITopouv vo TEPLEXOVY OTOLOVGINTOTE TELE-
0TéG, OYL LOVO OUYKPLOELS.

O teleoTéc OUYKPLONG in Kaw not  in elvar dokipég dLdTnTag néhovg mov kobopitouv edv wa T Ppioketa
(1 oL o€) €va container. Ot TeheoTéG 15 KL 1S not CUYKPLVOLY €GV OVO AVILKELUEVO ELVAL TTPAYUATIKA TO 110
avtikeipevo. ‘Olot oL TeheaTég oUYKPLONG EXOUV TNV (LA TPOTEPALOTNTA, 1] OTTOLOL ELvaL YOUNAOTEPT OTTO QUTH
oMV TV 0PLOUNTIKMOV TEAEOTADV.

O ovykpioelg uopovv va eivat ahvoldwtéc. o mapddetyua, a < b == c ghéyyel v 10 a elvol wKpoTePo
07to b Kot emTAéov To b LloovTaL Ue C.

Ot OUYKPIOELS WTOPOUV VO GUVAVOGTOUV YPTOLUOTOLMVTAG TOUG AOYLKOUG TELeOTEG and KoL Or, KO TO OITOTE-
leopa wag ovykpLong (N omotaodnmote dAlng hoyikng éxgpaong) umopel va akvpwbOel pue not. Avtol €xovv
YOUNAOTEPEG TPOTEPALOTITES UETAED TV TEAEOTHOV GUYKPLONG, TO not £xeL TNV vYMASTEPY TPOTEPALOTITO KOl
TO Or T XOUNAOTEPT, £T0L MOTE T0 A and not B or C wooduvapel ue (A and (not B)) or C.Omnwg
TTAVTA, OL TOPEVOEOELS WITOPOUV VAL XPNOLUOTOLNO0VV YLoL VoL EKQPPAcoLVY TV emttfuunti) ovvOeon).

O Aoyikol teheotég and KoL or givor oL Aeyouevol teheotés short-circuit: to, 0ploHorTa ToVg aEtoAoyovvTaL oo
apotepd mpog To OeELd Kat 1 aELordynom otopatd wokg kaboprotel to amotéheoua. To Topaderyuo, edv To
A and C eivar oAndéc, alld to B eivor Pevdéc, To A and B and C dev aElohoyel v ékgppaon C. Otav
YPT|OLULOTTOLELTOL MG YEVLKT] TLUT) KO OYL WG AOYLKT), 1] TLUT) ETLOTPOPNG eVOG short-circuit teheatn elval To tehevtaio
aElohoynuévo dpLopa.
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Eival duvatd va ovtiotou ioete 1o amotéleopa fuog ovykplong 1 diln dvadik kgppaong oe o petointy. Tua
mopdderyua,

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

>>> non_null

'Trondheim’

Znuewwote 0tL oty Python, oe avtibeon pe v C, 1 avabeon evidg Tmv ek@ppdoemny TPEmel va YiveTon pntd
ue tov TeleoT walrus operator :=. AUTO QITOMEVYEL U0 KOLVY] KOTHYOPLA TPOPANUAT®VY TOU CUVOVTMVTOL 0T
apoypduuato C: IANKTPOROYDVTIOG = 08 (ol EKQPAoT) OTAV TPoopPLLoTaY TO ==.

5.8 ZUyKpLOn aKkoAouBLwv Kat AAAWYV TUTIWwV

Ta avikeipevo akohovbiog umopotv ovvhBwg va ouyKptBovv e dAha aviikeipneva pue Tov idto THmo akohovbiog.
H otyxpuon xpnowpomotei lexicographical oelpd: mpmdTo CUYKPLVOVTAL TO S0 TPMTO OTOLYELN KAl AV SLopEPOVY
ovtd Kabopilel To amoTEALEOUO TG CUYKPLONGs EAV €lval L0a, To ETOUEVO dVO OTOLYELDL OUYKPLVOVTOL KoL OUT®
KaBeEng, £wg dtov eEavtinBei 1 pia amd g dvo akorovbicc. EGv Vo otouyeia mpog ovykplon eivar to idia ako-
Movbieg Tov idlov Tuov, 1 AeElkoypapiky ovyKpLor Ttpoyuatomoleital ovadpoukd. Edv 6ha to otouyeio dvo
aKohovBwv cuykpivovtal ioa, ov akohouvbieg Bempovvron ioec. Edv 1 o axohovBia ivor opyky) vrookoiov-
Oia g GANG, M wKpOTEPT akolovBia eivar 1 wkpdTepn (ehdyiotn). H AeEikoypapiki ToEvounon ovuforhooel-
POV XPNOLUoTTOLEL TOV aptBud Kmwdikov onueiov Unicode yio va ToEtvoufoel pepovouévous xapaktipes. Mepikd
opadeiypota cuyKpioemv ueta&l akolovbudv Tov idtov THmov:

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

[1, 2, 31 < [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', 'a"y), 4)

Adfete vToYM GTL 1) CUYKPLON OVTLKELLEVOV SLOPOPETIKOV TUTTOV Ue < 1 > glval vouun ved tov 6po Ot ta
ovtikeipeva dtofétovv Katahnieg uebodovg ovykplong. INa mapdderypa, or wKTtég aptbuntikol THmoL ouyKpi-
VOVTOL CVUPOVA UE TNV apLBUNTIKY| Toug T, 0rtote To 0 toovtan pe 0.0, KATT. ALopopeTika, avTi va TopEyeL tua
avbaipetn mopayyehio, o diepunvéag Ba Kavel raise wa eEaipeon TypeError.

YTooOnHELWOELG
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Modules

E&v Byeite amd tov interpreter g Python ko umeite Eavd, oL oplopol mov €xete kavel (OUVOPTHOELG KOL UETOL-
BANTéC) yavovtal. Emouévag, edv Oéhete va ypdapete £vo KOG HEYAAUTEPO TPOYPOUUD, ELVOL TTPOTLUOTEPO VL
YPNOLUOTTO|OETE VAV ETEEEPYAOTI KELUEVOU YLOL VO TTPOETOLUAOETE TNV ELOOYMYT| YO TOV interpreter Ko Tnv
EKTELEON TOV UE aUTO TO aPYeio wg input. Avtd givol yvwotd mg dnuovpyia script. Kabwg to mpdypauua cog ue-
YOorWVeEL, Wopel va OEAETE VoL TO X WPLOETE 08 TOAG apyeia Yia EVKOAOTEPT oUVTNPNOT. Mrtopei emtiong va Oéhete
VO YPTOLULOTTOLYOETE WULOL EVYPNOTY CUVAPTNON TOV £XETE YPOPEL O€ TOAMA TPOYPAUUOTO XWOPIG VAL AVTLYPAYPETE
ToV 0pLoud TG 0€ KGO TPOHYPOULLOL.

T va to vootnpi&er autod, 1 Python el évav tpodmo va BALeL 0pLtopolg oe €vo. 0Py el Kot Vo, TOVG Y PT|OLULOTTOLEL
oe éva script 1) og éva dadpaotiko instance tov interpreter. ‘Eva tétoto apyeio ovoudetan module*- optouol amd
e eveTnTa umopovv va, *eieayfovv o dho. modules 1) 0To kUpto module (1] GUALOYY) TV UETOLANTMV OTLG OTTOLES
éyete TPOOBOoT O€ €va script Tov eKTELELTAL OTOV OVMTEPO EMITEDO KoL 08 AELTOUPYia opLOpounyovig).

‘Eva module eivol éva apygio mov mepLéyel oplopovg kot dnimoelg Python. To dvoua apyeiov givar to dvoua
tov module pe to emiOnua . py. Méoe og éva module, to dvoua tov module (wg ovuBorooelpd) eivar dtabéoipuo
wg Ty ™ global uetapintig _ name_ . T'ia mopdderyio, XPNOLUOTOOTE TO AYOTNUEVOS OOG TPOYPOULLOL
eMEEEPYOOLAG KELWEVOU YLOL VO SNLoVpYHOETE €va apyeio tov ovoudletar £ibo . py OTOV TPEXOVTO KOTALOYO UE
o akdovOa TEPLEYOUEVAL:

# Fibonacci numbers module

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

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

(ouvéygLa TNV ETOUEVT] GEMDQL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

a, b = b, atb
return result

Thpa ewodryete tov Python interpreter Ko eloyete ovtd 1o module pe Tv akdrovOn eVIOAL:

>>> import fibo

Avtd dev poobETel To OVOUATO TWV GUVOPTNOEWV TOV 0pilovtal 0To £ibo amevbeiag otov TpéXovTa namespace
(BA. Eupéieia kau Iedio Ovoudtawv otnv Python yuo meplocdtepes Aemtouépetes): mpoabétel pdvo 1o dvoua tov
module £ibo ekel. Xpnowwomoldvrog to dvouo tov module umopeite vo amwokthoete tpdoBaon otig hettovpyies:

>>> 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 oxometeTe vo (pNoLoToLEiTe OUY VA PLa GUVAPTNOY, WITOPELTE VO TNV AVTLOTOLYIOETE 0€ VAL TOTKO dvouoL:

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

6.1 MNMepLoocotepa yLa ta Modules

‘Eva. module pmopei va mepiéyel exteréolueg dMADoes Kabmg Kat opLopoig ouvaptnoemwy. AuTtég oL dNhmoeLg
spoopifovrat yio Ty poetolwooia tov module. Extelovvtol pdvo v modn popd mov eppoviletat To ovoua
tov module og o SMrwon eoaywyig.' (Exterovvrar emtong edv To apyeto exteleiton g script.)

Kd&6e module éyeL Tov d1kd g 1OLwTLkd namespace, 0 07T0L0g ypnouomoLeital wg global namespace amd OAeg TIg
ouvapTNoelg tov opitovtar 6to module. ‘Etot, 0 GUVTAKTNG piag eVOTNTAG WTOPEL va ypnoluomotioet global pe-
tafintég oto module ywpic vo avnovyel yia tuyaio conflicts pe tig global petafAntég tov xpfHoty. Amd v dGiln
mhevpd, edv Eépete TL KGvete, umopeite vo ayyiEete Tig global petapintég evdg module pe to idLo notation srov
YPYOLLOTTOLELTOLL YL VO AVOPEPETOL OTLG CUVAPTYOELG, modname . 1 temname.

Ta modules propovv va eladryovv dhha modules. Eivar ovvnOeg, alld dev amarteiton vo torofetovvtal Oheg oL
dnlwoelg import oy apyn pog evotnrta (1 oevapiov, yio avtd to 0éua). Ta ovopata twv modules wov elodyo-
VTOL, €6V TOTOOETOVVTAL 0TO AVDTEPO emimedo Tov éva module (KTOG 0TOLWVINTTOTE GUVOPTNOEWY 1) KAAOEMV),
npootifevion otov global namespace tov module.

Yrdpyer wa tapodiayr g dNhmwong import wov elodyel ovouota omtd ¢va module amevbeiog otov Y MPo ota
importing module’s namespace. ['ia. Tapdderypor:

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

Avuto dev elodyel to dvopa evog module amd To omoio Aapfdvoval ol eloaywyég 0To Tomtkd namespace (0pd 0To
mopdderyna, To £ibo dev opileTon).

Yrdpyer akoun Kot (ol Topoiiayn] yio TNV eL.oaywyn OV TmV OVOUAT™Y Tov OpLleL uol eVOTNTaL:

! Sty mpaypatikdTTa, oL 0pLopol cuvapTHoemV eival emiong “statements” ov “ekTELOVVTOL s 1) EKTELEDT EVOG OPLOROY CUVEPTNONG OF
entiedo module TPoobETeL TO Gvopa TG CVVAPTNONG 0ToV Kabohkd namespace Tov module.
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>>> from fibo import *
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

Avutd elodyer Oha To. OvVOUATO EKTOG amd auTd Tov EEKLvouv pe Kdtw savla (). ZTIG TEPLOOOTEPES TEPLITTM-
OELG, OL TTPOYPOUUATLOTEG Python dev ypnoLpomolovy aut)v v duvatdtta , Kabmg eLoAYEL EVO AYVMOTO GUVOLO
ovopdtwv otov interpreter, kpUBovtog mbovmg KamoLa Tpdypata o Exete 1O oploeL.

Adfete vToPN OTL YEVIKA 1) TPOKTIKY TNG EL0ayYNG * amd éva module 1] éva maxéto amodokipualetal, Kobwmg
TIPOKAAEL OVY VA KOK(DG avayvdoLuo Khdika. Qotdoo, eivar eVIGEEL Vo, TOV Y P1OLILOTTOOETE YLOL VO, ATtoONKeVoETE
TV TANKTPOLOYNON 0€ dLadpaoTtikés meptddovg oVVdETNC.

Edv 1o 6vopa tov module akohovOeitan amd as, tOte TO Ovoua mov akohovbel as ovvdéetal amevOeiog e To
eloaryduevo module.

>>> import fibo as fib
>>> fib.fib(500)
0112358 13 21 34 55 89 144 233 377

Avto ovotaotikd elodryer To module pe Tov (810 Tpdmo ov Ba kavel to import fibo , pe T udvn dapopd OTL
etvar drabéopo mg £ib.

Mropei emiong vo. ypnowworon el dtav ypnoLpuomoleite £rom (e TOPOUOLO EQE:

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

Inueioon: Faldyovg amoteheopatikdTnTog, kKdbe module elodyeton Ldvo pia popd avd mepiodo hertovpyieg Tov
interpreter. Eropévog, edv ailGEete To. modules 00, TPETEL VAL ETOVEKKLVIOETE TOV SLepUn Ve — 1), EQv ivor udvo
éva module ov BéleTe Vo doKIUAOETE LAdPAOTIKGE, XPNOLUOTOL0TE TO importlib.reload (), m.y. import
importlib; importlib.reload(modulename).

6.1.1 EktéAeon modules wg scripts

‘Otav exteleite €va Python module pe:

python fibo.py <arguments>

0 kK®dikag 0to module Oo exteleoTel, OKPPMOS OOV VO TOV ELOAYAYETE, AAMG [LE TO name VO, £XEL 0PLOTEL OF
"__main__". Autd onpaiver 0TL TPooOETOVTOG QUTOV TOV KMALKO 0T0 T€hog Tov module cog:

if name_ == "_ _main_ ":

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

WITOPELTE VO KAVETE TO OPYELO Y PNOLOTOMOLUO WG script Kabwg kot wg module wov wmopel va eloayOel, emeldn o
KOOLKOG TOV AvOAVEL TNV YPOUUY EVTOMDY ekTeEAElTOL OVO eGv To module exteleitol wg To «main» apyeio:

$ python fibo.py 50
0112 35813 21 34

Edv to module éyeL eloay i, 0 KhOdkag dev exteheitan:
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>>> import fibo
>>>

Autd ypnopomoleitol ouyva elte yio TV Topoyy evog Polkov user interface oe éva module, €lte Lo 0KOTOUG
dokung ( ektéleon tov module wg script extelel pia SOKUAOTIKY oovita).

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 listed in 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 xatGhoyog mou mepLEyeL To input script (1) TOV TPEXOVTO KATAAOYO 0TOV dev €xeL KOOOPLOTEL apyEio).
o PYTHONPATH (o, MoTa OVOUGTmVY Katahoyou, ue thv idia ovtakn pe tn uetafinti tov shell PATH).

« H ntpoemhoyn mov eEaptdrar amd Ty eyKatdotaon (Katd ouppaot, ouumephapfavouévou evog Kataho-
you site-packages, mov yewpiletal To module site.

Inueiwon: Zto cuothuata opyelov Tov vrootnpifouv symlinks, o KatdAoyo wov mepLéyeL To input script vIToho-
viCetaw oot akolovdNOei to symlink. Me ddha Aoy, o Katdhoyog wov mepiéyet to symlink dev mpootifetan o
dLadpoun avalntmong tov module.

Metd v mpoeToluaoia, To poypaupota Python uropoiv va tpomosmoljcovy to sys . path. O Katdhoyog mov
mePLEYEL TO script wov ekteleltan TomoOeteitan oV apyy THG dLadpoung avalnTnong , WIPooTd amd TNV TUTTLKY
dradpoun g PLrodNKNG. Autd onuaiver Ot TaL scripts 0 AUTOV TOV KATGhoyo Oa gival (opTwUEVO AVTl YLo
ta modules ue to (dLo dvoua otov Kotdhoyo pwag PFLpiodnkng. Autod elval éva opdhua, extog edv poopiletal
ovTKkatdotaon. BA. v evotnta Standard Modules yi0. Teploo0TEPES TANPOPOPLEC.

6.1.3 «Compiled» Python apxeia

T vo emtayiver ) @optmon modules, 1 Python kével cache v compiled ékdoon k&Oe module otov Katd-
Moyo _ pycache_ kd&tw amd 10 Ovoua module. version.pyc, OTTOV 1) €K6001 KOILKOTOLEL T LopEY Tov
compiled apygiovs yevikd mepiéyel Tov apBud ékdoong tg Python. INa mapdderypa, oty éxdoon CPython 3.3 1)
compiled €kd001 Tov spam.py Oo atobnKevtel wg _pycache_ /spam.cpython-33.pyc. Avty 1 ovufaon
ovopaoiag, emttpémel oe compiled modules amd dropopeTiég ekdOOELS Ko duapopetikeg ekddaelg tng Python va
OUVUTTAPYOVV.

H Python eléyyeL tnv muepounvia tpomomoinong tov myaiov évavit thg compiled £ékdoong yio va deL edv el-
vou Eemepaopévn kal yperdtetor va yiver compile Eava. Avt eivor o eviehmg ovtduaty dadikaoio. Emiong,
ta compiled modules givor aveEGptnteg amd mhatpdpua, emopévaog M idto BLPAodNKY wropei va KowvomonOei
OVAUEDO O GUOTHUATO LE OLAPOPETIKES OLPYLTEKTOVIKEG.

H Python dev eléyyer tnv cache og dvo mepuntwoelc. Ilpdrtov, mavia kéver compile Eavé kau dev amobnkevel To
amotéleopa yio. To module o popTdvetan amevdeiog amd T YPouu EVIOAmY. Aeitepov, dev ehEyyEL T Uviun
cache eGv dev vdpyel to source module. Ta vor vitootnpiete wa dravour| ywpic mnyaio (compiled pwoévo), To
compiled module mpémeL va BpiokeTor otov source KatdAoyo Kai dev mpémeL va vidpyet source module.

Mepikég ouufBoulég yia e1dtkog:

o Mropeite va ypnowomolnoete tovg switches —O 1) —00 otnv eviol Python yia va pewwoete 1o uéyebog evog
compiled module. To -0 switch agpatpel Tig assert statements, To —O0 switch aparpel TO00 Ta assert statements
600 xai tig __doc__ ovuBorooepég . Eqpdoov opiopéva mpoypdupato wropetl vo facifovral otny VmopEn
AUTOV TOV dLoOECLUWY, B0l TPETTEL VAL PNOLUOTTOLOETE QUTNV TNV ETAOYY LOVO €AV YVWPLLETE TL KOVETE.
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«Optimized» modules éyouv éva opt— tag xou eivar ovviOwg wKpodTePES. OL PEAAMOVTIKESG eKOO0ELG UITOPEL
va alGEovy T amotehéopata TG BEATLOTOTOIN NG,

o 'Eva mpdypaupa dev ekteheiton mmo ypryopa 0tav duadletal amd évo apyeio .pyc amd 0,1 otav duafd-
Ceton amd éva apyeio .py "« To pévo mpdypa mou elvar mio ypriyopo and ta apyela
T pyc glvol 1) ToydTNTo UE TV 0TT0l0L (POPTWVOVTAL.

o To module compileall umopel va dnuiovpynoet apyeio .pyc yio Oho to. modules oe éva Katdhoyo.

o Yndpyovv mepLoodtepeg AETTOUEPELES OYETLKG Ue auTh ) dladikaoio, ovumepthappavouévou evog dio-
vpduuatog porg Twv arogdoewv, oto PEP 3147.

6.2 Standard Modules

H Python cuvodevetan amd o fipriod1kn standard modules, 1 omoia sepLypdpetan og €va Egxwplotd éyypago,
™V Avagopd BifhioOnxng Python («Library Reference» hereafter). Opiouéva modules givol evowuatmuéva otov
interpreters qUTéG TOPEYOVY TPOGBOAON OE LELTOVPYIEG TOV OEV ATTOTELOVV UEPOG TOV TUPNVA TG YADOOTOG, OAAG
EVTOUTOLG ELVOL EVOMUATOUEVA, EITE VIO OTTOTEAECUATIKOTNTO ELTE YLl TNV TOPOYN TPOOPAONG OF TPWTOYOVAL
OTOLYELCL TOV AELTOUPYLKOV CLOTHUATOS OTTWG oL KAoELg ovothuatog. To ovvolo Tétolwv modules givor wua emt-
Moyn dropdppwong Tov eEaptdrtal ertiong amd Ty vtokeiuevy Thatpopua. Iia Topdaderyna, To module winreg
mopéyetol udvo oe cuothuate Windows. ‘Eva ovykekpiuévo module ov a&iel kdmowa mpocoy eivan To sys,
TO 070l0 €lval evowuatwuévo otov interpreter tng Python. Ou petapintég sys.psl ko sys.ps2 opilovv Tig
OUUPBOLOCELPEG TTOV YPNOLULOTTOLOVVTOL G KUPLAL KoL dEVTEPEVOVTA prompts:

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

>>> sys.ps2
|l |l

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

Cc>

Avtég oL 800 petofintéc opifovtar udvo edv o interpreter fpioketor og dLOOPACTIKY| AELTOUPYiCL.

H petafinty] sys . path eivan po Aota ovuBorooelpmv mov KabopiCel T dtadpoun avalitnong tov diepunvéa
vio modules. ApytKosoteitor og po TPoemheyuévn dradpour] ov Aapupdvetor amo T petafint mepiBarliovtog
PYTHONPATH, 1] o) WLol EVOOUOTOUEVT] TPOETILOYT €AV To PYTHONPATH dev €xeL oplotel. Mmopeite vo 1o
TPOTOTOLOETE YPNOLUOTOLDVTOG TUTLKEG hettovpyleg Alotag:

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

6.3 H cuvaptnon dir ()

H evowpatmuévn ovvapton dir () xpMOWoToLeiToL Yio vor avakad et owa ovouato opitel éva module. Emi-
otpéeel o TaEvounuévn Mota cuupolooelpmv:

>>> import fibo, sys

>>> dir (fibo)

['"__name__ ', 'fib', 'fib2']
>>> dir (sys)

(ouvéyela otV emtduevn oehida)
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(ovveyiCetow amd TV Tponyouevn oekida)

['"__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', 'displayhook', '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',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'wversion', 'version_info',
'warnoptions']

Xwpig opiouata, N dir () mopabEtel To OVOUATO TOV €YETE OPIOEL 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, oLVAPTHTELS, KA.

Hdir () dev mopabétel To OVOUATA TWV EVOMUATOUEVMV CUVOPTHOEMY KoL LeTofANTOV. Edv 0éhete o AMota
amd oVTEG, opllovtal oTNY TUmLKY| 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',

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K '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']

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.

Ag vmoBéooupe Ot OéheTe v oyedldoete pio cvAhoyn artd module (€vo «TOKETO») YLOL TOV OLLOLOLOPPO YELPLOUO
apyelwV Nyov kow dedopévav Nyov. Yrdpyouv molég dLapopeTikeés LopREg apyelwV Mo (tov ouvnOwg oval-
YVOPILOVTOL aTtd TV ETEKTOON TOUG, YO TAPAdELYUd: . wav, .alff, . au), EMOUEVIG WTOPEL VO YPELOOTEL VO
SMNULOVPYHOETE KoL VO SLOTNPNOETE L CUEAVOUEVT] GUALOYT AELTOVPYLIV YL TN HETATPOITY) HETAED TV SLtopd-
PWV LOPPAV apyelwV. YIAPYOUV ETLONG TOMES BLOPOPETIKEG AELTOVPYLEG TOV UTOpEL vo. OéheTe va ekTeléoeTe
oe dedopéva fyov (OTtmg WEN, TPoadijkn NS, EQaPUOYY Wag AELToVpYiag LoooTadwoTs), dSnuovpyic TexvNTov
0TEPEOPWVLKOV £QE), ETOUEVMG ETLTAEOV B0l YpApeTE UL atereiwT pon arrd modules Yo vor eKTELETETE QUTEG TLG
Lertovpyleg. AkohouOel po mhoav dour) o To TakETO 00G (FTOV EKPPATETAL WG LEPUPYLKO GUOTNUO OPYELWV):

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 v eloaymyrn tov makétov, 1 Python mpayuatomolel avalnmmon otovg katahdyovg 0to sys . path avao-
INTOVTOG TOV VITOKATALOYO TOU TOKETOU.

The __init__ .py files are required to make Python treat directories containing the file as packages. This prevents
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directories with a common name, such as string, from 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 %p1)0TES TOU TAKETOU UITOPOVYV V. Ladtyovy uenovmuévo module amwd to makéto, yio mopdderypo:

’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 evodAaKTikog TpOTog Yo TV eloaywyt Tov submodule givou:

’from sound.effects import echo

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)

Mua GAM Topadhaym eivol 1 astevOeiag eLoaywyr ™G embuunTig CUVAPTNONG 1) LETOPANTIG:

’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 vtoyn 6w dtav ypnowomnoteite from package import item, To otolyelo WITOPEL VO eival glte
submodule (1] VTOTAKETO) TOV TAKETOV 1] KATTOLO A0 dvopo TTov opileToL 0TO TAKETO, OTTWG WO GUVEPTNOY),
KAGon M petofinty. H import dMhwon eréyyel Tpmta €6V TO 0TOLXELD £YEL OPLOTEL OTO TAKETO, EAV OYL, VTOOETEL
ot eivan éva module Ko mLyelpel va to poptdost , av dev To Bpel dnuovpyel 1 eEaipeon ImportError.

Avrtifeta, dtov ypnouomoteitan oUvToEn 6mwg import item.subitem.subsubitem, k40e otouyeio ektdg
07t0 AVTO TO TELEVTOLO TTPETEL VO ELVAL TTOKETO* TO TELEVTALO OTOLYELO UTOPEL va eivar €va module 1) éva makéTo
oAAG deV wTopel va elval (o KA 1) ouvaptnon 1 LetaSANT o opiletol amd TponyoUueVo OTOLYELO.

6.4.1 Eloayovtag * ano €va MNakEto

Topa T ovufaivel 6tov o xpnotg ypdpe from sound.effects import *;Idavikd, Oo HAmile Kaveig OTL
ovto Oa fyel pe Koo tpomo 0To cVoTHUa apyelwv, Ba Bpel Kémora submodules ov VTAPYOVV TO TAKETO, KL
Ba ta ewodyer Oha og ovtd. Avtd Ba pwropovioe va Tépel TOAY xpdvo Kot M ewoaymyr| submodules witopei va €xel
avermBounteg mapevépyeteg mov Ha Emperne vo oupPovv dtav to submodule elodyeTon pNTA.

H povn Mo givor vo mopéyel 0 ouvtdrkTng Tou TakEToU £va pNTd evpeTnpLo tov makétov. H dMlworn import
YPNOLUOTTOLEL TNV aKOAOVON oVuPoon: edv 0 KOdLKaG _ init  .py Tov makETov opllel o Mota Ue To OVoua
__all__,Bswpeitar Ot gival 1 AMoto pe To ovopate twv modules mov Oa pémel va eloayBovv 0Tav ovvavtioete
from package import *.Eivalotnv duokpity) euyépeLo Tov GUVTAKT TOV TAKETOU VA, dLoTnpel ouTi) T Mot
evnuUEPMUEVT, OTOV KuKLopopnoeL o vEa £Kd001 Tov TakETOV. O GUVTAKTEG TOV TOKETOV EVOEYETAL ETTIONG VO
ATOPACIOOVV VAL UMV TO VITOOTNPIEOVY, GV deV BAETOVY OTL YPNOLUOTTOLEITAL 1] ELOAYWYT] TOV * aItd TO TOKETO
tovg. T mapdderypa to apyelo sound/effects/__init  .py Ba umopovoe va mepléyel Tov akodhovbo
KooK

all = ["echo", "surround", "reverse"]
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This would mean that from sound.effects import * wouldimport the three named submodules of the sound.
effects package.

If __all _ is not defined, the statement from sound.effects import * does not import 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. It also
includes 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__
is defined.)

Av ko opropéva modules £xovv oyediaotel yio vo eEGyouv udvo ovouoto Tov akohovBovv oplopéva notifa dtav
YPNOLUOTTOLELTE TO import *, eEakolovBel va Bewpeitol Kok TPAKTIKT 0TOV KOSKA Topaymyne.

OuunBeite, dev vtdpyel Timota KaKO e T xpNnon tov from package import specific_submodule!
2TV TPOYUOTLKOTITA, QUTH ELVOL 1] TPOTELVOLLEVT] ONUELWON, EKTOG GV To module eloaywyNg Y PeLATETOL VaL X P1-
olpomorjogt submodules pe to (8o dGvoua amd dapopeTtikd TaKeTa.

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.effects 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

Adfete vtoymn 6T oL oyeTLKES eLoarywyES Pactfovial oto dvopa Tou Tpéyovtog module. Exeldr) to dvoua tov Kv-
ptov module eival wdvta "__main__ ", o modules Tov mpoopilova yia xpnon og kvpLo module pog epaproyng
Python mpémer mévta var XpNOLUOTOLOUY ATTOMUTES ELOAYWYES.

6.4.3 Makeéta 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.

Evd vt 1 duvatdtnta dev ypetdletal ouyvd, WITOPEL Vo XPNOLUOTOL0El yio TV eTEKTOOT TOV GUVOLOU TV
modules mov Bpiokovial og £va TaKETO.
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YTOONHELWOELG
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KEDAAAIO 7

Elcodog kat ‘E€odog

Yndpyovv dtdpopol TPOTOL YLoL VO TTOPOVGLAGETE TO. ATTOTELECUATA EVOG TPOYPAUUATOS TO. HEdOUEVA UTOPOVV
Vo eKTVTTWO0VV 08 LOPPY] AVOYVAOOLY ATt TOV AvOPITO 1) VAL EYYPOPOVV OF EVO OPYELO YL LEMOVTLKY] X PN o).
Avuto to Kegpdharto Ba ouinTNoEL UEPLKES TTd TG dUVATOTITEG.

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.)

Zuyvd o Bélete TEPLOGOTEPO ENEYYO OTN LOPPOTTOiNOT TNG €EGS0V 0aG TAPA OTTADG VA, EKTUTTOVETE TLUEG dLOL-
YWPLOUEVES e LAoTnua. YTTdpyouv SLipopoL TpOTToL YL VO LOPPOTOLNOETE TNV £5000.

o T va ypnowomooete formatted string literals, Eekiviote o ouufolocelpd ue £ or F stpLv ostd 1o opyLtkd
ELOAYWYLKO 1) TO TPUTAO EL0aywyLKO. MEéoa ae quTV TNV GUUBOLOCELPA, WTOPELTE VAL YPAWPETE UL EKPPO.OT
Python peta&0 yopaktpwv { Kot } wov wmwopel vo avapépetor oe PETABANTES 1] KUPLOMEKTIKES TUUES.

>>> 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%'
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o Téhog, umopeite va Kavete povoL 0o OAO TOV XELPLOUO GUUBOAOTELPAG Y PN OLUOTTOLMVTAG AELTOVpYieg slicing
K0l 0UvEVWONG OVUBOMOCELPDVY YLO. VO dNuovpynoete omotodimote diitakn wiropeite va gavrooteite. O
TUIT0G OUUPBOLOOELPAG €xelL 0pLopéveg ueBOSOUG TOV EKTENMOVV YPTOLUES AELTOUPYIES YLOL TV TTPOCOT|KY OUp-
Bohrooepmv ot évo dedouévo ThATOg GTNANG.

‘Otav dev yperdteote pavroytepn €E0d0, dhha Bélete amhdg wia YPNYop N ERPAEVLOT OPLOUEVMOV UETABANTOV Yol
OKOTTOVG EVIOTLOUOY GQPOALATOV, WTOPELTE VO UETATPEYPETE OTOLOONITOTE TN O (O CUUBOLOOELPG [UE TIG GU-
vopTNoelg repr () | str ().

H ouvdptnon str () mpoopiletal vo emOTPEPEL OVOTOPAOTACELS TULMV TOV ELVAL OPKETE OVOYVDOLUES OTTO
oV AvBpw o, eV T0 repr () mPooplleTal Yo T dNULOVPYIO AVATAPUCTACEMY TOV UITOPOVV V. daffacTovv
amd tov diepunvéa (1) Oa emBdhovy éva SyntaxError av dev vdpyeL 1oodvvaun ovvrokn). To ovukeipevoa
TTOU OEV £YOVV CUYKEKPLUEVT] AVOTTOPAOTAON YL AVOPMITLVY KATOVAAWaT), 1) str () Oa emotpéPet Ty idia T
ue to repr (). [Modhég Tuéc, dmwg apbuoi N douég dmwg Moteg Kau AeEukd, éxouvv thv idlo. avasapdotaon
YPNOLULOTTOLMVTAS 0TTOLOdNTOTE CUVAPTHOM. Tar strings, cuyKekpLUEVA, £X0VV BVO SLOKPLTEG TTAPATTATELS.

Mepikd mapadeiyporta:

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 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 mepiéyel pua kKAGon Template mov TPoo@épeL EVOV akoun TPOTO AVTLKATAOTAONG TULMV O
ovuporooelpéc, ypnopomoldvrag placeholders dmwg $x Kat avikadloTdvTag TG He Teg armd Eva AeEtkd, odG
TPOOPEPEL TTOAD MYOTEPO ENEYYO THG LOPPOTTOLTONG.

7.1.1 Mopgomnownpuéva String Literals

Ta Formatted string literals (ovoudCovtou emiong f-strings yLo. GUVTOULQL) O0.G EMLTPETOVV VAL GUUITEPILABETE TV TLUN
TV ekppdoewv Python uéoa og wua ovpporooepd, Oétovtag mpdOeua ot ovuPorooepd pe £ M F kol ypdpoviog
EKQPPAOELG WG {expression}.

'Evog mpoarpetikods avabétng (specifier) popgng witopet vo. akorovBel v €Kppaon. Autd emitpémel ueyoalVtepo
ELeyy 0 aToV TPOITO LoPPOTOINoNG TG TS TO TapaKdTm TaPAdELYLO OTPOYYULOTTOLEL TO pi O€ TP Yrgpio LeTd
10 OeKAdLKO:

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.
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H petddoon evog axéparov aptBupov petd to ' : ' Ba éxel wg amotéleoua autd To Edio va €xEL TAATOG EMLLOTOV
apLOpov xapakTpmy. AVt givol xPNoLUo YLoL TNV EVOUYPAUULOT GTNADV.

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

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

Mrtopotv va. xpNnouomoinfotv GAloL TPOTOTTOLNTEG VLG TV UETOTPOTY] TNG TLUNG TTPLV TN Hopgomoinon tce. To
"la woyveLyi ascii (), to "!s' woyveLywa str (), kowTo ' r' woyveL yio repr () :

>>> animals = 'eels'

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

>>> print (f'My hovercraft is full of {animals 1)
My hovercraft is full of 'eels'.

O avaBétg (specifier) = pumopei va ypnoLuoTonOeL yio vo. ETEKTEIVEL Lo EKPPOOT OTO KELUEVO TNG EKPPOOTG,
éva oVUPoLo 100, KOl HETE TV ovamtapdotaoy g aElohoyoluevng Ekppaog:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f'Debugging {bugs count area=/}")

Debugging bugs='roaches' count=13 area='living room'

Agite 10 self-documenting expressions yio TepLoodTEPES TANPOPOPIEG OYETLKA e Tov ovodét (specifier) =. T
avapopd oe aTég TLG TPOdLAYPAPES LOPPNIS, AvaTpEéETe 0ToV 081Y0 avapopdc yia to formatspec.

7.1.2 H p€Bodog String format()

H Baok xpfon e uebddov str. format () potdler ue auto:

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

O ayKUAeg Kal OL YOPAKTHPES LEGO OE AUTES (TTOV OVOUAZOVTOL TESIO LOPPNG) OVTLKOOLOTAVTAL [LE TOL AVTLKEL-
ueva mov uetafiatovrol ot uébodo str. format (). 'Evog apbuog otig aykivies umopel va ypnouosorn et
YLOL VOL OVOLPEPETOL OTY) BE0T TOU OVTLKELUEVOU TTOU ueTafLpdletar otn uébodo str. format ().

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

eggs and spam

Edv ypnotpomorovvtar keyword opiopota ot né00do str. format (), oL TLUEG TOUG ALVAPEPOVTAL Y PTOLULOTTOLM-
VTOG TO OVOULOL TOU OPLOUATOC.

>>> print ('This is .. format (
.. food="'spam', adjective='absolutely horrible'))
This spam 1is absolutely horrible.

Ta oploporta Bomg kow AEENG-KAEWdLOU wropotv va ouvdvaotovy avbaipetor:

7.1. Opopepodtepn Mopgponoinon EEodou 61




Python Tutorial, Anpooiguon 3.10.18

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

Edv éyete o ouufBorooeipd ol pakpLic nopens ov dev BEAeTE va YwpioeTe, Oa YTV WPALO VO AVAPEPETE TIG
uetofANTéG mov Ba poppomomBouv pe Baon to dvopa avti yia T 0€on. Avtd wmopel va yiver amthé TEPVMOVTAG
TO AeELKO KO YPOLUOTTOLDVTOG 0yKUAES ' [ 1" i Tpdofact) ota KheLdLd

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

C. 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Avtd B pwopovoe emiong va yivel tepvivtog o AeElkd table wg opiopata AEEEmV-KAEBLOV Ue TNV onueiwon
* %

>>> 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.

INo mopdderypa, or akolovdeg YPOUUES TOPAYOUV EVO TAKTOTONUEVO GUVOLO OTNAMV 7oV divouv aképoLovg
apLBpovg KaL T TETPAYmVA KoL Tovg KUBoUG Tovg:

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

print (' '.format (x, x*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 81 729
10 100 1000

To o AP EmoKOITNON ™G LOPPOTTOiNoNG ouporooelpdy ue str. format (), deite formatstrings.

7.1.3 Xeipokivntn Mopgoroinon ZupBoAocelpwyv

AxolovBel 0 1dL0g TVAKAG TETPAYDOVOV KoL KUBWV, LOPMOTOMUEVOS XELPOKIVITOL:

>>> for x in range(l, 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

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(Enueunote 6TLTo Eva Kevo petall ka0e oTHNG TPOOoTEDNKE [1E TOV TPOTTO TTOV AELTOVPYEL TO print () : mpoobitel
TTAVTO KEVG UETAED TWV OPLOUATWY TOV.)

Huébodog str.rijust () tov avikelwévov ovufohooelpdg tomobetel deE1d (o oupBorooelpd oe éva medio de-
dopEVOU TAATOVG CUUTTANPOVOVTOG TV UE KEVA OTOL OPLOTEPG. Y TTAPY oV Ttapdpotes ébodoL str. 1just () Kot
str.center ().Avtég oL uéBodot dev YpAPOUV TLITOTA, OTTAMG EMLOTPEPOUVV Lo ovporooelpd. Eav n ouppohro-
OELPG €L0OOOV glvat TTOA) LeYdAn, deV TNV TEPLKOTTOVY, GAAG TNV ETLOTPEPOVV OUETAPANTY: VTO Ba LTepdépel
™ SLdTokn g oTNANg oag, adAG outd givar cVVHBWG KaAUTEPO atd TV EVOMAKTIKT, TTov B fTav Péuata
yioe pies Tuy. (Av 0éhete mporynatikd mepukomy), umopeite mavta va tpoobéoete wa Aettovpyia slice, dmwg ot0
x.1ljust (n) [:n].)

Yrapyer o dhin uébodog, str.z£i11 (), 1 omolo CUUTANPMOVEL Lot aptOunTLKT) CVUPBOLAOOELPA OTOL OPLOTEPQ
ue undevikd. Katahafaiver ta oupufora ovv ko wany:

>>> '"12'.z£fill(5)

'00012"

>>> '-3.14"'.z£fil11(7)
'-003.14"

>>> '3.14159265359'.z£f111(5)
'3.14159265359"

7.1.4 MaAwa poppormnoinon cuppoAooeLPAqg

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 Apxeiwv

H open () emotpépel éva file object, Kai XPNOLUOTOLELTOL TTLO OUYVA e dVo opiopata BEong Kau éva dpLopa
MENG-kheldlov: open (filename, mode, encoding=None)

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

To mphTo OpLopa eivar pLo. CuUBOLOCELPA TOU TTEPLEXEL TO OVoua apyetov. To devtepo Oplona eivor piar Giln
oupPorooelpd TOV TEPLEYEL LEPLKOVG XOPOUKTNPES TTOV TEPLYPAPOUV TOV TPOTO LE TOV 0TT0t0 Ha ypnouooLnOei
t0 apyeio. H mode pumopel va eivar ' r' 6tov 1o apyeio Oa eivar povo yia dudfoopa, 'w' novo yuo eyypogr| (Eva
vtdipyov apyeio ue to idto dvopo Bo duarypoupel) KoL To 'a' avolyeL TO apyelo Yo TPOCAPTNON: OTOLOOTTOTE
dedopéva yphpovior 0to apyeio Kou TpootiBevior avtopata oto téhog. To "r+' avoiyel To apyelo 10600 yLo
ovayvwor 600 ko yio ypagr|. To opiopa mode eivor tpooupetikd: to 'r' Oa Oewpeitor edv tapaingOe.
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Kavovikd, ta apyeio avoiyovv og text mode, tov onuoiver 0t dtafalete Kot ypapete cupPolooelpég amd KoL Tpog
TO 0PYELO, OL 0TTOlEG KWOLKOTOLOVVTOL OE oL OVYKEKPUWEVN Kwdikomolnon. Edv dev éxel kabopLotel 1) kwdtkomot-
non, 1 tpoemhoyn eivar eEaptduevn amd v mhatpdpuo (deite open () ). Enedf) to UTF-8 givaw to olyypovo
de-facto standard, encoding="ut £-8" ouviotatol €KTOG €0V YVOPILeTE OTL TPETTEL VO Y PVOLUOTTOLI|TETE dLOPO-
peTikn Kwdikomoinon. H mpoobnkm evog 'b' ot Aertovpyio avoiyel to apyeio o binary mode. To dedouéva
dvadikng Aettoupyiog drafdlovral Ko ypdpovral mg avitkeipeva bytes. Aev wropeite vo kabopioete kwdiko-
solnon 6tav avolyeTe apyeio oe duadLky Aettovpyia.

1t hertovpyia keywévov, 1 tpoemhoy (default) katd Ty avayvwon gival vo PeTatpéete TG KaToAnEelg ypau-
uov yio. ouykekpuévn mhatpopua (\n oto Unix, \r\n ota Windows) oe udévo \n. ‘Otav ypdgete o¢ Aettovpyio
KELWEVOU, 1] TIPOETTAOYY EIVOL VO UETOTPETOVTOL OL EUPAVIOELG \n 08 KATOMEELS YPOUUDY VL0 GUYKEKPLUEVN
TAOTPOPUAL. AUTN 1) TAPOOKNVIOKT] TPOTTOTOINOT 0TO SEdOUEVA aPYELMV EIVOL KA Y10 OPYELD KEWEVOD, OAAG
Oa kataoTpéPer duadikd dedouéva Omwg avtd o€ apyeio. JPEG 1) EXE. Na €ioTte ol ITPOOEKTIKOL VAL X pNOLUo-
motelte T dvadLKT) Aertovpyia Otov dLofdlete Kaw YplpeTe TETOLM apyEiaL.

Eival kol tpaktiky| va xpnowpomoleite o keyword with dtov aoyohovuaote (e ovitkeipevo apyeiov. To mheo-
VEKTNUOL ELvaL OTL TO APYELO KAELVEL COTA UETA TNV OLOKANPMON TNG EKTELEONG TOV, OKOUOL KL 0V KATTOLOL OTLY W)
mpoket e5aipeot). XpnoLomoumwvtag To with eivor exiong ol mo ovviopo amd v ovvTaEn Loodvuvauov
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 ypnowomoteite tn keyword with, tote 0o mpémel va Kaheite T £.close () Yo vo kKheloete to apyeio
Ko vo eEheVbEPMOETE apéome TVYOV TOPOVG GUOTHLATOG TTOV YPTOLUOTTOLOVVTOL ATTO OVTO.

Ipozwdomoinon: H kAo tov f.write () ywpig ™ xpnon g keyword with 1 1 khjon tov £.close ()
WTOPEL va. 08N YNOEL 0TA OpiopoTa Tov f.write () va unv eyypagel TAipwg oto dloko, aKOuo KoL oV To
TPOYpoppe eEELDEL pe eTiTUyiaL.

Metd to KAeloWo evOg avTikelwévou apyetov, eite o dNhmwon with eite Kahovrog £.close (), oL Tpoomdeieg
¥PNONG TOV avTLKEWEVOY apyelov Ha amotiyovy avtduata.

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

7.2.1 M€00odoL AVTIKELNEVWYV ApXELwV

Ta vrtdoroLTo TaPOdELyIOTA 08 AUTHV TV evOTNTa B VITOOEGOUVY OTL Vol AVTIKELUEVO apyElov TTOV ovopdletal £
éyeL 110N dnuovpynOel.

TN va duofdoete Ta mepLeyodueva evog apyeiov, koléote 1o £ . read (size) , T0 0oio SLABALEL KATOLO TTOGHTHTA
dedOUEVIV KL TNV ETOTPEPEL WG CLUPBOLOTELPE (0€ hetTovpyio KELWEVOL) 1) WG avTLKeipeVo bytes (o€ duadikn Aet-
tovpyia). To size eivar Tpoarpetikd aptduntiko dpioua. Oty to size TapaleimeTol 1 givar apvnTikd, 0AOKANPO TO
TEPLEYOUEVO TOV apyeiov Oa drafaotel kal Oa emtoTpapeis eival dikd oag TpoRAnua edv To apyeio eivol dumhdoto
ad TN WVNUN TOU VITOROYLOTH 0aG. ALOOPETIKA, dLoPATOVTOL KoL ETLOTPEPOVTAL TO TOAD size YOPAKTHPES (0€
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Lertoupylo Keywévou) 1 byte size (og dvadikn Aettovpyia). Edv €xel grdoel to téhog Tou apyeiov, to £.read ()
Oa emoTpéPer wo kevi) ovpporooelpd ().

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

>>> f.read()

To £.readline () dtofdlel pio ypouuy amd to apyelo: Evag yopaktnpag véog ypouung (\n) mopauéver 6To
TELOG TNG OUUBOAOOELPAG, Ka TTapaAelmeTal WOVO GTNV TELEVTALC YPOUY TOU CLpYELOV EQV TO OPYELO DEV TEAELWD-
Vel o€ o vEa ypapu). Autd kootd v Tiun emotpogng oapn: edv o £.readline () €mOTPEPEL (O KEVY
oUUPOLOCELPA, EXEL PTAOEL 0TO TEAOG TOU APYELOV, EVM UL KEVT) YPOUW] AVTLITPOOMITEVETOL At '\ n ', lia ovp-
Bolooelpd Tov TTEPLEYEL LOVO WioL VEO Ypouu.

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()

[}

T v avayvoon Ypouumv amd €va apyelo, WITopelte va KAvete loop Tavm otd To OVTLKEIUEVO TOV apyElov.
Avtd eivar arodoTkd ot pwvnun, YpNyopo kot 0dnyel o omho Kmdika:

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

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

Edv 0éhete va drapdoete Oheg TG Ypapuésg evog apyeiov oe (o MoTal, WIopeite emiong VoL XPTOLUOTO|OETE TO
list (f) ) f.readlines().

To f.write (string) YpdapeL To TEPLEXOUEVA TOV SIring OTO APYELD, ETLOTPEPOVTAS TOV APLOUO TOV XUPOKTY)-
PWV TOV YPAPTIKAY.

>>> f.write('This is a test\n')
15

Aot TOTTOL AVTLKELUEVV TIPETEL VAL UETATPOITTOUV — ELTE OF ULOL OVUBOAOOELPG (0€ AeLTOUpYia KEWEVOD) 1) OF Eval
OVTLKELUEVO bytes (0 SUOBLKT| AELTOVPYIQL) — TIPLY TA YPAPETE:

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

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

18

To £.tell () emOTPEPEL EVOV AKEPOLO TTOU dLVEL TNV TPEXOVTO BE0T TOU UVTLKELWEVOU QPYELOV OTO PYELO TTOV
OVTLITPOOMITEVETOL WG apLOud byte amd v apyy Tov apyeiov otav Ppioketar oe dvadik Aettovpyio Kou Evay
adtapavy apltdud otav Bpioketol oe Aettovpylo KEWWEVOL.

Ta v 0AAGEETE T B€0m TOL avikewévov, ypnotuomoote to £ . seek (of fset, whence).H 0éomvmohoyile-
Ta ot TV TPOooONKN offset o€ Eva onueio avagpopds: To onueio ovapopdc emiéyetal amd to dpLoua whence. Mo
0 twun whence petpd amd v opy1 Tov apyelo to 1 ypnoipomolel Ty tpéyovaa BEom apyelov Kot To 2 ¥Pp1OLULOTOLEL
TO TELOG TOV OPYELOV WG anueio avapopds. To whence wopel vo mopodngpOel koL vo oplotel amd mpoemhoyn 0,
YPNOLUOTTOLMVTOG THV Q)T TOU 0PYELOV G ONUELD AVOPOPAG.
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>>> 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 apyelo Kelwévou (autd mov avolyouv xwpig b ot Aettovpyia string), emttpémovial LOVo avalnNTOoELS o€ OYEo
e TNV apyn Tov apyeiov ( eEaipeon eivar 1 avalitnon uéypt To idLo to apyeio mou teleudvel pe seek (0, 2))
Kaw oL uoveg Eykupeg TWéG offser elvan avTég o emotpépovtan amd to £.tell (), 1 undév. Omoradnmote GAln
T offset mopdryel ampoodLOPLOTH CUUITEPLPOPAL.

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

7.2.2 AmoOrkeuon SOuNUEVWY 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.

Avti va xpeldleToL oL YpHOTEG VO YPAQOVY KoL VO, SLopOdVouY cuvexds KmdLKa Yol var arofnkevovy moAimho-
Kovug tumovg dedouévmv oe apyeia, M Python cog emitpémer vo ¥ p1oLLomoLeite T dNUOPILY Lop@PT) avTaAMOYNG
dedopévarv mov ovopaetal JISON (JavaScript Object Notation). To standard module wov ovoudeton json pmopet
vo. Mfel tepapyieg dedopévav Python, Kol vol TG LETATPEPEL 08 AVATOPACTATELG OUUPBOLOTELPHDV: 0T 1 SLadL-
Kooio ovoudleton serializing.. H avaouvOeon Tov §£douévmv omtd TV avamopiotoot oupuBorocelpds ovoudletal
deserializing. Meta&V GELPLOTTOINONG KL ALITOGELPLOTTOINONG, 1) FUUBONOGELPEL TTOV OVTLITPOCMITEVEL TO AVTLKELUEVO
wtopet vo £xeL amodnkeutel o€ £va apyeio 1 dedopuéva 1 vo €xel oTalel LEow pLog oUVOEONG dIKTVOU 08 KATTOL0
OTTOUAKPUOUEVO Y AVIIUC.

Inueiwon: H uopgr JISON ypnowormoteitan ovviBwg amd oUyypoveg EQAPIOYES YLOL VOL ETLTPETTIEL TV OVTOAAOYY
dedouévarv. TTodhol poypopuaTioteg eival 181 eEotketmuévol e authv, Yeyovog tov TV Kadotd Kaky emhoyn
VL0l SLOELTOVPYLKOTNTA.

Edv éyete éva aviikelpevo x, umopeite va delte v avomapdotaon ovpporooelpds JISON ue wo oy ypouun
Kook

>>> import json

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

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

Mo 6AY wopaihayn T ovvaptnong dumps () , Tov ovoudZetal dump () , OTAMG OELPLOTTOLEL TO AVTLKELUEVO OF
éva text file. "Etol, edv to £ givan £va OVTLKELUEVO fext file TTOU AVOLYEL YLOL EYYPOLPT), LTTOPOVUE VO KAVOUUE OUTO:

json.dump (x, f)
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T v aokmwdikomooete Eavd o avtikeiuevo, eav 1o £ elval éva avukeipevo binary file 1 text file mwov €xgu
avoiEel yo avaryvoon:

x = json.load(f)

EInueiwon: To apyeio JISON mpémel vo eival kmdikomouuéva oe UTF-8. Xpnowomomote 1o encoding="ut f-
8" otav avolyete 1o apyelo JSSON wg text file TOGO YLoL AVAYVOOY OO0 KOL YL0L EYYPOPT).

Avt) M omM TEYVIKT oglplomoinong wropel va xewplotel Aoteg koL AeEukd, GAha m ogplortoinon avbaipetwv
onypotimtov Khaoemv og JSON amautel Alyn emmiéov mpoonddera. H avagpopd yia to module json mepiéyel
wo eEfynon yia ovto.

Agite gmiong:
pickle - to pickle module

Ze avtibeon e to JSON, 1o pickle givar £va TPWTOKOAAO TOV ETMLTPETEL TY) CELPLOTTOLN O OWOALPETO TOMITAOKWDV
avikelwévmv Python. Qg ex tovtov, elival ouykekpluévo yia tv Python kou dev umopet vo ypnotpomownOet yio
ETLKOLVOVIQL [LE EQUPLOYES Ypauuéveg oe dhheg Yhwooes. Eiva etiong avao@olég omd Tpoemhoyn: 1 aioseLpLo-
moinom pickle dedouévmv Tov TPOEPYOVTOL OTTO PLCL (1] AELOTLOTY TTNYT| WTOPEL Vo eKTELETEL AvBaipeETO KDOOLKO,
eav ta dedouéva £xovv dnuovpyndei amd vav éumelpo eloBoréa.
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KEGANAIO 8

> pdAuata kat E€alpgoelq

Méypt ToOpa To unvopoto opoludtmy (error messages) dev 1TOV TEPLOCOTEPA OTTO OO AvoPEPONKAY, aANG av
€yete dokLuAoeL To Topadelyuata, mbavotato Exete OeL HEPLKA. YTAPYOoUV (TOUAAYLOTOV) OU0 dLapopeTLKd eidn
OQOMLATWV: syntax errors (CUVTOKTUKG OpAAporTa) Ko exceptions (EEQLPETELS).

8.1 Syntax Errors (ZuvtaKkTtika Z¢paiparta)

Ta syntax errors, Yvwotd Ko og parsing errors, eival iowg To mo ouvnOiouévo eidog mopamdvou ov Aaupdvete
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 ov (o TpoTooT 1 (o EKQPact) ELVaL GUVTOKTIKA 0mOT, WIOPEL VoL Tpokaléoel agdiuo dtav yivetal
npoondBeia ektéheong tg. Ta opAAUOTO TOU EVTOTILOVTOL KOTE TV EKTEAEDT] OVORALovVTaL eEatpéoels KoL deV
elvar Gvev opwv popaia (fatal): ovvroua Ba pabete mwg vo ta xewpiteote oe mpoypdupota Python. Qotdoo, ot
EPLO0OTEPEG EEQUPETELG HEV AVTILETOTUTOVTAL QITO TTPOYPAUIaT KoL 081 YoV og unvipata opdiuatog dmwg
pailvetoL dm:
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>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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 ypouus tov unvipotog o@aluoatog vodetkviel Tt ouvéPn. Ou eEapéoelg vidpyovv oe dia-
(POPETLKOVG TUTOVG KOL O TUTOG EKTUTMVETOL MG UEPOS TOU WUNVUUATOG: OL TUTOL OTO TOPAdELYUO €ival
ZeroDivisionError, NameError kol TypeError. H oupforooelpd mov ekTumdveTol mg TUmog eEaipeong
elvar ovoua tng evowpatouévng eEaipeons mov mpokupe. Avtd woyvel yio dheg Tig evowpatouéveg (built-in)
eSaupéoeig, ol dev ypeltdletal va LoyVEeL Yio eEEaLpEaeLg Tov opifoval amd To xpNoTh (v Ko Eivo wo xpnotun
ovppaon). Oustandard eEaupéoeig eivar evompatopéva (built-in) avayvoplotikd (OxL deopevuéveg MEEIG-KAELOLA).

H vrdhoutn ypauun mapéxel Aemtopuépeleg ue BEon Tov THmo g EEAIPETNG KaL TO TL TNV TPOKALEDE.

To tpoNyoVUEVO HEPOG TOU UNVUROTOG GPAMLATOS EUPOVIZEL TO TTEPLBAANOY OTTOU OUVERT 1) eEaPEDT), LE TN LoPP)
aviyvevong otoifag. [evikd mepLéyel pua otoifa aviyvevong ypoupmy Inyngs wotdoo, dev Ba eupavilel YpouUES
stov drafatovron artd standard eioodo.

To bltin-exceptions ToPAOETEL TIG EVOWUATOUEVES EEALPEDELG KOL TIG EVVOLEG TOVG,.

8.3 Awaxeipiwon EEaipeoswyv

Eivaw duvatd va ypogtel Khdikag o yewpileton emheyuéveg eEapéoeis. KortdEre to axdrovbo mopdderyua, To
07010 TNTA aTtd TOV XPNOTN VO ELOAYEL Evay £YKUPO akéPaLo aptBud, alld ETLTPETEL OTOV XPHOTN VO SLOKOPEL TO
mpdypapua (XPNOWOTOLOVTOG Cont rol—C 1 0,TL VTOoTNPILEL TO AELTOUPYLKO CVOTHU): ONUELDOTE OTL (oL dLoi-
K07t 71ov dnpovpyeitar amd Tov xphHotn onuatodoteital Kavovtag raise v e5aipeon 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 try clause (1 TpodTaon(ewg) uetasy twv MEewv-khewdimv try and except).
o Ebv dev mpoxinpel eEaipeon, 1 except clause stopoleimeton Ko 1) EKTELEON THG TPOTOONG t r'y OAOKANPMVETAL.

o Edv napovotootel wo eEatpeon Katd v eKTéAEOT) TG TPOTAONG t Ty, 1] UITOLOLTTY TTPOTACT TOPARELTETAL.
2t ovvéyeld, edv o Timog TG TaupLdler ue v eEaipeon mov ovoudletor amd ™ AEEN-Kheldi except, 1
except clause exteleitan, KoL 0T GUVEXELD 1) EKTEAEON OVVEYITETOL UETA TO UTAOK try/except.

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer t ry
statements; if no handler is found, it is an unhandled exception and execution stops with a message as shown above.
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Mua tpdtaon try umopei vo €yl meploodtepes ortd pio except clause, Y10, vo. KOOOPILOEL XELPLOTES YLOL OLAPOPETIKES
eEawpéoeig. To ol évag yepLothg Oa exteleotei. Ou xepLotég xewpilovior pdvo eEapéoelg mov eupavifovral
otV avtiotowy try clause, 6x1 o€ GANOVG YELPLOTES TG LdL0G TPOTOONG try. M except clause (Wtopel vaL 0voudoeL
mohhamhég eEaupéoelg wg mheldda (tuple) oe apévOeon, yia mopaderypa:

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")

Znuewmwote OTL Qv oL except clauses giyav avILoTpapeL (U TO except B mpwta), o eixe extunwbel B, B, B —
EVEPYOTTOLELTAL 1] TTPWTH OVILOTOLYLOY except clause.

All exceptions inherit from BaseException, and so it can be used 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 BaseException as err:
print (f"Unexpected {err=}, type (err) ")
raise

Alternatively the last except clause may omit the exception name(s), however the exception value must then be retrieved
from sys.exc_info () [1].

H npdtaon try ... except el éva mpooalpetikod else clause, To 0molo, OTOV VITAPYEL, TPETEL VAL AKOMOUDOEL OAEG
TG except clauses. Eivow yphouo yio KmdLko o TpEmeL va eKTEAEOTEL (v To 1y clause dev KGver raise o eEaipean).
INo mopdderypo:
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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 yp1jon tg mtpdtaong else eivar Kahitepn amd v tpocdnKn mpdobetov KHdLka 0Ty TpdTaoT try, eneldn
aTroeVyeL TNV Katd MaBog GUAAMYN wag e5aipeong ov Sev TPoEku e aItd TOV KMOOLKO TTOV TTPOOTATEVETAL OITO
TV TPOTOoT try ... except.

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)) # the exception instance
print (inst.args) # arguments stored in .args
print (inst) # __str___ allows args to be printed directly,
# 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

y = 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 fry clause, but also if they occur inside
functions that are called (even indirectly) in the #ry 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
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8.4 Raising EEaipgoeswv

H hwon raise emttpémel 0Tov TPOYPOUUOTLOTH VO VOYKAOEL VoL eppavioTel o Kaboplouévn eEaipeon. T
mopdderyuo:

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

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

The sole argument to ra i se 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()'

Ebv mpémel va tpoodropioete edv éxel eyypopel o eEaipeor), ald §&v oKOTEVETE VA, T XELPLOTELTE, LLOL ATTAOV-
oTEPN HOPPN NG dMNAmong raise oog emrtpénel va Kavete Eavd raise v eEaipeon:

>>> 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 AAuocldwteg EEalpgoelg

E&v mtapovoraotel wo un yewpttouevn (unhandled) sEaipeon péoa oe wo evotnta except, Oa emovvdypel v
eEaipeon mou Oa yelpLotel kat 0o ovpeptAngOel oTo ufvupa oEUALOTOG:

>>> try:
open ("database.sglite")
except OSError:
raise RuntimeError ("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: unable to handle error

T vo vtodei&ete OtL o eEaipeon eivan Gueon ouvémela pag GAANG, 1 TPOTAOT raise emTPETEL UL TPOULPE-
Tk Tpdtaon from:
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# exc must be exception instance or None.
raise RuntimeError from exc

Avtd pmopei va givar xphowo otav petaoynuotiCeton eEapéoeis. Mo mapdderypo:

>>> def func():
raise ConnectionError

>>> try:

func ()
except ConnectionError 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
ConnectionError

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

Enutpérner emiong v amevepyomoinot g avtouatng alvoidag eSapéoewv ypnowomowdviag 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 TANPOPOPIES OYETIKA Ue TNV UNYOVLKY alvuoidmv, deite bltin-exceptions.

8.6 Etalpgoelg nou kaBopilovtal anod To XpRotn

Ta TpoypAUUATo WToPovHV Vo, OVOUACOUY TG SLKEG TOUG EALPETELS SNULOVPYMVTOG o VEO KAAOT eEaLpéoemv
(8eite KAdoeig yio meploootepa oxeTikd ne Tig KAGoelg Python). O eEaupéaeig Ba mpémel ovvihBwg va tpoépyovol
amd TV kKMAon Exception, eite dueoa eite éupecal.

Miopovv va oplotolv KhAoeLg eEaipeong mov kdvouv otdhote witopel va kKdvel omotodnmote GAAn KAAo,
oAAG oVViHBwG dratnpovvTan OTTAEG, VY VA TPOOPEPOVY UOVO Evarv 0PLOIO YOPAKTPLOTLKMY TTOV ETLTPETOUV TV
eEaymyn TANPOPOPLHV OYETLKA UE TO OQAAUA aTTO TOUG YELPLOTEG Yo TNV eEaipeon).

Ou mepLoodtepeg eEalpéoelg opifovian e ovouoTo o teheudvouv og «Error», mopouoLe (e TV ovopaoio tmv
TUTULKWV eEOLPEOEMV.

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.
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8.7 KabopLouog evepyelwv KabapLopou

H dnhwon try €xel pa dAAn TPoaLpeTLKY) TPOTOOT TOV TPOOPILETOL VO 0PLoEL EVEPYELES KOOAPLOUOV TTOU TTPETTEL
vo. ekTteheoToVV VO 0oLecdNTote ovvOnKkeg. [Na mapaderypo:

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

Goodbye, world!

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

KeyboardInterrupt

Edv vrtdpyer wa mpdtaon £inally, n xpdtaon £inally Bo exteheotel wg 1 TehevTaio epyaoio mTpLv amd Ty
ohoxApwon ™G Tpodtaong try. H mpdtaon finally exteheiton gite oy n mpdtaon try mopdyel o eEaipeon.
Ta akdhovha onueion GVTNTOVV TTLO TEPLTAOKES TTEPLITTOOELS OTaV EppaviteTol po eEaipeon:

o E&v mapovortaotel o eEaipeon katd tv ektéheon g mpodTaong try, 1 eEaipeon WTopel vo avIieTmIL-
otel artd o tpdtaon except, Edv 1 eEaipeon dev aviuetomileton amd mo tpdtaon except, 1 eSaipeon
viveton Eavd raise petd v ektédeon g mpdtoong £inally.

o Mua eEaipeon Ba wwopotioe va TpoKmpel KaTd TNV eKTELEOT LG TpdTaong except N else. Ko i, 1
eEaipeon tibetan Eava petd v ektéheon tng mpdtoong finally.

o Eav 1 mtpétaon £inally ekteréoel ma mpodtaot break, continue 1 return, ou eEapéoelg dev avEd-
VOVTOL €K VEOU.

o Edv n mpotoon try graoel og o dMiwon break, continue M return, 1 apodtoon £inally Qo exte-
Leotel akpLlpag mpLy atd ta break, continue or return g eKTéheoNS TG dNAWONG.

o E&v o mpdtoon £inally mepthaufaver pa SMAwon return, 1 Tus mov emotpépetatr 0o eivor au
oo v mpdtaon £inally g dSNAWONG TG return, Kot Oyt 1 TLui oo ) dMhwon try g mpdTaong
return.

To mapaderyua:

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

>>> bool_return ()
False

"Eva o mepimhoko mapdderypa:

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

(ouvéyela otV emduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> 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'

‘Onwg umopelte va deite, N mpodToon £inally exteleitan o omoladnote mepintmwon. To TypeError mov on-
wovpyeitow ue T daipean dvo ocuuforocelpwy dev XELPLLETAL O TV TPOTAOY except Kal ETOUEVIGS YIVETOL
Eavd raise petd v ektéheot) Tov 0pov £inally.

ZTUG EPAPUOYES TOU TPAYUOTLKOU KOOUOV, 1) TpdTaon £inally gival xpowun yia tnv arehevdépwon eEmteplkdv
TOpwV (dnwg apyeia 1) oLVVIETELS SIKTVOV), aveEAPTNTA QITd TO EGV 1) YPTON TOU TTOPOL NTAV ETLTUYHG.

8.8 NMpoKaBopPLOHEVEG EVEPYELEG KABAPLOHOU

Mepikd avtikeipevo opilovv Tig TUTLKEG eVEPYELES KADOPLOUOU TTOU TTPETEL VO AVOAAUBEVOVTOL OTOV TO AVTL-
Kelpevo dev ypeldletol TALov, aveEAPTITO 0ITO TO EGV 1] AELTOUPYLOL TTOU YPNOLUOTOLEL TO AVTLKELUEVO TTETUYE 1)
amétuye. KortdEte To akdhovbo aviikeinevo, to omoio mpoomadei va avoigel £va apyeio KoL vo eKTumdost To
TEPLEYOUEVO, TOU 0TIV 000VY).

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

To TPOPINUO PE QVTOV TOV KMILKAL ELvaLL GTL OLPTVEL TO OPYELD OVOLYTO YLOL OTTPOGILOPLOTO YPOVIKO SLATTNUO PETA
TNV OLOKANPWOT) TG EKTENEON G OLUTOV TOV TUHUATOG TOU KOdLKa. AuTd dev eivat tpOPAnua o€ amhd oevapLaL, OAAG
wrtopet vo eivan pdPAnua yio peyokivtepeg epapuoyés. H dMiwon with emtpénel o aviikeipeva 0mmg apyeio
VOL PN OWOTOLOVVTOL e TPOTO TOV dLaopalilel Ot kKoOapilovtal Tavta Guesa KoL 0maTd.

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

Metd ™V eKTéLEDT TG TPOTOONG, TO apyeio f eivar wdvta KAELOTO, aKOUO KoL AV TOPOVOLAOTNKE TPOBANUaL
Katd v eneEepyaoio tov ypauudv. To oVILKEIEVA TTOV, OTTWG T aP)EID TAPEXOVV TPOKAOOPLOUEVES EVEPYELES
KaBapLopot Ha To VITOdELKVIOUV 0TIV TEKUNPLWOT] TOUG.
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KE®ANAIO 9

KAdoelg

Ou KMGoeLg Topéyouv éva péoo ouadomoinong dedopévav Kot Aettovpykotntac. H dnuovpyia wag véag kha-
O1G ONUWLOVPYEL EVOLV VEO TUTO OVTLKELUEVOUY, ETILTPETOVIOG VEQ GTLYULATVITA CUTOU TOU TUITOV TTOV TPOKELTOL VL
vivouv. KaOe otryuidtumo KAGoNG Wtopet va £EL XopoKTNPLOTIKA TOU GUVOEOVTAL UE GLUTO YLOL TN SLOTHPN oM TNG
Kataotaong tov. Ta otryudtuma KAGong umopotv va €xovv emtiong uedddoug (tov opilovrar amd tnv KAAom Tov)
YLOL TV TPOTTOTOLN T TG KATATTOONG TOV.

Ze oUYKpLON ue AAAES YAMOOES TTPOYPOULOTIONOD, 0 unyavioudsg KAGong tg Python mpoobétel khGoelg ue ehd-
YLOTO VEO OUVTOKTIKO Kou onuaotohoyio. Eivar éva pelyno tov unyovioumv kKhdoewv mov fpédnkav oty C++
Ko oto Modula-3. Ou khdoglg ™ Python mapéyouv 6o ta standard xopoKTNPLOTIKG TOU AVILKELHEVOOTTPAPOUG
[TpOYPAUUOTLOUOV: O UNYAVIOUOG TG KANPOovoKOTNTOG TG KAGONG emitpérmet TV UrapEn ToMMATADY faotkdv
KAGoewv, (o oparyduevn kKAGon va umopel vo tapoakdppet otoleadnmote uebddovg tng Paotkng khdong 1 kKA~
oV, kKo o uéBodog va umopei vo karéoel ™) uébodo uiag Paotking kKAGong ue to ido dvopa. To oviikeipevo
Wtopovv va epLEYouv avbaipeta mood Kat gidn dedouévmv. Ommg oyvel yia ta modules, oL KAAOELG CUUUETE-
youv ot duvauky evon g Python: dnuovpyotdvral katd to xpdvo eKTéleons Ko WItopovv vo. Tpomtostotfotv
TEPALTEPM UETA TN dNUOVPYiaL.

Ztnv oporoyia g C++, ouviBwg To ué ™G KAAomg (cuumepthauBavouévay Tmv Lehmv dedouévwv) eivor onud-
ota (ektog 07td PAEme TapakdTw [StwTikés MeTaANTES), Ko OMES OL CUMUETEYOVOES CUVOPTIOELG ELVOL ELKOVIKEG.
‘Onwg koar oto Modula-3, d&v vITAPYOVV GUVTOUOYPOPIES YLOL TV OVAPOPE GTO (WEAT TOU AVTIKELUEVOU ATtd TIG Ue-
06d0ug Tov: 1) LEBOdOG dNAdveTaL e PNTO TPDTO GPLOLOL TTOV OVTUTPOCMITEVEL TO AVILKELILEVO, TO OTTOL0 TAPEYETOL
éupeoa oo v kAHo1. Omwg kow oto Smalltalk, ot idieg o KAGoELg eivol avitkeipeva. Avtd opéxel GNUooLoAo-
vio vy eloaywyn kol petovopaoio. e avtifeon pe tig yYhwooeg C++ ko Modula-3, o built-in timol pwopotv va
ypnopomomBouv wg Bacikég KhAoELS Yo emtéktaon amnd tov xpNoty. Exiong, 6mwg oty C++, oL teplocdtepot
built-in Teleotég pe elduky oUVvTaEn (apOunTLKol TEAEOTES, EYYPAPY K.ATT.) LITTOPOUV VO ETTAVOTPOTOLOPLOTOVV YLO.
TA OTLYIOTVTTO KAALOMG.

(EMeiper KaBohkng amodekTiig 0poroyiog Yo Vo IANom Yot TG KAAOELS, B KAVM TEPLOTATLAKT| P01 OpwV
amd ) Smalltalk xow T C++. Oa ypnopomorovoa 0povg amd ™ Modula-3, KaO®OG 1 AVILKELUEVOTTPAPNS ONLLOL-
ololoylo Tov eivar o kovtd og avtv g Python amd 6t thg C++, AAMG TToTed® OTL AMyoL avayvihoTeg To X0V
aKovoeL.)
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9.1 Aiya AdyLa yia Ovépata kat AvTiKEipgeva

Ta avtikeipevo €xouv povadikoTnTo Kot Todd ovouata (o olomha media) wrtopovv va ouvdebotv aTo idLo
OVTLKELUEVO. AUTO ElVOL YVWOTO MG PeVOMVVUO 08 GMAeG YADMOOES. AVTO OUVNOWG dEV EKTLULATAL LLE ULOL TTPMTY
wotid otnv Python kou umopel va ayvoeiton pe aogdhero dtav aoyoleitar pe auetafintovg paoctkots THmovg
(apBuoi, ovuBorooelpéc, Therddeg (tuples)). QotdG0, TO YPeVdWVVUO EXEL ULa TLOOVMG EKTANKTIKY ETidpaon 0T
onuactoroyia Tov Khdika g Python wov epthapfdvel evpetdfinta avikeipevo 6mmg Mateg, AeEIKA, Kat Toug
TEPLOOOTEPOVS AAAOVG TUTTOVG. AUTO YpNOoLUoTOLElTAL CUVNBMG TPOG OPELOG TOV TPOYPARUOTOS, dEdOUEVOU OTL
TA PEVOIWVLLLOL CUUTTEPLPEPOVTOAL COV deikTeg amd opLopéveg amopelc. Ia Tapdderypa, N UeTAdOO0T EVOS AVTL-
KEWEVOU eivar avEE0dN apot udvo évag deiktng mepvd ord TV VAOTTOIN 0T, KAL AV (oL GUVAPTNOY] TPOITTOTTOLEL
€VOL AVTLKEIUEVO TTOV E)EL TEPAOEL MG OPLOUd, 0 KahdV Ba deL tnv arlhayf) — avtd eEodeipel TV avaykn yio dvo
SLOPOPETLKOVG UNYAVIOUOVG LETADOONG OPLOUaTOV OTtwg otV Pascal.

9.2 EppeArcia Kat Media Ovopatwyv otnv Python

[Mpv amtd TV elooymyr TV KAACEDV, TPETEL TPDTA VAL 00G T KATL Lo TOVG Kavoveg euféhetag g Python. Ou
optopoi Twv kKhdoemv aifovv ueptkd Eekdbapa kAT pe To medio ovoudtov Kol mpémet va yvwpllete mmg het-
TOUPYOUV TAPMG TA TTEDLA OVOLLATMOV KoL 1] EUBEAELD YLOL VO KATOVOT 0ETE TANPWG TL oupfaivel. [Tapeumimtoving,
1 yvoon yio outd to 0épa eivar xpfowun yuo Kdbe mpoympnuévo mpoypauuotiot) g Python.

Ag Eekiviiooupe e oplouévoug oplopove.

'Evag medio ovoudtwv (namespace) €ivan o ovtiotoiyon atd ovopata o avitkeipeva. To meploodtepa medio
OVOUATWV VAOTTOLOUVTAL ETTE TOV TapOVTOG WG AeELkd Python, allé ovtd ouvihBmg dev yivetal avttinmTo e Kové-
vav TpoTto (eKtdg artd TNV arddoon) Ko wtopei va odhGEeL oto uéhhov. Mapadeiypato nediwv ovopudtov eivor:
TO OVVOAO TWV EVODUATOUEVOV OVOUATWV (TTOV TEPLEYEL CUVAPTNOELS OTTMG abs () KoL EVOMUATOUEVH OVOUATOL
eEalpéoemv)s ta kabohkd ovouata oe £va module Kau ta Tomkd ovopata oe pa exikinon cuvaptnons. Katd
uior EVvoLo To GUVOLO TMV YOPAKTNPLOTIKMV EVOG OVTLKELUEVOV oYNUaTilel emiong éva medlo ovopdtmv. To on-
LOVTLKO TTPAYILOL TTOU TTPETTEL VO, YVWPILETE YLO. TOL TTEDLC OVOUATMV ELVaL OTL dEV VITAPYEL KOULA OTTOAITMG OYEOT
UETAED OVOULATWV 08 SLOPOPETLIKA TTEdic. OVOUATV, Yio TopadeLya, dvo dtagpopetikd modules pmopel Kol to dU0
VoL 0ploouV o oVVapTNOoN maximize ywpig ovyyvon — yxpnoteg twv modules pémel vo TV TPocHEGOVV UE TO
ovoua tov module.

TMopeumTTdOvVImS, XpnoLuomoum T AEEN attribute Yo 07T0L001ITOTE OVOLLOL TTOV OLKOMOVOEL Lt Teleio — yia Tapdi-
deryna, otV EKQPoon z . real, 1o real eivou £va attribute TOU AVTLKELWEVOU Z. AVOTNPE IADVTOG, OL AVAPOPES
oge ovouorta twv modules glval avapopéc oe attributes: otV ékppoon modname . funcname, 10 modname givol
éva module avtikeipevo Kat to funcname eival €va attribute TOUV AVTLIKELWEVOU. Z€ QUTHV TNV TEPLTTWON OV~
Baiver vo vTdpyeL wo ot avTLoToiyLon uetaEv Twv attributes Twv modules Kot Twv KOOOAMK®OY OVOUUT®V TOV
opitovtau oto module: polpdlovral Tov idLo xmpo ovopudTwv!!

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.

Ot Y ™POoL OVOUATOV dNULOVPYOVVTOL O SLOPOPETIKES OTIYIEG Ko £xouv dtapopetikn didpkera Lone.O xmpog
ovopdtwv Tov mepLéyet ta built-in ovopata dnuovpyeitor Katd tv ekkivion tov diepunvéa g Python ko dev
draypdgeton woté. O Kabohkdg xhpog ovopdtwv yia éva module dnuovpysiton dtav dafaletal o opoudg Tov
module. Kavovikd, ot ympot ovoudtwv tov modules dtopkovv emiong uéypt va tepuatiotel o diepunvéag. Ot dnho-
OELG TTOV EKTEMOUVTOL ATTO THY ETTKANON OVAOTOTOV EMITESOV TOV dtepunvéa, eite dafaovtar amd éva script eite

! 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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dLadpaotikd, Bewpovvrar uépog evog module srov ovoudCetal __main__, EmOUEVWS €XOVV TOV dLKO TOVg KaB0o-
MKO xdpo ovoudtmv. (Ta evoouatouéva ovouaTo oTnY ITPOyRATIKOTNTO VITdp ovV £iong o€ £va module,autod
ovopdCetar builtins.)

O T0oTLKOG X DPOG OVOUATWV YLOL Lo GUVAPTNON dNovpyeltol 0Ty Kokeltal 1 ouvapTnon, Ko diaypdpetal dtav
1] GUVAPTNON ETLOTPEPEL 1] dNUWOVPYEL UL EEiPEOT) TTOV dEV AVTIUETMITULETOL 0TIV OVVAPTNOT. (ZTNV TPOYUALTL-
KoTTL, M MO B NTav KaAitepog TPpOTOg Yo vau TEPLYPaPouue TL Tparyotikd cuufaivet.) Duotkd, oL eovo-
roppovoueves emkinoelg €xouv To dtkd Toug TOTKO XHPOo ovoudTwy.

H euféheia eivar pua weproyn kelwévou evog mpoypduuatog Python 6mtou évag xmpog ovoudtwy givan Guesa tpo-
opdowog. To «Aueon mpdofaon» edm onuaiver OTL Lol OVETLPUAAKTN avopopd o€ £va dvouo tpoomabel va fpet
TO OVOUO GTOV Y MPO OVOUATMV.

IMapdho mov ta 7Edia TPOTdLOPILOVTOL OTATIKA, XPNOLUOTOLOVVTAL dUVaKE. Z& 0TT0L0d1IToTE XPOVO KOoTd TNV
dLapKeELL TG EKTELEONG, VTTAPYOUV 3 1) 4 £vOETO TTESIOL TWV OTOLMV OL YMPOL OVOUATWV VoL GeTe TPOoaPAaaLuoL:

o 1 evd0OTEPN EUPELELD, 1] OTTOLOL OVOLNTELTOL TTPWTA, TTEPLEYEL TOL TOTILKA OVOLLOLTOL

o 1 euférela omoLwVONHTOTE ECWKAELOUEVWV GUVOPTNOEWYV, TO OTTOL0L AVALNTOUVTOL EEKIVMOVTAG ATtd TV TTAN-
OLEOTEPT ECWKAELOUEVN EUPENELDL, TTEPLEXEL U1 TOTTLK G, OAAG Ko un KaBolkd ovouato

o 1 emduevn mpog TV TeErevTaia epPélela epLéyeL ta Tpéyova Kabohkd ovopata Tov module

o 1] TLO OTTOUOKPUOUEVY euPédela (rov €yLve Televtala avalnTnon) elvol o ¥MPog OVOUAUT®Y TOV TEPLEYEL
built-in ovoparta

Edv éva dvopa €xer dnlwBel wg Kabohkd, TOTE OAES OL AVAPOPES KOL OL EKYWPTOELS TNyoivouv amevdeiog oto
EMOUEVO TTPOG TO TeEhevTaio medio mov mepiéxel ta Kabohkd ovopata tov module. o Ty emavaovvdeon peto-
BANTdV Tou Pplokovral ekTdg TG evOOTEPNG EUPELELOG ,UTopel va xpnolwortotnOei 1 Oworn tov nonlocal .
Edv dev dnhoBovv og urn Tomikéc, autég oL UETABANTEG vl LOVO YL ovayvmon (Lo TPooTtdOeLd eYYPOpTg O
uoL TEToLo LETaPANTY O dNULOVPYNOEL ATTAMG WoL Véa TOTTLKY] UETABANTY otV evOOTEPN eUPELELa, aprvovTag
auetdfinTn v eEwteptkr| petafinti pe to ido dvoua ).

ZuviBwg, N tomiky eppélela mopaméumer oTo TomKE ovouato g (Kelpevng) tpéyovoog ovvaptmong. Extog
OUVOPTNOEMY, 1] TOTLKT] EUPENELAL AVOLPEPETOL OTOV OO XMPO OVOUATWV UE TNV KOOOMKT uPEAELO: TOV XDPO
ovoudtmv tov module.Ot opropoi KAGGEWVY TOTOOETOUV Evav aKOuT YMPO OVOUATWV 0TV TOTLKY EUPELELDL.

Eivar onuavtikd va ovveldnromorjoovpe ot o euféheteg kabopilovrar ue xeipevo: 1 Kabohkn eupérelor pog
ovvapoNg ov opiletar og éva module gival o yMPog ovoudtmv auvtol touv module aveEGpTTa amd To TOU M)
UE TOLo PYeVdMVUUO KadelTon 1 oUVAPTHON. ATTO TV GAAN TAEVPQ, 1) TPAYUATIKT] OVOTNTNOY OVOULATOV YIVETOL
duvaukd, Kotd To XpOvo eKTEAEOTC — MATOC0, 0 0PLOROG TG YAwooog eEehiooetal Tpog T otaTikh avdivon
OVOUATMV, TNV MPA TNG «UETOYAMTTLONG», ETOUEVIG UNV BaoileoTte o€ duvoukr avdivon ovopatog! (v pay-
LOTLKOTNTA, OL TOTLKEG HeTafANTég Exovv O KabopiLotel otatikd.)

Mo Wiaitepn Wroppuduio tng Python eival 6t — av or dnhwoelg global 9 nonlocal dgv eival o€ LOoYY — oL
EKYWPTOELG 0T OVOUALTO TTNYOLVOUV TTAVTO 0TNY evdOTEPT eUPéreLa. OL ek mpPNOELg deV aviLypdpouv dedouéva
— amhig deopevouvv ovouata oe avitkeipeva. To idlo Loyvel Kan yio TG draypagés: n dMhwaon del x apaLpet Tnv
OUVOEDT] TOV X OITO TOV X MPO OVOUATMV TTOU ALVAPEPETAL OITO TNV TOTTLKY| EUPELELOL. ZTNV TPAYUATIKOTYTO, OAEG OL
LELTOVPYIEG TTOU ELTAYOUV VEQ OVOLLOLTOL Y PNOLUOTTOLOVY TNV TOTILKT] EUPELELO: CUYKEKPLUEVO. OL SNADOELS, import
KO 0L 0PLOpoL GuvapTNoewv deopevovy to dvoua Tov module 1 TG oUVAPTNONG 0TV TOTLKY EUBENELDL.

H dMiwon global umopel va ypnotpomondei yio va vodei&er dtL ovykekpuéveg uetafintég Lovv oty Kado-
KT eupéreto ko Ba mpémel va ovokdppouv exel. H dNhwon nonlocal vmodnhmdveL OTL OUYKEKPLUEVES LETO-
BANTéG Couv o€ o e0mKAELOTY eUPERELO Ka o TPETEL VL avaKAupovv eKEL.
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9.2.1 MNapadeiypa Eppérelag kat Xwpwv Ovopdatwyv

AvuTto givar éva mopddeLyro Tov delyveL ToV TPOTTO AvapopPas 0T dLAPOPETIKA TTEdIO KOl Y MPOVG OVOUATMVY KL

oG 1o global koL nonlocal exnpedlovv ta variable binding:

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

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global():
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 amoTéAeoHa TOV KMALKA 0TO TAPASELYUOL ELVOL:

After local assignment: test spam

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

ZNUELDOTE TTAG 1) EKYMOPN 0T Tomk?) (1) ommoia eivon tpoemiheyuévn) dev dAhaEe v déouevon scope_test's Tov spam.
H exympnon nonlocal dAaEe TV SE0UEVOT TOV scope_test's TOV spam Kol 1) eKYmpnon tov global dAha&e ™

déopevon oe emimedo module.

Mrtopeite emiong va deite ot dev vnpye TPONYOUUEV DEGUEVTT YLOL spam TTPLV ATtd TV ekywpnon global..
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9.3 Mua nmpwtn patia otig KAaoelg

O K)hGoerg etodryouv Aiyn véa ovvta&r, Tpelg vEoug TUITOUG OVTLKELUEVMV Kol KAITOLX VEQ GULOLOLOAOYiAL.

9.3.1 Xuvta&n OpLopou KAaong

H amhovotepn popen optopot kKAAong WoLatet ue avto:

class ClassName:
<statement-1>

<statement-N>

Opopoi Khaoewv, OTMG opLopol ouvapthoemy (def dMMADOELS) TPETEL VO EKTENEGTOUV TPOTOV £XOVV OTTOLOOT|-
moTe aToTéAEoUa. (Oa propovoate va tortobetioete Evay oplopd kKAGong oe évav kKhAado pag dhwong 1 £ 1 uéoa
0€ o GuvapTHoT.)

Ztnv tpdEn, oL dnhwoeig uéoa oe évav oploud Khaong ouvhBog Ba eivan oplopoi ovvaptihoewy, OAG eLTPETO-
vta Ghkeg ONADOELG KoL LEPLKES POPES YpNoLueg — Oa emavélBovue oe autd apyotepa. OL 0pLopol cuvapTioEmv
uéoa o€ po KAGom ouvnBwg £xouv o Tepiepyn wop@r AMoTtag opLopd Ty, ToV VITAYOPEVETOL AT TLG OUUPBAOELS
KAMong yio ueBddovg — ko e, autd eEnyeital apyodTepa.

‘Otav eLodyetol £vag opLotog KhAomg, dnuLovpyeltot £vag vEog XMPOG OVOLATMV KAl YPT|CLULOTTOLELTOL MG TOTTLKY)
eUPELELD — ETOUEVIDG, OMEG OL EKYWPNOELG O€ TOTLKES LETOPANTEG TN YALVOUV OE QUTOV TOV VEO Y MPO OVOULTMV.
ZUYKEKPLUEVA, OL OPLOUOL CUVAPTHOEMY SECUEVOVY TO OVOUX TG VEOG GUVAPTNONG EOM.

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).

9.3.2 Avtikeipeva KAaong

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

OL Avagopés xaparTnoteTKdV YPNOLUOTTOLOUV TNV TUTTILKT) GUVTOEY TTOu ¥P1OLLOTTOLELTAL YL OMOL TG AVAPOPES
YOPOKTNPLOTIKOV otV Python: obj.name. Ta £ykupa ovOLOTA XOPAKTNPLOTIKMY €ivol OMOL TAL OVOLLOTO TTOU
Bpiokovtay oToV XhPo ovoudTmy THG KAAoNG OTtav dnuovpyhOnke to avitkeipevo thg kKAGong. 'Etot, ov 0 optopog

¢ KAAoNG uotale wg eENg:

class MyClass:
""n"A simple example class
i = 12345

mrn

def f(self):
return 'hello world'

thenMyClass.iandMyClass. 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___isalsoa
valid attribute, returning the docstring belonging to the class: "A simple example class".
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H xhéion onyutdrvmo (pnouoToLel ONUELOYPOpLa. CUVAPTNONG. ATADG TTpooonOeiTe OTLTO AVTIKELUEVO TNG KA
onNgG elvoL Lo GUVAPTNON YWPLS TOPAUETPOVS TTOV ETMOTPEPEL EVOL VEO OTLYIOTUTTO TNG KAhdong.I'a mapdderyuno
(voBétovtag ™V Topardvew KhAom):

x = MyClass ()

duovpyel Eva véo oryudTumo TG KAMAONG Kol EKYmpel auTd TO OVTLKEIUEVO GTNV TOTTLKY UETAPANTY 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)
>>> xXx.r, x.1
(3.0, —-4.5)

9.3.3 AvTIKEipEVA ZTLYHLOTUTIWV

Topo TL WITOPOVUE VO KAVOUUE [LE TA AVTLKEIEVA OTLYWOTUTTMV; OL OVeEg AELTOUPYIES TOU YiVOVTOL KATOVONTEG
OTTO TO. OVTLKELUEVO OTLYULOTUTTOV ELVOL OL AVAPOPES YOPAKTNPLOTIKMV. YTTAPYouv 800 eldn EyKupwv ovoudtmv
attributes: attributes Ko 1€00doL dedouévmy.

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 éyxvpa ovouoTo nefddmv evog avTiKelévoy otrypdTutoy eSaptdvrol amd v kAo Ttov. EE oplopov, 6ha
TOL Y APOKTNPLOTIKAG oG KAAoNG TTov elvan avTtkeiueva ouvaptnong opilovy Tig avitiototyes Hedddovg Twv otuy-
wotirtmv ™. Etol oto mapdderynd pag, to x.f eivor wo Eykupn avagpopd pnedoddov, apov to MyClass.f eivol
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ovvaptnom, ol to x.i dev eivor agov To MyClass.i dev eivar. AAMG to x.f dev eival to idto pdyuo ue to MyClass.f
— eivan éva avakeluevo uefédov, dyL Evo AVIIKELUEVO CUVAPTIONG.

9.3.4 Avtikeipeva Mebddou

ZuvihBwg, o néBodog Kaeiton apuéoms HET ™) déouevom T™e:

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())

Oa ouveyioel va ekTutdveL To hello world péypl To TELOG Tov YPOVOoU.

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...

2TV TPAYUOTIKOTNTO, WTOPEL VO £XETE LOVTEWEL TNV ATTAVTNON: TO WOLaiTEPO [E TIg HeBOdoVG elval OTL TO avTL-
Keluevo Tou oTLyoTuIToy HeTofLBAleTal g To TPMTO OPLOUA TNG CUVAPTNONG. ZTO TAPAOELYUE LOG, 1) KMo
x. £ () elvon akplpwg Loodvoun pe to MyClass. £ (x) . [evikd, ) kion pag uebodou ue (o Moto oo n opi-
OULOITOL LOOOUVAUEL LLE TNV KAON TNG OVTLOTOLYNG OUVAPTNONG LE ULe MOTO OPLOUAT®Y TTOU SNUWOVPYELTOL UE TV
ELOAYWYY] TOV OVILKELWEVOU OTLYWOTUITOU TG eGSOV TTPLV atd 1o TPDTO OPLOLLO.

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.

9.3.5 MetapAnteég KAaong kat ZTiypLéturou

e yevikéG YPaUUES, oL eTaANTEG oTLyudTUIToL TTPoopitoval yio dedouéva Lovadikd yio Kahe otymdTumo Ko
oL LETOPINTEG KAAONG ELVAL YLOL XOPOKTNPLOTIKG Ko pefdd0vg Tov potpdlovtat OAa To. OTLYIOTUITO TS KAAOTG:

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'

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> e.name # unique to e
'Buddy'’

‘Onwg ovintOnke oto Alya Adyia yra Ovduata ko Avaikeiueva, To. KOwa dedopévo Ltopel va £xouv mbovmg
EKTANKTLKG QITOTELEOUATO. UE TN CUMUETOYT| avTikelwévav mutable dmwg Aioteg kau AeEikd. To mopdderypa, M
Mota tricks otov mapokdTm Kmdka dev Oa mpémer va xpnowomoLeital wg UETARANTH KAAOTG emeLdN wOVO pial
Mota Oa wtopovoe va gival ko) og Oha to. 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 0wotdg 0YedLOOUOS TNG KAGONG Oat TTPETTEL VoL PN OLOTTOLEL Lol UETOPANTY OTLYILOTUTTOU AvTL:

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

['roll over']

>>> e.tricks

['play dead']
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9.4 Tuyxaieg MapatnpnoeLq

Av 10 1810 Ovoua XOPAKTNPLOTIKOV EUPAVICETAL KOl O €Va OTLYIMOTUITO KoL OF (o KAGOT, TOTE 1) avalnTtnon
YOPOUKTNPLOTLKOV SLVEL TPOTEPALOTHTA OTO 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

To xopaKTNPELOTIKG dEOUEVOV UTOPOVY VO avapépovTal (e uefddovg Kabmg Kal amd amhovlg ypnoTeg («Ite-
MateS») evog avtikelévoy. Me ahha Aoy, oL Khaoelg dev wmopov va xpnotnootn0ovy yio Ty vhomoinon
KOOapOV apnPENUEVOV TUTTMV SESOUEVOV. ZTHV TPAYUATIKOTNTA, Tirtota otV Python dev kabiotd duvath v
emPBOAT] TG amdKpLYPTG dedouévmv — Oha facilovior oe oVpfaoy. (amd Ty Gy TAevpd, 1 epapuoyn Python,
ypoupuévn oe C, uropel va amokpipel eviehmg Tig Aemtouépeleg vhomoinong Kol va eléyEel tnv mpdofaon ot éva
OVTLKELUEVO EQV ELVOIL OTTOPALTNTO AUTO UTTOPEL VoL X pnotpostolnOel amd emektdoelg oty Python ypauuéveg oe C.)

O ypfioteg Oa TPETEL VOL Y PNOLLOTOLOVY TOL YOPAUKTIPLOTLKA OESOUEVOV UE TPOOOYT) — OL (PNOTEG EVOEYETAL
Vo UTtePOEPOUV T APETAPANTO TTOV dLarTnpovVToL 0Ttd Tig 1eBOdoVS TpPayllovTas T XAPUKTNPLOTIKA TwV dOg-
dopévmv tovg. Adfete vmoyn OTL oL ¥PNoTEG UITOPOVV VoL TPOGHECOVV SLKA TOUG YUPOAKTHPLOTIKG dESOUEVIV
0€ VO, AVTIKELUEVO OTLYILOTUTTON YWPLG VO ETNPEACOUV TNV EYKUPOTNTA TWV UEBODWV, EPOCOV ATOPEVYOVTOL OL
OUYKPOVOELG OVOUATOV — KO TTAAL, (ot GVUPBAoT OVOUOOLOG WTOPEL VO ODOEL TTOAMOUG TTOVOKEPALOUG QM.

Aev VTTdPYEL CUVTOUOYPAPLOL YLOL TNV AVAPOPA YOPAKTIPLOTLKMV dedouévav (1] GMwv uedddmv!) uéoo amod tig
1eBdd0UG. ALOTTLOTHOVD OTL AUTO OTHV TPAYUOTIKOTNTO AVEAVEL THV VoY vVOOLUOTNTO TV neBodwv: dev vmdpyel
Kapio mlavdTTa oUyXuoNg TOTKOV UETOPAMNTMV Kol Twv UETAPAMTOV mapadeiypatog dtav eEetdfovue o
uéhodo.

Zuyvd, 10 TpdTo dpLopa pag nebodou ovoudteton self. Avtd dev eival Timota mEPLoodTEPO Ad (o GVUPAON: TO
ovopa self dev €yel Kouia amolitmg LLaitepn onuooia yio Thv Python. Enueimote, ®otdoo, 0Tl oV dev aKoAoU-
O1joete T VPPN 0 KOILKAG 00G UTopel vo eivat Ayotepo gvavayvwoTtog oe Ahovg TTpoypaupotiotég Python,
Ko lval eTi01g KoTtavonTd OTL WTOPEL VoL YPOpTEL £va TpoOypaupa class browser ov vo Bocifetol og puo TéToa
ovppoon.

Kd0e avtikeipevo ouvéptnong mov eivol xopaktnplotikd kKAAong opilet (o uéfodo yio oTLywodTuITo OVUTHG TG
KAGonG. Aev gival amapaitto 0 0PLOUOG TG CUVAPTNONG VO TEPLKLELETOL UE KELUEVO GTOV 0PLoUd TNG KAAOTG:
1] OVTLOTOLY1O1) EVOG OVTIKELUEVOD OUVAPTNONG 08 UL TOTTLKY| UetafAnty g KhAong eivar emiong evraEel. T
mopdderyuo:

# Function defined outside the class
def fl(self, x, vy):
return min(x, x+y)

class C:
f = f1

def g(self):
return 'hello world'

9.4. Tuxaieg Napatnpnoelg 85




Python Tutorial, Anpooiguon 3.10.18

Now f, 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 uopovv va Kahouv dhleg uebdd0vg XpNOLULOTOLDVTOG YOPAKTIPLOTLKG (1EBOd0V Tov argument self:

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

def add(self, x):
self.data.append(x)

def addtwice (se
self.add (x)
self.add(x)

1f, x):

O puéBodoL UITopEL Vo avapEPovTal 0g KaBOMKA 0VOUATa e TOV 110 TPOTOo 0Tmg oL ouvnOLouéveg ovvaptioelg.H
KaBohkn euféhera ov oyetiCeTon pe o uébodo eivar to module wov mepiéyel Tov optopd ™. (Mo kKAdon dev
YPNOLUOTTOLELTAL TTOTE MG KOOOMKN EUPELELD.) AV KO OTTAVIO GUVOVTA Kavelg Evov Kald Loyo yia T xp1ion kabo-
MKOV dedouévmv oe o uEBodo, vmdpyovv morhéc Nowues xpNoeLs tg kabolkng euéherad: yia va Tpdyia, oL
LeLToVPYLEG KoL OL AELTOUPYLKES LOVADES TTOU ELOAYOVTOL OTNY KaBOALKY epuPélela umopovv va xpnouosotnfotv
oo uebodovg, Kabmg Kol ouvapTnoeLs KoL KAAOELG Tov opiloviol o autd. Zuvnbme, 1 KAAOT TOU TEPLEYEL T
uéB0do opiletar amd wovn ™G o€ avth ™V Kabolkr) euféhela, Kar otnv emduevn evotnto Oa fpovue peptkovg
KaAoUg AMOYOUG YLeL TOVG 0TT0L0vg (o iéBodog Ba NBehe va avapépet T Sk Tng KAAo.

Kda0e T eivon éva avitkeipevo Ko emouévmg €xel o kAdon (ovoudiLeton emiong tdrog tg). Amodnkevetol wg
object.__class__.

9.5 KAnpovouikotnta

DuoLkd, €vo XopaKTNPLOTIKO YAhooag dev Oa ftav avidElo Tov ovouatog «class» ywpic v vooTpLEn g
KAnpovowkdtntac. H aivtokn yo évav mopayouevo oplopd KAGoNG WotGeL 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 mopayouevou opLlopot KhAoNg Ttpoympd To i8Lo O0mmg yia wa faoctky kidon. ‘Otav to avit-
keluevo g KAMGong kataokevaletat, 1 footkn KAAoN amopuvnuoveveTal. AuTo X pNOLULOTOLELTAL Yo TV ETTiAVON
OVOPOPMV YOPAKTNPLOTIKMV: AV £VOL TNTOVUEVO Yo pOoKTNPLOTLKO dev Bpedel oty Khaom, 1 avalitnon Tpoywpd
otV avalitnon ot factkn kKAAon. Autdg o kovovag epapudletar ovadpoukd eav 1 idia 1 faorkn khdon mtpo-
EpyetaL oo Koo AT KAGO).

Aev vmdpyel Timota TO 1dlaitePO OxeTKA pe TV dnuovpyic oTyudTuIou  mapayouevov  KAAoEwv:
DerivedClassName () dmuouvpyel éva véo oryuodtumo g kAdong. O avagopés uebddwv emidovtar g
€ENG: yivetar avalnNTnon Tov avIioToL o YapoKTNPLOTIKOD KAGoNG, KatefaivovTag mpog Ta KATw 0TV oluoida
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TOV BOoK®OV KAAOEWV EQV Elval aTapaitnTo, KoL 1 avapopd ¢ ueboddov eival Eykupr edv autd amodidel Eva
OVTLKEIUEVO GUVAPTNONC.

O Tapdymyeg KAMAOELG EVOEYETOL VO TTAPAKAUTTOVY TLG HEBOOOVS TV Bactkdv Toug kKAdoewv. Emeldr) oL uébodot
dev €xouv eldLKd Tpovoa Otav Kahouv diheg neBodovg Tou (dLov avitkelnévou, wa uéBodog wag Paotkng KAA-
o1G oV Kahel pa AN néBodo mov opitetor otny idta faotkr KA wropel va KatodhSer va Kolel o uébodo
wog opayouevng kKAdong ov v ovitkaduotd. (Mo mpoypappotiotég C++: dheg o uébodot otnv Python eival
OVOLOOTIKO «ELKOVIKES».)

Mua vmepLoyovoo 1€B0dog oe (o Tapayouevy KhAoT WTOPEL 0TV TPAYUOTIKOTITA Vo OENEL VO ETTEKTELVEL OVTL
VO OVTLKOTOOTNOEL amAdG T UEB0d0 Paotkng Khaomng pe to (dto dvopo. Ymdpyel évog amidg Tpodmog yia Vo
Koléoete T uEOodo Paoikng Khdong amevdelog: amhdg Kaiéote To BaseClassName .methodname (self,
arguments) . Autd elval meploTaclakd YpPnolpo oToug Ypnotec (AdPBete undyn OTL
autd Aeirtoupyel pdvo edv n Baocikn xAdon eivar npooBdoiun wg *~BaseClassName oty
KoBohk eupélera.)

H Python €yeiL 800 (evomuotmuéves) built-in cuvoptnoelg wov Aettovpyovv ue KAnpovoukotytoL:

o Xpnowomoujote To isinstance () yuo va eléyEeTe TOV TUTO EVOG OTLYIOTUITOV: TO isinstance (ob7,
int) Oa eivow True udévo eGv 1o obj._ class__ elvaw int 1 wpoépyeton amd Kamola kKhéon amd int.

« Xpnowomomote To issubclass() 1y vo ghéyEete v KAnpovowkotnta  Khdong:  To
issubclass (bool, int) eivoaw ™ True™ agov to bool eivar vmwokhdon tov int. Qotdoo, T0
issubclass (float, int) eivawFalse agov to float dev eival vitokAdon Tov int.

9.5.1 MoAAanAn KAnpovouikotnta

H Python vrootnpitel emiong o popen morhaming kinpovoukodtntac. ‘Evag opiowds kKAGong pe molhamhég
Booukéc kKAGoelg poldlel pe outod:

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 Base1, then (recursively) in the base classes of Base1, and
if it was not found there, it was searched for in Base?2, and so on.

2ty TpoyuaTtkdTTa, ivat Aiyo mmo mepimhoko artd ovtd. H oelpd avaluong tng uedddov alhialer Suvounkd yio
VO, VTTOOTNPIEEL CLVEPYOTIKEG KAOELG 08 super () . AUT 1) TPOoEYYLoT elvaL YVWOTY) 08 0pLOPEVES GAAES YA OOES
oAhartig KAnpovoutkdtntag wg call-next-method Kou eivar o woyvpn amd ™) covmep KANon mov Pploketal oe
YADOOES UELOVOUEVNS KAPOVOLULKOTN TG,

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:
/Iwww.python.org/download/releases/2.3/mro/.
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9.6 IdwwTIKEG MeTaBANTEQ

O petofintés otyuotumou «Private» otig omoieg dev elvan duvatn 1 TPdoPaon eKTOg 0d To E0MTEPLKO EVOG
OVTLKELUEVOV,OEV VIapyouvv oty Python. Qotdoo, vdpyel pa cuufaon mov akohovOeitol amd Tov TEPLOOOTEPO
Python kddika: éva dvopa pe Tpdbepa Kdtw mavha (). _spam) 0o TPETEL VO OVTIUETOIULETOL WG U1 dSNUOGLO
uépog touv API (eite mpdKeLTal yia ouvapTnon,uébodo 1 uérog dedouévav). Oa mpémel vo Bempeitar mg Aemtous-
PELa VAOTTOINOMG KO VTTOKELTOL 08 0AAAYEG XWPIG TPOELDOTOINOM.

Aedouévou 0Tl vTTdpyeL o £YKUPN TEPLTTMON YPNOMNG VLo LOLWTLKA UEAT TG KAAoNG (dNAad) yLa Vo OTTopeL-
%000V ouykpovoelg ovopdtwy ue ovopato Tov opilovrot amd VITOKAAOELS), VITAPYEL TEPLOPLOUEVT] VITOOTHPLEN
v €vay TETOLo VIO, Tou ovopdietol name mangling. OmTOLOONTOTE OVOYVWPLOTIKO TNG POPUAG _spam
(TOVMAYLOTOV dVO TPOTOPEVOUEVES KATW TAVAESG, TO TOM WO 0T CUVEXELD KATW TOOA) avitkabiototol e
Kelpevo pe to _classname__spam, 670V 10 classname €ivol To OVopa TG TPEXOV0aG TAENG UE TV TPWTY
vroypduuion stripped. Avtd to mangling yivetow yoplg vo haupdvetar vtdyn 1 ovvtakTtikn 6€or Tov Tov ova-
YVOPLOTIKOV, CLPKEL VO EULPAVILETOL EVTOS TOV OPLOUOD ULOG KAAONC.

H mapaficon ovopdtwv eivar xpHoLun yio vo eLTpEmeTaL 0TLg VITOKAAOELS Vo Ttapokdpttovy nefddovg ympic
vo dLakdITToVY TG KM oELS nebddmv evdoxidoewv. o apaderypar:

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 mapomave mopdderyuo o Aertoupyovoe akopo Kar av 1o MappingSubclass eonyaye €vo ovoryvo-
pLoTikd _ update ool avukotaotdOnke pue 1o _Mapping_ update oty kAdon Mapping KoL U€ TO
_MappingSubclass__update otn KA4on MappingSubclass avTioTtoLyd.

AdBete vroOYPn OTL 0L KOvOveS Tapapiaong £xouv oyedlaotel Kupiwg yio TV aoguyn atuynudtov.ESakolovbei
va givan duvatih) 1 TPdofoorn 1 M TPOTOTOINON Wag UETAPATAG Tov Bewpeital WOLWTIKT. Avtd pmopel va eiva
YPHOLUO OKOUN KOl 0€ ELOLKES TTEPLITTDOELS, OTTWG OTO TPOYPAUUO. EVTOTILOUOV opaludtmv(debugger).

Znuelmote OtL 0 KOdLKag Tou uetafLpdotnke 0to exec () 1 oto eval () dev Bewpei dti To To dHvoua KAAOoNG TG
KAdong emikAnong va eiva 1 Tpéyxovoo KAGoN. Autd elval TapOUoLo Ue To oTOTENETUA TG KaBOA LK C dINAWONG
, TO OLITOTENEOUOL TNG OTTOLOLG ETTLONG TEPLOPILETAL OTOV KWMLK TTOV €xeL petaylwtriotel pali(byte-compiled). O
910G TTEPLOPLOUOG LOYVEL YO TOL getattr (), setattr () Kouwdelattr (), KaBwmg Ko OTav yivetal avapopd
amevbeiag oto __dict_ .
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9.7 Mikpompayupata

Mepikég popég etvar pNoLo vo €xete Evay Tumo dedouévarv apopoto e tov Pascal «record» 1) C «struct», opoi-
dOTOLWVTAG LEPLKA ETWVLLLA OTOoLyeia dedopevmv. H dimpatiki) mpooéyyion eivou 1) xpon dataclasses yua
QUTOV TOV OKOTTO:

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee ('john', 'computer lab', 1000)
>>> 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 EmnavaAnmnrteq

MéypLTmpa mbovoTota £XETE TAPATNPTOEL OTL TO TEPLOTHTEPOL AVTLKELILEVQ container PIToPOUV VoL Etavalnpbotv
ypnopomolmvtag pa 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="'")

Avtd to otuk mpdofaong eivar oapés, ovvorttikd kou fohko. H ypron tov Iterators diammepvd KoL €voToLel Tnv
Python. Zto mapaoknvio, N diwon for Kakel iter () oto avrikeipevo container. H ouvdptnon emotpépet éva

avTLKeipevo iterator ov opiler ™) uébodo __next_ () 1 omoia €xel mpdooon o€ oTolyela oto container éva
K&Oe popd. Otov dev vitapyouv GAha otouyeia, To _ next__ () dmwovpyel wo StopIteration eEaipeon
mtou Aéel tov Bpoyo for va tepuotiotel. Mmopeite va kohéoete ™) né€Bodo _ next_ () ¥PNOLUOTOLDVIOG TNV

EVOOUATWUEVY CUVAPTNON next (). Autd to mapdderypa delyvel Tmg AeLTovpyouv Oha:

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> next (it)

lal

>>> next (it)

lbl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

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 ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0xO0A1DB50>
>>> for char in rev:
print (char)

nw v oo 3 -

9.9 N'evvntopeq (Generators)

Generators givan éva omthO Kan Lloyvpod gpyaheio yio ) dnuLovpyia iterators. Eival ypapuéveg cov KoavoviKeég ov-
vaptoelg oAl xpnowpomotovv T yield dmote Béhovv va emotpéypouy dedopéva. Kabe popd mou kodeitan
next () 0g autd, o generator ovveyilel amd ekel wov oToudTnoe (Bupdtor OAES TIG TLUES OESOUEVIV KOL TTOLOL
dMhwon exteréotnke tehevtaia). 'Eva mopdderypo deiyvel OTL oL generators (ropet vo eivor aonuavto e0Koho vo
dnuovpynOovv:

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datalindex]
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>>> for char in reverse('golf'):
print (char)

Q O + Hh o

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 thatthe __iter_ () and __next__ () methods are created automatically.

‘Eva dAAo Baoitkd YopaKTNELOTIKO Elval OTL OL TOTILKEG UETAPANTES KL 1) KOTAOTOON eKTELEONG amodnKevovTal
avtdpato HetoEl Twv KAMoewy. Autd £Kave TH CUVAPTNOT Lo EVKOAT 0TV Ypapn Kot 5tohd o Eekdbapn oo
ULOL TTPOOEYYLON TTOV Y PNOLUOTTOLEL LETAPANTES TaPGdeLyua Otwg self . index Kou self.data.

Extog 0wd v avtouoty dnuovpyio nebddov Kan tnv amobfiKevon g KaTaoToong TOU TPOYPAUUATOS, OTAV OL
generators tepuotiCovion, eyeipouv avtduata v eEaipeon StopIteration. e ouvvduaoud, AUTA TA (APOKTH-
PLOTLKG KaBLoToUv e0KOAT T1 dnuovpyio emavolipewv ywpic meplocdtepn mpoomddeia amd ) ovvTaEn wag
KAVOVIKNG OUVAPTNONG.

9.10 Ek¢ppaoelg Mevvitopwyv

Oplopévol amhoi generators LITopovV vo KmdLKomot0ouv ouvortiké wg eKQPACELS YPTOLILOTTOLMVTOG ULd GCUVTOE
mapouoLlo. pe Tig list comprehensions, alG (e wopevOEoeLg avTi Yior aykUAEG. AVTEG OL EK(PPACELS £XOUV OYEDLO-
OTEL Y10 KATOOTAOELG OTTOV O generator XPNOLUOTTOLEITOL Apéoms amd o Teptkieiovoa ouvdptnomn. O ekppdoelg
generator eivou o ouurayeig oG MydTeEPO EVEMKTEG QT TOVG OPLOUOVG TANPOVGS generator KoL TELVOUY VoL ELvall
TEPLOOOTEPO PLMKO TTPOG TN uvnun amd aviiotouya list comprehensions.

Mapadeiypato:

>>> 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))
[Vfl, Vll, UOV, YgV]
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YTOONHELWOELG
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> Uvtopn &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:\\Python310"'

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today"') # Run the command mkdir in the system shell
0

BepowmwBOeite 0TL ypnowwomoLeite To otukh import os avti Yo to from os import *. Avtd Oo KpatioEL To
os.open () Vd T OKILOON THG EVOOUATOUEVNG OVVAPTNONG open () Tov AELTOUPYEL TOMD SLOLPOPETLKA.

O evowpatmuéveg ovvapthoelg dir () Ko help () eivo xpnoweg og dtadpaotikd fondnuota yio epyaoio pe
ueydia modules émwg 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>

TN KaOnuepLvég dLayELPLOTIKEG epyaoieg oe apyeia kKou kKatoldyovs, to module shutil mapéyel o dLemapn
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 Aettovpyia yior ™) dnuovpylo AoTdV apyelwv amd avalntioelg Ue (opaKTNPES
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 sy s 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 mapéyel Evov 1o eEeMYUEVO Ny avIoUO YLO. TV ETTEEEPYATIC OPLOUATMV YPOUUNG EVTOADYV.
To axérovbBo script eEGyel éva 1 TePLOTOTEPO OVOROTA CPYELMV KOL EVOV TPOOLPETIKO 0ptBud ypouudy mov Oa
EUPOAVLOTOVV:

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 ekTerelTOL 0T Ypoup) 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 €E000U OQPAANATOC KAl TEPMHATLOHOG TPO-
Ypapuatog
To module sys £€yeL emiong XopoKTNPLOTIKA YL stdin, stdout, Kou stderr. To televtaio elvol xpNoLUo YL TNV EKTTO-

WITY| TTPOELOOTTOLNCEMY KOL UNVUUATOV OQOMATOV MOTE VA ELval 0paTd aKoua kot dtav to stdout €XEL AVaKATEY-
OuvOei:

>>> 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 epyaleio Kavovik £KQPaong Lo Tponyuévn eneEepyooia ovpforooelpdv. Lo woldmhok
OVTLOTOLYLON KOL XELPLOUO, OL TUTILKEG EK(PPAOELSG TTPOTPEPOUV CUVOTTTLKES, BENTLOTOTOMUEVEG MIOELG:

>>> 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 ypetdtoviar udvo amhéc duvatdTNTeS, TPOTUMVTOL OL EB0dOL CUUBOLOCELPMV, ETTELDN Elval EUKOLOTEPES
OTNV avAYVmOoN KO TOV EVIOTILOWO 0PoAUAT™V:

>>> '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 vmohoyilel Baoikég oTtaTIOTIKEG WOLOTNTEG (LECOG OPOG, DIAUETOG, DLOKUIAVOT), K.AT.)
apLOuNTIKOV dedouEvmv:

>>> 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

Yndpyetr évag aptbuodg modules yio tpdofaon oto diadiktvo kol eneSepyaoio TpmwtokdIAwv dadiktiov. Ao
amd To 7o arthd eivor 1o urllib. request ywo va v avdktnon dedouévav amnd dievduvoerg 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 mopéyel KAAOELG YL XELPLOUO NUEPOUNVIDV KOL WPDV e 0TtAoVG Kol GUVOETOVG TPOTOUG.
Evd vrootnpiletal 1 aptOuntikn nuepounvio KoL hpa, 1 VAOToiNom E0TLIALETOL OTHY OTTOTEMECUATIKT) EE0YWY
uehdV yia poportoinon ko xewptopd e568ov. To module emiong vwooTNPilel AvItkeinevo Tou £XoUV Eniyvwon
Covng dpag.

>>> # 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

O ouvn0eLg popég apyelobETNong Kat cuumieong dedouévmv vtootnpitoviol dpeco omd modules 0wg: z1ib,
gzip,bz2,1lzma, zipfile kowtarfile.

>>> 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'
>>> zlib.crc32(s)

226805979

10.10 M€tpnon enidoong

Oprouévor xproteg Python avamtiooouv fodv evoLapépov va yvmpilouv T OYETIKY atdd00T SLOPOPETIKMYV TPO-
oeyyloewv oto idto mpdPinua. H Python mapéyer éva epyareio nétpnong mov amavid 08 QUTEG TIG EPWTIOELS
apECoWC.

TNo opdderypa, Wropel va eivar SEAEAOTIKO vaL xp1oLuoTooeTe T duvatodtyta tuple packing ko unpacking avti
TG TAPAdOOLAKNG TPOTEYYLONG YL TV evarlayn optopdtov. To module t imeit delyvel ypfyopo évo TOTELVO
TAEOVEKTNLAL ATTOOO0NC:

>>> 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 avtifeon pe 1o hemtd emimedo gvukpivelag tov timeit, o modules profile Kol pstats mapéyovv epyaleio
YLOL TOV EVTOTLOUO KPLOLW®V YPOVIKMVY TUNUATOV 08 UEYUAVTEPA UTAOK KDOLKAL.

10.11 'EAeyXog nowotntag

Mo Kalt) TPooEyyLon yio TV avarttuEn AoyLopkol vPming oldTnTag eivar va ypdgovtal tests yio KaOe hel-
Tovpyia KaOdg avamtiooeTal Kol va ekTeEhovvTan ouyvd outd ta tests Katd ) diadikacia ovamTuEng.

To module doctest mapéyel éva epyareio yio ™) odpwaon evog module KoL TV emtkVpwon tests wov elval ev-
OWUOTOUEVEG OTLG OVUPBOLOCELPEG eYYPAQMV VOGS TTpoypauuatos. H Katookeuy tov test givor 1000 oy 600
1] ITOKOITY KoL EMKOMNON oG TUTILKNG KAHoNG Woll Pe To amoTeLEoUOTa TG 0T CUUBOROCELPA EYYPAPV.
Auto BeEdTIIVEL TNV TEKUNPLWOT TAPEXOVTOG OTOV Y PNOTY VO TAPAdELYUA Kot ELTPETEL 0TV evOTNTO doctest va
BepaiwBel OTL 0 KDdLKOG Tapapével ToTdg 0TV TEKUNPLOON:

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

To module unittest dev eivaw o0 gukolo 600 to module doctest, ol emtpémeL T dlatpNom evdg o
oMOKANpwUEVOL OUVOLOU tests og EeyxmwpLotd 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 &yeL o gprhocogia «ouumephapfavovrar umatopieg». Avtd gaivetalr Kahitepa uéoo oo TG eEehry-
UEVEG KaL LOYVPES OUVATOTNTES TOV UEYOAUTEPWV TOKETWV TNG. [l mapaderypa:

o Ta modules xmlrpc.client Ko xmlrpc.server Kafiotovv TV vAOTOINON KAOEWV OTTOUOKPUOUE-
VOV dLadIKAoLMVY 0€ (o oyedOV aonuavtr epyacio. Iopd ta ovouata twv modules, dev amarteitol dueon
YVOON 1 YELPLOUOS TG XML.

o To mokéto email eivou wo BLrioOnKn yLo T dtoyeipLon UNvupdTmv NAEKTPOVLKOU Tarudpoeiov, cuue-
prappavouévav MIME kot dAwv unvupdtov eyypdewv mov poocitovral oe RFC 2822. Ze avtifeon ue
ta smtplib kol poplib mov 0TV TPAYUATIKOTNTO OTELVOLY Ko Aapfavouv unvouota, To tokéto email
£yl Eva mApeg ovvolo epyolelmv yio T duovpyia 1 TV AokwdLKOTOiNoN TOAMTAOK®MY SOUDV UNVu-
ATV (CUUTEPIAAUBAVOUEVMY TOV CUVIULUEVMYV) KL YLOL THY EQOPUOYYT] KOSLKOTTOINo Kol TPMTOKOANO
Ke@alidwv 010 dLodiKTuo.

o To makéto json mapéyeL LoyvpPy VITOOTHPLEN Lo TNV OVAALOT QUTAG TG ONUOPIAOVG LOPEPTG OVTAANOYNG
dedopévarv. To module csv VTOOTNPILEL TNV AUEOT OVAYVWOT] KOL EYYPAPT OPYEIWV OE HOpEN TLUNG dLoi-
YWPLOUEVOU (e KOUUATO, TTOV 0uVOwg vrrooTtnpiletol amd Pdoelg dedouévav Kot vtoroylotkd @uika. H
XML eneEepyaoia vootnpiletol amo To mokéta xml . etree.Element Tree, xml . dom ko xml . sax.
Moali, auTég oL ovadeg Ko To TOKETO AThOTOLOUV CHUAVTLKA THV avtolhayr| dedouévmv ueta&u epopuo-
yov Python xou MV epyaieiwy.

o To module sglite3 amotehei évav wrapper yia 1 BLpio01kn g faong dedouévmv SQLite, mapéyovrag
o ouveyng BAaom dedopuévav o WITopel var EVUEPWOEL KOl VO TTPOOTTEAAOTEL XPNOLULOTOLDVTOG EAAPPDG
un vtk ovvroEn SQL.

« H diefvomoinomn vroompileton amd évav aptbud modules, cupmepthapfavouévov tov gettext, locale,
KOl TO TOKETO codecs.
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keoanaio 11

2 Uvtopun riepiynon otnv MNpdturin BiBAL0Bkn — MEpog Il

Avti 1 deltepn mepynon KoAUTTTEL TOL TTLo TTponyuéve modules Tov VITOOTNPILOVV ETOYYEMLOTIKEG OVAYKEG
mpoypoppatiopot. Autd ta modules GrTdvio epPAvICOVTOL O ULKPA Scripts.

11.1 Mopormoinon €§6dou

To module reprlib mopéyel po £€K8001 TOU repr () TPOCUPUOOTUEVT] VL0 CUVTOUEVUEVEG EUPAVIOELS UEYAADY
1 pabLd évOetwv containers:

>>> import reprlib
>>> reprlib.repr(set ('supercalifragilisticexpialidocious'))
"{lal’ 'C', ldl, lel, lfl, lg|, -.-}"

To module pprint mpoogépel mo eEelyuévo Eheyyo ™G EKTUTWONG TO0O TwV gvowuatouévmy (built-in) ko
TOV KAOOPLOUEVOV 0ITTO TOV XPTOTH AVILKELUEVWV [LE TPOTO TOV ELVOL EVAVAYVMOTO atd Tov dtepunvéa. Otav 1o
amotéleopa eival peyoritepo amd uia ypapur, o «pretty printer» tpoofétel OAAYES YPUUUNG KAl E00YEG YLOL VO
EUPAVLOTEL L0 SekdBapa 1 dour) dedouévwv:

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'yvellow'], 'blue']]]

>>> pprint.pprint (t, width=30)

[[[['"black', 'cyan'],
'white',
['green', 'red']],
[['magenta', 'yellow'],
'blue']]]

To module textwrap HOPPOTOLEL TLG TOPAYPAPOUS TOV KELUEVOU DOTE VO TUPLALEL OE £val deEdOUEVO TAATOG
006vnc:
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>>> 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."""

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like £ill ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

To module 1ocale éyel mpodoPaon oe uia Ao dedouévav Lopeav dedouévmv ouyKekpLuévng Kovktovpac. To
YOPAKTIPLOTLKO OUADOTTOINONG TG GUVAPTNONG LOPPOTTOLNOTG TNG TOTLKNG pUOULOTG TOPEYXEL EVaV AUEDO TPOTTO
LLOPPOTTOINONG CPLORMV UE dLOYWPLOTLKE OUADdMV:

>>> 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 (" ", 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 mepthapuBaver po evélkty KAGon Template pe amhomromnuév oUvTaEn KatdAnin yio eme-
Eepyaoia 0mwd TeEMKOUG YpNoTes. AuTd ETUTPETEL GTOVG YPTOTEG VA TTPOCAPUOTOVY TIG EPAPUOYES TOUG YWPIG VO
ypeLdletar vo alhdEovy TV e@apuoy.

H popgn ypnowomotel ovopata kpdtnong 0¢omg mov oynuatifovior amd $ pe £ykupa avayvoplotkd Python
(ahpaplBunTiKos XopaKTNpeg Kol Kdtw mavdeg). Iepipdilovtag to placeholder pe aykdheg emitpémel vo 0Ko-
MovBeital amd mepLocdTEPA ahpaplOUNTIKG Ypaupota xopig evolauesa kevd. Tpdgovrag $$ dnuovpyet éva
eviaio $:

>>> 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 () Kdvel raise éva KeyError dtav éva placeholder dev mapéyetar o éva AeEkd 1) éva
Opropa MENG-KAedLov. TN epapuoyég otud ovyydvevons mail, Ta dedopéva Tov TAPEXOVIUL OO TOV XPHOTY
evdgyetal va etvor eMTty) Kou 1 uébodog safe substitute () umopel vo eivor o KatdAnin — O agproel
apetapinta ta placeholders edv Aeimovv dedouévar:

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'

(ouvéyela otV eoOUEVT 0eNda)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> t.safe_substitute (d)
'Return the unladen swallow to Sowner.'

O vmokoTyopieg TpoTHmmV wrtopotv va Kabopioouv évav pooapuoouévo oproBét. Ta mapaderyua, £va batch
TPOYPOUUC. LETOVOLOOLOG YO £VOL TPOYPAUUC TTEPLYNONG QOTOYPAPLMV UTOPEL Vo ETAEEEL VO XPNOLLOTTOLEL
ovppora mooootov yio placeholders 6mtmwg 1 Tpéxovoa Muepounvia, o apdudsg akolovdiog etkdvwv 1 1 wopEn
opyetov:

>>> 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-seqgnum %f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' by ")
>>> 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_1.7pg
img_1077.jpg —-> Ashley_2.7pg

Mo &AM epapuoyn Yo templating eivar 0 SLOY®PLOWOS TG AOYLKTG TOV TPOYPAUUOTOG 0T TLG AETTOUEPELES
TTOAMOTADV op@mv EGd0V. AuTd K0OLOTE duVOTH TNV AVTLKOTAOTAON TPOCUPUOCUEVWV TIPOTVITMV YLO. CPYELCL
XML, avapopég amhol Keluévou Kot avapopég otov HTML.

11.3 Epyaocia pe duadlkeg dlatagelg eyypagng dedopevwv

To module st ruct mapéyeL Tig ouvapToelg pack () Ko unpack () yia gpyocia (e poppéc dvadikmv (binary)
eyypapov uetafintov pfkovs. To akdiovbo mapdaderypa delyvel mwg vo Kavete pa hovma Héow Twv TANpopo-
pLov Kepalidag oto éva apyelo ZIP ywpig ™ yphon tov module zipfile. Ot Kwdikol wakétov "H™ Ko "I"
AVILITPOCMITEVOVY apPLBUOVS Ywplg VIToypapy) dV0 Kot tecodpmv byte avtiotouya. To "<" vrodnhwvel OTL eival
UKoV peyéboug Kau oe 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

(ouveéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

extra = data[start:start+extra_size]
print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Multi-threading

To threading eivou (o TeEXVLKY Y10 TV ATTOCUVOEDT] EPYOOLMV TOV eival dadoyikd eEaptmueves. Ta viuota uo-
POUV va. xPNoLoToInOoVV yioL TNV BEATIWOT TG AVTOTOKPLONG TV EQAPUOYMY TTOV d€ ovTaL €i00d0 amd Tov
¥PHOTN eV GAAEG epyaOies EKTEAOUVTAL OTO TAPUOKNVI0. Mo OYETIKT) TTepimTwan ypnong ekterel I/O mapdh-
Anho ue vITohoyLoUovg 0To GAO VULOL.

O axodlovbog kmdikag deiyver mwg to module ViAov emmédov threading pmopel vo exktelel epyaoieg 0to
TOPACKNVLO EVE TO KUPLO TPOYPOUUO OVVEYILEL VO EKTENEITOL:

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 x0pLo tpdkAnom tov papuoymy ToAATAOV vudTmy givat 0 ouviovioudg vudtmv Tov wolpdtoviol dedo-
uéva 1 dAhovg mopovg. I'ia To okomd avtd, to thread module opéyel Evav aplOpd TPOTOHYOVOV GUYYPOVLOUOU,
ovumeprhopfavouévov locks, events, uetafintov ovvOnkmy, Kot semaphores.

Evd autd to epyaleia givar oyupd, wkpd opaluato oxedlooiol Wropet vo 0dnyNoouv o€ TpoPfAuaTo o
eivar dvokolo va avasapoyfovv. Emouéving, 1 TPOTULMOUEVY] TPOGEYYLOT OTOV GUVTOVIOUO EPYOCLMV ELVAL VO
OoVYKEVIPWOEL OAN M TPOOPaon og Evav TOPO 0€ £va LOVO VIO KL 0T GUVEXELD va xpnowtortotnOei to module
queue, YLO. TPOPOdOTNOEL OVTO TO VUL e ouThuaTo amd dAha viuoto. Ol QapuoyES TTOU YP1OLULOTTOLOVV OLVTL-
Kelpevo Queue Yo ELKOLVOVIOL Ko GUvTovioud petaEl vudtwv gival mo eVKolo va oyedLaotovy, givat o
EVOVAYVWOTEG KOl TTLO AELOTLOTEG,
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11.5 Logging

To module 10gging mpoopépet éva TA PG ES0TMOUEVO KOL EVEMKTO GUOTNUO KOTAYPOPNG. ZTHV ATAOVOTEPY
LOPQPT) TOU, TA UNVOLOTA KOTOYPAPT|G ATooTtéMovTal 08 éva apyeio 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 mapdyer v akorovoT 50d0:

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down

Am6 default (;rpoemihoymn), To EVUEPMTIKG UNVUUATO KOL TO, WVOUOLTO EVIOTILOUOY CQUAUATWV OITOKPUITTOVTOL
Kat 1 €E0dog amooTéhheton og TUITKO opalua. Aleg emhoyég eE660u mepthapfdvouy dpopordynon unvupdtov
uéom email, datagrams, virodoymv (sockets), | oe HTTP Siaxowot) (server). Ta véa giktpa propotv va emihéEovy
drapopetikny dpouohdyN o He BAon ™V TPOTEPALOTITA TOV UNviraTog: DEBUG, INFO, WARNING, ERROR, Kol
CRITICAL.

To ovotnua logging uropei va dropoppwbei amevbeiog amd tnv Python 1 wopei va poptwOei amd éva emeEep-
YOOoLo apyelo dLAUOPPOONG YLOL TPOCGAPUOOUEVT] KOTAYPOPY YWPLS TV TPOTOTOLN 0N TNG EPAPUOYNG.

11.6 AdUvapeg avagopEg

H Python kdvel ovtduaty dtoyeipton uvnung (KaTauétpnon ovopopdy YLo To TEPLOCOTEPO CVTIKEUEVE, KL
garbage collection yo. v eEdhern Twv kOKA®V). H pviun elevbepdvetol AMyo puetd v Katdpynon g tehev-
Talag avogpopag oe auThyv.

AvTi) 1 TPooEYYLoT AELTOVPYEL KOG YLaL TIG TTEPLOGOTEPES EPAPUOYES, AANG TTEPLOTOOLAKA VITAPYEL OVAYKY TTOL-
POKOAOVONONG AVTLKELUEVOV UOVO EQOTOV Y PNOLUOTOLOVVTAL 0T KATL GALO. AVOTUY (MG, 1) TAPaKohoON O™ TOUG
duovpyel o avagopd ov ta kaver povipa. To module weakre £ mapéyel epyaheia yio tnv mopokohovOnon
QVILKEWUEVDV Y wPiG T dnuovpyio avapopds. ‘Otav To AVILKEIEVO deV YPELACETOL TAEOV, APOLPELTAL QVTOUATOL
a7td Evo TTivako aoBevoUs avapopag KoL EVEQYOTTOLELTOL UL ETTLOTPOPY KAONG YLO. VTLKELIEVA aloBevoUg oval-

popag:

>>> import weakref, gc
>>> class A:
def _ init_ (self, value):
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

(ouvéyela otV emduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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:/python310/1lib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

11.7 Epyaleia yLwa epyacia pe AlOTEQ

TMoAég ovaykeg doumv dedOUEVWV WITOPOVV VO KOAMIPOOUV e TOV EVOOUATOUEVO TUTTO Motag. QoTd00, LEPLKES
POPES VITAPYEL OVAYKT) YLOL EVOAAAKTIKEG VLOTTOLTOELG (LE OLALPOPETLKOVG GUUBLBAoI0VS 0rtddoonc.

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, 22222])
>>> sum(a)

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 0o g evaAhakTIKEG VAOTOLOELG MoTdV, N BBALOOT KN Tpoopépel emiong Kou GAlo epyaleia OIS TO
module bisect e ouvvapTNoELS YLO. TOV YXEPLOUO TAELVOUNUEVOV MOTHOV:

>>> import bisect

>>> gcores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[ (100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

To module heapg mopéyel Aettovpyies yia Tv vhomoinon cwpmv (heaps) mov focifoviol oe kavovikég hMoteg. H
KOTamwpLom Ue Ty youniotepn Ty dwortnpeital wdvta ot 0€om undév. Avtd elvou xproLuo Yo epopuroyég Tou
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éyouv ermavelnuuéva tpdofact oto wkpdTePo atorxeio odld dev BELouv va ekteécouv wo AP TaEvounon
Morag:

>>> 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 f1oat
implementation of binary floating point, the class is especially helpful for

o OLKOVOULKEG EQAPUOYES KOl AMLES XPTOELS TTOV ATTOLTOVY OKPLPT| dEKOLKT avaTapaoTao,
o £\EYY0G YL TNV aXpifeLa,

o €AEYYOG TG OTPOYYUAOTOINONG YL TNV EKTTANPWOT VOULKADV 1] KAVOVIOTIKDV CLITOLTIOEWY,
o TTOPAKOAOVONON ONUOVTIKMV dEKASKMOV YNPimv, 1)

o EQUPUOYEG OTTOV O YPNOTNG OVOUEVEL OTL TOL OTTOTENETUATO TOLPLATOUV UE VITOAOYLOUOVGS TTOU EYLVOV UE TO
YEpL.
INo mopdderypa, o vtoroylopdg evog @opov 5% o€ ypémon Thepavou 70 AemTmV SiveL SLOPOPETIKA QTTOTENE-

ouorto og deKadLK Kivn vrodiaotoly] kot oe dvadik) (binary) Kivnti| vitodiootoh. H duagpopd yivetar onuo-
VTIKY €4V Ta ATOTEAEOUOTO. OTPOYYULOTTOLN 00UV 0TO TANOLEGTEPO heTTTO:

>>> from decimal import *

>>> round(Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

To amotéheoua Decimal drotnpel éva undév 0to TAog, GUVAYOVTOG OUTOUATO T ONUOOLL TE0OAP®Y BEcEmV
o7t moAhamAdola pe onuaoio dvo Béoemv. To deKAdIKO AVOTTAPAYEL TAL LAONUATIKG OTTMG YIVOVTAL UE TO YEPL
KO 0ITo(pevyeL TNTHIATO ToV Wtopel va tpokhpovy dtav 1 duadiki KiviTi] VITodLGTOA) OV UITOPEL VO AvTL-
TPOOWITEVEL AKPLBMG TIG dEKADIKEG TOOOTNTEC.

H axpipiig avamapdotoon enttpémel oty kKhdon Decimal va gktelel vtoroyiopots modulo ko dokiuég lodtn-
TAG OV Elval AKOTAAMNAES YLoL SLADLKT) KLVNTY VTOdLOGTOM):

>>> 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 aptBuntikn ue 6om axkpifeia xpetdleral:
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>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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KE®AAAIDO 12

Ewkovika MNMeptpdAAovta Kat makeTa

12.1 Ewcaywyn

O eapuoyéc Python ouyvd ypnoipomototv makéta Ko modules tov dev ammotehovv uépog g TUmLkNgG BUBALOOT-
KNg. OL epapuoyés ueplkés Qopég ypetdtoviol pa ovykekpuévn ékdoon wag PPALOONKNG, emeldn 1 epapuoyn
WITOPEL VO ATTOLTEL TV eTLOLOPOMON £VOG GUYKEKPLUEVOU OPALLOTOG 1) ETTELDN 1) EQAPUOYN EXEL YPOPEL Y PN OLUO-
TOLOVTAG e Eemepaouévn €Kdoom g demapng g PLpiodNkmc.

Avutd onuaiver 6T popei vo unv eivor duvatd yo pia eykatdotoorn Python va minpoi tig amartiosig kKGOe epap-
uoynhs. Eav n epapuoyih A yperdletar v ékdoon 1.0 evog ouykekpiuévov module, odrd M epappoyn B yperdiCeton
v £€xd001 2.0, TOTE 0L ATOULTNOELS BPLOKOVTOL 08 GVYKPOUOT KoL 1] eYKOTaoTaon g £kdoong 1.0 1) 2.0 Oa aprjoet
ULOL EPAPUOYT] OVIKOVY VO, EKTEAECTEL.

H Mom yio autd 1o mpdfinua eivar va dnuovpynoete éva virtual environment, €vo. 0VTOVOUO EVTPO KATAMOYOU
IOV TTEPLEYEL Pa eykatdotaot Python yia o ovykekpuuévn €kdoon g Python, kaOdg ko évav aptbud mpodcbe-
TOV TAKETOV.

ALOPOPETIKEG EQPAPUOYEG WITOPOVV GT] GUVEYELDL VAL Y PNOLULOTOLOUV SLOPOPETIKA ELKOVIKA mtepiBdidovta. [o va
EMMOOETE TO TTPONYOVUEVO TTAPAIELYILOL OVILKPOUOUEVIV OITTALTIIOEMY, 1) EQOPLOYT A WITOPEL VoL €XEL TO OLKO TNG
eLKoVIKO epLBdAhov pe eykateotnuévn v €kdoon 1.0 eva m epapuoyr B €xel ddho elkovikd meptBaAhov pe tv
éxdoon 2.0. Edv 1 epappoyn B amartel avapdduon Bpiodnkng oy ékdoon 3.0, avtd dev Ba emmpedoel 1o
mepLBaAlov TG epapuoyng A.
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12.2 Anuioupyia €LKOVIKWYV MEPLBAAAOVTWYV

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 duovpynoete €va etkovikd eptBailov, amopaciote évav pakeho dmov BéLeTe Vo, TO TOTOHETNOETE KL
ekteréote 1o module venv wg éva script pe ) dtodpoun) Katohdyou:

python -m venv tutorial-env

Avto Oa dnuovpynoeL Tov Kotdhoyo tutorial-env eqv dev vdpyel, Kot eniong 0o dnuovpynoel Katordyoug
UECOL OF QUTOV TTOU TTEPLEYOVY £VaL aVTLYPOpo ToV interpreter Tng Python ko dudipopa vTrooTnpLKTiKa apyeia.

Mua Kouvr| Totofeaio KaTodoyou yio £vo eLKoViKO meptpddlov elval . venv. Avtd To Ovopa Kpotd Tov Katdhoyo
ovvhBwg Kpuupévo oto shell cog Ko ovvemmg pakpid amd T dradpour, v Tov divel Eva dvouo mov eEnyel yorti
VITdpyEL 0 KATALOYOS. ATTOTPETEL EMTLONG T GUYKPOUOT| UE OPYEL OPLOUOV UETARANTOV TTEPLBAALOVTOG . env OV
vTooTNPILovy opLouéva epyoleia.

Mohig dnpoupyfoete £va ELKOVLKO TTePLBAALOV, UTOPEL VAL TO EVEPYOTTOLT|OETE.

>e Windows, extehéoTe:

’tutorialfenv\Scripts\activate.bat

Ze Unix 1] MacOS, ekteléote:

source tutorial-env/bin/activate

(Avt To script eival ypoauuévo yuo to bash shell. EGv ypnoipomoteite ta shells esh 1) £ish, vtdpyovv evolhaktikd
scripts wov o TPETEL VO X PNOLUOTOLOVVTAL OVTE QVTWV, OTWG activate.csh kow activate. fish.)

H evepyomoinom tov eikovikoy mepiBdihoviog 6o oAlGEeL To prompt tou shell cog yia va dei&el oo elkoviko
mepLpdihov ypnotomoleite KoL B0 TPOTOTOLoEL TO TEPLBAMLOV ETAL MOTE 1) EKTELEON TNG python va cog dDOEL
TN CUYKEKPLUEVY £KD00T Kal eykotdotoon tng Python. Twa mapdderypa:

$ 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/1lib/python3.5/site-packages"']
>>>

12.3 Awaxeipion NMNak€twyv pe to pip

Mrtopeite Vo YKATOOTNOETE, VO OVOPAOULOETE KOL VO OLQOLPEOETE TAKETO Y PT|OLULOTTOLMVTAG EVOL TTPOYPOLLLUAL TTOV
ovoudCetal pip. Ano mpoemihoy To pip Oa eykataotoel mokéta amd o Python Package Index. Eogig umopeite
va tepuynOeite oto Python Package Index petafiaivoviog oe autd 0to Tpdypopua IepLiynong oog.

To pip éxel évav apBud vroevtolwv: «install», «uninstall», «freeze», K.\, (Zvppovievteite Tov 0dnyo installing-
index yia TAHpY TEKUNPLOON YLt TO Pip.)

Mrmopeite Vo eYKOTUOTIOETE TNV TELEVTALO £KO001) EVOG TTOKETOV TPOOALOPLLOVTOG EVO OVOUO. EVOG TTAKETOV:
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(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

Mitopeite emiong vo €YKATOOTYOETE (WO CUYKEKPLUEVY £KO00T EVOG TTOKETOU dIvOvTag TO GVOUO TOU TTOKETOV
akohovBovpevo amd == Kat tov aptdud £kdoomng:

(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:

(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 list 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 format that pip install
expects. A common convention is to put this list in a requirements. txt file:
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(tutorial-env
(tutorial-env

pip freeze > requirements.txt
cat requirements.txt

$
$

To requirements.txt umopel ot ovvéyelo vo dnuootevbel otov €heyyo £€kdoomg Kot va diatedel g ué-
pog wog epoaproync. Ot xpfoTeg UTOPOUV 0T GUVEXELD VO EYKATOOTICOUV OLOL TOL ATTOPOLTITO TTAKETA 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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keoanalo 13

Kal twpa T

H avayvmon autot tov ddaKTikov vKoy mlavotata VoY Voe To eVOLAPEPOVY 0ag YLo. T Xpnon tng Python —
Oa mpémeL va elote mpdOupoL va epapudcete v Python yio tv emihuomn Towv pofANUdtov Tou TPAyUaTtkoy oG
Kkoopov. IMov wpémel va mdte Yo va pdbete meplocotepa;

Autd T0 dLdaKTLKO VALKO ival népog Tou ovvolov tekunpimong e Python. Mepukd diha €yypapa tov ovvolov
elva:

« 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 eEnyei mwg va eykotaotioete mpdobeta modules ypouuéva amd Ghhovg ypnoteg Python.

« reference-index: Mia. Aestouept|g e€fyNon g ovvtaEng Kat g onuootoloyiag. Eivan fapid avayvmon,
oG glvan phoLo og TANPNG 001NYOS YLo TV 1dLaL T YAhood.

[Meproootepa Bonduata yia Python:

o https://www.python.org: O x¥pLog 1otdTomoG TG Python. ITepiéyel Kbdka, Tekunpimon, kKo deikTeg mov oye-
tiCovtou pe v Python oto web.

o https://docs.python.org: Tpnyyopn mpdopoon oty tekunpiwon g Python.

« https://pypi.org: To evpetipro Makétwv Python, mov mponyovuévwg ovopatotav emiong Tupokoueio!, eiva
éva evpetnpro Python modules ov éyouv dnuovpynel amd ypnoteg mou eivor dradeouua yio M. Mohig
EeKLvnoeTe TV KUKAoQopio, Tov KOSLKA, UTOPELTE Vo TOV Kataywpnoete edd yia 1o fpouv Grlot.

« https://code.activestate.com/recipes/langs/python/: To Python Cookbook givor po apketd peyain culhoym mo-
padeLyudTmv Kddika, peyodvtepa modules kou ypfiowua scripts. Idtaitepa aEloonueimteg ovvelopopég Gul-
AMéyovton og €va Bufiio pe titho Python Cookbook (O’Reilly & Associates, ISBN 0-596-00797-3.)

! To «Cheese Shop» eivar éva okitoo Tov Monty Python: éva tehdng umaivel oe éva Tupoxopeio ahd 6,11 Tupt INToeL, o vTdAnhog Aée
ot dev umdpyet.
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o https://pyvideo.org ouhéyel ouvdéopoug mpog Pivteo mov oyetiCovro ue Tv Python artd ovvédpla Kou gu-
VOVTHOELG OUAdWV YPNOTDV.

o https://scipy.org: To €pyo Scientific Python mepihaufidver modules yia ypiyopoug vtoroylopovs Ko yeLpL-
OUoUG TLVAK®VY GUV (o oelpd amd TOKETA Yo TPAypota OTmg 1) YPAUULKT GAYEPPO, OL LETOOYUATLONOL
Fourier, ou un ypopukol ATEG, 0L KOTAVOUES TUXOIVD aplOUdV, 1] OTATIOTIKY] avaAVoT Ko Ta AOLTTd Topo-
potat.

o epoTOoeELS KoL avapopés mpofAnudtmv mou oyetiCovrtar pe Python, pmopsite vo dnuooievoete otnv
oudda ovttnong comp. lang.python, 1| va TG oteihete ot Alota adinloypapiog otnv dievbuvon python-
list@python.org. H opudido ouinmnong kou 1 Aloto arlnroypaplog eivar gatewayed , £ToL OTE TA UNVOLLOTO TOV
dnuootevoviar 010 €va Ba mpowbovvtal avtouata 0to dAho. YIApouv eKaToVTAdES AVOPTIOELG TNV NUEPQ,
IOV KAVOUV (KO OITaVTOVV) EPWTHOELS, TTPOTEIVOLVY VEES duvaTOTITEG Ko avakowvmvouv véa modules. Ta apyeia
™G Moto aAnroypapiog elval diabéowo otn dtebuvon https://mail.python.org/pipermail/.

IMpwv astd ™) dnuooisvon, ppovtiote va ehéyEete T Mota ue Frequently Asked Questions (o€ ouvtopoypagio FAQ).
Ou FAQ gpotoelg amavtovv og morhég amd Tig pwToeLs mov eugpavifovtor Eava Ko Eava Kou umopel vo. me-
pLéExouv NON ™) AMon yia 1o TPORANUd oo,

YTOONUELWOELG
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keoAnalo 14

AwadpaoTtikn Enegepyaoia Input kat Avtikatdotaon lotoplkou

Oplouéveg ekddoeLg Tov interpreter tng Python vitootnpilovv v eneEepyacia tov TpéyovTog input Kot TV ovTL-
KOTAOTOOT TOV LOTOPLKOV, TTOPOUOLAL IE TLG AeLToVpYieg ov Bplokovat 010 Kélupog Korn kot 610 kéhugpog GNU
Bash. Aut6 viomoteital ypnowuomordvrog T Bipiobnkn GNU Readline, ) omoio vitootpilel dudpopo. oTul eme-
Eepyaoiag. Avt M BBAoONKY éxer T Sk TG Tekunpimon ov dev Ba avirypdpoupe 8.

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 st ring. 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 AladpacTikoO 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 evorAaKTLKOGC, BeEATLOpEVOS, SLadpaoTikog interpreter Tov vTdpyEL €dM Ko apketd Kaupo eivan to [Python, To
omoio dLabétel ouumApwaon tab, eEepelivon avkeluévav Kol Tponyrévn duayeiplon otopukov. Mtopei emiong
VOL TTPOCAPUOOTEL TANPWGS KOl Vo evomuatmBel og dheg epapuoyéc. 'Eva dhho mopduoto BEATLOUEVO dL0dPaoTLKO
mepLBdihov eivar to 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.

Avotuyde, to epLocdtepa deKadikd Khdopato dev umopov va avamopaotabolv axpipng og kKhdouato. H
OUVETELD Elva OTL, YEVIKA, oL dekadikol aptBuol Kivntig vodiaotolng mov elodryete mpooeyylLoviol uovo oo
TOVG dLAdLKOVG apLOIOVG KLVITNG VITOOLOGTOMG TTOU ELVOL TTPAYUATL ATTOOKEVUEVOL OTO Uy AvUoL.

To mpofAnua eivor sto Kortavontd oty apyn ue féon to 10. Oewphote to kKAGoua 1/3. Mmopel va to pooeyyioete
wg kK aouo. faong 10:

’0.3

1, Kahvtepa,

’0.33

1, Kahvtepa,

’0.333

Kat oUtm k00gEng. Ooa Yneia kol av eiote datedepévol va ypdapete, to omotéheopa dev Oa eivol oté akpLmg
to 1/3, odhé O glvan o ohoéva kol Kalutep tpootyyLor tov 1/3.

Me tov id1o tpodmo, aveEdptnta amd To oo Ynpio faong 2 eiote diateBeLévol va Xp1oLLoToLoETe, 1 deKadik
T 0,1 dev umopet va avamapootadel akplpwg wg kKhaoua Bdon 2. Ztn paon 2, to 1/10 eivaw to KAAORO TOU
emavalapupaveTon
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0.0001100110011001100110011001100110011001100110011...

ZTApOTHOTE 0€ OTTOLOVONTOTE TETEPAOUEVO apLtOUO bit Ko N AveTe P TpooéyyLon. ZTig TePLOCOTEPES UNYAVES
onuepa, ot floats pooeyyifovral ypnopwomodvtog ta apmta 53 bit Eekivdvtog 0md To o onuovTikd bit ko pe
TOV TOPAVOUAOTY G dVvau Tov dvo. Znv mepinmtwon tov 1/10, To dvadikd kKhdoua eivar 3602879701896397
/ 2 ** 55 mov elvat kKovtd odld Oy axplpag ioo pe v mpaypatikn 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 Ouuneite, TapOLO TOV TO EKTUTWUEVO QTTOTEAEOUO LOLATEL ue TNV akpLBn T tov 1/10, n parynotikn
OTTOONKEVUEVY TLUT) ELVAL TO TTAOLECTEPO AVOTOPOOTACLUO dUadLKO KAAOoUO.

Eivar evdiagpépov  O6tL  vmbpyouv mohhoi  dropopetikoi  dexodikol  aptBpoi  mov  poipdfovtar  To
id0  mnoéotepo Katd mpooéyyon dvadikd kAdoua. T mopdderyno, ov apbuoi 0.1 Kar O.
1000000000000000055511151231257827021181583404541015625 ¢ivar Oho KATO TTPOGEYYLON
ue 3602879701896397 / 2 ** 55, Agdouévou OTL OAEG OUTEG OL OEKADLKEG TLES HOLPATOVTOL TV (Ol
TTPOCEYYLOT], OTTOLAdNTOTE amd avtég Oa HTopoVoe va euQavioTel dLOTNPOVING TUPAMNAG TO AUETAPRANTO
eval (repr(x)) == x.

Iotopikd, to prompt g Python kau 1 evowuatwuévy ovvdpton repr () Oa exéheye avtd pe 17 onuavikd
Yymeia, 0.10000000000000001. Eekivavrog we v Python 3.1, n Python (ota meploodtepo ovothuata) givo
miéov oe B¢om va emihéEeL To ouvtoudTEPO amtd avtd Kau omthd eugpaviler 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 onuovtikd vo Guveldntomotjooupe OTL autd elval, e TNV TPAYUATIKY €vvola, o PpevdaioOnon: amhd
OTPOYYVAEVETE TNV TAPOVGIAGT TNG TPAYUOTIKNG aElag Tou uyaviatog,.

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

116 Kegpalaio 15. Floating Point Arithmetic: Issues and Limitations




Python Tutorial, Anpocisuon 3.10.18

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:

>>> 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.

Evo vitdpyovv mo0oloyLlkég mEPLITTMOELS, VL0 TV TTLO TEPLOTAOLOKT) YPNOT TG APLOUNTIKTG KLVITHG VITOdLA0TO-
MG, Oa delTe 0TO TELOG TO OTTOTELECILA TTOV TTEPLUEVETE EAV OTAMDG OTPOYYVAOTIOLNOETE TV EUPAVLOT TV TEMKDV
aTOTELEOUATWV 00G 0TOV 0pLOUd TV deKadkmv Ynpiwv mov mepiuévete. To str () ovvnbwg apkei, Kot yio
KaAUTEPO €MeYYO dElLTE TOUG TPOTLOPLOTEG LOPPNG TG UeBOdOV str. format () oe formatstrings.

[0 TEPLITTOOELS XPNONG TOU ATTaLTOVY aKpLn) dEKAdIKT avamapiotaor, doKIUAOTE VO XP1OLULOTOOETE TO
module decimal mov epapudlel deKadLky aptOunTK KATIAMNAY Yio hOYLOTIKEG EQUPLOYES KOL EPUPLOYES
vYMAng axpLpetogs.

Mo G poppn) axpLoug aptbunTikhg vtootnpiletor oo to module £fract ions, 1 omoio vhomoLel v opLOun-
Tk pe Péon tovg opOoroytkovg aptBuovs (£tot ol aptbuoi drtmg to 1/3 pmopovv va avasmopaotadouy akpLpng).
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
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Aedopévou bt avamopdotaon elval akpLpng, eivor xphoLun yio Ty aELOTLOTH LETOPOPE TLLMDV OE SLAPOPETIKES
ekdooelg TG Python (aveEaptnoio mhateopuog) Kor Ty avrarlayf dedouévav pe dAheg YADOOES TOV VITOOTH-
piCouv v (dLa popen (dmtwg Java kan 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

15.1 X¢paAupa Avarnapaotaong

Avt) 1 evotnta eEnyel to mapdderypa «0.1» hemrouepis Kou deiyver g wropeite vo ekteAéoeTe o akpLpn
avdivon meputtdoemv dmwg avty) povol oac. Ymotibetar ot €xete faoikn) eSE0LKEIMON 1e TV ovaTapioTaon
dUOBLKTG KLVNTHG VITOOLAOTOMG.

To SpdAua avarapdotaons (Representation error) avopépeTaL 0To YEYOVOG OTL OPLOUEVA (TaL TEPLOGOTEPQ, OTNV
TPAYROTLKOTNTO) deKadIKA KA douato dev umopolv vo avamapaotafoiy akplpdg wg dvadikd (Bdon 2) kha-
ouorta. Autdg eivar o KUpLog Adyog yia tov omoio 1 Python (1] Perl, C, C++, Java, Fortran, ko toAhég dAAeS) ouyva
dev eupavilovv Tov axkpLfi] deKadLko apLlOud Tov TEPLUEVETE.

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)
>>> 1
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:
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’7205759403792794 / 2 ** 56

H duaipeon tov aplBunti Ko Tov TapovouaoTy| e dU0 UELWVEL TO KAAOUO OF:

’3602879701896397 / 2 ** 55

Adfete vtoym 6TL amd T oTLYY TOV KAvape oTpoyyYVAoTIoinoy, auTd Elval 0TV TPOYUATIKOTNTO Aiyo ueyolv-
tepo artd to 1/10- av dev eiyoaue oTPoyYYVAOTOMOEL TPOG TO TAV®, T TNAiKo B Ty Aiyo wkpdtepo amd to 1/10.
AMG oe koplo tepimtmon dev umopei va eivan axoifag 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

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"
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kKEoAanAlO 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 t ry 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.

ITMKTPOAOYMVTOG TOV XapaKTipo diakomhg (ouvnbwg Control-C 1 Delete) oty kvpLa 1 devtepevouoa
YPOUUY] EVIOADY AKUPMOVEL TNV £60000 Kal eMOTPEPEL 0TV KVOpLa ypouun] eviordv.! TIANKTporoydhvTag wo diai-
Ko evd eKkteheital o evioi) dnuovpyeitan m eEaipeon KeyboardInterrupt, N omola WTOPEL va. avTiue-
TOTLOTEL 0O Pt TPdTAoN tIry.

16.1.2 ExkteA€oipa Python Scripts

Zta ovothuato BSD’ish Unix systems, ta Python scripts umwopoiv va yivouv dueoa ektehéotua, 6mmg to. shell scripts,
patovrag m ypapu:

#!/usr/bin/env python3.5

(vmoBétovtag 0T o interpreter BpioKeTal 0To PATH TOU pNOTN) GTNV 0P)T] TOV GEVOPIOU KoL dVOVTaG 0TO apyeio
wo exteléoiun ettovpyia. To # ! mpémer va elvor oL dV0 TPADTOL YAPUAKTNPES TOV APYELOV. Z& OPLOUEVES TTAOLT-
POPUES, QUTI 1) TPMTN YPOUWUY TPETTEL VO TELELDVEL U piat Ypouun Tomov Unix mov teheldvel ue puat ypouun tmov
Unix mov tehewdver (' \n '), oxu ue ypapuy Windows (' \r\n'). Enpelwote 0TL 0 XOPAKTNPOAG KATAKEPUATIONOV,
, T# ', xpnowomoteiton yia v évapEn evog oyohiov otnv Python.

To script pwopet vo. 500et wor ekteréoun Aertovpyia 1) GdeLa, ¥PNOLUOTOLDVTOG THV eVTOLT chmod.

! "Eva mpoépnua pe to oxéto GNU Readline pwopei va 1o aotpéapet.
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$ chmod +x myscript.py

Zta ovotuota Windows, dev vrtdipyel 1) Evvola TG «ekTeAEoLUN AeLToupYiag». To Tpdypapuo YKaTdoTtaons e
Python ouoyetiCer avtopoTa Ta apyeia . py Ue To python. exe €10l doTe vo ekTeEAElTOL £val dLITAO KMK o€ €val
apyelo Python wg script. H eméktoorn umopel emiong va elvol . pyw, 0g qutiv TV TePLTTmOon, To Tapdbupo g
KOVOOLOG TTOV EUPAVILETOL GUVIOWG ALTTOKPUITTETAL.

16.1.3 To dLadpacTIKO apXeLo EKKivnong

‘Otav ypnopuosoteite tv Python duadpaotikd, eivor ovyvd Polkd va eKTeELOUVTOL OPLOUEVES TUTILKEG EVTOAEG
K&Oe popd mov Eekivd o interpreter. Mmtopeite va to kKévete outd opifovrag o petafhinty teptBEiloviog ue to
ovoua PYTHONSTARTUP 0T0 OVOUQ EVOG APYELOV TTOV TEPLEYEL TLG EVIOAEG EKKIVIIONG 0aC. AUTO Elvol TOPOUOLO
LLE TO XOPOKTNPLOTIKO . profile oto Unix shells.

Auto to apyeio drapdletor novo oe dLodpaoTikég ouvedpies, Oyt Otav 1 Python duafialer eviohég amd éva script,
Ko Oyt Otav to /dev/tty divetar wg 1 pnTi TNy EVIOADV (1] 0oio Kotd Tor GAAG CUNITTEPLPEPETAL CAV ULOL
dLadpaotik ovvedpia). Exteleltol 0Tov idLo dpo ovopdtmv 6o eKTelovvToL OANAETLOPAOTIKEG EVIOLEG, £TOL
MOTE TA AVILKEIUEVO TTOV OpiLeL 1) LodyeL va puropov va xpnotpostotnfov xwpig emupuha&n ot dLladpaoTiky
mepiodo Aertovpyiag. Mmopeite emiong vo oAGEETE TIg TPOTPOTEG SYS . ps1 KOL Sys . ps2 08 aUTO TO apYELo.

Edv 0élete va drofdoete éva emumhéov apyelo eKKivoNg ortd TOV TPEYOVTA KATAAOYO, WTOPELTE VOL TO TPOYPOLULLOL-
tioete 010 KaboMkd apyeio eKKivong xpnoLuomolmvTas Kmdika 0tmwg 1 £ os.path.isfile (' .pythonrc.
py') : exec (open('.pythonrc.py') .read()).Edv0ékete va ypnoomolnoete To apyeio eKkivnong oe
€va 0evapLo, TTPETEL VO, TO KAVETE PNTA 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 Npocappoyng

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 wropeite va dnuLovpyNoeTe Evo apyelo Le To Ovoua usercustomize . py 08 AUTOV TOV KOTAAOYO KOL VO
Bddete 0,1 BéAeTe 08 aTOV. OO emnpedoel kKGO emikinon tng Python, extdg eGv Eekivioel pe TV emAoyh —s
OLTTEVEPYOTTOLOTE TNV OUTOUALTY] ELOOYWYT).

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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nAPAPTHMA A’

Mwoodpl

>>> To mpoemheyuévo Python prompt tov dtadpootiko shell. Zuyvd epgpaviletal yio mapadeiyioto KmdLKa Tou
uITopoVV va, EKTEAETTOUV dLAdPAOTIKA OTOV interpreter.

. Mmnopei va avagépetan o€:

o To mpoemiheyuévo Python prompt tou dtadpaotikov shell katd v eLooymyn Tou KOdIKa Yo £va Whok
KddiKa pe gooyn, otav Bpioketol péoa oe éva Levyog Taplaouévmv aplotepmv Ko deEudv delimiters
(mapevOéoelg, ayKULeg, AYKLOTPO 1) TPLITAN ELOAYMYLKA), ) LETA TOV KoBopLond evog decorator.

o H evowpatmuévn otabepd E11ipsis.

2to3 'Eva epyaleio mov mpoomadel vo uetatpépel tov Kodika Python 2.x oe kwduka Python 3.x duayelpilovrog
TLG TTEPLOTOTEPES ALTVUPATOTITES TOU UTOPOVYV VO EVTOTLOTOVV OVOADOVTOG TNV TNy Ko diaoyilovtag to
dévTpo avdivong.

2t03 eival drabéoipo oty atdvtap BirodNKn wg 1ib2t o3, mapéyetar éva onueio e.0ddov mwg Tools/
scripts/2to3. Bh. 2to3-reference.

agnpnuévy fackn) kAaon Ou agnpnuéveg Paotkéc KAAOELSG cuumthnpwvouy To duck-typing mapéyoviag évav
tpoOTo opLopov interfaces dtov dhheg texvikég 6mwg N hasattr () Bo Nrav adéEieg 1 avemaiodnta Aav-
Oaopéveg (Yo topdderypna pe magic methods). Tao ABC (abstract base class) eLodyovv elKOVIKEG VTOKAAOELS,
oL omoieg eivar KAGoeLg Tov dev Khnpovouovvran ard o kKAGon, odhd eEakolovbotv va avayvopiloval
amd to isinstance () kow amd 10 issubclass () ” BA. v teKunpimwon tov module abe. H Python dia-
0éteL moAG evowpatwpuéva ABC yia dopég dedopévmv (oto module collections. abe), apOuovg (oto
module numbers), poég (o010 module povada io), eloarywyn finders kou loaders (0to module importlib.
abc). Mmopeite va dnuovpynoete ta dukd oag ABC pe to module abe.

annotation Mo etikéto Tov oyeTIeTan Ue po UETARANTH, £va YopaKTNPELOTIKO KAGONG 1| WOl TTOPAUETPOG GU-
VAPTNONG 1] TLUN TTOV ETLOTPEPETAL, TTOV XPT|OLUOTTOLELTOL KOTd avufacn wg type hint.

Aegv givar duvati) 1) TPoOoPaon oTo annotations TWV TOTLKMOV UETABANTOV KT TO (pdvo eKTéheons, alld
Ta annotations tov global petafANTmv, TOV YoPAKTNPLOTLKOV KAAONG KoL TOV CUVOPTHOE®MY 0rtodnKkevo-
VTOL 0TO ELOLKO YOpOoKTNPLOTIKO __annotations__ twv modules, Twv KAACEMV KOL TV OUVAPTNOEWY,
avtioToya.

B\. variable annotation, function annotation, PEP 484 kaw PEP 526, to omtoia tepLypdepouv tnv AeLtovpytkd-
tnta. Estiong BA. annotations-howto yia tig BELTLOTEG TTPOaKTIKEG dOVAEVOVTOG e annotations.
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opwopo. Mot puetafiatetal oe pio function () method) xotd Ty kAo g ouvaptnong. Yrdpyouv dvo eidn
0PLOUATOV:

o keyword argument: ¢évo. dpLopa. TPLY amd Evo avayvopLoTiko (.. name=) o€ Ui KAMon ovvaptongm
TEPVAVTAG TO WG TY) 0€ éva AeEkd mpy amd * *. T'o mopdderyna, To 3 KoL to 5 0ToTeAoUV opiopata,
MEewv-KheldLmv otig akdrovbeg KM oeLS Tpog complex () :

complex (real=3, imag=b5)
complex (**{'real': 3, 'imag': 5})

o positional argument: £vo. 6pLopa. Tov dev givan OpLopa keyword. To opiopato O£0Mg LTopPovV VoL EUpOL-
viCovtar otnv apyng wag hMotog optopdtmv /Kot va petofipalovrar wg otouyelo evog iterable mpiv
o6 *. ['o wopdderyua, To 3 kow 1o 5 amotehoVv oplopata OE0NG OTLS TOPAKATO KA OELS:

complex (3, 5)
complex (* (3, 5))

Ta opiopota EKYWPOUVTOL OTIG OVOUOUEVES TOTILKEG UETOBANTEG 0TO OO pLe ouvapTnong. BA. v evo-
Tita calls yia Tovug Kavoveg o SLETOUV auThHv TNV EKYMPNOT. ZUVTAKTIKA, 0TTOL0ONTOTE £KQPOON UITOPEL
va ypnouortoBel yia va avarapaotioel £va oproua’” 1 oELohoyoUHEVT) TIUT EKYMPEITOL OE LLC. TOTILKY)
ueTapAnT.

BA. emtiong v eyypapn Tov YAwooopiov yio to parameter, Ty FAQ epwtnon oto 1 dtagpopd uetaEl opt-
ouatwv ko apapétpwv, kow PEP 362.

aoUyypovos duayeiproTi)g context An object which controls the environment seen in an async with statement by
defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.

0oUyypovog generator Mio. ouvAEPTNON TOU eMLOTPEQEL Eva asynchronous generator iterator. MoldZelL pe puo. ov-
vapTNom coroutine Tov opileToL ue async def eKTOG atd OTL TEPLEYEL EKPPAOELS yield Yo TNV Tapoywyn
HLOLG OELPAG TUUDV TTOV UIT0PoVY va. xpnoworoboiv oe évav async for Bpdyo.

ZuviHBmg avopépeTal oe o CUVAPTNOY 0oUYXPOVoU generator, 0AAG umopel va avapépetal oe Evav acdy-
XOOVO generator iterator Gg OPLOUEVA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOTUL OEV ELVOL OOPES,
UE TNV XPNOT TOV TPV OPMV OITOQEVYETOL 1] ALTAPELAL.

Mo ovvapTnom achyypovou generator WITOPEel va. TEPLEYEL EKPPAOELS await , Kabmg kol dNAdoeLg async
for, KoL async with.

aovyypovog generator iterator 'Evo avtikeipevo mouv dnuovpyndnke amd wa ouvaptnon 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 in an async for statement. Must return an asynchronous iterator
fromits __aiter__ () method. Introduced by PEP 492.

aovyypovog iterator An object that implements the __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.

XOPOKTNPLOTIKO Mia TLut| Tou OyeTileTal Le £va OVILKEIUEVO TTOU CUVIHOMG AVOQEPETAL LE OVOLLO, YPTOLLOTTOLMD-
VTAG EKPPAOELG e KOUKKIOES. TLa mapddeLyna, Qv €vo aVILKELUEVO 0 €xeL EVa YopaKTNPLOTIKO a Oa ava-
PEPETAL WG 0.4

Eilvouw duvatd vo dmooupe 0g €va aVILKELIEVO £VOL YOPOUKTNPLOTLIKO TOV TO OVOUX TOU OEV ELVAL AVOLYVIPL-
0Tk Omtwg opiletan oo identifiers, Yo TAPAdELYLLOL XPNOLULOTOLDVTAG sSetattr (), AV EMLTPETETOL ALTTO TO
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avtikeipevo. 'Eva TTolo xopaktnplotikd dev 0a eival TpooBAoLo ¥p1oLomoumnvTas TG TELEIES, KoL ovTi
avtov Oa mpémel va ovoKTNOel ypnolwomolmvtag getattr ().

awaitable An object that can be used in an await expression. Can be a coroutine or an object withan __await__ ()
method. See also PEP 492.

BDFL Axpwviuo tov Benevolent Dictator For Life, kohokdyo0og diktdtopag g Lomg, dnhadn Guido van Rossum,
0 dnuovpyodg g Python.

dvadiko apyelo A file object able to read and write bytes-like objects. Examples of binary files are files opened in
binarymode ('rb', 'wb' or 'rb+'),sys.stdin.buffer,sys.stdout .buffer,andinstancesof io.
BytesIOand gzip.GzipFile.

BA. emtiong rext file yio évo ovTIKELUEVO TUTTOU 0pYELo LKOVO Vo, dtofdoet Kaw va ypdper st r avItkeipeva.

daverkn avagopa Zto C API g Python, o daverk avagopd eivar o avagpopd og évo aviikeiuevo, érov o
KOOLKOG TTOV Y P OLULOTTOLEL TO arvTLKeinevo dev Katéyel Ty avagopd. ['ivetal évog aypnoluomointog deiktg
edv 1o aviikeipevo kotaotpapel. o tapdderypa, po diadikaoio garbage collection wwopel vo aporpéoet
TO TELEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KATOOTPEPEL.

Zuviotatol 1 KAHon tov Py _INCREF () 0TO daVvelkn) ava@ood Ue 0KOmO Vo UETOTPOTIEL O €Va Loy voT]
avagopd emLTOTOV, EKTOG OTAV TO OVTLKEIUEVO OEV WTOPEL VO KATOOTPOAPEL TPLV atd TV TELevTALL Y PNOoN
g davelkng avagopds. H ouvaptnon Py_NewRef () umopei va ypnotpomowndel wote va dnuovpynOet
EVOL Lo VOT) aVapopd.

bytes-like avtikeipeve Eva avrikeipevo ov vrrootnpilel to bufferobjects kol umopet va eEdyel éva C-contiguous
buffer. Autd mepihaufaver dha to avtikelpeva bytes, bytearray, katarray . array, KoOdg Ko wodAd
Kowd memoryview ovuikeipeva. Ta dvadikot timov (bytes-like) avrtikeipevo Pmopovv vo. P CLULOTTOL-
NOoVV yia dudipopeg Aettovpyieg mov dayelpilovtar dvadikd dedouéva” avtd mepthapufavouv ovusieon
amo01Kevon o duadLKO apyelo kKol aTtooToA nécw socket.

Oplouéveg hettoupyieg yperafovran To duadikd dedouéva va eivor uetafintd. H texunpioon ouyvd ovo-
(PEPETOL 0€ AUTA WG «dVADIKA avTLKelUEVO avayvmong-eyypapnc» (read-write bytes-like objects). [Tapadeiy-
poTe LETABANTOV AVTIKELUEVOV TPOCWPLVTG aobfKevong mepLéyovy bytearray Kot éva memoryview
evog bytearray. AMEG AELTOUPYIES OTTOLTOVY TNV TTOBNKEVONG TWV dVAdLKDV dedouéva o€ aUeTAPANTL
avtikeipevo («dvadikd avrikeipeva povo avayvwong»” (read-only bytes-like objects) mapadeiypoato avtdv
mepléyouv bytes KoL évo memoryview evog bytes avIKelévou.

bytecode O mnyaiog kddka T Python petaryhottiCeton og bytecode, 1| e0WTEPLKY) AVATAPAOTOON EVOG TPOYPALL-
patog Python otov dtepunvéa CPython. To bytecode omoOnKeveTaL TLONG TPOCWPLVA OOG . PY C APYELL DOTE
1 eKTELEDT) TOV (OLOV apyelov va elval Yp1yopoTePT TNV deUTEPT POoPa eKTENEONG (UTTopEl Vo oTopevyOel )
€K VEOU UETAYANDTTLON OTTO TOV TINYOio KMOLKA o€ byfcode). Auti 1] «evOLAuean YAwooo» LEyeToL OTL TPEYEL
oe wa virtual machine oV €KTENEL TOV KMALKOL UNavNG TOV avtLoTolyel o€ Kabe bytecode. Adfete vdym
Ot ta bytecode 8gv aVOUEVETOL VO, AELTOUPYOUV UETAED SLAPOPETIKMV ELKOVIKMV Uy avdv Python, ovte va
glvon 0tafepd petagy twv ekddoewv g Python.

Mua Mota amd 0d1yleg oyetikd ue to bytecode umopel va Bpebei oty tekunpimon yio to module dis.

callable 'Eva callable eivar éva avrikeipevo mov wopei va Kaheotel, mbavd pue éva ovvolo opiopudtwv (BA.
argument), Ug TV TOPAKATO OVVTOEN:

callable (argumentl, argument2, ...)

Mua function, xou xot” eméktaon wa method eivou callable. 'Eva otuyiidtumo wo KhAomg mov VAOTTOLEL T
uébodo __call () eivow emiong callable.

callback Mua subroutine ouvéptnon 1 omoia petafipdletor wg dplona mov Ba eKTELETTEL KATOLOL OTLYUT OTO
HEAMLOV.

kAdon 'Evo mpdtumo yio ) dSnuovpyia aviikeluévov ov opifovrat omd 1o xpnoty. Ot oplopol KAAoEWY Guvi)-
Owg mepLéyouv opLopovg uebOdWV oV AeLTOUPYOUV OE OTLYWOTUTTO TG KAGONC.
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uetafinti kAdons Mo petofinti) wov opiletor ot pa kKAGom Kat tpoopiletar vo tpomortownOet udvo oe enimedo
KAGonNG (dN. Oyl o€ €va OTIYILOTUTTO (oG KAAOTG).

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.

myadikog appos Mio e€KTO0N TOU YVOOTOY GUOTAROATOG TPOYUOTIKMOV aptBudv 6To 0mtoio 6hot oL aplbuol
exppatovral mg aBpoLouo vOg TPAYUOTLKOU LEPOVGS KOl EVOG POVTAOTIKOY UéPovg. OL pavTaoTikol opLd-
pol eivat TPoyHottkd TOMOATAGOLO TG PAVICOTIKNG Lovada (1] TETpaywVviky pila tov —1), Tov ouyva
vpGovTol i ota podnuatikd 1 3 otn unyoavikr. H Python £xel evoopatmuévi vitootiptEn yio puyadikoig
apLOUovg, oL 0ToioL YPAPOVTOL UE AUTOV TOV TEAEUTALO GUUBOMOUO” TO POVTAOTIKO UEPOG YPAPETAL UE TO
emibnua 3, 7w.y., 3+173. To va amoktoete Tpoofaon o ovvOeTa looduvaa to module math, ypropormor-
Note to cmath. H ypnon wyadikdv aplbpmv eivol éva apketd mponyuévo nodnuotiko yapoKkTnpLotkd.

edv dev yvopilete TV avayKr Tovg, eival oedOV Giyoupo OTL WTOPELTE VAL TAL AYVOTOETE UE AOPAAELQ.

draeproTiic context An object which controls the environment seen in a with statement by defining__enter_ ()
and __exit__ () methods. See PEP 343.

context petafine Mo petafinth mov umopel va £yl TorEG SLaopeTikeg THEG Avaloya Pe To context. Autd
eival kowvd oto Thread-Local Storage 0mwov kG0e eKTELEGT TOV VIULALTOG WITOPEL VAL EXEL DLOPOPETLKT] TLUN YLOL
o petofanty). Hapodia avtd, ue Tig context PETAPANTES, WTOPEL VO VITAPYOVY TTOAG TTEPLBGAlovTa e éva
VIO EKTELEDTG KO 1] KUPLOL (PNOT YLat TLG context PeTaANTég elvan 1) TapakohoONoN TwV UETOPANTOVY O
TavTtdypoveg diepyaoiec. BL. contextvars.

contiguous 'Eva buffer Oewpeiton contiguous axpi3ng edv eivau eite C-contiguous eite Fortran contriguous. To buffer
undevikmv draotdoewv eivar C kow Fortran contiguous. Z& (tovodLAOTATOVG TTIVOKES, TOL OTOLYELOL TTPETEL VOL
torofetovvtaL 0T uviun to éva disha 0to GAlo, ue oelpd avENONG TV deLkTMV EgKivdvtag amd To undév.
Ze molvdidototovg C-contiguous mivaKes, 0 TeEAevTAlog delKTNG petafdhletal TaxvTepa 0TV EMOKETTO-
vTaL To otolyeia og oelpd devbuvong uvnune. Qotdoo, oe Fortran contiguous mivaKes, 0 TPOTOS OEIKTHG
peTafalleTol Lo ypryopa.

coroutine Ou coroutines €lvou (Lo 7TLO YEVIKEVUEVT] Lop1| subroutines. Ot subroutines eL.odyoviol o€ £vo. oNueLo Kal
eEdryovtal g Gho onueio. Ot coroutines wropei va eLooy0ovv, va eEayBov Kot vo ouveyLoTovv o€ oA
drapopetikd onueio. Mmopovv va vhomotjoovy pe v dMlwon async def. Bh. exniong PEP 492.

coroutine cuvapTNon Mo ouVAPTNON TOV EMLOTPEPEL £VOL coroutine AVTIKELIEVO. Mo GUVAPTNOY coroutine Wio-
pel vo opiCetal amd ) dhwon async def, kou umopel va mepiéyel await, async for, KoL async
with AEeig Khewdid. Avtég elonydnoav oo to PEP 492,

CPython H xavoviki vhosmoinomn tg yAdooag tpoypapuotiopnov Python, dmwg dravépetal oto python.org. O épog
«CPython» ypnoiuomoteitat OTov eivol amapaiTnTo Yo Ty SLAKPLoT AuTG TG VAOTTOINoNG 0rtd dAleG OTTMG
1 Jython | m IronPython.

decorator Mio. GuvAPTNON TOV EMOTPEQPEL Wiat OAAY oVVAPTNOY, CVVNOWGS EPAPUOTETAL WG UETAOYNUATIONOG
OUVAPTNONG XPNOLUOTOLDVTOG TNV @wrapper oUvtagy. ZuvnOiopéva moapadeiyuorta yio Toug decorators
elvar classmethod () kxou staticmethod ().

H oVvtoEn tov decorator givan amhmg KOAM®ITLOTIKY, oL akdrovBotl dvo oplopoi ovvaptioewv eivan onua-
OLOAOYLKA LoOdVVOUOL:

def f (arqg):

f = staticmethod (f)

@staticmethod

(ouvéygLa TNV ETOUEVT] GEMDQL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

def f (arqg):

H idua évvola vtdpyer yio tig kAGoeLs, alhd xpnowpostoteiton Aydtepo ouyva ekel. BA. v tekunpimon yio
function definitions kou class definitions yio epLocdTEPQ OYETLKG Ue TOVG decorators.

descriptor Any object which defines the methods __get__ (), __set__ (), or __delete__ (). When a class
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.

TN wepLocdtepes TANPOPopieg avapopLkd (e Tig uedddovg tv descriptors, BA. see descriptors 1) to [lpakti-
KOG 0O YOG Yo T X pNom Tov Descriptor.

AeBiko An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

Katavonen AeEukov 'Eva cupmayfg Tpomog yio va eeEepyaoteite Oha M) uépog Twv oot einv oe £vo emavoin-
TTTLKO KO VoL ETLOTPApEL éva pe heEikd ue ta amotedéopata. results = {n: n ** 2 for n in
range (10) } dnuovpyel éva AeEtkd mou mepiéyel To Kheldl n Tou avTLOTOLILETOL UE TV Ti . ** 2,
BA. comprehensions.

oyn AeEikov Ta ovtikeipeva ov emotpépoviol amd dict . keys (), dict.values (), koudict.items ()
Kahovvtan peig AeEKoV. AUTEG Tap€youv (o SuvauLKT) Oy TOV TOV EYYPAPOVY TOU AeELKOV, TTou onuaivel
otL 6tav To AeEkd petafarletar, n Oy aviikatomtpiler avtég tig alhoyés. o va avoykdoete v oy
AeELkov va yiver pa tipng AMota xpnotnoorjote to 1ist (dictview) . B, 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 otul poypoupatiopoty wov dev eEetdlel Tov THTO €VOG OVTLKELUEVOU YLO. VO TTPOOOLOPLOEL
av el T owoti diemoph” avtifeta, N 1EO0dOG 1 TO XAPUKTNPLOTIKO KAAEITOL ATTADG 1 XPVOWUOTTOLEL-
tau («If it looks like a duck and quacks like a duck, it must be a duck.») Aivovtag éupoon ot diemapég Kot
OYL 08 OVYKEKPLUEVOUG TOTTOVG, 0 KaAG oyediaouévog Khdikag Bertidvel tnv eveMEia Tou emitpémovtag
™V ToAVHOPQLKY vtokatdotao. O timog duck-typing amogetyel dokLuEG XPNOLUOTOLOVTOG type () N
isinstance (). (Enueimon, wotdoo, 0Tl 0 TVTOG Ttdmiog duck-typing umopei va ovurhnpwOel pe abstract
base classes.) Avti autov, cuvnBmg xpnoworotel dokiuég hasattr () N wpoypapuotiond EAFP.

EAFP Ilwo egVkolo vo INTNOELS oVuyydpeon tapd ddeta. Autd 1o Kowvd oTtulk poypauuatiopoy o Python stpo-
rwoBétel TNV VapEn £yKupmv KAEWBUOV 1] YOPAKTNPLOTIKOV Kot oudhaufavel eEaipéoelg edv 1 vitdBeon
amodey el eopaluév. Avtd to Kabapd Kot YpYyopo OTUA XapoKTNPLLETOL OO TNV TAPOVGio TTOAMDV d1)-
Mooewv try Ko except. H teyvikn épyetat og avtifeon ue 1o 6tuk mov eivar LBYL xowvo o€ molhég dhheg
yAwooeg, omwg 1 C.

ékppaon Eva xoppdt ovvta&ng mov wopel va aEtohoynei oe kdsmoro tuur). Me diha Moyia, pa ékgppaon eiva
WO GUOCMPEVOT OTOLYELWV EKPPaoTg dmwg KuploreEia, ovopata, Tpdopaon xopaKTNPLOTIK®V, TENEOTEG
1 KA OELG OUVAPTIOEMV TTOV OAEG ETLOTPEPOVV LaL TUY). e avtifeon ue mohhég dhdheg YAwooeg, dev eiva
Oheg oL YAWOOLKEG douég eKPPAOELS. YTTAPYOUVE ETLONG statements TOV dEV WITOPOVV Va. xpNoLpototnfov
g eKppaoeis, 6mtwg to while. Ot avabéoelg Tumv eiva emiong dNAWOELg oYL EKPPAOELS.

module exéktaong 'Evo module ypauuévo oe C 1) C++, mou ypnowomoteitan 0td 1o C API g Python yia va
AMNAETLOPACOUY UE TOV TUPTVA KO UE TOV KMILKO TOV YPTOTH.

f-string Ou Kuprolektikég ouufolooelpéc ypnotpomoloVv pe mpdlepa '£' N 'F' ovondlovtar cuvnbwg «f-
strings» wov eivon cuvtopoypagpia tov formatted string literals. BL. extiong PEP 498.
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OVTIKEINEVO apyeiov An object exposing a file-oriented API (with methods such as read () or write ()) to an
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.

ZTNV TPAYUATIKOTNTO VTTAPYOUV TPELG KATIYOPLES AVTLKELUEVV apyElOV raw dvadikd apyela, buffered Sva-
Oukd apyela xou apyela kewuévov. OL dlemapég Tovg opitovral oty evotnta io. O Kovovikog TPOTOG Yo
VO SNULOVPYTOETE EVOL AVTIKELUEVO OPYELOV ELVAL YPNOLUOTOUDVTAG TV OVVAPTNOT open () .

OVTIKEIUEVO TTOV poLaler pe apyeio 'Evo ouvavuuo ue To file object.

KWOKOTOI101] CUGTINUATOS UpYEIWY Kot XELPLOTHS opoindtov H kodikomoinon kol o yeplotg opaiudtov
ypnowpomoteital amd v Python yia tv artokmdikomoinon twv bytes amd To A&LTovpylkd cUOTNUO KOl
™V Kodikormoinon og Unicode yia to Aettovpytkd ovothua.

H xodikomoinon cvotuartog apyelwv umopel vo eyyun0el v emituynuévn amokwdikomoinon Ghmy twv
bytes kdtw amd 128. Edv 1 kwdLKomoino cuoTiuatog apy elmv deV TapEYEL QUTNY TV EYYUNOT), OL CUVOP-
woelg API pmopovv va eyeipovy éva UnicodeError.

O ovvaptioelg sys.getfilesystemencoding () Kot sys.getfilesystemencodeerrors ()
WITOPOUV VOl YPNOLULOTTONO0UV Yo Vo MABETE TNV KMALKOTOINOT TOV GUOTNUOTOG OPYELWV KoL TOU YELPL-
0T1) OPAMLATOV.

O filesystem encoding and error handler dLapopemvovtal Katd v ekkivnon tng Python amd ™ ouvaptnon
PyConfig_Read () B\ filesystem_encoding kol filesystem_errors uéhn tov PyConfig.

BA\. extiong to locale encoding.
finder 'Eva aviikeipevo mov mpoomadel va Bpet to loader yio éva module wov 101y 0.

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.

aképora Swaipeon H pabnpotikh Siaipeon ov otpoyyvhomolel Tpog To KUTw 6Tov Koviivdtepo aképato. O te-
Leothg aképarog draipeong eivar / /. T mapdderypa, 1 ékppaon 11 // 4 aElohoyeitol oe 2 oe avtifeon
UE TNV TLuT) 2 . 75 OV ETLOTPEPETAL ATTO TNV SLALPEOT] e VITOdLALOTOM. Znuetwon 6t (-11) // 4 xdvel
-3 gmeldn aut eival 1 oTpoyyvhoToinon moog o kdTw Tov -2 . 75. Bh. PEP 238.

ouvaptnon Mia oelpd amd SNADOELS TOU EMLOTPEPOVY KATTOLO TULY) OF GUTOV TTOU TV KAAEDE. Ze auTég Umopovv
VO TTEPALOTOVV KAVEVQL 1] TTEPLOTOTEPX 0OLGUATA TTOV UWITOPEL VO PN OLULoTOL Ol yia TNV ektéheon. BA. extiong
TG evOTNTEG parameter, method, Ko the function.

ouvaptnon annotation 'Evog annotation oG TapoueTpov GuvapTiong 1 Wog TG ETLOTPOQTGS.

Ou ouvaptoeLg annotations ouyvA YPNOWOTOLOVVTAL Y0 UTOOE(SELS TUTOV: VIO TAPADELYUA, QUTH 1 GU-
vapTNON ovouéveTal va Tépel S0 oplouaTo 1nt Kol ETONG AVAUEVETOL VO €XEL UL ETLOTPEPOUEVT] TLUY
int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H oUvto&n ouvdptnong annotation avolvetar oty evotnto. function.

BA\. variable annotation kon PEP 484, mwov meprypdipel avty) tnv Aettovpyrkotnto. Emiong PA. annotations-
howto yio Tig KoAUTEPES TPAKTIKEG HOULEVOVTOG (L€ annotations.

_ future__ 'Eva future statement, from __ future_ import <feature>, KaB0odNYEL TOV HETOYAOTTLOTY
va petayhottioelr to tpéyxov module xpnouomotdvTag oUVTaEn 1 GNUacLoAoyYio Tou Ba YiveL 1) TUTTLKY O
uedhoviikt) ékdoon tng Python. To module _ future_  tekunpuivel tig mbavég Tiuég tov feature. Me tnv
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ELOOYWYT AUTNG TNG AELTOUPYLKNG LOVADAG KO TV AELOLOYNOT) TV UETABANTMV TNGS, WTOPELTE VO dElTE TOTE
poL vEa duvaTOTNTO TPOOTEONKE YL TPDTN POPA OTHY YADOoO Ko ToTe O yiver (1] £yuve) N TpoemAoy):

>>> import _ future_
>>> _ future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

ouvAloyn amoppudtov H dtodikacio amelevfépmong g uviung Otav dev xpnolpomoteitor diho. H Python ekte-
Ael ouMLOYT QTTOPPLUATOV UECWH KOTOUETPNONG OVOPOPHDV KAl EVOG KUKAMKOUD CUAAEKTY OKOVTILOLMY TTOV
elval g B¢om va aviyvevel Kou va omdel Tovg KUKAoVg avapopds. O culhéKTNG amoppludTmy Wopel va
eheyy el ypnopomolmvtag to module ge.

generator Mo oUVAPTNOT TTOV ETLOTPEPEL Eval generator iterator. MOLATEL (LE LLOL KAVOVLKT] OUVAPTNON EKTOG 0TTO
TO OTL TEPLEYEL EKPPATELG yield Yio THV Tapoymyr Wag 0eLpds TUMV TTOU (WTOPOUV VoL ¥P1oLuomot ot
o€ évav Bpoyo for Y| Tou Wtopovv va ovokTNOoUV o T popd e TV ovvaptnon next () function.

ZuvHBwg avagépeTal o€ o OUVAPTNOT generator, OAAG UTopEl va avopépetal Oe Evav generator iterator €
nepLKd contexts. 2e TEPLTTOOELS OTTOU TO EMLOLWKOUEVO VONUOL OEV ELVaL TAPES, 1) YPNOT TWV TANPWV OpwV
ATOPEVYEL TNV OLOAPELQL.

generator iterator 'Eva avtikeigevo mov dnuovpyeiton 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@paon Mua £k@paon Tov emLoTpEPeL Evay iterator. Moldlel pe Kavovikr) £k@paon Tov akolovdeitan
and o tpdtaon for mov opilet wo UeTaBANT Ppoyov, £va gVpog Kol Wo. TPOaLPETIKY Ttpodtaon 1 f. H
oUVOUAOUEVT EKPPAOT ONULOVPYEL TLUES YLOL (O OLVAPTNOT EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

YEVIKT] oUvapTNe] Mo ovvapTnon mov amotereiton amd TOMATAEG GUVAPTNOELG TTOV VAOTOLOVY TV 181 AeL-
Tovpyia yio draopetikog Thmove. oo vhomoinomn mpémer va ypnolpnomonOel Katd T SLEpKeLo wioL KA1-
omg kabopiletar amd Tov akyopLlOuo arooTorys.

BA. emiong v xataydpnon tov single dispatch, tov decorator functools.singledispatch () ko PEP
443.

vevikog tomog 'Evog rype mov uopel va mapoapetpomomel” ouvnbwg wo container class, émwg 1ist 1 dict.
Xpnowuosoteiton yia type hints Kow annotations.

T teploodtepeg hemtouépelec, PA. generic alias types PEP 483, PEP 484, PEP 585, kau to module t yping.
GIL BM\. global interpreter lock.

global interpreter lock O unyaviopdg mov ypnotpomoteitan amtd tov diepunveéa CPython Yo v, SLaopaiioel Ot
uovo évo vijua extelel Python bytecode k4Be popd. Avtd amhomorel tv viomoinon CPython dnuovpywm-
VTAG TO LOVTENO OVTLKELWEVOU (CUUTEPLAAUPBAVOUEVWV KPIOWWWY EVOOUATWUEVWV TOTOV 0w TT.). dict)
£UUESA 0OPANEG EVOVTL TOVTOYPOVNG TTPOORaomS. To KAeldmuo oldKANPOL TOU dLepunvéa dLEVKoLUVEL TOV
dLepUNVEQ VO ELvaL TOMOTADY VNULATOV, ELG BAPOG TOU UeYAhOU UEPOUG TOV TTAPOAANALOUOV TOV TOPEYOVY
oL UNYOVEG TTOMOTIAMV ETTEEEPYATTDV.
Qo0tH00, OPLOPEVEG AELTOUPYIKEG LOVADEG EMEKTAONG, EiTE TUTTLKEG €lTE TPiTWYV, £XOVV OYESLAOTEL £TOL DOTE

va aserevfepmvouy 1o GIL dtav ektehoVv epyaoieg EVIOTIKMY VITOMOYLOUDV OTTMG CUUTTLEDT] 1) KATOKEP-
natopuds. Emiong, to GIL amehevbepmveton méva dtav extereite 1/0.

Iponyovueveg mpoomadeieg va dnuovpyn0ei évag diepunvéag «ehevBepwv-vnuatwv» (avtdg Tov Kheldm-
VEL TOL KOWvOypnoto dedopéva ue oA Tlo Aemtopep] evancnoia) dev frav emituyeis emeld 1 artddoon
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VITOYMPTOE TNV KOLVT| TTEPLTTWOoT evog emeSepyaoti). [Tioteveton dtL M vitépPaon avtol Tov TPoPANUATOG
06d00MG B KAVoLUY 7oA TTL0 TTEPLTAOKT KOl ETOUEVIG TTLO SATTAVIIPY) GTHY GUVTHPNON.

hash-based pyc 'Eva apyelo kpugpng uvnung byfecode mov yp1OLUOTOLEL TOV KOTAKEPUATIONO KoL O%L ToV XpdVo
TPOTOTTOINONG TOU CAVILOTOLXOU OPYELOV TPOELEVONG YLOL VO TPOOALOPLOEL TNV €YKUPOTNTO TOU. BA. pyc-
invalidation.

hashable An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (itneedsan __eqg__ () method). Hashable objects which compare
equal must have the same hash value.

H YmapEn hashable xbver éva aviikeipevo va pwopel vo ypnotposown el mg khewdi AeEukot Kot wg uéhog
€vOg GUVOLOU, ETTELDN QUTEG OL SOUEG DESOUEVYV YPNOLUOTOLOVY TUUES KOTAKEPUATIOUOV.

Ta mepLoodTepa 0md T aueTdfinto evoouatwuévo avitkeipevo g Python umopoiv vo Katokepuott-
otovv” ta petafntd Kovtéivep (Ommg ou Moteg 1) ta AeEikd) dev elvan” T apetafinTo Kovrévep (0mmg
mheladeg Kan to frozesets) UTOPOVV VoL KATUKEPUOTIOTOUV UOVO EGV TCL OTOLYELD TOVG ELVOL KOTAKEPUATL-
ouéva. Ta ovTiKeLpeva OV glval OTLYIOTUTTO. KAAGEMY TTOV 0pilovIaL amtd TO ¥PNOTH WIOPOVV VO KOTO-
KEPUATLOTOUV TTO TTPOoemihoyr). ‘Ol ouyKpivovToL GAvioa €KTOG 0TO TOV EAUTO TOUG) KL 1) TUY KOTAKEP-
HOTLOUOV TOVG TTPOEPYETOL atd To id () .

IDLE 'Eva ohokinpopévo mepidirov avamtugng ko pdbnong yo v Python. idle givau éva fooikd mepiBadiov
eneEepyaoiag Ko diepunvéa mov cuvodevetar amd Ty Tumikr) drovout| tng Python.

immutable 'Eva avtikeipevo ue otabepn tur. Ta opetdfinta ovikeipeva mepthapufavouv apbuots , ovppo-
hooepég koL mhelddec. ‘Eva tétoto aviikeipevo dev umopetl vo alldEel. ‘Evo véo aviikeiyevo mpémel va
dnuovpynOei edv mpémer vo amobnkevtel wa drapopetiky| Ty Iailovv onuaviikd pého og uépmn 6mov
wo otabepd amarteital, yio wopdderypo wg khewdi oe éva heEuko.

ewoayouevo path Mo Mot amd tomobeoieg (] katoywoices Siadpouric) mov umopovv va avalntnboldv path
based finder yio. va. elooy0ovv modules. Kotd v dadikacio eloaywyng, avty M AMota ue tomodeoieg ouvii-
Bwg épyetar amd sys . path, aAhd YLO TO VITOTAKETO, WTOPEL ETLONG VO £POEL AT TO YOPAKTHPLOTIKO TOV
TTOKETOV YovEo ___path__.

awoaywyn Hdwadikaoio katd v omola o khdikag g Python oe éva module eivon Stabéoun otov kmddika Python
evog dAlov module.

aoayoyéas Eva aviikeipevo umopel kou vo avalntel kol vo goptdver £va module” kol éva. finder xon loader
OVTUKELUEVO.

Stadpaotikog H Python éyel évav dtadpaotikd diepunvéo 6mmov onuaiver 6Tt umopeic vo elodyelg SMAMOoeLg Kot
EKPPAOELG OTHY ELOAYWYY EVIOAMV TOU SLEPUNVEX, EKTEAMVTAG TEG AUEC KoL ELPOVILOVTOG TO OVTLKEL-
ueva. Amhng eKKLvinoTe TV python ywpig opiopato (bavidg emiéyovtog To amd T0 KUPLO HEVOU TOV
VITOAOYLOTY) 00G). ATtotehel Evav amodoTiko Tpdmo Yo va dokiudote véeg 1dEeg 1) va eEetdote AelToVPYIKEG
povadeg Ko moakéta (Buunbeite help (x)).

interpreted H Python elvau puo interpreted yYA®ooa, og aviifeon ue o LETAYAMTILOUEVT], AV KOL 1) SLAKPLOY WITOPEL
va givar kow 0ol Loyw g mopovoia tou bytecode petoryhmttioTt). Autd onuaivel 6t Ta apyeia Tpoghevong
WITOPOUV VoL EKTELEGTOVV QITEVOELOG YWPIg VO dNULOVPYNOEL PTG £Va EKTEAECLILO CLPYELO TTOU OTNY OUVEYELDL
ekteheitar. Ou interpreted yAdooeg ovviiBmg £xouv WKkpOTEPO KUKAO avAmTuEng/ eviomiopoy opoiudtmy
aTT0 TLG UETAYAMTTIOUEVES, 0LV KOIL TOL TTPOYPAUUATA TOVG YEVIKA eKTELOVVTOL TTL0 0pydL. BA. emtiong inferactive.

TEPUATIONOS hertovpyiag diepunvéa ‘Otav Inteiton teppotionds Aettovpyiag, o diepunvéag g Python ewoépye-
TOL O UL ELOLKT) pAor OTTov amtelevdepdvel 0TadLokd OLovg Tovg dLaTlOEUEVOUS TOPOUG, OTTMG AELTOVPYL-
Kég novadeg Kau morhamhéc kpioueg eontepiké doués. Emiong mpayuatomolel apketés KAMOELS 0TO GUA-
Aéxtne orovmdidy. Autd WITOPEL VO EVEPYOTTOLTEL TV EKTELEDT] KMOLKO 0 KATAOTPOPELG TTOU 0piovTal
antd 1o pNnotn 1 ot callbacks aobevoig aviamokpiosis. O KOdLKOG OV ekTEAETOL KOTA TN PAOT TEPLLOL-
TLOROU AELTOVPYIOG WTOPEL Vo GUVOVTIOEL SLAQOpPES EEALPETELS, KOOMG oL TOPOL 0Toug oToiovg faoiletal
evdéyetal vo unv Aettovpyovv mhéov (ouvnOm mapadelypota eivar oL AetToupyLkeg novadeg Ppiodnkng 1
0 UNYXOVLOROG ELOOTTOLNOEWV).
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O Baotkdg MOYos TepuaTiopoy hettovpyiog tov diepunvéa eivon éti to __main__ module 1) ohokAnpmOnke
1 EKTELEDT TOV KMOLKA TTOV ETPEYE.

iterable An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as list, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __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
toits___next__ () method justraise StopIteration again. Iterators are required tohavean ___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 1ist) produces a fresh new iterator each time you pass it to the iter () function or use itin 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.

Mepioodtepeg mAnpopopieg wropotv va Bpebovv oto typeiter.

Agnropépera vhioroinong CPython: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

ouvvaptnon key Mo ouvdptnon khedi 1 wo ouvaptnon taEvounong sivar wo. Suvotdtta KAong Tov emt-
OTPEPEL O, T TTOV ypnotpomoteiton yio ToEvounomn 1 Suéitokn. o mapdderypa, locale.strxfrm()
YPYOLUOTTOLELTAL YLOL TV TTOPaywyn eVOg KAELSLOU TaELVOUNONG TToV YVmpilet Tig ouufdoetg Tagvounong
YLOL OLYKEKPLUEVEG TOTILKEG puOuioeLs.

‘Eva. aplBudg epyaleiov oty Python déyetor Baoikég ouvaptnoels ylo Tov €heyyo Tou TPOTOu Ue
ToV omoio ta otoryeio taEvopovvtor 1| ouadomotovvrar. Avtd mepiéyxouv min (), max (), sorted (),
list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest (),Koa itertools.
groupby ().

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a lambda 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.

opiwopo keyword B\. argument.

lambda Muo ovayvoun evOmUATmUEVY GUVAPTNOT) TTOU OITOTEAEITOL ATt Lo LOVOSLKT| expression 1) 0mtoia. aELOLO-
veltaw Otav kodeitol 1 ovvdptnon. H ouvioEn yia t dnuovpyia wog ouvaptnong lambda eivon 1ambda
[parameters]: expression

LBYL Look before you leap. Autd 1o otuk KwdLkomoinong eLEyyeL pnTd Tig TPoUTOOE0ELS TPLY TPOYUCTOTTOLYOEL
KAoelg M ovalnthoelg. Autd 1o oTuk €pyetol o€ avtifeor ne Ty Tpooéyyion EAFP Ko xopoKtnpiCeTol
artd ™V Tepovoio ToAdV dnhwoemy if.

Ze évaL tepLBAMOVY TTOAATAMY VNUdTwV, 1 Tpooéyyon LBYL umopel vo diakivouvevoet va eLoGYEL (o Guv-
oNxm aydva petakd «the Looking» ko «the leaping». Twa tapdderypa o kddikag, 1 £ key in mapping:
return mappingl[key] umopel va amotiyel edv éva aAho v apapéoel To key amd To mapping UETG
™ dokuy), ahhG TPy astd TV avalitnon. Avtd to Tpofinua wropel va Abel pue KAeldouato 1 xpnotuo-
Tolwvtag TV tpooéyyLon EAFP.

133



Python Tutorial, Anpooiguon 3.10.18

Tomk1] Kwdukortoinon On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.
Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

Moto 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 'Evo cupmayfg tpdmog yia va eneEepyaoteite OMa 1) UEPOG TV OTOLYELWV O UL, akohouBia
Ko vo emoTpéPpete wua Moto pe ta oatotehéopato. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dnwovpyei wa Aloto ovuforocelpmv mov mepéyovv Luyotg dekaeEa-
dukovg apuovg (0x..) oto evpog amd 0 €mg 255. H mpdtoom 1 £ eivan mpooupetiky). Eqv mapaleipOei, dha
Ta oToLyelo 0To range (256) vmofailovion oe eneSepyaciaL.

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.

naykt uédodog 'Eva drumo ovvdvupo 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 emiotplepnie pe avalntnon oto sys .meta_path. O finders ueta-diadpoung
oyetiCovral, ol dapépovv amd ta finders entry dtadpour.

Bih. importlib.abc.MetaPathFinder yia tig uebddovg mov vhomolovv oL meta path finders.

ueta-khdon H khdon wag khdong. Ou opropol kKhaong dnuovpyotv éva dvoua. kKAdong, éva AeElkd khdong Kat
o Aloto footkmv kKhaoewv. H peto-khdon givar veifuvn yia v artdKTon auTtdv TV TPLOV 0pLoUATmy
Ko TNV dnuovpyia g kKAAong. O eplocOTEPES AVILKELUEVOOTPEPEIS YADOOES TPOYPAUUATIONOV TTOPE-
YOUV ULOL TTPOETUAEYUEVT] VAOTTOIN 0. AT TTov Kvel Ty Python Egywproth eivor L givan duvorh m dnuovp-
vio Tpooapuoouévav petokidoemyv. O meplocdTePOL XPNOTES OEV XPELALOVTOL TOTE 0UTO TO EPYOlelD, OAAGL
OTOV TOPOOTEL AVAYKT), OUTO TO EPYONELD, OL UETA-KAAOELG WTOPOVYV VAL TTAPEYOVV LOYUPES, KOUPEG MIOELS.
"Ex0ouv %p1noLomombel Yo tnv Kotoypagr| TpooBoong XopoKTNPLoTIKOV, TNV TPoafK acpalelog vnud-
TOV, TNV TOPAKOA0VON0N SNULOVPYIAS AVILKEWUEVWV, TNV VAOTTOINOT| singletons, Ko mtolég dhheg epyaoiec.

[eploodtepeg mAnpopopieg wropotv va Bpebolv oto metaclasses.

uébodog Mia ouvdpnon o opiletal péoa 0to omua wag kKhaone. Eqv koleitol wg yopakmplotikd wog mepi-
TTOONG AVTNG TG KAAONG, 1) 1EB0d0G B MAPEL AVTIKEIUEVO TEPLTTWONG WG TPWDTO TG argument (TO OTOLO
ovvihiBwg ovoudtetan self). Bh. function xou nested scope.

oepd avaivons 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 aviikeipevo mov ypnouedel mg opyovmtik povada tov kmdika tng Python. Ta modules éxouv évav
YDOPO OVOUATOV TTOU TTEPLEEL avbaipeta aviikelipeva Python. Ta modules poptwvovtoal otnv Python ue tv
dwadikooio importing.

B emiong package.

TeYVIKES TPodrarypoupés module 'Evo namespace mov TEPLEXEL TG TAPOQOPLES TTOV TYETICOVTOL LE TV ELOOYWYT
IOV YPNOLOTOLOVVTOL Yiet TNV POPT®ON €vog module. Mo mepimtworn tov importlib.machinery.
ModuleSpec.

MRO Bh. method resolution order.
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mutable To svuetdpfinto avikeipevo propovv va oAGEoUV Tig Tuég 0AAG va. kpoathoouv ta 1d () . BA. emtiong
immutable.

named tuple O 0pog «named tuple» epappoCeTol yio 0ToLovONtoTe THTTO 1) KAAON o KAnpovoueital amd v
TLELADC KOL TWV OTTOLWV T GTOLYELD WTOPOUV VAL EVPETNPLOTTOLNOOUV elval TPOoaPAoLua YP1OLULOTOLDVTOG
ETOVLLLA YOPAKTNPLOTLKA. O TOTOg 1) 1) KAAOT UTOPEL VaL el Kol GALA X OpOKTHPLOTLKA.

oMol evowpatmuévor Tomol eivon named tuples, CUUTEPLIAAUBAVOUEVDV TV TLULDV TTOV ETLOTPEPOVTOL OITTO
time.localtime () kawos.stat (). Eva ahho mopdderypa eivan to 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

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 uépog dmov amoOnrevetar wa petafinty. Ta namespaces vhomolovvror wg heEikd. Ymdapyovv ot
TOTTLKOL, OL KAOOALKOL KOl OL EVOMUOTOUEVOL namespaces KoOMG KoL oL £vOETOL namespaces 0€ VILKELLEVOL
(0e ueBddoVg). o mapddeLyna oL ovvapTHoelgbuiltins . open KoL os . open () dLOKPIVOVTAL 0TTO TOUG
Y WPOVG ovoudtwv Toug. OL xmwpot ovopdtwv Fondov emtiong TV ovoyvmoLdT)TO KOt T CUVTNPNoWOT T
Kablotmvtag oapéc wolo module viomolel o Aettovpyia. Tia wapdderypa, ypdgpovtag random. seed ()
Nitertools.islice () kaOLOTA COPES OTL AUTEG OL CUVOPTNOELG VAOTTOLOUVTOL artd To. module random
Kol itertools, aviiotouyo.

mokéto 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 haveno __init_ .
py file.

BA. emtiong module.

nested scope H duvatdmta avagpopdg oe wa petafint oe évav mepikherduevo opopd. Tia mapdderypo puo
oUVAPTNOT TTOU OPITETAL UECA OE (oL (AT GUVAPTNOT WTOPEL VO AVOaQEPETOL OE UETAPBANTEG 0TIV EEWTEPLKT
oUVAPTNOY. ZNUELMOTE OTL TO EvOeTo TEdia amd TPoemAOY AELTOUPYOVV UOVO YLOL OVOLPOPd Kal 0L Yol
ekypnomn. O Tomikég uetafAnTtég SLABATOVTOL KoL YPAPOVIOL 0TO E0MTEPLKO TedLo epapuoyns. Ouoimg,
oL KaBoMKEG puetafANTég daffaCouvv Kot ypdgovy atov Kabohkd ympo ovoudtwv. To nonlocal emitpénel
™V eyypapn oe eEmteplkd media.

KkAdon véov otvh 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 dedouévo (e KaTdoTaon (XapaKTNPELoTKE 1 i) Ko Kaboplopuévn ouumeptpopd.
(uéBodor). Emiong, N telkn ookt kKhAom ommolaodftote new-style class.

maxéto 'Eva Python module mov umopei vo epiéyel submodules 1) avadpopukd, vtomakéta. Teyvikd, £va Takéto
elval pa kettovpyLkr povéado Python e éva _ path_ yopokmplotko.

BA. emtiong regular package xou namespace package.

TUPAUETPOS Mia £ykupn ovtdTnTo 08 évav oplopnd function () uéBodog) mov kabopilel éva argument (| og opi-
OUEVEG TIEPLITTAOELS, OPLOUATA) TTOV Wtopel vo. dex el 1 ouvaptnon. Yrdapyovv mévte eidn mopauéTpmy:

o AéEn-xdeldi 1) Oéon: xabopilel Eva dpLopo Tov uropel va petoPifaotel eite Oéoews M| wg dptoua AéEng-

kAetdiov. Autd gival To TPOETAeYUEVO ELDOG TOPAUETPOV, VL0 TAPAdELYUa foo Ko bar ota akdlovba:
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def func(foo, bar=None):

o Oéoewe udvo: kabopilel éva OpLona wov umopel va mopéyxetanr udvo amd ™ 0€om. OL mapdueTpol Lovo
0£0mMG WITopPoUV va. 0pLoTOUV GUUTEPLAAUBAVOVTOG Evay YopaKTHpad / 0T AMoTa TopauéTpmy ToU opL-
ooy oVVAPTNONG HETd 0TTd AUTEG, Yo tapdderyua posonlyl kon posonly2 oto eENg:

def func(posonlyl, posonly2, /, positional_or_keyword) :

o AéEng-kAeldi udvo: xaBopilel Eva OPLoUO TOV WITOPEL va. Tapéyeton wovo ue AEEN Kheldi. Ou mapduetpol
HOVO Yo MEEN-KAELDL WITOPOVV VO 0PLOTOVV GUITTEPLAAUBAVOVTOG [La TOPAUETPO BEONG 1) OKETO * 0T
MoTa TApaUETPWY TOU 0PLOUOY CUVAPTNONG TTPLV Atd OUTES, Yo Tapaderyua kw_onlyl Kou kw_only2
ot aKOAovOL:

def func(arg, *, kw_onlyl, kw_only2):

o uetafAnti Oéong: xabopilel OTL umopei va mapaoyedel wa avbaipetn axorovdia oploudtov 0¢ong
(emumhéov TV oplopdtov BEong Tov givar 1191 amodeKTd 0td dAleg mapauéTpovg). Mia tétola ma-
PAUETPOG WWITOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOLLO TNG TAPAUETPOU UE *, VL0 TAPASELYUA args 0T
akorovba:

def func(*args, **kwargs):

o uetafAnth AéEn-kAeldi: Kabopiler oL pwwopovv va mapéyxovror avbaipeta ToAG opiouato AEENG-
KAELOL0D (eTLITAEOV TV 0pLopdTtmy AENG KAELOLOV Ttov eival omodektd amd dhheg Tapauétpovg). Mo
TETOLAL TTOPAUETPOG WTOPEL VO OPLOTEL TTPOCUPTWVTAG TO OVOUC TNG TOPAUETPOU UE * *, Y0 TP~
devypa kwargs OTMS TOPATAVO.

O mopdpeTpot Wtopov va Kahopicouv TOo ta TPOUPETIKA 00 KOl TAL AoLTOVUEVO Opiopata , Kabwg
KOL TIPOETUAEYUEVES TLES YLOL OPLOUEVOL TIPOALPETIKG OPIOLLOLTOL.

B\ extiong v argument xotaympLon evpetnpiov, Ty epwtion FAQ oyetikd ue 1 dagopd peta&i opropud-
TV KoL TAPAUETpwy, TV KAAoN inspect .Parameter, v evotyta function ko PEP 362.

path entry Mua pepovouévn tomobeoia oto import path tv omoio cupBovieveton o path based finder yio va BpeL
modules yio eLoorymy).

path entry finder 'Evog finder mov emotpépetal amd évav KahoOuevo 0to sys . path_hooks (dnhadi éva parh
entry hook) ov Eépel mwg va. evromtiCelr modules e path entry.

Bih. importlib.abc.PathEntryFinder yio tig uefddovg mov o entry finder dtadpoung vhomotei.

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 amtd ta mpoemiheyuéva meta path finders wov avalntd €va import path yio. modules.

path-like avrikeipevo 'Eva aviikeipevo mov avumtpoowmevel éva path cvotfiuotog apyeiwv. ‘Eva aviikeipevo
path givau gite éva aviikeipevo st r 1 bytes mov aviutpoommevel éva path 1) £va OVTLKELLEVO TTOV VAOTTOLEL
TO TPWTOKOAMO 0s . PathLike. Eva aviikeipevo wov vrootnpilel To mpwtdKorlo os . PathLike umopel
vo petatpamel og path ovothuatog apyelwv str M| bytes Kahdvtag Ty ouvapton os . £spath () ” ta
os.fsdecode () KoL os.fsencode () WIopovV va PNOLUOTONOOVV Lo TNV €yyUmon evdg amotehs-
ouatog str 1 bytes, avtiotoyya. Ewonydn amd tov PEP 519.

PEP Ilpotaon Behtiwong Python. ‘Eva PEP givaw évo €yypopo oyedlaopuol Tov Tapeéyet TANPOoQopies 0TV KoL-
votnto Python 1) mepuypdper o véo duvatdtta yia v Python 1) tig dadikaoieg 1 o mepifallov g,
Ta PEP Oa mpérmet vo mopéyouv Wio. GUVOITTLKY TEXVIKT] TPOSLOYPagpT] KO (Lot LOYLKY] YLOL TOL TTPOTELVOUEVOL
YOPOKTNPLOTLKA.

136 Mapdptnua A’. NMwooapt


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0519

Python Tutorial, Anpocisuon 3.10.18

Ta PEP mipoopiCovtal va eivar oL KOpLoL iiyoviouot Lo Ty IpoTtoot] ONUOVTLKOV VEOV YOP0KTIPLOTIKMOV,
YLOL TN GUALOYY] TANPOPOPLMV TNG KOLVOTNTOG Yo Vo THTNUOL KoL Y10 TV TEKUNPLmON TOV 0Topaoeny
oyedLaopov o £xouv ewoay el oty Python. O cuyypagéag tov PEP gival vrelBuvog yio thv otkodounon
ouvaiveong evtog Thg KoLvOTNTag KoL TNV TeEKuNpimon aviibetmy amdpewy.

B)L. PEP 1.

tuiuoe. ‘Eva ovvoho amd apyeia og Evav povo katdhoyo (evoeyouévmg amofnKevuévo og apyelo zip) Tou GuUBEL-
Lovv og évo namespace TOKETO, OTwg opiletar oto PEP 420.

opwopa 0¢ong BA. argument.

provisional API 'Eva provisional API eival avtd mmov €xel eokepuéva eEarpebei amd Tig backwards eyyunoeig ovp-
Batdtnrag g Tumkng PBAMOOKNG. AV KoL eV avapévovTal CHUAVTIKEG AMOYEG O TETOLEG SLETOEG,
€POCOV EMONUOIVOVTAL WG TPOoWPLVES, alharyég un backwards cuufoatdomrog (UéxpL KoL KOTapynon e
dLemapng) UIopel va TPoKLPouv edv KpLbel amopaitto amd Toug factkols Tpoypaunatiotés. Tétoleg
odhayég dev Ba yivouv dokoma — Ba ouuBouv wovo edv amokalupOovv cofapd Beueliddn eraTTOUOT
7oV TOPoreipONKay TpLv oo T cuumepiinyn tov APL

Axoun kou yo provisional API, ou un backwards ouppatéc alaryég Bewpoivtar «hion Eoyatng avaykne»- Oa
eEaxohovBei vo. yivetan kdBe tpoomdOero yio va Bpedei pua AMbom backwards cupBati| og TuyOV EVIOTLOUEVAL
TPOPfAUaTO.

Avth 1 dtadikaoia emitpémer oty TustkT) BBALOON KT va ouveyioel va eSeliooetan ue Ty Tdpodo Tov xpo-
VOU, YWPIg va KAEWOMVEL TPOPANUATIKE OQALLOTO OYESLAOUOD VL0 EKTETAUEVES YPOVIKES TTEPLOdOVG. BA.
PEP 411 yio tepLoodTtepeg AeTTOUEPELES,

provisional wakéto BA. provisional API.

Python 3000 Wevdwvuuo yio to ovvoro ekdooewv Python 3.x (emvonOnke mpLv amd mwodd koupd 0Tav 1 Kukho-
popia g €xdoong 3 NTav KATL 010 PaKpLvo EALoV.) Avtd ovoudletol emiong wg ovviopoypapia «Py3k».

Pythonic Mua 1déa 1) €vo Kopupdtt KddLKa Tou akohovbel ot taL 710 Kowvd Wumwuato ™G Yhwooag Python, avti
VO VAOTTOLEL KDOLKOL Y PTOLUOTTOLMVTAG EVVOLES KOLVEG 0€ AMAEG YADOOES. Tla mapdderypa, v Kowvo wWimuo
otmv Python ivan va xdvet wo eavanym tdvo amd oha ta otolyelo evag iterable ypNOLLOTOLMVTOG ULOL
dMhwon £or. [Todrég dhheg YADOOEG TTOV dEV EYOUV CUTOV TOV TUTTO KATAOKEUNG, £T0L 0L AvOpwIToL Tov dev
eivar eEotkelmpévor pe v Python ypnowwomototv peptkéc popég Evav aptbuntko uetpn):

for i in range(len(food)):
print (food[i])

Avtibeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

avayvoplopévo ovoue ‘Eva dvopa pe kovkkideg mov deiyvel T «diadpout)» amd 1o kabokd evpog evog module
oe wo Khdon, ovvdptnon 1 uébodo mov opiletar o ovt)v ™V evotnta, Omtwg opiletal oto PEP 3155.
TN ovvapthoelg Ko KAAGELG OVAOTOTOU ETLITEDOV, TO OVOYVOPLOUEVO dvoua glval idlo pe to dvoua Tou
OVTLKELWEVOU:

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname
IC’
>>> C.D.__gualname

(ouvéyela otV emoueV oerida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'C.D'
>>> C.D.meth. qualname
'C.D.meth'

‘Otav ypnowomoteitar yia avapopd o¢ modules , 1o TAowWS avayvwoLleuévo évoua oNUaivel oLOKAPO To
duaxekopuévo path pog to module, cupTePLOUBOVOUEVOY TUYXOV YOVIK®V TAKETWV TT.). email .mime.
text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

) 00g avaopac 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 mapadooiako package, Onmg £vag Katdhoyog o mepléyeL éva __init_ . py apyeio.
BA. emtiong namespace package.

__slots__ Mua dHhwon péoa oe pua, KAGoM stov eEotKovopel pviun SNADVOVTOG £K TV TTPOTEPMY XDPO YL TUPG-
deLypaL YopaKTNPLOTIKA Ko eEakeipovtag AeELkd oTyotimmy. Av Ko SNUo@IAAG, 1 TEXVIKN gival Kamwg
dVOKOMO VO YiveL OWOTI Kot TTPOOPLLETL KOAUTEPQ VL0 OTTAVIES TTEPLITTMOELS OTTOV VTTAPYEL LEYAAOG 0pLO-
HOG OTLYILOTVTTOV O€ ULOL EPOAPUOYT KPLoWUNS-UviunG.

okoAlovlia. An iterable which supports efficient element access using integer indices via the __getitem__ () special
method and definesa ___len__ () method that returns the length of the sequence. Some built-in sequence types
are list, str, tuple,and bytes. Note that dict alsosupports ___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 ovumayhg tpdmog yio. vo eneEepyaoteite 6ha 1) pépog Twv atolyeimv oe éva iterable ko
VO ETLOTPAPEL VO OVVOAO Le Ta amoTteréopnota. results = {c for ¢ in 'abracadabra' if c
not in 'abc'} dnuovpyel To oUvoro ovuPorooelpdv { 'r', 'd'}. Bl comprehensions.

novadiko dispatch Muo popgny dispatch generic function dmov M vhomoinon emhéyetar pe PAon Tov THTO VoG
UEUOVOUEVOV OPLOUOTOG,

slice "Evo avtikeipevo mov ouvnbmg mepLéyet Eva tunuo uog akorovbiag sequence. Anuovpyeitan éva slice xpn-
OLUOTTOLDVTAG T1) oneiman subscript, [] pe avw Kol Kdtw teheieg peta&l aplbudv otav divovol wolhoi,
Omwg 010 variable_name[1:3:5]. H onueiwon aykilng (subscript) xpnOLLOTOLEL EGMTEPLKA OVTLKEL-
ueva slice.

€191k péBodog Mia uéBodog mov Kaheitar orwsnpd omrd Ty Python yia va ekteléoel pua ouyKekpLuév Aertoup-
via og évav tOmo, dmwg M TpoodfKn. Tétoeg uéBodol éxovve ovopata Tov Eekvolv KoL TEAELDVOUV e
dumhéc KbTw movheg. Ou edLkég néBodol TekunpLvovTaL 0To specialnames.

dMlwon Mo pdTaon eivar uépog wog covitag (£va «umhok» KOdka). Mia tpdtaon eival gite Evag expression
elte wa oo wodhég doudg ue o AEEN-KAewdt émtwg i f, while i for.
strong reference =to C API g Python, pia toyvph avogopd eivol o ovopopd og Evo oVTLKEILEVO TOU OVIKEL

OTOV KMOLKA TTOV TEPLEYEL TNV avapopd. H toyvpn avagpopd haufdvetan Kahmvtag to Py INCREF () otav
1 avagopd dnuiovpyeiton ko aehevfepmvetal e Py DECREF () Otav dloypopet 1 avopopd.
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H ovvéptnon Py_NewRef () Wropel va xpnotuomotnei yio ) dnuouvpyio Loyvpng avopopdic o€ Vo, ovTL-
Kelpevo. Zuvnbwe, 1 ouvapTNoN Py_DECREF () mpémel vo KOAELTOL 0TV LoYVPY avapopd Ly Byet oo
TO €VPOG TNG LOYVPNG OVOPOPAGS, YL VO ATTOPeVYOEL 1] dLoppon oG avapopdis.

B emtiong borrowed reference.

Kwdkomoinon kewpévov Mia ovuforooelpd otnv Python ivol wa akolovbio onueiwv kddika Unicode (oTo £v-
poc U+0000-U+10FFFF). ['la var artoONKeVOETE 1] VO UETAPEPETE UL CUUPBOLOCELPAL, TIPETTEL VOL GELPLOTTOL-
N0l wg dvadikn akorovbia.

H oewpromoinon wog ouuBorooelpds o€ (o duadiky akohovbic eival YVOoT wg «KOALKOTOINoT» , KoL 1
avadnuovpyia tng ovuforooelpds amd Ty duadikr| okohovBio eival YVmOoT MG «OTOKMALKOTOINo1)».

Yrdpyer pio Torkihion SLapopeTikig oeLpLoToinong Kewévou codecs, oL 0TT0ioL GUALOYLKG OVOPEPOVTOL WG
«KWOLKOTTOLNOELG KELUEVOU».

apyeio kewévov 'Eva file object ixovd vo SlaBatel kau va ypdeper aviikeipeva str. Zuyvd, évo apyeio kewué-
VOU QTTOKTA TPAYUATIKG TTPOOP0on O€ pa pon duadikt) por) dedoUEVMV Kat YeLPLLETOL QUTONATO TNV fext
encoding. Tlopodelypota opyelmv KELWEVOU lvaL apy Lol TTOV avoiyouy o€ Aettovpyia Kewévou ("r' M 'w'),
sys.stdin, sys.stdout, Kot otrypdtume tov io. StringIO.

B\ extiong binary file yuon €vo AVTUKELUEVO apyELOV e duVATOHTITA OVAYVIONG KAt EYYPOPNg Svadikd avit-
Kelueva.

oupforocelpd TPUTA®Y ELCaYMYIKOV Mo GUIBOAOCELPE TTOV SECUEVETOL AT TPELG TEPUTTWOELG ELTE EVOG ELOQL-
yoyrkoU (») 1 pag arrootpdpov (). Av ko dev Tapéyouv Kouia Aettovpytkdtnta ov dev eivar dtabéoiun
1e OVUPBOLOCELPEG UE LOVAL ELOAYWYLKA, ELVOL XPHOLUES YLOL BLapOPOVg AOYOUGS. Zag EMLTPETOUV VO GUUTTE-
pLaPeTE LOVA Kat SAd eLoaymyLkd xwpig dtopuyn o€ uLa GUUBOAOOELPG KOl UTOPOVY VO EKTELVOVTOL
og TOMEG YPOUUES XWPLG TN YPTON TOV XOPAUKTNPO CUVEYELDL, KADLOTMVTAS TO LOLAULTEPO. YPNOLLO KATA TN
oUVTOEN eYYPAPWV He CUUPBOLOCELPES.

timog The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias 'Evo ouvadvupo yua évay thmo, mov dnuiovpyeitor ue ty ovadeor TOmov o€ £va avayvopLoTiko.

Ta type aliases eival ypnowua yio tnv osthomoinom type alias. Tia wapddevypor:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

WITOPEL VL YIVEL TTL0 eVavAyvVmoTo OTtmg:

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) —-> list[Color]:
pass

Bi. typing kou PEP 484, movu mepuypdepel outiv TNV AeLtovpytkdTnTa.

type hint 'Evag annotation wov KaOopileL TOV avapuevopevo TOo yio. (ot LETOPANTY), EVO X apaKTNPLOTIKO KAGOoNg
1] WL TOLPAUETPO CUVAPTNONG 1) TLUT ETLOTPOPNG.
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.

YnodeiEeig timou (type hints) yio KaBoMkég UeTOPANTEG, YOPOKTNPLOTIKA KAAONG KoL OUVOPTH-
oelg , OMG Oyl TOTKEG UETAPANTEG, WITOPOUV VA JTPOOTELAOTOVV YPNOLUOTOLMVTAG TO typing.
get_type_hints ().

BML. typing kol PEP 484, mov meprypdgpel ovtiv v AELToupyLtKkOTTO.
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koBohxég véeg ypauués Eva tpdmog epunveiog pomv Keywévou otov oroio dia ta akdhovbo avayvmpifovran
wg MEeig wag ypauune:  ovufaon téhovg ypauung tov Unix '\n', 1 ovupfoon twv Windows '\r\n"',
Kaw TV ol ovppaon Macintosh '\ r'. BA. PEP 278 kau PEP 3116, kabmg koL bytes.splitlines ()
v TpoodeTr P oM.

annotation perapiyeig ‘Evag annotation o, puetafAntg 1 evog yopaktnpLlotikot KAGong.

‘Otov annotating puo eToBANT 1 va xopakTnpLotikod KAGong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations PETOPANTOV YPNOWOTOLOVVTOL GUVNOWMG Yo fype hints: Yio. TAPAIELYUA OUTH 1) LETOPANTY
ovouévetal vo Mafel Tiég int:

count: int = 0

H o¥vta&n annotation petafAnNTig meptypdpetal 0Ty evOTITa. annassign.

BA. function annotation, PEP 484 xav PEP 526, mov meprypdgpouv avti) ™ Aertovpyio. Agite emiong
annotations-howto yia. BELTLOTES TPAKTIKEG OYETIKA Ue TNV EpYOTia e oXoMaouove.

virtual environment 'Evo cuvepyoatikd amopovmuévo eptBallov xpovoy eKTELEONG TOV EMULTPETEL OTOVG YPT1)-
0TEG Kau TIG eapuoyés tg Python va eyxotaotioovy kot vo avopaduicovv tokéta diovoung Python ympig
va tapeuaivouy oty ovutepLpopd AoV epapuroymv Python mov extelovivtar 0Tto idLo ovoThua.

Bi. emiong venv.

virtual machine 'Evog vroloyiotic opileton €€ ohokipov amd to hoyiowkd. H eucovikhy unyavi tng Python
ektelel To bytecode oV eKTTEUTETAL ALTTO TOV UETAYAWTTLOTY bytecode.

Zen 1 Python Kotdhoyog oyedlaotikmy apymv KoL (LAOGOMLMY TOV ELVOL YPT|OLUES YLOL TV KATOVONOT KoL TN
xPNOoM ™G YAdooag. O kotdhoyog witopel va fpedel mhnktporoydviag «import this» otnv dladpaoTiky
KovaoLa.
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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 eyypleov Kol Tov gpyoleiwv toug eivar eE” ohokhnpov edehovtiky mpoomddera, dmwg Ko 1)
idua 1 Python. EGv Béhete va. ouvelopépete, piEte wo. potid ot oghida reporting-bugs yio, TANPOQOPLES OYETIKEG
e To Twg vo. 1o Kavete. Kawvouplol e0ehoviég eival mdvta 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;
« 7o Docutils tpdtlekt yio v dnuovpyio tmv epapuoydv reStructured Text ko Docutils:

o Fredrik Lundh yua to 816 tov Alternative Python Reference mpdtlekt amd to omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IoAhol avBpwrtoL éxouv ouvela@épel ot Yhwooo Python, thv BiioOnin tng Python, ko ta €yypagpa tng Python.
Agite Misc/ACKS otig minyég dravoung g Python yia pa Moto twv ouvieheotdv.

Moévo ue tn ouufol) Kot Tig OUVELGPOPES TG Kotvotntag tg Python, 1) Python €yel tétola vitépoya éyypapo -
Zag evyoaploTovpe!
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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://www.
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:
/Iwww.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 | &/v 1991-1995 CWI v
13¢émg1.52 | 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oxL
2.0 1.6 2000 BeOpen.com | oyt
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 v
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 whve | 2.1.1 2001-ofuepo. | PSF VoL
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Inueiwon: 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.

X&p1, 0toug ToAovg eEmTepLkovg e0eLOVTEG TTOV EpYAOTKAY KUTW 07TO TG 081 Yieg Tov Guido, avtég oL ekddoelg
EyLVay EQLKTEG.

.2 OpolL Kat npoUmnoBeocelg ywa tnv npoéocpacn | tTnv Xpnon tneg
Python pe aAAoug Tpomoug

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.

Kdamoro Aoyioukd mov eival evomupotouévo otnv Python givan vitd duagpopetikég ddeteg ypnone. O adeleg mapal-
TOEVTAL PE KDOOLKO TOV EUTTLITTEL 0€ QUTNV TNV AdeLaL. Agite Adeies kau Evyaototies yra Evoouatwuévo Aoyiouxd
yLoL uLoL EAMLTTN ALOTaL ATV TV OdELMDV.

".2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),._
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—~Python

3.10.18 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 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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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 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, 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. 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, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

r22 YMoQNIA 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,

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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
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

(ouvéyela otV emtduevn oehida)
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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
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.

r2.4 XYMoOQNIA AAEIAZ CWII'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.
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M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18
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.

.3 Adeleg katL Euxaplotieq yia Evowpatwpévo AOYLOULKO

Avt) 1 evoémto eivan o nutedfic, aAhd avEavopevn Mota adeldv Kot EuyaplotidV YioL AOYLOWKOS TPiTwYV, ToU
EVOWUOTMOVETOL 0TNV dtavou 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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(ouvéyela otV emtduevn oehida)
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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)

M.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://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.
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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.

M.3.4 Awaxeipion Cookie

H evémto http.cookies mepéyel TV TOpAKAT® E1O0TOINON:

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.
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M.3.5 Avixveuon eKTéAeong

H evomto t race mepLéyel v TapokdTm eLd0TOiNo:

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.

M.3.6 Zuvaptnoelg UUencode kat UUdecode

H evomto uu mepiéyet v mapakdtm edomoinon:

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

(ouvéyela otV eOUEVT OENIDOL)
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version is still 5 times faster, though.
— Arguments more compliant with Python standard

M.3.7 KAjoelg Anopakpuopevng Aladikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e100moinon:

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. IN 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.

M.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

(ouvéyela otV emtouevVn oehida)
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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 EruAoyn kqueue

H evomta select mepiéyel v mapokdtm ewdomoinon yio v kqueue diemopi):

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. 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.

".3.10 SipHash24

To apyelo Python/pyhash. c mepiéyel v vhomoinon tov Marek Majkowski tou alyopiBuov tov Dan Bernstein,
SipHash24. Autd mepléyeL tnv mopaKatom 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>

(ouvéyela otV emtduevn oehida)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. c, mov mapéyet TG ouvaptnoelg dtoa ko strtod g C yia uetatpomt) twv C doubles
7POG KoL artd strings, poépyetan atd To oudvupo apyeio tov David M. Gay, mpog to mapdv dtadéoipo amo https:
/Iweb.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeio, OTWG avakTHONKe 0TIG
16 Maptiov, 2009, epLéyet Ta akOLOUO0 TVEUROTIKE SUKOLMUATO KoL TV ELO0TOIN0T atdELOdOTNONG:

/*~k***********~k***********~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.

L

*

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.3.12 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-core@openssl.org.

OpenSSL License

(ouvéyela otV emtduevn oehida)
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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)
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).

L S S A R N S N S N N S S e R S S N S N S S S T S S N NS S S S SN S S S N NS S S R T S

Original SSLeay License
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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. 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.

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.]
/

L T S A N S S N S N S S S S S S N S S T S R e N S S S SN S S SN T SN SRS N S T S ST S S N S N .
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.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
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.
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r.3.15 zlib

H eméktaon z1ib dnuovpyeiton xpnoLoToLmVTOS £VO CUUTEPIAAUBAVOUEVOL OVTLYPAPO TOV TTNYWV Zlib, edv 1)
€kd0o0m Tov zlib ov Bpioketal 0To CVOTNUA ElVOL TTOAD TTOAMA YLoL VAL, XPNOLULOTTOLNOEL YLoL TV KOTAOKEVY:

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 vhomoinom tov mivoka KoTaKepUATIONoU OV XPNOUOTToLEITOL 0td To tracemalloc facileTon 010 £€pYyo
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
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

(ouvéyela otV emtduevn oehida)
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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—-1libmpdec

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. 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.

M.3.18 W3C C14N ocouita SoKLUNiQ

H covita doxiufig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl14n-20/) avaktOnke amd tov
tototoro tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Ko dtavépeton e v adewa 3 pntpwv 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
are met:

(ouvéyela otV emtduevn oehida)
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* 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.

r".3.19 Audioop

To module audioop ypnowomotel wg Paon kKmdKa tov apyetov g771.c tov €pyov Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 .tar.gz

Avtd o mnyoiog kmdikag eivar mpoldv g Sun Microsystems, Inc. Ko TOpEYXETAL VIO ATTEPLOPLOTY|
xpNHo1. OL xpNOTES WITOPOVY VAL AVTLYPEPOUV 1] VO, TPOTTOTOLYTOUV GUTOV TOV TTHYOL0 KMALKA Kmpig

YPEWOT).

O ITHI'AIOZ KQAIKAZX TOY SUN ITAPEXETAI OITQZ EXEI XQPIZ KANENOZ EIAOYZ EITYH-
2EIZ ZYMIIEPIAAMBANOMENQN EITYHZEQN ZXEAIAXMOY, EMIIOPEYZIMOTHTAX KAI
KATAAAHAOTHTAZ I'TA 2YTKEKPIMENO ZKOIIO 'H ITOY IMPOKYTIITEI AITO KAIIOIA IIO-
PEIA 2XYNAAAATHZ, XPHZHZ 'H EMITIOPIKHZ ITPAKTIKHZ.

O mtyaiog KmdLKOG ToL Sun JTaPEYETOL YWPIG TNV VITOOTHPLET Kot wpig Kauio vtoypemwon ek Hépovg
g Sun Microsystems, Inc. va fon0noer oty %p1 o1, otn dLopOwon, Tpomomoinon 1 fertiwon Tov.
SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE

INFRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

e kot epimtrwon 1 Sun Microsystems, Inc. dev @péper uBUVN Yo TUXOV aATTWAELD E0OdWV 1| KEP-
SV 1) dhheg edLkég, Euueoeg Kat emokolovbeg Tnuleg, axoun kou ov 1 Sun €yl evnuepwOel yo Tnv
TOOVOTNTA TETOLWV TNULOV.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Kolgpdopvia 94043
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https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz

NAPAPTHMA £\’

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 oto lotopla kar Adewa Yo, TA PN G TANPOQOPN oY OYeTLKd pe TV ddera yprong Ko TG eEouoLodoThHoELC.
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..., 125
# (hash)

comment, 9
* (asterisk)

in function calls, 33
* %

in function calls, 34
2to3, 125
: (colon)

function annotations, 35
->

function annotations, 35
>>> 125
BDFL, 127
CPython, 128
C-contiguous, 128
EAFP, 129
Fortran contiguous, 128
GIL, 131
IDLE, 132
LBYL, 133
MRO, 134
PATH, 52, 121
PEP, 136
PYTHONPATH, 52, 53
PYTHONSTARTUP, 122
Python 3000, 137

Python Enhancement Proposals

PEP 1,137

PEP 8,36

PEP 238,130

PEP 278, 140

PEP 302,130, 134
PEP 343,128

PEP 362,126,136
PEP 411,137

PEP 420, 130, 135, 137
PEP 443,131

PEP 451, 130
PEP 483,131

PEP 484,35, 125, 130, 131, 139, 140

PEP 492, 126128

PEP 498,129

PEP 519,136

PEP 525,126

PEP 526, 125, 140

PEP 585, 131

PEP 636,25

PEP 3107,35

PEP 3116, 140

PEP 3147,53

PEP 3155, 137
Pythonic, 137
REC

RFC 2822,98
Zen tnc¢ Python, 140
_all_ 56
_ future_ ,130
_ _slots_ ,138
annotation, 125
annotation petaPAntng, 140
annotations

function, 35
awaitable, 127
builtins

povdé8a, 54
bytecode, 127
bytes-like avtikelpeva, 127
callable, 127
callback, 127
coding

style, 36
coercion, 128
context petaBAintn, 128
contiguous, 128
coroutine, 128
coroutine ouvdptnon, 128
decorator, 128
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descriptor, 129
docstring, 129
docstrings, 26, 34
documentation strings, 26,34
duck-typing, 129
f-string, 129
file

avtikeipevo, 63
finder, 130
for

SnAwon, 20
function

annotations, 35
generator, 131
generator expression, 131
generator iterator, 131
generator éxuppaon, 131
global interpreter lock, 131
hash-based pyc, 132
hashable, 132
help

evowpatwpévn ouvdaptnon, 93
immutable, 132
interpreted, 132
iterable, 133
iterator, 133
json

povdé8a, 66
lambda, 133
list comprehension, 134
loader, 134
magic

method, 134
mangling

name, 88
mapping, 134
meta path finder, 134
method

magic, 134

special, 138

avtikeipevo, 82
module, 134

search path, 52
module eméxtaong, 129
mutable, 135
name

mangling, 88
named tuple, 135
namespace, 135
nested scope, 135
open

evowpatwpévn ouvdptnon, 63
path

module search, 52

path based finder, 136
path entry, 136
path entry finder, 136
path entry hook, 136
path-like avtixeipevo, 136
provisional API, 137
provisional mnaxéTo, 137
search

path, module, 52
set comprehension, 138
slice, 138
special

method, 138
strings, documentation, 26,34
strong reference, 138
style

coding, 36
sys

povdada, 53
type alias, 139
type hint, 139
virtual environment, 140
virtual machine, 140
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axépara Sraipeon, 130
axoAoubia, 138
avayvwplopévo oévoua, 137
avtikeipevo, 135

file, 63

method, 82
avtikeilpevo apyeiou, 130
avtikelpevo mou poirdler pe apyeto, 130
apxeto xeiwpévou, 139
aocuyyxpovoc¢ generator, 126
aoUyxpovoc generator iterator, 126
acuyyxpovo¢ iterable, 126
acuyyxpovog iterator, 126
acuyyxpovocg BrayelploTng context, 126
apnenuévn PRacikn kAdon, 125
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yevikn ouvdptnon, 131
yevikoéc tunog, 131

A
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for, 20
8ra8paoctikdg, 132
Sirayelprotng context, 128
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e1dikn pébodocg, 138
elcaybépevo path, 132
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eltoaywyn, 132
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help, 93
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M
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PATH, 52, 121
PYTHONPATH, 52, 53
PYTHONSTARTUP, 122
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povada
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json, 66
sys, 53
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