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Python Tutorial, Anpocisuon 3.11.14

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/python3.11 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:

[pythonB.ll J

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 python3.11 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:

$ python3.11

Python 3.11 (default, April 4 2021, 09:25:04)

[GCC 10.2.0] 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:

[# =%= coengs cpll252 =%= ]

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:

# —*— coding: cpl252 —*-

#!/usr/bin/env python3 ’

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

O diepunvéag AeLToupyel wg pio o) aplOuounyavi): WTopeite var TANKTPOMOYHOETE Ui EKPPOOT KoL EKELVOG Oal
vpdaper v Tiur). To CUVTOKTIKO Wiag £KQPAoNG eivat amthd: oL TELEOTEG +, —, * KoL / WTopouv va xpnotuostotnfotv
yio TV ekTéLeon aplbunukdv TpdEemve ol mapevBéoels ( () ) uropolv va xpnoutoonBotv yio opodomoino.
INo mopdderypo:

>>> 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 aptdpoi (.. 2, 4, 20) €xouv tov Thmo int, ot apibuol ue dekadikd ymeio (7t.y. 5.0, 1. 6) &povv
Tov TOmo £loat. Oa dovue TEPLOTOHTEPA YLOL TOUG OPLOUNTLKOUG TUTTOUG 0P YOTEPQ OE AUTOV TOV 0O1Y0.

H dwaipeon (/) mavra emotpépet éva float. Twa va xdvete floor division (oxépora diaipeon) Kou va wdpete Eva
OKEPOLO OTOTELEOUO., WITOPELTE VA X PNOLUOTTIOLOETE TOV TEAE0TY] // "« ylia va unoAoyloete To TO

[)

undodoino plac Siralpeong, yYpnolpomolnote ToOv 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

Stnv Python, eival equKTd va XpNOLLOTOL0ETE TOV TEAEOTY * * Y10, VoL vtohoyioete duvapelg':

>>> 5 ** 2 # 5 squared

25

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

To oVuforo TG LeOTNTOG (=) YPNOLLOTTOLELTOL YLaL TNV avAOED OGS TLUNG OF (a LETOPANTY. ZT1) OUVEXELD, OEV
EUPOAVICETOL ATOTELEOILOL TTPLY OTTO TO ETOUEVO SLAdPAOTLKO prompt:

>>> width = 20

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

Av pia petafinti dev €xel «oplotel» (8ev TG €xel amodobel kaowa Tun), 1 TPooTadelo xpNong g Ha cog
dwoel éva opaua:

>>> 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 6TL To * * éxel LeyaliTeEPY) TPOTEPOULOTNTAL OTTd TO —, TO —3* * 2 Oa eppNveLTel g — (3**2) Ka éTot Oa wpoktpet —9. T va
TO ATOPUYETE QAUTO KO VAL TTAPETE 9, UWITOPELTE VAL YPNOLUOTOLOETE (—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 Keipevo

H Python popet va yeLpLotel keipevo (Tov avImtpoommeVeTal amd ToV TUTO St r, TLG AeYOUEVESG «OUUPBONOCELPES»)
KaBwg kot aptdpotc. Avtd mephapBavel YopakTNPeg « ! », AEEELG «koUVEA L», OvOUaTO «Ilap 1o 1», TPOoTaoelg

«KaAUntw Ta viTta oou.», KAT. «Natv! :)». Mmopolv vo meptkAelovtol o€ pova eLooymylkd (... ") 1M
dumhd etooyoytkd (. . . ") ue To idLo amotéheona’.

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975'" # digits and numerals enclosed in quotes are also strings

'1975"

T va tpoobécovue €va eLoaywyltko, TPETEL VO TO «KAVOUUE escape», TPOTAcoovtdg tov pia \. Evailoaktikd,
WITOPOVUE VO YPTOLULOTTOLT)OOUUE TOV AAAO TUTTO ELOOYMYLKMV:

>>> '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.'

(ouvéyela otV emtouevn oekida)

2 e avtiBeon pe dAheg YADOOEG, OL ELOLKOL YOpaKTIPES OmG To \n éyouv TV it onuacic 1600 e amhd (. .. ") 600 Kkon pe Sumhé
("..." ewayoyd. H povn dwapopd neta&l tov 800 givan 6t iéoo og amhd eLoaymytkd dev yperdletan va amopiyete To " (0hG mpémel
VoL atoUyeTe T \ ') Kat TO avTioTpoo.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
>>> '""Isn\'t," they said.'
'"Tsn\'t," they said.'

270 shell tg Python, o opioudg cupforooepds Kat 1 oupBorooelpd eE680v wopel va potdLouvy diagopetikd. H
ovvdptnon print () wopdyeL po o gvovayvmoty £€£080, TOPOAELTOVTOG T ELOAYWYLKA TOV TTEPLKAELOVV TV
ovpporooelpd ko eKTuTdvovTag escaped Ko L8LKOVG XOPOKTNPEG:

>>> s = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces new.
—~line

First line.

Second line.

Edv dev 0éhete oL (apaKTHPES TOV TPONYOUVTAL OTTO Uict \ VO EPUNVEVOVTOL WG ELOLKOL YOPUKTHPES, WTOPELTE VO
YPT|OLLOTTOL|OETE AKATEQOYATTES 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 puo SuodLdkpLTy Uyt 0TS aKATEPYAOTES CUUBOMOCELPEG: ULa OKATEPYOOTY oUpBolooelpd dev wmo-
PEL VO TELELMVEL OE TTEPLTTO aplOpd yopaxthpwv \” deite 1o AMuua Tmv Zuxvov Epotnoenv yio meploodtepeg
TMpopopleg Kot AMOELS.

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]
=l Display this usage message
—-H hostname Hostname to connect to

nn ")

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

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

Ou ovpuporooelpég urtopovv va ouvdefotv (koMnBovv 1 pioe atnv GAhn) pe tov tehectn +, kKo vo. eravainpbotv
UE TOV TELEOTY| *:

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

AV 1) Tapamdve oupfolooetpés (Tov TEPIKAELOVTOL OE ELOOYWYLKG) 1) o Sistha ot v dAAN ovvdéovTon ovtduaTa.

>>> 'Py' 'thon'
'Python’

Avti 1 Aettoupyia eivar daitepa yphoun otav Béhete va omdoete peydheg ouUBOLOOELPES:

12 KegaAaio 3. Mia Atumnn Etcaywyn otnv Python
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>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')

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

Qot600, 0VTO AELTOUPYEL LOVO e KUPLOAEKTIKEG GUUBOAOOELPES, Ol e UETAPANTES 1] EKPPAOELS:

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

AAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

Av Béhete va ouvdEoeTe UETAPANTES 1) wiat LeTABANTI) KoL Uict KUPLOAEKTLKT) GUUPBOLOGELPEL, YPNOLLOTTOLYOTE TO +:

>>> prefix + 'thon'
'Python'

Ot ouuforooelpés Wtopouv va eival mooomeddoiues (WECW EVPETNPILOV), UE TOV TPWTO XAPUKTNPO VO, EXEL TOV
deixtn 0. Aev vitapyeL EexwpLoTtdg THTOG YO YAPOUKTHPES: EVOG XOPAKTHPAG Elval amhdg wio. oupBorooelpd e
uéyebog éva:

>>> word = 'Python'

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

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

O deikTeg wtopotv va eivar Ko apvntikol apbuoi, yia va Egkivnoete v apibunon amxd to deEid:

>>> word[-1] # last character

lnl

>>> word[-2] # second-last character
|o|

>>> word[-6]

'Pl

Enuewdote 6t oot to -0 givar to idlo pe to 0, ou apvitikoi deikteg Eekivouv amod 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)
'Py'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

O deixTeg £VOG TELOYLOUOV £XOUV YPTOLUES TTPOETUAOYEGe 1) TOPAAEPY] TOV TTPMTOV SEIKTN €XEL WG TPOETIAOYN
T0 UNdEV, N TaPAAEPY TOV deVTEPOL SEIKT £YEL WG TPOETLAOYT TO UéYEDOG TNG CUUPOMOTELPAG TTOU TEUAYILETAL.
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>>> word[:2] # character from the beginning to position 2 (excluded)
'Py'

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

Ion'

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

MpooéEte g 1 apy1| mepthappdvetar Tdvta, evo to TAog Tdvto eEapeitor. Avtd eEaopalilel OTL To s [ 1]
+ s[i:] elvou mhvta (00 pe s:

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

"Evog 1p0mog vo. Oupdote g MAeLtovpyov oL TEUOXLOUOL ELVOL Vo OKEPTELTE OTL oL deikTeg delyvouy uetald yo-
POKTHPWV, LE TO UPLOTEPO GKPO TOV TPWTOV YopakThpa va aptbueitol ue 0. Tdte to 8eE16 GKpo Tov Televtaiov
YOPAKTHPA WLOG CUUBOAOOELPAG V XOPUKTNPWV EXEL OELKTN v, YioL TopAdeELyOL:

ot —————+
Pl y Il tlh|oln|
fom b ——— 4
0 1 2 3 4 5 6
=6 =5 =4 =3 =2 =i

H ntpwtn oelpd apBumv diver tn Béon twv detktwv 0...6 oty ovuforooelpde M devtepn oelpd divel TOvg avTi-
0TOLYOVG aPVNTIKOUG deikteg. O Tepoyonds amd i £wg j amoteleitar amd GhoUG TOUG YOPUKTNPEG UETAED TmV
AKPWV € ETIKETES § KOL j, AVTIOTOLYOL.

[o pun apvnTikovs delKTeg, To UKOG EVOG TEUAXLOUOD ELvaL 1) SLOPOPA TV SELKTWV, AV Kot oL dVo elval evtdg
tov oplwv. ['a Tapdderyna, To unkog tov word [1: 3] eivou 2.

H amomepa yphong evog okt ueydhov deiktn Oa 0dnynoel oe opdiuo:

>>> 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

Qot600, oL delKTEG EKTOG EVPOVS AVTIUETOIULOVTOL YWPLG GPALULAL OTOV Y PNOLUOTOLOVVTOL YO TEUOYLOUOVG:

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

>>> word[42:]
T

O ovuBorooelpéc g Python dev propovv va aAhdEovv — givaun immutable. Emopévng, | avéBeon oe puo ovyke-
Kpwévn B€on ot cuufolhooelpd 0d1YeL o 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
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Edv ypeidleote pa diagpopetiki) ouporooelpd, Oa pémel vo dSMULovpyHoeTe o véa:

>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'"Pypy’

H evoopatmuévn ovvdpton len () emOTPEPEL TO UNKOG PLag CUUBOROOELPAG:

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

Agite emiong:

textseq
Ou ovuforooelpéc eivar Tapadeiypata toxwy axorovbiag Kol vTooTNPILouV TG KOLvEG TPAEELG TOV VITO-
ompilovtat amd Tétolovg THITOVCE.

string-methods
Ot ouvuforooeLpéc vtooTnpilovy évav peydho aplBpd neboddmv Yo FooLkovg HETOOYKUATIOUOVS KoL OVOL-

tnmon.

f-strings
Kuprohektikéc oupfohooelpég mov €XoUv EVOWUATWUEVES EKPPAOELS.

formatstrings
ITAnpopopieg OYETIKA UE TN LOPPOTOiNoY GVUBOLOOELPMV e T uéBodo str. format ().

old-string-formatting
Ou moLég AELTOUPYiES LOPPOTTOLNONG TOV KOAOUVTOL OTAV OL GUUBOAOOELPES ElvOL O apLOTEPOG TELETTEOG
TOU TELEDTH % TEPLYPAPOVTOL AETTTOUEPEOTEPOL EQW.

3.1.3 Aioteq

H Python yvwpiCel évav aplbpd 6tvletwv Timmy dedoUEVMV, TTOU XPNOLULOTTOLOVVTOL YLOL TV OUAdOTTOiNoN dAADY
Tv. O 7o eVEMKTOG eival 0 TUmog AloTa, 0 0TTOL0G WITOPEL VOL YPOPTEL G ULeL ALOTO SLAWPLOUEVOV (LE KOWUOL
TV (ototyelmv) avapeoa oe TeTpdynveg ayKVies. OuMoteg Uopel va mepLéyouvy aToLyelo SLopopeETLKMY TUTMYV,
oAG oVVNOWG OAAL TAL OTOLYELDL EXOVV TOV 1OLO TVTTO.

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

‘Onwg oL oupforocelpés (Kar OAOL oL GALOL EVOUATOUEVOL TUTTOL Sequence), oL MOTEG WTtopovv va, detktodotnHovv
KO VOL TEROLYLOTOVV:

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

1

>>> squares[—1]

25

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

O Moteg vmootnpilouv emiong hettovpyieg dmmg ovvdeon:

>>> squares + [36, 49, 64, 81, 100]
[+, 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]

Mropeite emiong va mpoobéoete véa otouyeio 0To TELOG TG AMoTog, ypnoomolmwvtag v uéfodo list.
append () (Ba dovue mepLoodTEPQ VIO TLG UEBOOOVG QP YOTEPQL):

>>> 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 am\) avaBeon oty Python dev aviiypdper moté dedouéva. Otav avodétete wua Mota oe o PeTainti,
UETOLINTN avapépeTal 0TV vadoyovoa Aiota. OmolecdNmote oAhayEg KaveTe 0T MoTo HEoW Wog HetafAne
0o yivouv avTiAnmttég amd OAeg TIG GAAES UETAPANTES TTOV AVAPEPOVTOL OE QUTHV:

>>> rgb = ["Red", "Green", "Blue"]

>>> rgba = rgb

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append ("Alph")

>>> rgb

["Red", "Green", "Blue", "Alph"]

‘'O\OL OL TEUOYLOUOL ETTLOTPEPOVY ULaL VE MOTOL TTOV TTEPLEYEL TOL CNTOVUEVE OTOLYELR. AVTO ONUALVEL OTL O AKOAOV-
Bog tepayondg emotpépet £va shallow copy (pnyd aviiypapo) te Motag:

>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba

["Red", "Green", "Blue", "Alpha"]
>>> rgba

["RedH’ llGreen", HBlueH, "Alph"]

H avdBeon oe tepayopnoig eivor emiong duvat), kKow avtd pwopel axdun ko vo alhdEel to péyebog tng AMotag 1
VoL T SLayPaPEL EVIEMMG:

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

['a', 'b', 'c', 'd', 'e', 'f', 'g'l]

>>> # replace some values

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

>>> letters

tva¥, 'Y, 'ev, "b', Vm¥, YE", VgV]

>>> # now remove them

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

>>> letters

['a', 'b', 'f', 'g'l]

>>> # clear the list by replacing all the elements with an empty 1list
>>> letters[:] = []

>>> letters

L]
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H evowpatmuévn ovvdptnon len () epapudletar emiong otig MoTeg:

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

Eival duvatod vo eugpoievoete Moteg (Vo dnuovpyoete MoTeg mov mepLleyovy dhheg MoTeg), yia mapddeLypno:

>>>

['a', lbl, lcl]
(1, 2, 3]
[a, n]

>>>

>>>

[({'a'y, 'o', 'c'l, [1, 2, 3]]
>>> x[0]

[la" lbl’ lcl]

>>> x[0][1]

'bl

a
>>> n
X
X
'

3.2 MpwTta Brjpata Mpog Tov NMpoypappatiopd

Duoikd, umopovpe va ypnoluomoljcove Ty Python yia mwio tepimhokeg epyaoieg 0o Ty tpdabeor dvo Kot dvo
uadi. N mopdderypa, umopovue vo ypdapoupe (o apyLtky vo-oelpd g Zewpdg Fibonacci mwg akohovOei:

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

@O Ul W NP PO

AuTo T0 TOPAdELYUa ELOAYEL DLAPOPO VEQ YOPAKTIPLOTLKG.

o Hrpdt ypoupun mepiéyxel wa toAlamin avdOeorn: oL LeToPANTES & Ko b Taipvouv Toutdypove. TG VEES TLUEG
0 kau 1. Znv televtaio ypauur avtd ypnowomoteital Eavd, amodekviovtag 0Tt oL eKPpAaoeLg oty deELd
mevpl aEloroyotvror Oheg TpdTa TPLY Yiver omoradnmote avdbeon. O ekppdoeig otnv 8eELd Thevpd
aEtohoyotvtal artd apLotepd Tpog To. SeELd.

o O Bpdyoc while exteleitar 660 1 ovvONKN (edd: a < 10) mopapéver alnbne. v Python, 6mwg Ko
ot C, omoladnmote un undevikn axépoto tun eivar aAnong, to undév eivan Yevdéc. H ouvOfkn popei
€mLOMG va. glvar po. oupBorocelpd 1) wol Alota, 0TV TPAyUATKOTTO 0TToLadNTOTE 0koAoVDice 0TLdNTOTE
ue un undevikd unkog eivow olnbég, kevég axohouvbieg eivar Pevdeic. To TEOT OV YPNOLUOTOLEITAL GTO
mopdderyna ivar o arhi) oUuykpLon. O Tumikoi Teheotég oUyKpLong ypdpovtal Omtwg ot C: < (ukpdTtepo
o), > (ueyolutepo amd), == (0o pe), <= (uKkpdtepo 1 ioo pe), >= (ueyahitepo 1 ico ue) ko ! = (un ioo
ue).

o 210 cwua Tov Ppodyov VITAPYEL coxn: 1 €00y eivar o Tpdmtog g Python va opadormolel eviohéc. Zto dia-
dpaoTiKd prompt, TPETEL VO TANKTPOLOYNOETE Eval tab 1) Kevo(a) yio KGOe ypouun pue ecoyn. Ztnv tpdEn Oa

3.2. Npwta Brjpata Npog Tov Npoypappatiopo 17
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TPOETOLUAOETE TILO TTEPITAOKEG eLoaymyEG yia TV Python pe évav emeEepyaot kewévovs 6hot ou aElompe-
nelg emeEepyaotég kewévou dabétouv Ty duvatdtnto avtduatng ecoyng. ‘Otav ewodyetal o ovvheTn
€VTOAT] L0dPAOTIKA, TTPEmeL Vo akOAOVOELTOL aTTd (oL KEVY) YPAUUY VLo VO VITOONAMVEL TV OMOKANPWAT
(apoV) 0 CUVTOKTIKOG OVOAVTIG EV UTOPEL VO LOVTEPEL TOTE TANKTPOLOYNOATE TNV TEAEUTAL YPOAUUT)).
Znueiwon ot kaOe ypouun uéoa o€ £vo. footkd UITAOK TTPETEL VAL el TNV 1OLa EOYN.

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:

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

To 6popa-kheldi end pumopei va ypnotpomon0ei yio v amopuyn tg véag ypouung uetd tv €080, 1 yio
vo TeheLwoete TV 5080 e pa SLapopeTikh) oupPorooelpd:

>> a, b =20, 1

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

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

YTOONUELWOELG

18
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KE®ANAIO 4

Meploodtepa epyaleia EAEYXoU Porig

Extog amd ) mpdtaon while mov udhig eLonydm,  Python ypnoiuomoiel peptkég axoun mov Oa ouvavtioovue
o€ avTod TO KEPAAALO.

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
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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 ypeldletar va kdbvete emavddnyn oe wo akolovdia apbumv, m evoopotwuévn (built-in) ovvdptnon
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, 91

>>> 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 i in range(len(a)):
print (i, afli])

0 Mary

1 had

2 a

3 little
4 lamb

ZTULG TTEPLOOOTEPEG TETOLEG TTEPUTTMOELS, DOTOOO, ELVaL FOAKO VOL YPNOLLOTOLNOETE TN CUVAPTNON enumerate (),
deite Teyvikés Looping.

"Eval tepiepyo mplyuo uuBaivel v amhdg EKTUTMOETE £VOL range:

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

Me 0M0VG TPOTOVS TO AVILKELUEVO TTOV EMLOTPEPETAL OTTO TO range () OVUITEPLPEPETOL OOV V. elvor Lo AMota,
oAAG oty TpayuotkoTTa OeV givan. Eivol £va avTiKeipevo mov emioTpEeL Ta SLadoyLKd OToL el TG emTLOuUN-
¢ axohovdiag OTav KAveTe emavaliyn Tdve Tov, OAG dev uraivel tpayuatikd ot Alota, eEotkovoumvog
£toL ympo.

Aépe 6t éva tétolo aviikeipuevo elvaw iterable, dhadi), KATAMNAO G 0TOYOG YLOL CUVAPTNOELS KOl KOTAOKEVEG
IOV TEPLUEVOUV KATL atd TO 0Ttoio umopovv va Adfouvv diadoyikd otouyeio péyptl vo eEavtindel n mpoopopd.
Eidaue 6tL 1 dhwon for eivol i TEToLa KATooKeW), EVE £va TopAdeLyo. ouvapTnong Tov maipveL £va iterable
etvarm sum () :

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

Apyodtepa Ba dovpe TEPLOGOTEPES GUVOPTIOELS TTOV EMLOTPEPOLY iterables kau Aappdvouv tovg iterables wg opl-
ouorToL 2T0 Kepahawo Aoués Aedouévav, Bo ovlnTHoovue Aestopepéotepa yioL to 1ist ().

4.4 break and continue Statements, and else Clauses on Loops

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an else clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.

e évav Bpodyo while, exteleiton 0ol 1 cuvOhKn Tov Bpdyov eivar PYevdig.

In either kind of loop, the e 1se clause is not executed if the loop was terminated by a break.

Avtd amodeikvietar otov akdrovbo fpodyo for, mov avalntd tpdTovg apLduovg:

4.4. break and continue Statements, and else Clauses on Loops 21
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>>> for n in range (2, 10):
for x in range (2, n):
if n § x ==
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

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
equals 3 * 3

OW 00 J o Ul i WDN -

(Yes, this is the correct code. Look closely: the e1se clause belongs to the for loop, not the i f statement.)

When used with a loop, the el se 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 else clause runs when no exception occurs, and a loop’s else clause
runs when no break occurs. For more on the t ry statement and exceptions, see Awayeioion EEaipécewv.

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

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

o

if num % ==

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

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

4.5 Mpotaoelg pass

H dhwon pass dev kdvel timota. Mmopel va xpnouomotn0el 0Tov omoLteliton ouvTtaKTiKG we TpdTaot, oAAd
To POYpoupa dev atantel kopio evépyeta. Ta tapdderypa:

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

Avto ypnoipomoleiton ouvvihOmg yio T dnuovpyio e LoTwV KAACEWV:

>>> class MyEmptyClass:
pass

22 Kegahaio 4. MNeploodtepa epyaleia EAEyxou Porig



Python Tutorial, Anpocisuon 3.11.14

‘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 gpopuo ovykpivel o Tt 0éuatog pe éva 1 meptocotepa 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, y):
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
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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:
def _ _init__ (self, x, vy):
self.x = x
self.y =y

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")

Mrtopeite Vo XPNOLUOTOLOETE TOPAUETPOUG DEONG LE OPLOUEVEG EVOWUATMUEVES KAAOELS TTOU TOPEXOUV ULOL
OELPAL VL0 TOL XOPOAKTNPLOTIKA Tovg (7). KAAoelg dedouévav). Mmopeite emiong vo. OploeTe WO, CUYKEKPLUEVY
B£0m Lo YOPOKTNPLOTIKA € NOTIRa, OPILOVTOG TO ELOLKO YOPaKTNPLOTIKO __match_args__ oug KAAOELS 060G,
Edv éyeL oplotei o€ («x», «y»), To. akorovBa potifa eivan 6ha 100dVvapa (Ko OAa SEGUEVOVY TO YOPAKTIPLOTIKO
y OT1) HETOPANTH var):

Point

(1, wvar)
Point (

(

(

1

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

Point
Point

'Evog ouvIOTOUEVOG TPOTTOG YL va dtofdoete ta potifior elvar va ta deite wg (o EKTETAUEVT] LOPPT) QUTOV TTOV
Ba Bdhete oTO OPLOTEPA LLOG AVABEONG, VL0 VO KOTOVONOETE TTOLEG UETAPANTEG Bl 0pLoToUV 0€ TL. MOV T arve-
Edpnto ovopata (Otwg var Tapamdve) eKympoivTal artd wa SHAwon aviiotoiylong. Ovopata ue Kovkkideg
(0nwg foo.bar), OvVOUATA APOKTNPLOTIKMV (TA x= Kl y= TOPATAvm) 1] ovopato kKAdoewv (avayvmpifoviol
a7 1o «(...)» mov Pploketal dimha dwg To Point mapamdvm) dev avatifevtol ToTé.

Ta pwotipo pumopovv va eivor avbaipeta €vheta. Io mapaderyna, edv Exovpe (o oVVTOUN AMOTO UE TTOVTOUG, UE
PooBNKN __match_args__, o pmopovoaue va. THY avILoToLyioovue mg e5Ng:

class Point:

__match_args__ = ('x', 'y'")
def _ init_ (self, x, vy):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, vi")
(ouvéyela otV emtduevVn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")

case _
print ("Something else")

Mropouue va tpoobésovpie po Tpdtoom i £ o€ éva potifo, yvwotd wg «guard». Edv to guard eivau false, to mat ch
ovveyilel yio vo SoKLILAOEL TO EMOUEVO UTAOK TTECMV-Kepaiaimv. AGPete vtdym 6T ) CVAAYY TG TWNG YiveTol

LV

o guard a&rohoynOei:

match point:

case Point(x, y) if x == y:
print (f"Y=X at {x}")
case Point(x, vy):
print (f"Not on the diagonal")

TMoAAG G BAOLKA XAPAKTNPLOTIKA 0TS TNG dHAwong:

‘Ontwg to unpacking avaféoemv, ta potifa mhelddag (tuple) kon AMotag xouv akplpdg v idio onuaocio Kot
tawpLdfovv paypatikd pe avbaipeteg axohovbieg. Mo onpavtiky eEaipeon givar 6t dev taupldfouvy ue
iterators 1) oupPohOOELPEG.

Ta potipa axohouvbiog vwootpitouv exktetauévo unpacking: [x, y, *rest] ko (x, y, *rest)
Aertovpyel mopopola pe to unpacking avabéoemv. To dvoua HETA TO * WTopel emiong va eivan _, omdTe 10
(X, ¥y, *_) OVILOTOLKEL OF (o akohoudict TOVAGYLOTOV dVO OTOLYELWV YWPLG VO dECUEVEL TAL VITOAOLTTOL
OTOLYELL.

Mortipa aviotoiyiong: { "bandwidth": b, "latency": 1} xotoypdgel tig Tég "bandwidth™
Kot "latency" amd éva AeEkd. Ze avtibeon pe to potifa akorovdiag, emutiéov KAeLWOLE aryvoolval.
Yroompiletar exiong To unpacking 6mtmwg to **rest. (AAMG to **_ Qo Tov meplttd, emouévmg dev emL-
TPETETOL.)

o Ta devtepevovra potifa UITopovv va aroTuTwOoUV YpNoLoToLwvTag To keyword as:

[case (Point (x1, yl), Point(x2, y2) as p2):

Ba kataypdapel To deVTEPO OTOLYELD TNG ELOOOOV WG P2 (EQOTOV 1) €l00d0G elva o akolovBio dVo onueiwv)

Ta weproodTepa literals ovykpivovtol ue Lot T, MOTO0O Ta singletons True, False kol None ouyKpivo-
VTOL PE TOVTOTHTOA.

Ta potifa wropotv va xpNnoLoTolovv ovouoouéves otadepés. Avtd TpEmel va. elval ovopaTa e KOukKideg
YLOL VO UMV EpUIVEVOVTOL 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 : (")
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T 7o Aesrropept| emeEfynon Kau tpodobeto mapadeiyuata, wropeite vo deite to PEP 636 to omoio eivol ypay-
UEVO o€ PoppN EKUAOnoNC.

4.7 KaBoplopog Zuvaptriioswyv

Mrtopoupe va dULOVPYNOOUUE o OUVAPTNOT TTov Ypdpet T oeLpd Fibonacci o€ éva avbaipeto OpLo:

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

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

To keyword de f elodyeL pa ovvapTnor optouds. Tpémer vo axohovOeitor 0mtd To OVoua TG CUVAPTNONG KOL TN
MoTa TOV TUTTLKOV TOPAUETPOV 08 ToPEVOEDT. OL SNAMDOELS TOV OYNUOTICOUV TO OO TG CUVAPTNONG EeKLVoVV
aTTd TNV ETOUEVT] YPOUUN KOL TIPETTEL VAL ELVAL E0OYES.

H mpd) 81Hhwon Tou 0mUaTtos Tg oUvAPTNoNG WTopetl TpoatpeTikd va eivor éva literal ovppolooelpdc: avtd
7o literal ovuporooelpdc elvar 1 ouuBorooelpd Tekunpiwong tg ocuvaptnong M docstring. (Ileplocdtepa yLo To
docstring wwopeite va Bpeite oty evotnta Svupolocepés Texunolwong.) Ymapyouv pyaieio Tov (p1oLuomolony
docstrings yLo TV autORATY TOPOYWYY SLOSLKTUAKTG 1 EVTUIING TEKUNPLMONG 1] YLOL VO 0LPY)OOUV TOV YPHOTH VA
sepyn0el dLadpaoTikd oToV KMALKO- Eival KAl tpakTiky| va ovptepthoufavovral docstrings 0tov KmdLKo o
vpbopete, yia avtd Kdvie To ouvndela.

H extéAeon puog ouvapmong eLodyeL £vay véo Tivako oVUBOLMV TOV (P1OLLOTTOLELTAL YLO TLG TOTILKEG UETAPANTES
™G ovvdptnong. Ilo ouykekpLuéva, OAES OL EKYWPTIOELS LETAPANTMV O ULa CUVAPTNOT AroOnKevovy TV TLun
OTOV TTEVOKO, TOTILKMDOV OUUPBOLWVs EVH 0L avopopEg UETAPANTOV KOLTALOVTAL TTPMTO OTOV TTEVOKO TOTIK®OV OULL-
BOM®V, 0TI CUVEYELD OTOVG TLVOKES TOTKMV GUUBOAMY TWV GUVOPTNOEWV TOV TEPLKAELOVY, LETA OTOV TTivaKa
KaBOAMK®V oVUBOL®V KaL, TEAOG, OTOV vk EVOOUOTOUEVOV ovoudtwv. 'Etol, ou kabohkég uetafintég kot ot
UETOPANTES TWV CUVOPTIOEWV TTOU TEPLKAEIOVV OEV UTOPOVV Vo ek wPNOoVY G ULaL TLUT) LEGOL G€ (oL OUVAPTNOT
(eKTOG €AV, YL KoM KEG ueTAfANTES, TOU ovopdtovran oe (o dMAwon global 1), yia ueTafANTég CUvVapTHoEMY
mov mepLkheiovy, ovopdoviar wg pa dMAmon nonlocal), AV KoL WTOPEL VO AVAPEPOVTOL.

O tpaypatikég mopduetpol (opioporta) og wo KAoT GuvapTnong EL0AYOVTOL OTOV TOTILKO VKA GUUBOA®V TNG
KaAoOuevng ovvdptnong otav avth KaAelitor €tol, To oplopota uetofpdtovtal xpnotpomoldvtag call by value
(6mov M value eivar Tvto £va aviikeiuevo reference, oy v Ty Tov aviikelévov). ‘Otav o cuvapTnon Kakel
war GAAAT oVVAPTNOT 1 KOAEL TOV EAVTO THG AVOOPOULKE, dNUOVPYELTOL £VOG VEOG TTLVAKAG TOTK®MV OVUPBOA®mY
YL QUTIV TNV KA o).

"Evog 0pLlopdg ouvAapTnong ouoyeTiCel To GVoUo TG CUVAPTIONG UE TO OVTLKELLEVO GUVAPTIONG OTOV TPEYOVTA
sivaka ouuformv. O diepunvéag ovoryvwpilel TO OVTLKEILEVO 0TO 0TTOL0 ETLONUALVETOL AUTO TO OVOUO WG OVVAp-
™o 7OV opileTal amd Tov xpNoTh. A0 OVOLOTO UITOPOUV ETTLONG VAL OELYVOLVY TO {810 avTLKEluEVO oVVApPTNONG
KoL uropovv miong va xpnotuootn0ovv yia tpdofaor oty ovvaptnon:

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

(ouvéyela otV emOUEVT oENd)

I Sty mpayuomikdmra, 1 kAfjon ue avagpopd avukswévov Ho ftav wa kalbtep meptypag, kaddg ebv petafipaotel évo petapintd
avTLKeiLevo, o Kahmv Oa deL Tuy OV alhayég Tov KAVEL 0 KoMV 08 0uTO (OTOLYELC TTOV ELOAYOVTaL OF (Ut MOoTaL).
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> £(100)
0112358 13 21 34 55 89

[Mpoepyoduevol amd ddieg YAwooes, umopel va avutoydeite 0tL to £1ib dev elvor o cuvapton alhd uo dLadi-
Koolo, KaOmg dev eTMOTPEPEL QL TLUT. ZTNV TPOYUATIKOTNTA, 0KOUT KoL OVVAPTHOELS Ywpig ONlwon return
EMLOTPEPOVY oL T, av Ko ndAhov Bapeth. Avty n tur ovoudCeton None. H eyypagt| tng tiung None amd tov
diepunvéa, v Ba NTav 1 wovn T tov ypdpetol. Mmopeite va 1o deite av To OELETE TPAYUATIKA Y PNOLLOTOLM-
vTag T print ():

>>> fib (0)
>>> print (£ib(0))

None

Eivow ammhd va ypdapete pion ouvapTnon mov emLoTpEPEL o MoTa te Toug apbuovs tg oepdg Fibonacci, avti va
TNV EKTUTTOOETE:

>>> def fib2(n): # return Fibonaccli series up to n

>>>
>>>
[0,

"""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

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

Avtd to Tapdaderyua, wg ovvnbme, deiyvel peptkd véa yopaktnplotikd Python:

4.8

H 6lwomn return emotpépel ue (o Tut oo wa ovvaptnon. To return ywpig dploua £K@paonc, mt-
otpé@elL To None. H swtdon tov téhovg (og ouvaptnong emotpépet emxiong None.

H dMAwomn result.append (a) kokel o uéfodo tov avukelwévoy g Motag result. Mia uébodog
€lval (oL ouvapTNOoN TOU “aviKEL” O€ £vaL OVTLKELUEVO Kai ovopdletan obj . methodname, 6ov obj givat
KATOL0 avTIiKeieEVO (AUt WITOPEL vaL ebvon pLa EKgppaon), Ko 1o met hodname givor to dvopa pag Heboddov
7TOV 0piLeTOL atd TOV TUTO TOV AVILKELUEVOV. ALAPOPETLKOL TOTTOL 0pIilouv dtopopeTikég nebddove. Mébo-
d0L dLOPOPETIKMV TUTTWV UTTOPEL Var EXOVV TO (810 dvopa ywplg va mpokorovv acdpeta. (Eivar duvatd va
oploete Toug dLKOUG 0O TUTTOVS AVILKELUEVWV KoL LeBOdOVGS, XpNOLUOTOLDOVTOG classes, delte Kidoeis) H
uéBodog append () OV gupaviletal 0To Tapdderyna opileton yio avitkeipeva Motog mpoobétel Eva véo
OTOLYELO O0TO TEAOG TG AloTag. Ze ovtd To Tapdderypa eivat Looduvouo pue result = result + [a],
oG Lo aTTOTEAEOUAITLKO.

Meploodtepo yia Tov KaBopLlopod Zuvaptnoswv

Eival emiong duvatdg o oplopdg ouvoptioemy ue HeTtafAntd aptbud opiopdtwy. YIapyouv TPELS WOPQES, TOU
WITOPOVV VO GUVOVOTOVV.

4.8.
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4.8.1 Mpoermheypeveg TIpeg Opiopatog

H mo ypfouun gopua eivor va kabopioete pua mpoemheyuévn tun yuo €vol M) eplocdtepa opiopata. Avtd om-
UWLOVPYEL pLaL ouvapTNoT Tov prtopel vo kKAN0el pe Ayotepo opioporta atd avtd mov £xel opioer Ot emrtpémer. [
TaPAdELYLOL:

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

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

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

retries = retries - 1

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

Avti 1 ovvdptnomn uropel va kKAndel pe dudipopoug tpdmTovg:
« divovtog wovo to vtoypemTikd dpioua: ask_ok ('Do you really want to quit?')
* divovtog éva amd To TPoaLPETIKA opiopata: ask_ok ('OK to overwrite the file?', 2)

« 1 dlvovtag 6ha ta oplopota: ask_ok ('OK to overwrite the file?', 2, 'Come on, only
yes or no!'")

Avutd 1o Tapaderyua ewodryel emiong to keyword in. Avtd ehéyyer edv o akohoubio mepLEXEL 1 OYL LU0 CUYKE-
KPLWEVN TLun.

O mtpoemiheyuéveg Tuég aEtohoyolvial 0To onueio Tov 0pLoroy TG OUVAPTHONG 0To Tedio Tov opileTat, £T0L
WOoTE

def f (arg=1i):
print (arg)

ol eKTUTTWOEL 5.

Inuevtiki tpoedoroinon: H mpoemheyuévn Tt aoroyeitar novo pio gopd. Avtd kdver ) dtagopd dtav n
TPOETAOYT Eivan £va peTtafAnTo avikeipevo, Ommg wa Mota, LeEukd 1 otydtuma twv Teplocotepmy Khdoemy.
[N wapdaderypa, 1 okOAov01 oVVAPTNON CVCOMPEVEL TO OPLOUOTA TTOV SLABATOVTIOL O AUTO 08 ETOUEVEG KA OELG:

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

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

Avto 0o eKTVTTOOEL

[11]
[1, 2]
(1, 2, 3]
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Edv dev Béhete va yivetor Kowvy xpNon TG TPoemhoyng LETOED Tmv emduevmv KANOEMV, UTOPELTE VA YpaPETE
T oUVApPTNON WG eENG:

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

4.8.2 Opiopata Keyword

OL ouvapTHoeLg LITopovv exiong va KAnBovv ypnotuorolmvtog to keyword arguments ™G popens kwarg=value.
T Tapaderyua, v akoloudn ovvdptnon:

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, "!")

déyeTOL £VOL ITALTOVUEVO OpLond (voltage) Kot Tpic TPoaLpeTikd opiopata (state, action, Kol type). Avti)
1 ouvVapPTNON WITopel vo KANOEel ue 0ToLovonTote amd Tovg akOAovboUg 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', 'Jjump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

oAAG Oheg oL akdhovBeg KMoELS Oa Ty dKupEg:

parrot () # required argument missing

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

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

Ze o kKhon ovvaptnong, ta keyword opiopota mpémer va akohovBovv opiouata 0¢ong. Ohla to keyword opi-
OLLOLTO. TTOU SLALBATOVTOL TTPETTEL VAL TALPLATOVY UE £VOL 0TTO TOL OPLoULALTOL TTOV YivovTo dekTd amd T cuvapThon (IT.y.
To actor dgv gival £yKupo dpLoua Yo T ovvapTnon parrot), kot 1 dtata&n Tovg dev givar onuavtiky. Avtd
sephapBavel ETiong un TPoaLPETIKG opiopata (.. parrot (voltage=1000) eivow emiong éykvpo). Kavéva
opLopa dev wropet va MAPEL Pt TL) TEPLOCOTEPES OITo Uit PopéG. Akohoubel Eva mopdderyo Tov amoTuyydvel
AOY® 0UTOU TOV TEPLOPLOUOV:

>>> 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 vtdpyel wo TeEMKT) exionun Topduetpog ™G Hop@hg * *name, Aaufaver éva heEukod (deite typesmapping)
mtov mepLéyet Oha ta keyword opiopota eKTOS 0T AUTA TTOU AVTLOTOLXOUV OE ULOL ETLONUT| TOPAUETPO. AUTO (WITOPEL
VO OUVOVOOTEL UE (oL ETTLONUY TOPAUETPOG TG WOPPNG *name (Tov TEPLYPAPETAL OTNV ETOUEVT] VTOEVOTNTA) 1)
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ormoia hapfdver éva tuple tov mepLEYEL Ta opioparta BEong mépa amd v emionun AMota topapétpwv. (To *name
TPETEL VO EUPOVICETOL TPV atd To * *name.) [ mapdderyua, ov opioovue po ouvapTon émwg 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])

Mrtopei vo. KaheoTel KATMG €TOL:

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

Ko uotkd Ba eKTummoeL:

—— 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 vtoyn 6T 1 oelpd pe TV omoia ektumwvovton ta keyword opioporto eivor eyyunuévn ot ToupLdlet pe
OELPAG ue TV omola dOONKV 0Ty Ko™ TG GUVAPTNONG.

4.8.3 EWOIKEQ TapaApeTpPOL

And mpoemhoyi), Ta opiopaTo uopovv va petofipactovv o o ouvaptnon Python eite pe fdon tn Bon eite
pNTé pe to keyword. Twa avayvooludtnta Ko arddoom, ivat LoyLkod vo. TEPLOPLOTEL O TPOTOG UE TOV OTTOL0 UITO-
POVV VO, TEPACOUV T OPIOUATA, ETOL MOTE EVOG TPOYPAUULATIOTIG VO U1V XPELALETOL VO KOLTAEEL TOV 0pLond
TG OUVAPTNONG YLO. VO TPOoodLopioeL edv To. ototyeia petafipdtovior katd 0¢or, katd Béon 1| keyword, 1 Katd
keyword.

"Evog 0pLopdg ouvAapTNonG WITOPEL Vo LOLALZEL UE OUTO:

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

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

omov to. / Kaw * givan tpooatpetikd. Edv ypnowwomoovviol, autd To oOUBoro vITodeLkviouY To E0G TG TP
UETPOVG UE TOV TPOITO TTOV TOL OPLOUATO WITOPOVV VO petaBLfaotolv ot ovvdptnon: povo B¢ong (positional-only),
0éomg 1 keyword (positional-or-keyword), ko pévo keyword (keyword-only). O keyword sopduetpor ovopépovol
eMiONG WG OVOUAOUEVES TOPAUETPOL.
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Mapapetpol ©€ong 1| Keyword

Edv ta / Kai * dev umdpyouv otov oplopd TG CUVAPTIONG, TG OPIioHaTe UWITOPOVV Vo UETAPLBOOTOVV 08 pLa
ouvapTnon ava Béon 1 katd keyword.

Mapapetpol Mévo-©€ong

EnaveEetdlovtag avtd to Oéua Miyo mo Aemtouepmg, eival Suvatd va eTLoNUAVETE OPLOUEVES TTAPAUETPOVS WG
uévo Oéonc.Edv udévo Oéong, n oeLpd TV opauéTpmy el CUAOLo KoL Ol TTOUPAUETPOL OEV WITOPOUV VO, UETOPL-
Baototvv pe keyword. Ou mopdpuetpor povo B€omng tomobetovvtan mpLv amd éva / (Tpog To euntpds-kdbetoc). To
/" xpnoiponoteitatr yia va Sraywploet Aoyilkd Tlg mapapétpouc pdévo Béong and TLg
unéroinec mapapéTpoug. EAv Sev undepyel TO |/ GTOV OPLOUO THG GUVAPTNONG, OEV UITAPYOVV
moapdpeTpol wovo BEong.

O apdpetpol Tov akolovBov to / uropel va elvow Oéong 17 keyword W) uévo keyword.
Opiopata pévo Keyword
[0 v eTLONUAVETE TIG TAPAUETPOVS WG udvo keyword, VITOSELKVVOVTAG OTL OL TOPAUETPOL TTPETEL VAL TTEPATOVY

a6 to keyword dplopa, Totobetoete €va * 0T MoTo 0pLOUATOV 0KPLBOGS TPLV OITTd TNV TPDT TOPAUETPO (SVo
keyword.

Mapadeiypata Zuvaptioswyv

ZrepTelte Ta akO VO TAPUDELYIATO OPLOUDY CLVAPTHOEWV dIvovTag LOLOLTEPY TTPOoOYT) 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 mpWTOG 0PLONAG CUVAPTNONG, standard_arg, 1 o Otkelo poper), dev Bétel meploplowol's ot ovupaon
KAHONG KO TO OPLOUALTO. WITOPOUV Va TTEPGToVY artd O€on 1) amtd keyword:

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

H devtepn ovvdptnon pos_only arg meplopiletol ot ypNnon wovo mopauétpmv 0¢ong Kabwmg vrdpyet éva /
0TOV 0pLOUOG TNG GUVAPTNONG:
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>>> pos_only_arg (1)
1

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

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

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

>>> kwd_only_arg(arg=3)
3

Ko to televtaio ypnoipomolel Ko TG Tpelg ouuBacelg Khong otov idLo oplopd cuvaptnong:

>>> 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)
1 2 3

>>> 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, €EeTdoTe QUTOV TOV OPLOUO CUVAPTNONG TTOU €xeL (o mavi) ovyKkpovon uetall tov opiouatog BEong
name kKoL * *kwds mov £yeL og KAeWdi 10 name:

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

Aev vrtdipyer koplo mhavi KA on ov Oa v Kavel va emlotpéetl True ko0dg to keyword 'name ' o ouvdéeta
tavta pe v IpoTy topduetpo. Na mapdderypa:

>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

A xpnowomtoldvag / (opiopata povo BEonc), eivor duvotd kabwg emitpémel To name wg OpLopa OEong Ko
t0 'name' wg KAeWi ota keyword opiouarta:
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>>> def foo(name, /, **kwds):
return 'name' in kwds

>>> foo(l, **{'name': 21})
True

Me dhha MOYLaL, TOL OVOULOITOL TV TOPAUETPOV UOVO BEomMg wropovv va. xpnowortotnfotv oe * *kwds ywpig aod-
PELOL.

Avakepalaiwon

H mepimtoon xpnong 0a kabopioel moleg mapapétpoug Ha xpnoLuoTotnfovv 6Tov opLoud TG CUVAPTNONG:

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

Qc kabodnynomn:

o Xpnowuomorjote T 0¢om ndvo edv Béhete To dvouo TV TOPAUETPOV VA NV Elval dLaBETLUO 0TO YXPNOTY.
AvuTo eival YpNoLo OTav Ta OVOUATO TAPOUETPWY SEV EXOUV TPOYUATIKO VOO, edv dev BéNeTe va emd-
LeTE TN OELPA TV 0PLOUATOV OTOV KOAelTaL 1) oUVAPTNON 1 AV TPETEL VO ANPOOVY OPLOUEVES TOPAUETPOL
0éong kol avbaipeta keywords.

o Xpnowpomowmote keyword (Ovo Otov ta OVOUATO €XOVV VONUA KOL O 0PLOWOG THG GUVAPTIONG ELVOL TTLO
Katavontog dtav eival pntdg ue ovouota 1 OELeTe vo amoTpéete Tovg xpNoTeg va Pacifovior oty Béon
TOV ETUYELPNUOALTOG TTOV UETAPLBATETAL.

o T éva API, ypnolpomotote to ovo BEoNG YL Vo AtoTPEPETE TN dLaKoT) TV aAhay®v Toug AP, edv o
OVOUOL TNG TTOPAUETPOV TPOTTOTTOLNOEL 0TO UENLOV.

4.8.4 Aioteg AuBaipetwyv OpLopatwy

Téhog, N MydTEPO OLY VA XPNOLUOTOLOVUEVT] ETLAOYT) ELVAL VO OPLOETE OTL ULa. OLVAPTNOT Wropel vo kKANOel pe Evav
avbaipeto aplBudg optopdtwv. Avtd to opiopato Bo TvlyOovv oe wo mheldda (tuple) (BA. IAewddes (Tuples)
kot AkolovOieg). Tpwv amd tov petafAntd aptdud opLoudtmv evOEXETOL VoL TPOKUPOUV UNdEV 1| TTEPLOGOTEPO.
KOVOVLKG 0plopartaL.

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

Kavovikd, avtd to variadic opiopato Oa eivol teevtaia ot Moto TV ETionumy Topauétpmy, exeidn culiéyouy
Oho T vTOLoLTOL OploUaTa EL00SOV TOV UeTAPBLBAToVTOL 0T GUVAPTNOY. OTOLETONITOTE TUTTLKES TAPAUETPOL
7OV gppovilovtal uetd v mapduetpo *args elival “uovo keyword” oploporta, mov onuaiver 0Tl Wtopouv va
xpnoomotBotv udvo mg AéEeic-kheldid Kar OxL wg opiopata HEone.

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

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

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

'earth.mars.venus'
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4.8.5 Unpacking Aioteg Oplopatwyv

H avtiotpogn katdotaon cuufaiver dtav to opicuata fpiokovtol 1101 o€ wua Aiota Y mhetdda (tuple), ol pé-
TTEL VO, AITOOVUIILECTOUV YL WLt KATIOT) OUVAPTNOTG TTOV amtantel Sexmplotd opiopata 0¢onc. o mopdaderyua, 1
evoouatmwuévn (built-in) cuvéptnon range () avauévelr Seywplotd start Kou stop opiopota. Eqv dev eivon duadé-
oo Eexwpotd, ypdapte TV KAOT GUVAPTNONG UE TOV *-TEAEGTN YLOL VO ATTOCUUITTLECETE TOL OPLOUOTA OO LOL
Mota 1 Therdda (tuple):

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

[3, 4, 5]

>>> args = [3, 6]

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

Mze tov id10 TpdmTo, Ta AeELkd wtopovv va apadidovy keyword oplopato pe Tov * *-teheoth:

>>> 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

Mropouv av dnuovpynfolv WKpEg avmvupeg ouvaptnoels we to keyword lambda. Avty 1 ouvapTtnon emt-
otpépeL To dbpolopa twv dvo oplopdtwv TG lambda a, b: a+b. Ou cuvoptioelg Lambda pmopovv va
¥PNOOTOL 00UV OITOV ATTALTOVVTOL AVILKELIEVO oVVapTNONG. [Teplopifovtal ovvTakTiKd og pic uOvo EKQPoo).
ZNUACLOAOYLKG, eivar authdg syntactic sugar yia évov oplopd Kovovikng ovvdptnong. Omwg ol oplopoi évoetmv
oUVaPTHOEMY, 0L OVVOPTNOELS lambda (WTopPoUV va TOPATEUTOVY O UETAPANTES OTTO TO TEDLO TOV TTEPLEYEL:

>>> def make_ incrementor (n) :
return lambda x: x + n

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

42

>>> f (1)

43

To mtapasmdvem Tapaderyna ypnotomotel po £kgpaor lambda yio va emotpéet o ovvapTnon. Mua dAin xpnon
ebvat 1 HeTad00 oG UKPTg oUVAPTNONG WG OpLouaL:

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

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.8.7 ZupBoAooelpeqg Tekunpiwong

AxohovBoUV 0pLopéveg OVUPBAOELS OYETIKA UE TO TEPLEYOUEVO KAL T LLOPPOTTOLNTT) TWV GUUBOLOTELPDV TEKUNPL-
wong.

H mpwtn ypouun Tpemel va eivat Tavto o oVvIoun), GUVOITTLKY TEPIAPY] TOV 0KOTToU Tov avitkelnévov. Ta
OUVTOWLO, OEV TIPETEL VO AVOPEPEL PNTA TO GVOUE 1] TOV TUTTO TOU OVTLKELUEVOD , KaBdg ovtd eivar drabéaipa
ue GAho péoa (extdg Qv TO OVOUOL Elval PO TTOV TEPLYPAPEL T AELTOUPYLO TG CUVAPTNONG). AUTH 1 Ypouut
mpémeL va EekLva e Ke@alaio YPAUUIO KoL VO TENEUDVEL UE TEAELQL.

Ed&v vtdpyovv meploodtepeg ypoupés otn cupolooelpd Tekunpioong, 1 devtepn ypoup 0o mpémel va giva
Kevr], dLawpllovtog oTTIKA T oUvoYn amd TV voholmy meprypat). Ot akdlovbeg ypauués Tpémel va eival
uio 1) TEPLOCOTEPES TOPAYPOLPOL TTOV TEPLYPAPOVY TIG CUUPACELG KAONG TOU OLVTLKELUEVOD, TLG TIAPEVEPYELEG TOV
K.ATT..

O parser tg Python dev agaipet v ecoyr| amd ta literals Tng ovpporooelpdc Tolav ypauumv oty Python, ero-
wévmng ta gpyodeia mov eneEepyalovtoL TNV TEKUNPIimaT) TPETEL VO APALPECOVV TV 00T €AV glval embuunto.
Avtd yivetal ypnowomotmvtag v akdhovdn ovupaot. H mpdn un kevi| ypouur| getd v mpot ypouun mg
ovpporooelpdc kabopilel To péyedog tng ecoyng yro oAdKAN P TN oupforooelpd TEKUNPLwong. (Aev uropovpe vo
YPTOLULOTTO)OOUUE TV TIPMTY YPOUUT CLPOV ELvaLL YEVIKA SLTTAG 0TO ELOOYMYLKA TG OVUBOLOTELPAG, ETOUEVG N
egoyn tng dev elval eppavig oto literal Tng ovuBorooelpda.) To Kevd dLAOTNUO «LOOdVVAUO» GE QUTNV TNV ECOYN
QPALPELTAL OTY) CUVEYELX OTTO TNV 0PYT] OOV TV YPOUR®Y TG oVUPBorocelpdc. O ypauuég Tou £Xouv iKpoTepn
eooyn dev Oa mpémeL va eupaviCovtar, ol av eupaviotovy 0a mpémel vo oporpedel 6Ao To apyLkd KeVo TovG.
H woodvvapio Tmv Kevarv diaotnudtov Oa spémel vo eEAéyyetal eTd TV eTEKTOON TOV KapTtehdv (o€ 8 Kevd,
KOvoviKd).

AxohlovBel éva tapaderyua evog morhamhmy ypauudv docstring:

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

No, really, it doesn't do anything.
mrrn

pass

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

No, really, it doesn't do anything.

4.8.8 Annotations Zuvaptnoswyv

To Function annotations €ivo evielmg TPOALPETLKES TANPOPOPLEG LETADEDOUEVIV TYETIKA (L€ TOVG THTTOVG YPNOL-
nomotoVvtol amd ouvapTNoeLs Tov kabopilovran amd to ypnotn (dcite PEP 3107 xou PEP 484 yio meploodtepeg

TANPOPOPLES).

To Annotations omwoOnNKebovTaL 0TO XUPOKTNPLOTIKO __annotations_ g ouvdptnong wg AeEkd kol dev
gyouve Kaplo exidpaon oe Kavéva aGho pépog g ovvdptnong. Ta annotations Twv Tapauétpwv opilovioL pe
dvo Kot Kdtw teleio petd To dvoua mapauétpov, akohovfoiuevy oo wo EK@Paot] Tov aELoMoYEL TV T Tou
annotation. To, annotations emoTpogng opilovion amd éva literal —>, akohovBoluevo amd wa EKppact), PeTaEw
™G AMOTOG TOPAUETPMOV KOL THG AV Kal KATW TELELAS TOV uodnAmver To Téhog TG dNhwong de £. To axdrovbo
TopadeLyIa £YEL £VOL ATOLTOVUEVO OPLOWOL, £VOL TTPOLPETLKO OPLOWOL KO TV ETLOTPEPOUEVY TUUY) O€ annotations:

>>> def f (ham: str, eggs: str = 'eggs') —-> str:
print ("Annotations:", f.__annotations_ )
print ("Arguments:", ham, eggs)

(ouvéyela otV emtduevVn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

return ham + ' and ' + eggs

>>> f ('spam')

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

4.9

Intermezzo: Ztul Kwdilka

Topa o TPdKELTOL VO YpAeTe peyohitepa, Kot mtto ovvOeta Kopudtio thg Python, eivo 1) katddinin otyun va
WANoeTe Yo 0TvA Kok, OL TEPLOGOTEPES YMDOOES WITOPOVV VO, YPAPTOVV (1] TILO GUVOTTTIKES, HOQOPOTOLHUEVES)
0€ JLALPOPETLKA OTUL: LEPLKEG LV TTLO EVOVAYVWOTEG atd dlheg. To va dievkoluvete Tovg dAhoug va dLafdoovy
TOV KOOLKO 00G eivar avta po Ko éa Kat 1 vioBétnon evog mpaiov oTuh Kodika Fondael tdpa mohl oe

auto.

Two v Python, to PEP 8 éxeL avadewyOei wg 0dnydg 0Tuk 0TOV 071010 TNPOUV TOL TEPLOTOTEPQ EPYQL TPOWOEL EVal
7oA EVAVAYVOOTO Ka vy dpLloto oTuh kmduka. Kabe poypapuotiomg Python o tpémet va to dtafdoel kdmota
oty €dm elval To o oNUAVTIKO anueia tov eEdryovTon Yo e0dic:

Xpnoipomoote ecoyt 4 daotnudtwy Kot Oyl tabs.

Ta 4 kevd givan évag Kahog oupPLpaouds uetagl g wkpng ecoxng (emtpémel ueyahitepo Babog enpm-
Levong) Kol TG ueyaing ecoyng (evkohotepr oty avdyvoon). Ta tabs dnuovpyodv ovyyuor, Kol giva
KaAUTEPO VO TaPOaUEivouy améEw.

TuAiEte TG Ypouuég £T0L MoTe Vo unv vitepPaivouy Toug 79 xapaktipec.

Avtd Bon0d tov ypfioteg ue ukpég 000veg kKo kabiotd duvati) Ty VrtapEn Tolhdv apyeiwv Kodika distha-
dimha oe peyahitepeg 00Oves.

Xpnowomoleiote KevEg YPAMUES YLOL VO DLOYWPLOETE GUVOPTNOELS Kol KAAOELG KoL UEYOAUTEPO UTAOK KM-
dLKa L€oa CUVOPTNOELS.

‘Otowv givar duvatdv, Bdhte oydla og po dLkn Tovg ypouun.

Xpnowworornote docstrings.

XpnowomoLnote Keva yOopm amd TeEleoTég Kot LeTd otd KOupota, alhd oyt omevbeiag péoo de douég aykv-
Movia = £(1, 2) + g(3, 4).

Ovopdote Tig KAMAOELG KL TIG OUVAPTAOELS O0G UE OUVETELQ: 1 oUpPaor eivar vo XPMOLUOTTOLE(TE
UpperCamelCase Y10 TG KAGOeG Kaw lowercase_with_underscores yud TG OUVAPTNOELS KOL TLG
uebodovs. Xpnowwormoteite wavta 1o sel f wg dvoua yLo To TtpmTo dpopa uedddov (deite Mia modtn uotid
otg KAdaoeig o teplocdtepa OxETIKA e TIG KAAOELG KoL TG uefddovg).

MnV %PNOLUOTTOLELTE (PAVTAYTEPES KMOLKOTOLOELG EAV O KMOLKAG 0OG TPOOPILETOL VAL XpNoLuomotn0el o
debvn mepBdihovra. H poemroyn g Python, UTF-8, 1 axdua kaow to amhd ASCII Aertovpyovv kakitepa
o€ KGOe mepimTmon.

Ouoiwg, un ypnowwomoteite yopaktipeg wov dev eivar ASCII og avayvoplotikd edv vtdpyel Wovo v mo-
paukpt] mhavdTnTo oL AvOpmIToL oV WAV SLOPOPETIKY] YAMOooa Vo dLoBAoovy 1 va dLaTnpioouy Tov
KOOLKA.

36

Kegahaio 4. MNeploodtepa epyaleia EAEyxou Porig


https://peps.python.org/pep-0008/

Python Tutorial, Anpocisuon 3.11.14

YTOONHELWOELG

4.9. Intermezzo: ZtuA Kwdika 37



Python Tutorial, Anpociguon 3.11.14

38

Kegahaio 4. MNeploodtepa epyaleia EAEyxou Porig



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-
oTag:
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[len (a) : ] = iterable.
list.insert (i, x)
Ewodryer éva otouyeio o o dedouévn Béon. To mpwto dpLopa eivar to index tov gToLyeiov mpLv amd To
omolo B ewoayOei, emouévig a.insert (0, x) €LOGYETOL OTO UITPOOTLVO UEPOG TNG AOTAGC, KL TO & .
insert (len(a), x) Looévvausi ue a.append (x).
list.remove (x)
Kotapyel 1o mpmto ototyeio amd ) Alota Tov omoiov 1 Tiut) eivon ton ue x. Kdvel raise éva ValueError
eqv deV VITAPYEL TETOLO OTOLYELO.
1ist.pop([i])
Katapyei to otovyeio ot dedopévn Bon ot Mota, kKan to emotpépel. Eav dev éxel kaboplotei evpetnplo,
TO a.pop () aparpel Kot emotpépel To TeElevtalo ototyeio ot Mota. Kdvel raise éva IndexError edv
Mota givan kevi 1) To eupeTpLo Pploketal KTOg Tov gVPOVG TG AloTagc.
list.clear ()

Remove all items from the list. Equivalent to del a[:].
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list.index (x[, start[, end] ] )
Emotpépet to undeviko index ot MoTa TOU TPpOTOV 0TOLXELOV TOV 0TTolov 1) TLuY| ebvar tom pe x. Kdvel raise
éva ValueError edv 8&v VITAPYEL TETOLO OTOLYELO.

Ta poalpeTikd oploworta start Kou end epunvevovTaL Owg 0T ONUELOYPOpia slice KoL yPNOLUOTOL0VVTOL

YLOL TOV TEPLOPLOUO TNG OVOLNTNONG OF o OLYKEKPLUEVT vitoakolovbia TG Alotag. O emoTpepouevog

delkTng virohoyiLeTaL 08 OYEON Ue TNV apyn TG TANPoVg akohoubiog avtl yia to dplona start.
list.count (x)

Emotpépet tov optOpd tov opdv o UpaviCeTal To X 0T MoTo.

list.sort (* key=None, reverse=False)
Ta&wouel ta otoryeio tng Motag ot 6£01 Tovg (Ta opioHaTo WTopovVv va Xp1oLoToBovv yio Tpocap-
noyn TaEwvdunong, Pr. sorted () yio v eENynom tovg).

list.reverse ()
AvtiotpépeL Ta oToLyela TG AloTag ot 001 Tovg.

list.copy ()

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

"Evo Tapaderypua mov (pnoLtoToLel TG TePLoooTEPES amd Tig uebddovg g Motag:

>>> 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 at 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’

Mropei vo €xete mapatnpnoel OtL uébodoL OTWG insert, remove or SOrt IOV TPOTOTOLOUV LOVO TN AoTal
deV £Y0UV EKTLTOUEVY TUY) ETLOTPOPNG — EMLOTPEQPOLY To poemheyuévo (default) None.! Avti| eivan wa apyn
oyedLoopov Yia OAEG TIG METAPANTEG dopég dedouévawv oty 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+43 < 5+77 isn’'t a valid comparison.

I AMeg YADOOEG eVO£YETAL VO ETOTPEYPOUV TO HETOMOYUEVO OVTIKELIEVO, TO OTTOLO ENTPEMEL TNV 0AVCLOMTY EXTELEON HEDOSMV, bTTIG
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
(o, 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]
[, 3y, 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 = y:
combs.append ((x, V))

>>> combs
(1, 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 emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
>>> [(x, x**2) for x in range(6) ]
[, 0y, 1, 1), (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], [4,5,6]1, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Aiotag umopel va epléyovv oVvOeTeG EKPPATELS Ko £VOETEG CLVAPTHOELS:

>>> 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 Eveetwv AloTtwv

H apyikn éxgpaon oe éva comprehension Motog umwopei vo eivor omoladnmote ovdaipetn EKQPaoT], CLUITEPLACLUL-
Bavouévng evdg dAhov comprehension Alotac.

Zre@Telte To akOAov00 Tapdaderyua wag uitpog 3x4 mov vhomononke g wa Alota 3 Motdv unkoug 4:

>>> matrix = [
(1, 2, 3, 41,
[5, 6, 7, 81,
g9, 10, 11, 121,

To axdlovBo comprehension Aiotag Oa petapépel ypouués KoL oThles:

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

‘Ontwg eidape oty tponyotuevn evotnta, To comprehension tg eowtepLkng AMotag agloloyeital 6To TAaiolo Tou
for mov v akolovOel, ETOUEVIG AUTO TO TAPAIELYUA ELVAL LGOBUVOUO UE:

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

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

TO 07T0L0, UE TN OELPA TOV, ElvaL TO {810 UE:

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row([i])
(ouvéyela otV emtduevVn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

transposed.append (transposed_row)

>>> transposed
tr1, s, 91, (2, o6, 101, [3, 7, 111, [4, 8, 12]]

Ztov paypuatikd Koouo, Oa mpémel va mpotiudte Tig evoouoatouéveg (built-in) ouvaptnosg amd TG ovvOeTeg
evtohég poric. H ouvdptnon zip () Ba éxave eEaipetikh) Sovheld yio authv Tnv mepimtmon xpNong:

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

Agite Unpacking Alotes Ootoud v Y10, NeTTOUEPELEG OYETLKA UE TOV ALOTEPLOKO OE CLUTHV T1| YPOLULLY).

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 al[0]
>>> a

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

L]

To del pmopei emiong vo xpnowwosotn0ei yia T diaypapr] OMOKANPWV HETOPANTMOV:

[>>> del a ]

H avagopd oto dvoua a oto eEfg eivan éva opduo (touhéylotov uéypt va tov ekympn0el Ay tiun). Oa fpotue
dhAeg ypToELg Yo To del apydTepa.

5.3 MAeLadeq (Tuples) kat AkohouBieq

Eidaue 6t oL AioTteg Kaw oL oupufBohooeLpéc (strings) £xovve TOAES KOLVEG LOLOTNTEG, OTTWG A&LToUpYies indexing Ko
slicing. Eivaw 800 mapadeiynoato tomwv dedouévwv sequence (deite typesseq). Aedouévov 6tL 1) Python givar o
eEehooopevn YAbooa, Ghhot Tomol dedouévov akohovbiog uropovv va pooteBovv. Yrdpyel emiong évag GAhog
TUITLKOG TUTTOG dedopuévav akohovbiog type: the mietdda (tuple).

Mo wherdda (tuple) amoteheitan amd Evov aptBud TV OV XmPILoVToL Ue KOUUATA, Yo Topdderyuo:

>>> t = 12345, 54321, 'hello!'
>>> t[0]
12345
>>> t
(12345, 54321, 'hello!")
(ouvéyeLa otV emOUEVY GEMDQL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

>>> 4
((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 = (L, 2, 31, [3, 2, 41)
>>> v
(rx, 2, 31, [3, 2, 11)

‘Onwg Prémete, oL mherddeg (tuples) otnv £€E0d0 mepikheiovion avto oe mapevOEoels, £Tol dote oL £vOete Thelddeg
(tuples) va epunvedovtal omoTde WITopouv va. eLoayBovv pe 1) yoplg mepiarlovoeg mapevOEéaelg, av KoL ouyva
oL apevOEaeLg elval amapaitnteg oUTmg 1 AMwG (av 1) Theldda eival HEPOg ag peyalitepng Ekgpaong). Aev
elvar duvaty 1 OVILOTOLYLON O UELOVOUEVA OTOLYELC WLAG TAELADAS, WOTOOO givar duvaTtd va dnuovpyndovv
mhelddeg (tuples) wou mepLéyovy uetafintd avrikeipeva, dtmg MoTec.

Av ko oL Theddeg (tuples) wwopet vo paivovtol TopOUoLES e MOTES, YPTOLULOTOLOVVTOL OUY VAL € OLAPOPETIKES
KOTOOTAOELG KOt Yo dLopopeTLkoVs okomovs. O mheddeg (tuples) eivan immutable, kow cuvnOmg TEPLEXOUV ULOL
eTePOYeVY] akohovBio aToLyelmV oTa oTToia 1) TTPOOao yivetor uéow unpacking (deite TaAPAKAT® G AUTHV TNV
evoTta) 1 to indexing (| akoOpO Kat KOTE YOPAKTNPELOTIKO OTNV TePimTwon namedtuples). Ou Moteg eival
mutable, KOL TO. OTOLYELO TOUG ELvaL GUVIOMG OUOLOYEVY KOl TTPOCTTEMALOVTAL [E ETTAVAAYY 0T MoTO.

"Eva e1d1k6 mtpdPinua eivor 1) Kataokeun mhelddwv (tuples) mov mepiéyouv 0 1) 1 otouyeio: 1) ovvta&n el kdmoleg
emuhéoV LOLoppUbLieg Yo Vo TG TPooaprdoeL. Ot Kevég TAELAdES KOTAOKEVALOVTOL 0mtd €va Kevd Cevydpl mo-
pevOecemv, o mheldda (tuple) pe va otolyelo dMuLovpyeltor aKkohovdmVTaG (o Ty pe kouuo (6ev apkel va
meptkAeleTal pa povo T o€ opevoioels). Aoymuo, odld artoteheopatikd. o mapdderyuo:

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

0

>>> len (singleton)

1

>>> singleton

('hello',)

Hojlwont = 12345, 54321, 'hello!' elval éva mapdderyna tuple packing: oL tpuég 12345, 54321 Ko
"hello!' eival cvokevaopéveg woli oe o mhelada (tuple). H aviiotpogn Aettovpyia eivol emiong epukt):

[>>> X, vy, z = t ]

Avutd ovopdleton, apKeTd owotd, sequence unpacking KoL AELTOUPYEL yiow ortoladnmote axorovBio. oty 8eELd
mhevpd. To sequence unpacking ototel vo vITapyouV TO0ES UETARANTES 0TIV OPLOTEPT] TTAEVPE TOV GUUPOLOV LOO-
TITOG OO0 OTOLYELD VITAPYOUV otV akohoubio. Enueiwon ét 1 wolamhi) avabeon eivar 0TV TPOYUATIKOTI T
amhag évag ouvdvaoudg tuple packing kau 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',K 'apple'}

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

True

>>> 'crabgrass' in basket

False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{"a%, "wv, "BY, eV, Vel"}

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

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

\ #
{'a', 'C', lr', ldl, lbl, lml, lzl, lll}
>>> a & b #
{la" lcl}

>>> a ~ Db # letters in a or b but not both
{Vr', Vd', VbV, ’mV, IZV, ll’}

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
{lrl, ldl}

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)

["jJack', '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

Katd to looping uéow AeStkdv, to KAEWDL KaL 1] avTioToly T WTopovv vo. 0voKTNOOUV TOVTOYPOVA Y PNOLUO-
moldvtag ™) néBodo items ().

>>> 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 uéow axorovbiag, o deiktng B€ong Ko 1 aviioTolyn T WTopovv vo. avaktniovy Tautdypova
YPNOWOTTOLMVTOG T1 OVVAPTHOT enumerate ().

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

0 tic

1 tac

2 toe

[ vo kdvete loop og V0 1) TepLoodTEPES 0kOMOUOIES TOVTOYPOVA, OL KOTAYWPLOELS WTOPOUV VO. AVTLOTOLYLOTOVY
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 blue.

T va kGvete loop og wua okolovBio avtiotpopa, kabopiote TpmdTa TV akohoudic TPog To EUTTPOG KoL UETA
Koléote T ovvdptnon reversed ().

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

P w o J w0 -

T va kdvete loop og puo akolovdia pe taEvounuév oelpd, xpNoLuoTou|ote T ovvdptnon sorted (), M omoia
eMLOTPEPEL (oL VEQ TOELVounuévN MoTa agpivovtag Ty Ty avalloiomTy).

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

(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
orange
orange
pear

H ypnon tov set () oe wo akohovBio eSareipel To duwhd otouyeio. H xpnon tou sorted () og ouvdvaoud pe
T0 set () og wa akohovbia eivor £vag LOLOUTIKOS TPOTOG YLo va, Kavete loop téve amd povadikd ototyeia g
axolovbiog oe Tagivounuévn oelpd.

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

Mepikég popég eivorl deeaoTikd va aAAGTETE pia MOTO EVE TNV TEPUYELOTES WOTOOO, ELVAL OUYVA TTLO ATAd Kol
aoparéG va. dNuLovpyNoeTe wa véa Moto.

>>> 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 MepLoootepa yua TG CUVORKEQ

Ou oVVONKES TTOV YXPNOLUOTOLOVVTAL OTLS ONAMOELG while Kou i f WTopPoUV Vo TTEPLEXOVY OTOLOVCINTOTE TELE-
oTéC, OYL LOVO CUYKPLOELG.

Ot teleoTég OUYKPLONG in Kaw not  in eivar dokipég dLdtnTag uéhovg mov kabopitouv edv wia T Bpioketa
(M 6y og) éva container. OL Tehe0TéG 1s Ko is not ouykpivouv edv 80 avitkelpevo eivol Tpayrotikd to ido
aviikeipevo. ‘Olol oL TEAE0TEG CUYKPLONG EYXOUV TNV (LA TPOTEPALOTNTA, 1] OTTOLAL ELVOL YOUNAOTEPT OO QUTH
OAOV TV OPLOUNTIKMOV TELECTOV.

O ovykpioelg umopovv va eivar ahvodwtéc. o mapddetyua, a < b == c ehéyyel edv 10 a eivol KpoTEPO
07t0 b ko emTAEOV T0 b LooUTAL UE C.

OL OUYKPIOELS WTOPOUV VO GCUVOVOAGTOUV ¥PTOLUOTOLMVTAS TOVG AOYLKOUG TeEleoTég and KoL or, KoL TO OITOTE-
Aeopo g ovykpLong (1 ootacdfote GAAng Aoyikng €Kgppaonc) wropel vo okvpwOel ue not. Avtol €youvv
YOUNAOTEPES TPOTEPULOTNTEG UETAED TV TEAEOTMV GUYKPLONG, TO Nnot €xel TNV VYNAITEPY TPOTEPULOTNTA KL
TO or TN YouUnhOTEPT, £T0L WoTe T0 A and not B or Cioodvvauei ye (A and (not B)) or C.Onwg
TTAVTA, OL TOPEVOEOELS WITOPOUV VAL XPNOLUOTOLN 00UV YL0L VoL EKQPAacovy THV emtfuunti) ovvOeon.

O hoyikol teheotéc and Kau or eivan oL heyouevol Teheotég short-circuit: T0, OPIONATA TOVG AELOAOYOUVTOL OITO
apLoTePd TPog ta. SeELG ko 1 aEoddynon otauatd wokg Kabopiotei o amotéleona. o mopdderyna, edv to
A and C eivaw oAndéc, allé To B eivol Pevdéc, To A and B and C dgv aEohoyel v ékgpaon C. Otav
YPTOLULOTTOLELTOL WG YEVLKT] TLUT KO 0L WG AOYLKT), 1] TUUT) ETTLOTPOPTG €VOG short-circuit teleoTn eival 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, 3] < [1, 2, 4]

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

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

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

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

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a'"), 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 Fibonacci series up to n
a, b =20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

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

(ouvéyela otV emouevn oekida)
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atb

a, b = b,
return result

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

Twpa ewodyete Tov Python interpreter ko eLodyete avtd To module pe tv okOAOVON EVIOAT):

[> >> import fibo

]

Auto eV mTPoohHETEL TOL OVOUATO TWV CUVOPTNOEWV TOV opilovtal 6To £ibo amevbeiag otov TPEXOVTa namespace

(B\. Eupérera kau Iedia Ovoudtawv atnv Python yio teploo0Tepes AETTOUEPELES): TPOOOETEL LOVO TO OVOUO TOU
module fibo ekei. Xpnowwomoldvrog to dvouo tov module umopeite vo ook ThoeTe TpOoBaon oTig Aettovpyies:

>>>
01
>>>

fibo.£fib (1000)
12 358 13 21 34 55 89 144 233 377 610 987
fibo.£fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]
>>> fibo.__name
'fibo'

Edv oxomevete va ypNOLUOTTOLELTE OUY VA [La CUVAPTNON, WTOPELTE VAL TNV AVTLOTOLYIOETE O€ £VOL TOTILKO Ovoua:

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

6.1 MepLoootepa yua ta Modules

'Evo. module pumopel va mepléyel ektehéolueg dNAmoelg Kabmg Kot oplopos ouvaptnoemy. Avtég oL dNAMOoELg
mtpoopitovtar yio Ty mpoetolposia Tov module. Extelotvtan wdvo v modtn gopd mov eupaviletal To Ovouo
tov module og wo SMrwon eroaywyic.' (Extehovvral emtong edv To apyeto extedeiton g script.)

Kd&0e module éxeL Tov d1kd g 1OLwTIKO namespace, 0 07T0L0g ypnouomoLeital wg global namespace amd OAeg Tig
ovvaptioelg Tov opitoviar 0to module. 'Etot, 0 ovvtdkmg woag evotntag wopet va ypnoposotioel global ue-
tafintég oto module ywpig va avnovyel yia Tuyaio conflicts pe tig global petofintés tov pNoty. Amd v diln
mhevpd, edv Eépete TL Kdvete, wropeite va ayyi&ete tig global uetapintég evdg module pe to idto notation wov
YPT|OLULOTTOLELTOL YLOL VO AVAPEPETAL OTLG CUVAPTHOELS, modname . i temname.

Ta modules ptopotv vo. elodryouv dhha modules. Eivar ovvnOeg, alé dev amarteiton vo tomrofetovvral Oheg oL

MAdoELS import otV apyr| Wog evotnta (1) ogvapiov, yia autd to Oéua). Ta ovopota twv modules wov elodryo-
VTaL, €GV ToofeTovvTaL 0TO AvdTEPO £mLedo Tou éva module (EKTOG 0TOLWVONTOTE CUVOPTNOEWMV 1) KAAGEMV),

mpooTtifevial oTov global namespace Tov module.

Yrdpyer pua opodiayr e dNhmwong import mov elodyel ovouota oo £va module amevbeiog otov Y MPO oTa

importing module’s namespace. "o Tapdderypa:

>>> from fibo import fib, fib2
>>> fib (500)

0112358 13 21 34 55 89 144 233 377

Avuto dev elodyel to dvoua evog module amd To omoio AapuBdvovor ol eloaywyég 0To Tomkd namespace (apd 0To

mopdderyna, tTo £ibo dev opileTan).

Ymdpyer okOuy Ko pia Tapailoyt] yio Ty EL0oymyr OAmV TmV OVOUATOV JTOU OPILEL L EVOTNTAL:

! Sty mpoypatikdTTa, oL 0pLOIol GUVOPTHOEMV eival emiong “statements” oV “eKTENOVVTOL s 1) EKTELEDT EVOG OPLONOY OUVAPTNONG OF

entiedo module Tpoohétel To dvopa g oLVAPTNONG 0ToV KaBohikd namespace Tov module.
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>>> from fibo import *
>>> fib (500)
0112 358 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 358 13 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

‘Otav ewodyete ¢éva module pe To dOvopa spam, o interpreter avalntd tpwta éva evoopoatouévo module ue avtod to
ovopa. Autd ta ovopato twv module Tapatifevtol 0to sys.builtin module_names. Eqv dev Bpebei, 1ote
avalntd éva apyeio ue To dvouo spam. py o€ Wo Moto Katahdywv wov divoviol amd T ueto Nt sys . path.
To sys.path apykomoleital amd avtég Tig Béoels:

o O xat@hoyog mov mepLEyeL To input script (1] TOV TPEXOVTO KATALOYO 0TOV dev €xeL KOOOPLOTEL apyEio).
o PYTHONPATH (o MoTa 0VOUGTmVy Katahoyou, ue thv idia ovvtakn pe tn petafint tov shell PATH).

o H mpoemhoyi wov eEaptdton amd TV eyKatdotaoy (Katd ovupaocy), Cuputepthaufavouévou evog Katold-
you site-packages, mov yewpileton To module site.

[MepLoodTepeg AemtopépeLeg Ppiokoviol oto sys-path-init.

Inueimon: Zto cvoTHUATe 0PYEImY Tov vTooTnpifovy symlinks, o KatdAoyo Tov EPLEYEL TO input Script VITOAO-
viCetow oot axorovOnOel o symlink. Me ddda hoya, o kotdhoyog mov mepiéyel To symlink dev tpootifetan ot
dradpoun) avalnmong tov module.

Metd v mpoeTolpaoia, To Tpoypaupata Python urwopoiv va tpomomoujcovy to sys . path. O katdhoyog mov
TEPLEYEL TO script Tov ekTeleltal Tomobetelitar oTNV apyy TG dLadPOoUNG avalNTNONG , WITPOCTA OTTO TNV TUTTLKY)
dradpoun g PLriodNKNc. Autd onuaiver OTL TaL scripts 0 AUTOV TOV KaTGhoyo Ba eival (popTwuévo avti yo
ta modules pe o (610 dvoua 0Tov KoTdhoyo wag BLphodnkne. Avtd eivar éva opdhua, eKtog edv mpoopiletal N
avIKaTaotaon. BL. v evomta Standard Modules Yo teplocdTepeg TANPOQPOpIES.

6.1.3 «Compiled» Python apxeia

INo va emroyvver ) eoptwon modules, | Python xdver cache tv compiled éxdoon kdOe module otov KaTd-
Moyo __pycache__ kd&tw and 10 6voua module. version.pyc, 0TTov 1 €K6001 KOILKOTOLEL T LopEy Tov
compiled apygiov. yevikd mepiéyel Tov aptbud ékdoong tng Python. Ta wapdderypa, otny éxdoon CPython 3.3 1
compiled ¢ékdoon tov spam.py Oo awoOnkevtel wg _pycache_ /spam.cpython-33.pyc. Avti n ovufaon
ovopaoiag, enttpénel oe compiled modules amd dropopetikég ekdOOELS Kot dLapopeTikés ekddaeLg Tng Python va
OUVUITAPYOVV.

H Python eléyyel tnv muepounvia tpomomoinong tov mnyaiov évavit g compiled £ékdoong yio va deL eav &i-
voi Eemepaouévn kou ypetdletar va yiver compile Eavd. Avti) gival pa eviehmg avtouaty dwadikaoia. Emriong,
ta compiled modules givan aveEqpnteg amd Thotdpua, emouévag 1 idia BLBALOOTKY wropel va kotvortounOei
OVAUEDO O OUOTHUATO LE OLAPOPETIKES OLPYLTEKTOVLKEG.

H Python dev eléyyeL v cache og &0 mepuntmoels. [pdtov, mévta kéver compile Eava ko dev amobnkevel To
amotéleopa yio To module ov poptwvetan amevdeiog amd ™ Ypouu EVIoAdv. Aeitepov, dev eLEYYEL T Uvihun
cache gdv dgv vtdpyeL to source module. T va vtootnpi&ete wa davour) ywpig mnyaio (compiled povo), to
compiled module stpémeL vo PplokeToL 0TOV source KaTdhoyo Kot dev TPETEL va, vrtapyeL source module.

Mepikég ouuBoulég yia eLdLKog:
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o Mropeite va ypnowomoinoete tovg switches —0 1) —00 otnv evrol Python yia va pewwoete to uéyebog evog
compiled module. To -0 switch apatpel Tig assert statements, To —O0 switch apaipei TG00 Ta assert statements
600 ko TG __doc__ ovuforooelpés . Epodcov oplopéva poypdupate umopei vo foaoifovrar otny vmopsn
aUTOV TV dtabéoluwy, Oa TPETEL VO XPNOLLWOTTOCETE QUTNHV TNV EMAOYY UOVO €AV YVWPILETE TL KAVETE.
«Optimized» modules éxovv éva opt— tag kou eivor ovviOmg pkpotepes. O uehhovitkég eKdO0ELS ptopel
vo oAGEoVY Ta artoteléopuaTa TG PEATIOTOTOINONC.

o 'Eva tpdypappo dev ekteleiton mmo ypnyopa otav duaaletal amd évo apyeio . pyc amd 0,11 dtav duafd-
Ceton amd éva apyeio .py "« To pdévo mpdypa mou eivar mio ypriyopo and Ta apyela
L pyc ebvor 1) TayOTNTo UE TV 0TToLa POPTMVOVTOL.

o To module compileall pmopei vo dnuovpyrfoel apyeia .pyc yio Oia to. modules oe éva katdhoyo.

o Yrhpyovv mepLoodTepeg AETTOUEPELES OYETLKG Ue auT T dtadikaoio, ovumepthappavouévou evog dio-
vpduuatog potg Twv amogdoewv, oto PEP 3147.

6.2 Standard Modules

H Python ouvodetetar amd wa oKy standard modules, 1 omoia eprypdgpeton oe éva Eexwplotd £yypago,
™mv Avagopd BipioOnkng Python («Library Reference» hereafter). Opiopéva modules eival evoopotmpéva otov
interpreters qUTEG TOPEYOVY TPOGHOON OE AELTOVPYIESG TOV OEV ATTOTELOVY UEPOG TOV TUPTVA TG YADOOGOG, OAAG
EVTOUTOLG EVOL EVOOUATOUEVA, ELTE YLOL OTTOTENETUATIKOTNTO ELTE YLOL TNV TAPOYT| TPOGRAONG OF TPWTOYOVOL
OTOLYELOL TOV AELTOUPYLKOV OUOTHUATOS OIS oL KANoELG ovothuatos. To ovvolo tétolwv modules elvor wa emt-
royn dapdpewong tov eEaptdta emtiong amd v vitokeipevn mhatpdpua. Fa wopdderyna, to module winreg
mopéyeTol udvo oe cvothuate Windows. ‘Eva ovykekpiuévo module stov o&ilel kdmowa mpocoy eivan To sys,
T0 omoto eivol evowpatwuévo otov interpreter g Python. Ou petafintéc sys.psl Kot sys.ps2 opilouv Tig
OUUPBOLOTELPEG TTOV YPNOLULOTTOLOVVTOL IO KUPLAL Ko deVTEPEVOVTO prompts:

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

>>> sys.ps2

v v

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

Cc>

Avtég oL 800 petafintéc opiLovtor ndvo eGv o interpreter fpioketor oe dLOdPOAOTIKY AELTOUPYiaL.

H petapinti sys . path eivon wo Moto ovuBorooelpdv wov kabopilel ™) dradpour| avalntnong tov diepunvéa
vio. modules. ApylKomoLelTol o€ ol Tpoemheyuévn dtadpoun) mov Aapupdvetor amd ) uetafinty meptFarlovtog
PYTHONPATH, 1 amd U0 EVOOUOTOUEVY TPoemloyr| edv To PYTHONPATH dgv €yl oplotel. Mmopeite vo 1o
TPOTTOTOLNOETE YPNOLUOTTOLDVTOG TUTTLKEG heLTovpyieg AoTag:

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')
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6.3 H ouvaptnon dir ()

H evoouatmuévn ovvdptnon dir () xpnoluomoteitol Lo va ovokol el ola ovouato opitel éva module. Emi-
OTPEPEL P TaEvounuévn AMota ouuorooELpmV:

>>> import fibo, sys

>>> dir (fibo)

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

['__breakpointhook__ ', '__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', 'version', 'version_info',
'warnoptions']

Xwpig opiopata, N dir () wopadETel To OVOUOTA TOV EYETE OPLOEL QUTNV T OTLYWUY:

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

Adfete vtoym 6T TapadETEL GAOVG TOVUG TUTTOVG OVOUATMOV: UETAPANTES, modules, oLvapPTHOELS, KA.

Hdir () dev mopabétel To OVOUOATO TWV EVOMUATOUEVDV CUVOPTHOEMY KoL LeTOPANTOV. Edv Béhete wo Aota
oTto aUTéG, opllovial otV TVTLKY| 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',

(ouvéyela otV emouevn oekida)
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'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '_ _build class__ ',
' _debug__ ', '__doc__', '__import__', '__name__', '_ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',K '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 NMaketa

Ta maxéta eivor évag Tpdmog d0unorng Tov namespace tov module ypnoipomorwvtag «dotted module names». T'ua
mopdderyua, To Ovopa tov module A . B vodniaovel £va submodule pe dvopa B og £va makéto ue Gvopa A. AkpLpaog
O6mmg M xpNomn twv modules 6HTEL TOUG dNuovPYovg diapopeTtk®v modules var avnovyoUv 0 €vog YL To. KOOOAKA
ovopata petafintav tov ddlov, N xpnorn dotted module ovoudtmv omTeL Tovg dnuovpyovg Twv multi-module
mokétov 6tmg to NumbPY 9 to Pillow amd to va ypeidletar va avnouyovv o évag yia to. module ovopoto tov
dAhov.

Acg vmobéooupe OtL OéheTe va oyedidoete o ouiioyn artd module (Vo «TTOKETO») YLOL TOV OUOLOUOPPO YELPLOUO
apYELV MoV Kou dedouévav Nyov. Yrdpyouv molhég SLapopeTikés LopREg apyelwv Nyov (Tov cuvnBwg ova-
YVOPILovIoL amd TV ETEKTOOTN TOVG, YL Tapdderypa: .wav, .aiff, .au), EMOUEVOG UTOPEL VO XPELAOTEL VOl
ONULOVPYHOETE KOl VO SLOLTNPYOETE UL AUEAVOUEVT] GUALOYH AELTOVPYLDV YL T HETATPOITY] HETAED TV dLopd-
POV LOPPAV APYELWV. YTTAPYOUV ETLONG TOAMES dLOPOPETLKEG AELTOVPYIEG TTOV WItOPEL va. BEAeTE va eKTENéOETE
oe dedopéva fyov (Otmg W&, TpoadKn NYOUS, EPaPUOYY WAG AELTOVPYIaG L00OTAOWOTH, dSNuovpyia TeXvNToY
0TEPEOPMVLKOV £QE), ETOUEVMG ETLTAEOY DL YPApETE ULt aTerelwTn pon) artd modules yio vor eKTeELETETE QUTEG TLG
Lettovpyieg. AkohovOel pa thovi| doput) Lo To TOKETO 0ag (TTOV EKPPATETOL G LEPOPYLKO CVOTNUA OPYEIWV):

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

(ouvéyela otV emouevn oekida)
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filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py

Katd mv eloaywyn tov mokétov, 11 Python mparypatomolel avalntnon otovg katahdyovg 0to sys . path ovo-
INTOVTOG TOV VTOKATALOYO TOU TOKETOU.

Ta__init__ .py apyelo amortovvion yio va kdver v Python va aviipetomilel Tov Katahdyou mov mepLéyouy
TO aPYEL0 WG TaKETA (EKTOG EAV YPNOLUOTOLEL Eva namespace package, EVoL OXETUKA TTPONYUEVO YOPAKTPLOTLKO).
Autd amotpémel Toug Katohdyoug ue kowd ovoua, dmmg m.y. wg string, amd v akovoto ardkpuyr EyKu-
pwv modules wov gupavitoviol apyodtepa oto path avalnmong tov module. Ztnv amhoVoTEPN TEPLTTWOT, TO
__init__ .py umopel amhmdg va eivol Kevod apyeio, aAhd putopel emiong va ekteléoel initialization kKmALKa YL TO
TOKETO 1) Vo oploeL TNV uetaffint) __all , wOv TEPLYPAPETAL OPYOTEPO.

OL %phH0oTES TOU TAKETOU UITOPOVY VoL ELadryovv uepovouévo module amd To mokéto, yio mopdderyuo:

[import sound.effects.echo J

Avtd @optmvel to submodule sound.effects.echo. [Ipémel vo avagpépetol pe to TANPeg Ovoud tov.

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

"Eva evaloKTiKOg TPOTOG Yo TNV eLoaymyr| Tou submodule givau:

[from sound.effects import echo J

Avtd goptivel emtiong To submodule echo, kou v Kabotd drabéoun ywpig To mpdHepa TAKETOU, MOTE VA
wropei va ypnotpomomel wg eENg:

[echo.echofilter(input, output, delay=0.7, atten=4) ]

Mo AN Taporhoryy eivae 1 asevdeiog etooymyr g embuuntig ovvaptnong 1 LETaPANTG:

[from sound.effects.echo import echofilter :

Ko mwdih, autd goptaver to submodule echo, ahhéd avtd kdvel T cuvaptnon g echofilter () dueoa dio-
O¢oun:

[echofilter(input, output, delay=0.7, atten=4) ]

Adfete vtoym ot Otav ypnowwomoleite from package import item, TO OTOLELO WITOPEL Vo glvan €lte
submodule (1] VTOTOKETO) TOV TAKETOV 1) KATOLO GALO Ovoua TTOU OPILETOL OTO TOKETO, OTWG PO, CUVAPTNOT),
KAdon M petafinty. H import dMlwon eréyyel Tpmta GV TO 0TOLKELD £YEL OPLOTEL OTO TAKETO, EAV OYL, VTTOOETEL
ot ebvon éva module ko emuyelpel va To poptdoel , av dev to Ppel dnuovpyel 1 eEaipeon ImportError.

Avrtifeta, dtov xpnowomoteital oUvToEn 6nwg import item.subitem.subsubitem, k40e otouyeio extdg
07t0 AVTO TO TELEVTOLO TTPETEL VO ELVAL TTOKETO* TO TEAEVTALO OTOLYELO UTOPEL va eivar £évo module 1) éva akéTo
oMG dev pmopel va glvor e KAAom 1 ouvapTnon 1 LEToPANTI) Tov oplleTtol amd TPoyoUUEVO OTOLYELD.
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6.4.1 Ewcayovtag * ano €va lNaketo

Topa T ovuPaivel 6tov o xpNotg ypdoe, from sound.effects import *;Idavikd, Oo Hlmile Kaveig OTL
ovto Bo fyeL pe KATOLo TPOTTo 6TO cVOTHUA apyeilwy, Ba Bpel Kémora submodules ov vEGpPyoVV TO TAKETO, KoL
Oa ta elodyer Oha oe owTd. Autd Bo uopovoe va ThpeL oA xpdVo Ko 1) eLoaywyn) submodules puwopei va el
ovemuunteg mopevépyeleg mov Oa émperne va ovpfovv dtav to submodule elodyeTon prTd.

H povn Mo givor va mopéyel 0 ouvtakTng Tou Takétov £va pnTd evpetnplo tov makétov. H dlwon import
YPNOLUOTTOLEL TNV aKOAOVON oVUBooT: €dv 0 KWOOLKOG _ init_ .py TOU makETOU opilel puo Mota Je To Ovoua
__all_,Bewpeitor 6t eivor ) diota pe to ovouato tov modules wov Oa wpémel vo eLooy B0y dTav cuvavTtioeTte
from package import *.Eivol oty dlokpLty) euyépeLo Tou GUVTAKTY) TOU TOKETOV VO SLOTNPEL AUt TN AMoTa
EVIUEPWUEVT], OTAY KUKAOWOPT|OEL ULt VEQ €KO001) TOV TaKETOV. Ol CUVTAKTEG TOU TTOKETOU EVOEYETOL ETTLONG VAL
ATOPACIOOVV VO UMV TO VITOOTNPIEOVY, GV deV BAETOVY OTL YPNOLUOTTOLELTAL 1] ELOAYWYT] TOV * aITtd TO TOKETO
tovg. o mapdderypa to apyeio sound/effects/__init_ .py Qo puropovoe vo mepLéyel tov akdlovho

KOSk

[__all__ = ["echo", "surround",

"reverse"]

Avutd Oa onuawve 0L from sound.effects import * O ewoaydyer Ta tpia submodules pe to dvopa Tou

mokétov sound.effects.

AdBete vtoym 6tL To submodules evdéyetan va okLdovron oo tomkd kKabopiouéva ovopata. Fo wopdderyua,
eqv TPooOEoaTe o reverse oUVAPTNON 0TO O0pyelo sound/effects/__init__ .py, To from sound.

effects import

* Qa eloaydyer novo ta dvo submodules echo koL surround, alé dyt to submodule

reverse, enedN EMLOKIALETOL ATd TNV TOTLKG KOOOPLOUEV CUVAPTNON reverse:

_all. = |
"echo", # refers to the
"surround", # refers to the
"reverse", # !'!! refers to the

def reverse(msg: str): # <-——
return msg[::-1] #

this name shadows the
in the case of a

'echo.py' file
'surround.py' file
'reverse'

function now !!!

'reverse.py' submodule

'from sound.effects import *'

Edv dev éxeLoploteito __all

,NONAwon from sound.effects import * devewodyer Oha to submodules

a7t o mokéto sound. ef fect s 070 TPE WV namespaces SLALOPAATEL LOVO OTL TO TaKETO sound . effects €xel
eLoayOel (evoeyouévimng va exteleltal 0ToL00dNTOTE KMALKOG TPOETOLUAOIOG 0TO 0TO __init_ .py) Kou ot
OUVEYELOL ELOALYEL OTTOLOONTTOTE OVOIALTO OPLLOVTAL 0TO TOKETO. AVTO TTEPLAAUPAVEL TUYOV OVOUOTA TTOV OPLLOVTOL
(ko submodules ov €xouv poptwBel pntd) amd to __init . py. [Hepthaufdvel exiong Tvydv submodules tov
TAKETOU TTOV POPTMONKAV pNTA 0Itd TTPoNyovueveS dNAmoeLg import. ZKEPTELTE AVTOV TOV KOLKAL:

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

Ze outd to mapddeLyna, to modules echo Kot surround el0dyovTaL 0To TPEYOV namespace £7eldN opiloviol To

makéto sound.effects  édtav n SnAwon
opiletonto __all_ ).

“Cfrom..

.import" exteleitar. (Autd hettovpyel emtiong otov

Av ko opropéva modules éyovv oyedLaoTel yio vo eEAyouv dvo ovouaTo. tov akohovBolv optouéva notifa otav
YPNOLOTTOLELTE TO import *, eEakolovOel vo Bempeitol KoK TPAKTIKY 0TOV KMOSLKA ToPaAymYNC.

BuunBeite, dev vtdpyel Timota KaKd e ) xpnon tov from package import specific_submodule!
ZTNV TPAYUOTLKOTITA, OUTY) ELVOL 1) TTPOTELVOLLEVT] CNUELWOT, EKTOG edv To module eloaywyng ypeLdteTaL vo xp-
owortolnoel submodules pe To 810 dvoua amd dLOPOPETLKE TOKETOL.
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6.4.2 Intra-package avagopeqg

‘Otav to. Takéto givan dopunuévo og VITomokéTa (OTwg Ue To TOKETO sound 0TO TOPAdELYLLAL), LTOPELTE VO PN OL-
LLOTTOLYOETE QTTOMVTEG ELTOYWYES Yo V. avapepOeite oe submodules adeppwv makétov. [o mapdderyua, ebv to
module sound. filters.vocoder mPEmeL Vo XpNoLuootioeL To module echo oto makéto sound.effects
, WTopEL va xpnotpomooer to from sound.effects import echo.

Mitopeite emiong va ypapete OyeTIKEG eLoaywyYES, e T popuo from module import name TG dMMAWONG
gloaymyne. Avtég ol eloaymyég ypnoluomototy leading dots yior va vtodeiEovvy ta Tpéyovta KoL YOVIKE Takéta
TTOU EUTAEKOVTOL OTY) OYETIKY) ELOAYWYT). ATtO T0 sur round module Yo TopddeLyol, LTopPEL VoL XPNOLUOTOLCETE:

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

Adfete vtoymn Ot oL oeTikég eloarywyég Bacifoviol oto dvopa Tou Tpéyxovtog module. Emeldn) to dvoua tov Ku-
ptov module eivor tdvta " ___main__ ", ta modules mov tpoopifoval yio ypNomn wg kvpto module (oG eQapuoyng
Python mpémeL mévta va XpNOLUOTOLOUV ATTOMUTES ELOAYWYES.

6.4.3 Maketa oe NMoAAanAoug KataAdyouq

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.

Evo avt] 1 duvotdtnta dev (petdletol ouyva, WTOPEL VA YPTOLUOTOLNOEL YLoL TV ETEKTOON TOV GUVOLOV TV
modules 7ov Bpiokovron og éva makéTo.

YTOONHELWOELG
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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

MéypL oTLyung €LOoUpe GUVOVTHOEL OO0 TPOTOUG YPUPNG TULMV: expression statements KoL T1) OUVAPTNON print ().
(‘Evag tpitog tpdmog eivar 1 xphomn g nebddov write () twv avikelwévmy apyeiov: to standard apyeio e£6-
dov wropel va avogépetor og sys . stdout. Aeite v Avogpopd BifAoOfkng Yo epLocOTEPES TANPOPOPIES
OYETIKA UE ovTo.)
Suyva 0o Oélete TEPLOGOTEPO EMEYYO OTY) LOPPOTOINGT TNG EEOBOV 0O TAPX ATAMG VO EKTUTMVETE TLUEG SLaL-
YWPLOUEVES Ue BLAoTNUO. YITAPYOoUV SLigopoL TPOTOL YL VO LOPPOTTOLHGETE TNV ££080.
« To va ypnowomomoete formatted string literals, Eexiviote mua ouuforooelpd pe £ or F stpLv amd 1o opyiko
£Lo0YWYLKO 1) T0 TPUTAS eLooywyLkd. Méoa og authy TV GuBohooELpd, ITTOPELTE VO YPAWPETE L0 EKPPAON
Python peta&0 yopaktipwv { Kot } Tov Wropel vo avapépetol oe PETUPANTES 1] KUPLOMEKTIKEG 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%'

61



Python Tutorial, Anpociguon 3.11.14

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 -
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€06odog String format()

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

>>> print ('We are the who say " "t 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 ypnowomorovvtar keyword opiopata otn uébodo str. format (), OL TUEG TOUG AVAPEPOVTAL YPNOLLOTTOLM-
VTOG TO OVOULOL TOU OPLOUATOC.

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

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

ce 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Avtd B pwopovoe eniong va yivel tepvivog to AeElkd table wg opiopata AEEEMV-KAELSLOVY ue TNV onueiwon
* K

>>> 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.

T Tapaderypa, or aKOAoVOES YPOUUES TAPAYOUV EVO TOKTOTONUEVO GUVOAO OTNAMV TTOV SivOuv aKEPULOUG
apLBpovg KoL T TETPAYmVA Ko Tovg KUBovg 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 Xelpokivntn Mopgormoinon ZuppoAooeLpwyv

AxolovBEL 0 1d10G TVAKOG TETPAYDOVOV KoL KOBWV, LOPPOTOMUEVOS XELPOKIVITOL:

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

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125

(ouvéyela otV emtduevVn oekida)
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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

(Znueuhote 6TL 10 €va Kevd netal kdbe oG TPooTEéDNKE pe ToV TPOTTO TOV AELTOVPYEL TO print () : TpooOETel
TEVTA KEVA HETOED TV 0pLopdTwy Tov.)

Huébodog str.rijust () Tov avikeluévov ovuforhooetpdg tomobetel deELd o ovpBorooelpd ot éva medio Se-
doUEVOL TAGTOVG CUUTTANPDOVOVTOG TV UE KEVA OTOL OPLOTEPG. YTTaPYovVY Ttapdpotes ébodoL str.1just () Kot
str.center (). Avtég oL uébodot dev ypdpouy timota, aniidg emoTpépouv wa ovpporooelpd. Edv n ouppolro-
oeLpd L0OOOV elvol TTOAD PHEYAAY, EV TV TEPLKOTTTOVY, OALA TNV ETLOTPEPOVY QUETAPANTY 0VTO Ol purepdépel
™ dLatagn g othng oag, oAAE autd eivar cuvnBmG KaliTEPO OTd THV EVOMOKTIKY, Tov Ba fTtav Pépota
yioe pes tuy. (Av Béhete poynatikd mepukomy, umopeite mavta va tpoobéoete pa Aettovpyia slice, dmwg oto
x.1ljust (n) [:n].)

Yrdpyer wo ddAn uébodog, 1 str.z£i11 (), 1 0mOle CUITANPMVEL Lol ApLOUNTIKT) CUUBOAOOELPA OTO OPLOTEPGL
ue undevikd. Katahafaiver ta guufola ovv kow thnv:

>>> '"12'.z£fi11(5)

'00012"

>>> '-3.14"'.z£il11(7)
'-003.14"

>>> '3.14159265359'.2£f111(5)
'3.14159265359"

7.1.4 MaAwa popgpomnoinon CUPBOAOOELPAQ

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.

[MepLoootepeg mnpoopieg umopeite vo fpeite oty evotnta old-string-formatting.

7.2 Avayvwon kat Eyypaopn Apxeiwv

H open () smotpéper éva file object, Kai XPNOLUOTOLELTOL TTLO OUYVA e dVo opioparta Béong kau éva dplopa
MENG-KheWdLOV: open (filename, mode, encoding=None)

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

To mphTOo OpLopa eivar po. CUUPBOAOCELPA TTOU TTEPLEYEL TO OVoUo apyelov. To devtepo OpLopa eivor puar Gl
ovpporooelpd TOV TEPLEYEL UEPLKOVG Y OPOUKTNPES TTOV TEPLYPAPOUV TOV TPOTO (LE TOV 0Toto Oa ypnoomoln et
to apyeto. H mode pmopei va givar ' r' 6towv To apyeio Oa gival povo yio dudfooua, 'w' novo yio eyypapn (Eva
vtdpyov apyeio pe to idto dvopa Bo duarypoupel) KoL To 'a' avoiyeL TO aPYELO VL0 TPOCAPTION: OTOLOONTOTE
dedouéva yphpovior 0to apyelo Kou pootibevior autopata oto téhog. To 'r+' avoiyel To apyelo 1000 Yo
avayvwon 600 Kat yio ypogn. To dpioua mode eivor mpoatpetikd: to "r' Oa Oewpeiton edv mopain@Oei.
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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 wpoomddeieg
¥PNONG TOU avTLKEWEVOY apyelov Ha amotiyovy avtduato.

>>> 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 OVUPOLOTELPAGS, KoL TAPOLETETOL LOVO OTNV TEheVTOLO Ypouu Tov apyelov edv To apyelo dev Teleum-
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
OVILITPOOMITEVETAL WG 0PLOUd byte amd TV 0py1| Tov apyeiov Otav Ppioketal o dVadLKY Aettoupyia Kot Evov
adrapovi apbud dtav Bpioketol oe hettovpyia Kelévou.

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(1l)

b'S5!

>>> 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.

Ta avukeipeva apyelov €xouv oplouéveg mpdobeteg uebddovg, 6wg isatty () kou truncate () mov xpn-
OLWOTTOLOVVTOL ALYOTEPO OUY VA ovupoulevteite TV Avagopd ™ Biflobrkng yio évav minpn odnyod yo to
OVTLKELUEVOL OPYELDV.

7.2.2 AnoBrikeuon SopnpEVWY BEBOUEVWYV HE json

Ot ovpuPorooelpég topouv eVKoAa va Ypapotv Kat va dtofaotolv amd éva apyeio. Ot aplbuol amartovy Aiyo
EPLo0OTEPT TTPooTabeLa, Kabmg 1 uéBodog read () emoTpépel udvo ovuPorooeLpéc, oL omoleg Ba mpémel va
TEPAOOUV oL OVVAPTNON OTTwg int (), WOV maipVEL pa oupBorocelpd 0mwg ' 123" KoL EMOTPEPEL TNV 0PLO-
untikn ™G T 123. ‘Otav Béhete vo amodnkevoete o ovvOetoug TUmmovg dedopévmy, OTwg EvOeTe AloTeg Kot
AeEukd, 1 avdhuom Kau 1) 0eLpLostoino ue to yépt yiveton epimhok).

Avtl va xpeldleToL oL YpNOTEG VO YPAPOVY KoL VO SLopODVOUY uvexdS KMALKO YLol v arofnkevovy molVmho-
Koug Tumovg dedouévmv oe apyeia, 1 Python cog emitpémel vo ypnoLomoLeite T dNUopLLy Loper| avtaAlayng
dedouévmv mov ovopdtetor JSON (JavaScript Object Notation). To standard module tov ovoudZetor json umopet
va Adfer tepapyies dedopévarv Python, Ko vo TG LETATPEPEL OE AVATAPAOTACELS OUUBOAOGELPDV: 0uTH M SLadL-
Kkaoto ovoudtetan serializing.. H avaoivheon tmv dedouévmv amtd v ovosopdotaon oupporooelpdc ovoudZeta
deserializing. MeToED 0£LpLOTTOINONG KOL OTTOGELPLOTTOLNGTG, 1] CUUBOLOCELPA TTOU OVTLITPOOWITEVEL TO AVTLKELUEVO
uropet va €xeL amodnkevtel oe £va apyeio 1) dedopéva 1 vo €xel 0Talel LECW LG CUVOEONG DLKTVOU OF KATTOL0
OTTOUAKPUOUEVO N AVIUCL.

EInueiwon: H uopei JISON ypnowpomoteitan ouviBwg amd oVyypOoveS EQAPUOYES YLOL VOL ETLTPETIEL THV OVTOAAOYY
dedouévarv. Tlodhol mpoypopuatioteg eival 181 eEotkeltmuévol (e autiv, Yeyovog mov v Kabiotd Kaky emhoyn
VL0 OLAAELTOVPYLKOTNTAL.

Edv éxete éva aviikeipevo x, umopeite va deite v avomoapdotaon ovuporooelpdc JISON pe pa oy ypouun
KOOLKOL:

>>> import json

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

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

Mua 6 wopadihoyn) TG ovvéptnong dumps () , Tov ovoudZetal dump () , OTAMG OELPLOTTOLEL TO AVTILKELUEVO OF
éva text file. 'Etol, edv o £ givan éva QVTLKELIEVO fext file TTOU AVOLYEL YLO EYYPOPY), WTTOPOVUE VO KAVOUUE QUTO:
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[json.dump(x, f) ]

T vo arokwdikosooete Eavd To aviikeipevo, edv to £ eivon éva aviikeipevo binary file W text file wov €ygl
avoigeL yLa avayvmon:

[x = Jjson.load(f) ]

Enueiwon: To  apyelo JSON mpémer va  eivon  Kodwkomomuéva oe UTF-8. Xpnowomowmote to
encoding="utf-8" otav avoiyete 10 apyelo JSSON wg fext file TOGO YioL AvVAYVMOY OGO KL VIO EYYPOPT).

Avt) M oM TeXVIKT oglplomoinong wiropel va xewplotel Aoteg kol heSukd, Ghha 1 ogplomoinoy avbaipetwv
onypotintov KhGoemv og JSON amautel Alyn emmiéov mpoonddeia. H avapopd yio To module json mepiéyel
o eEfynon yuo auto.

Agite griong:
pickle - to pickle module

e avtifeon pe 1o JSON, to pickle givor Eva TPmTOKOAAO TTOU ETLTPETEL T1) CELPLOTTOLN T QUOAIPETO TOAITAOKWV
ovtikeluévmy Python. Qg ek tovtov, eival cuykekpLuévo yio v Python xou dgv pmopel va xpnotuomotn0el yuo
ETLKOLVMVIQL [LE EPOPUOYES YPOUUEVES 08 GANeG Yhdooes. Elval emiong avaogalég oo Tpoemloy: 1| ATOCELPLO-
mroinon pickle dedouévmv ov TpogpyovTal amd o u agdmiotn Ty umopst vo ekteléoel avbaipeto Kmdika,
eqv ta dedouéva £xouv dnuovpyndei amd évav éumelpo elooréa.
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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')

AAAAA

SyntaxError: invalid syntax

The parser repeats the offending line and displays little “arrow’s pointing at the token in the line where the error was
detected. The error may be caused by the absence of a token before the indicated token. 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.

o Eb&v mpoxinper pua eEaipeon mov dev tauptdler pe v eEaipeon mov avapépetal otV except clause, petafi-
BaCetal oe eEmtepikég evioréc try - edv dev Ppebdel kKavévag yelpLotic, eival wo unhandled exception ko)
eKTELEDT] OTAPOTA e PIVUUO OQAAUOTOG,
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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.

‘Otav mpoKkUITTeEL o eEAPEDT), WITOPEL VO €XEL OUOYETIOUEVEG TIUES, YVIOTES Kal WG opiouata TG eEaipeong. H
TOPOVGiO Ko oL THTTOL TwV opLopudTmv eSaptdvrol amd Tov Timo eSaipeonc.

To except clause umopel vo kaBopioel po uetafAnT netd to dvoua g e€aipeons. H petafint ouvdietorl pe to
onywdtumo g eEaipeong 1 omoia ouviBwg £xeL Eva XoPAKTNPLOTIKO args mov amodnkevel To opiopata. Ta
gvkolia, oL evompotmuévol (builtin) tomol eEaipeong opifovv ___str_ () yia vo EKTUTTMOETE OMOL TO, OPICUOTOL
YWpPLg pNThH TPOOPAON OTO . args.

>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:

print (type (inst)) # the exception type
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
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H ¢5060¢ ¢ eEaipeong __str__ () EKTUTMVETOL WG TO TELEVTOIO UEPOG (“AETTOUEPELD”) TOU UNVUIOLTOG YLOL (N
yewpLLoueveg eEatpéoels.

H BaseException givaw 1 kowi Baoikn kKhaon dhov tov eEapéosmv. Mo omd Tig VoKt Yopieg g,
Exception, eivar 1 paotkh khdon Shov tov un wowpainv eEupéoemwv. EEapéoeig mov dev givar vmokAd-
oglg Tov Exception dev avripetwmilovral ouvvhBmg, ETeldN xpNoLLoToLoVTOL Yo, Vo, vitodeiEouv dtL to mpd-
ypoupo pénet vo tepuatiotel. Mephaufavouy to SystemExit 1o 0moio avEdvetol amd To sys.exit () ko
10 KeyboardInterrupt To 0moio yivetal raise 0tov o ypNnotng embvpel vo dlokdPel TV EKTELEON TOV TTPO-
YpupoTog.

H Exception wropei va xpnoiomoindel wg wrokovtép mov mavel (oyeddv) to tavta. Qotdoo, eivol Ko Tpa-
KTUKT) va elpaote 600 TO SUVOTOV L0 CUYKEKPLUEVOL LE TOUG THTTOVG EEQLPECEWV TTOV OKOTTEVOVE VO, YELPLOTOVUE
Kot va, emitpémoupe Tuydv artpooddknteg eEapéoelg mov eEamhdvovTal.

To mo Kowvd potifo yia to yeplopd Exception eivol va eKTUTOOETE 1) va KaTtarypaete Ty eEaipeon KoL 0T
OUVEYELD, VOL TNV ETTOVOPEPETE (ETLTPETOVTOG OE EVAV KAAOUVTO, VO (ELpLoTel Ko Tnv eEaipeon):

import sys

try:
f = open('myfile.txt")
s = f.readline ()
i = int(s.strip())
except OSError as err:
print ("OS error:", err)

except ValueError:
print ("Could not convert data to an integer.")
except Exception as err:
print (f"Unexpected {err=}, type (err) ")
raise

H npdtaon try ... except éyel éva mpoalpetikd else clause, To 0molo, OTaV VITAPYEL, TPETEL VO 0KOhOUDOEL OAEG
TG except clauses. Eivou xpnoo yio KddKa o mpémet va eKteleaTel el To try clause dev Kvel raise po eEaipeon.
To Tapaderyua:

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 yp1ion tg mpdTaong else eivor Kahitepn amd v mpocdnkn mpdobetov KHdika oty TpdTtooT try, enedn
ATOPEVYEL TV KOTA MAB0Gg UMY mag eEaipeang mov dev Tpogkupe ad ToV KDOSLKA TOV TPOTTATEVETOL OITO
™V TPOTOON LTy ... except.

Ou yewpLotég eEarpéoewv dev yewpilovror novo tig eEapéoelg mov eupaviCovrar auéong ot iry clause, ol Ko
ekeiveg ov eupavifovral uEoa 0g CUVOPTNOELS TOV KohoUvToL (aKoun ko éuueca) oty try clause. o Tapd-
devyuo:

>>> def this fails():
x = 1/0

>>> try:
this_fails ()
except ZeroDivisionError as err:

(ouvéyela otV emoOUEV oelida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

Handling run-time error: division by zero

8.4 Raising E§aipeoswv

H dMAwon raise enitpérel 0TOV TPOYPAUUOTIOTY VO AVOYKAOEL Vo eupovioTel wa kaboplopuévn eEaipeon. Lo
TOPAdELYOL:

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

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

To wovadikd Opopa 0to raise vmodelkvielr TNy eEaipeon mov mpémer va yivel raise. Avt) mpémel va eiva
elte o mopovoia eEaipeong 1 wa eEaipeon khdon (ua khdon mov mpoépyeton omd BaseException, 0mmg
Exception 1 pla amd tig vrokidoeg tg). Edv mepdoer wa khdon eEaipeonc, Ba dnuovpynbei ctwmmpd xo-
MDVTOG TOV constructor TG xwpig opiopator:

[raise ValueError # shorthand for 'raise ValueError()' J

EGv mpémel va mpoodlopioete edv éyer eyypopel pa eEaipeon), cAhd 8ev GKOTEVETE VO TH) XELPLOTELTE, L. OTTAOV-
oTEPY POPPY NG MNAmoNg raise oog emrtpémnel va kdvete 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 AAuoldwTteg EEalpeoelq

E&v mapovoiaotel o un yewpuLopevn (unhandled) eEaipeon uéoa og wa evotnta except, Oa emovvaypel v
eSaipeon mov Ha yelpLotel ko Bo cupmepn el oTo PivuHo OEUAIATOG:

>>> try:
open ("database.sqglite")
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:

(ouvéyela otV emtouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

[ vo vtodei&ete Ot o eEaipeon eivar Gueon ouvémela pag GANG, 1 TPOTACT raise emTPETEL YL TPOULPE-
Tk tpodToon from:

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

Avuto pmopei va eivan xpnotpo dtav petaoymuorticetor eEopéoels. o mapaderypa:

>>> 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

Emvtpémer emiong v amevepyomoinot g avtopatng alvoidag eEapéoewv 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

T TepLocdtepes TANPOPOPIES OYETUKA Ue TNV UNYaviKY alvuoidmv, deite bltin-exceptions.
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8.6 Etalp€ocelg nou kaBopilovtal anod To Xpnotn

To TPOYPAUUOTO. UTOPOVY VA OVOUAOOUV TG OLKES TOVG eEALPETELS dnuLovpymVTaG W véo KAdon eSalpéoemv
(deite KAdoeg yio meplooodtepa oxeTikd ue Tig KAGoelg Python). O eEaupéaeig Oa mpémer ouvihBwg va poépyovol
amd v KhAon Exception, eite dueoa gite Eupeoa.

Mitopovv va oplotolv KhAoelg eEaipeong mov kavouv otdfote Witopel va kdvel omotodnmote Gl kAo,
oA ovviHBwg dtatnpovvtan amThég, oUy VA TPOOPEPOVY UOVO Evarv 0pLOUO YOPAKTIPLOTLKMY TTOV ETMLTPETOUV TV
eSaywyn TANPOPOPLMV OYETIKA UE TO OPAMUA OITO TOUG YELPLOTEG YLOL TNV EEaipeon.

OL mepLocdtepeg eEapéoelg opifovtal ue ovopoTo o Teheudvouv og «Error», mopouoLd (e TV ovopooio tmv
TUITLKOV eEQULPETEWY.

[ToArd standard modules opiCouv tig dukég Toug eEaLPETeLg YLo TV avapopd CROMLETOY TOU WTOPEL VO TPOKV-
POVV 0 GUVOPTNOELG TTOV OPLLOuV.

8.7 KaBopLopog evepyelwyv KabapLopou

H dMiwon try €xel pua dAAN TTpoatpeTiky] TpdTaoT OV TPOOPILLETOL VO OPLOEL EVEPYELEG KOOAPLOUOV TTOU TTPETTEL
VoL EKTELEOTOVY VIO 0TToLeadntote ouvOTkes. [o mapaderypa:

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

Goodbye, world!

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

KeyboardInterrupt

Edv vrtdpyer o mpdtaon £inally, 1 xpdtaon £inally Oo ekteheotel wg 1 TehevTOio EpyaOiaL TPLY QTTd TNV
olMoKMpwon TG TpoTaong try. H mpdtaon £inally ektekeiton gite Oy 1 mpdtaot t ry mopdyel wo. eEaipeon).
Ta axoéhovBo onueio. ouINTOUV Lo TEPITAOKES TTEPUTTHOOELG OTAV Eppaviletal ua eEaipeon:

o Eb&v mopovoiaotei o eEaipeon katd v eKTtéleon) TG mpdTaong try, 1) eEAiPEST) UTOPEL VAL OVTLUETWITL-
otel artd o tpdtaon except, Edv 1 eEaipeon dev avipetomileton amd wa tpdtaon except, 1 eSaipeon
vivetow Eavd raise petd v ektéheon g mpdtoong £inally.

o Mua eEaipeon Ba puwopovoe va pokvPeL Katd TV eKTELEON Wag Tpdtaong except 1 else. Kau wd, 1
eEaipeon tibetan Eava petd v extéheon g mpdtoong finally.

o E&v n mpétaon finally ekteréoet o mpodToon break, continue 1 return, ot eEapéoelg dev avEd-
VOVTOL €K VEOU.

o Edv n mpotoon try graoel og o dMiwon break, continue Y return, 1 ipodtoon finally Qo exte-
Leotel akpLpdg mpLv amd ta break, continue or return g ektéheons g dNhwonc.

o Edv o mpodtaon finally mepihapfavel o SMiwon return, 1 Tur| mov emoTpépetol Oa eival avt)
amd v wpdtaon finally g dSNAWONG TG return, Kot Oyt 1 T oo ™) dRhwon try e TpodTaong
return.

T wopdderypo:

>>> def bool_return():
try:

(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
return True
finally:
return False

>>> bool_return ()
False

‘Eva mto sepimhoko opdderyuo:

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide ("2", "1")

executing finally clause

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide

TypeError: unsupported operand type(s) for /: 'str' and 'str'

‘Ontwg umopeite va deite, N mpodToon £inally ekteleital o omoladNmote mepimtwon. To TypeError mov on-
woupyeitow pe T draipeon dVo oupporocelp®v dev eWPILETOL ATO TNV TPOTOON except KoL ETOUEVDG YIVETOL
Eavd raise petd v ektéheon) tov 6pov £inally.

TG EQAPUOYEG TOV TPAYUATIKOV KOOHOU, 1) tpdTaon £inally eivon yphoun yio v astehevfépwon eEntepikdv
TOpwV (OTwg apyeia 1 oUVOLTELS SLKTVOV), aveEAPTNTA aTd TO GV 1 XPTON TOV TOPOL NTOV ETLTUYNG.

8.8 MNMpokaboploPEVEG EVEPYELEG KABapLOHOU

Mepikd avtikeipeva opitouv Tig TUTTLKES eVEPYELES KADOPLOUOU TTOU TTPETEL VO AVOAAUBAVOVTOL OTOV TO AVTL-
Keipevo dev yperdletal mAéov, aveEapTNTO 0Td TO €V 1) AELTOUPYIOL TTOV XPNOLUOTTIOLEL TO AVTIKEIUEVO TTETUYE )
amétuye. KortdEte to axdhovbo aviikeinevo, to omoio mpoomadel va avoiSel £va apyeio KoL vo eKTUThoEL To
TEPLEYOUEVA TOV OTNV 000V.

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

To POPANUA Le QUTOV TOV KMILKOL ELVaLL OTL CLPTVEL TO OPYELO AVOLYTO YLOL ATTPOGILOPLOTO YPOVLKO dLACTNUO UETA
TV 0AOKAPMOT TG EKTEAEOTG AUTOV TOU TUUOTOS TOU KMOLKA. AuTtd dev elvan TpofAnua oe amhd oevdpio, alld
uropet va eivar TpoPAnua yio ueyohitepeg epappoyés. H dniwon with emtpénel o aviikeipeva 6nmg apyeio
VO PN OLUOTOLOVVTAL UE TPOTTO TOV dLooPaAiler OTL KaOapilovtal Tavta Guesa KoL 0maTd.
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with open("myfile.txt") as f:
for line in f:
print (line, end="")

Metd ™V exTéLeoT] TG TPOTOONG, TO apyeio f eivar dvta KAELOTO, aKOUa KoL v TOPOVOLAOTNKE TPOBANIa
Katd v ene€epyaocio Tov ypauudv. To GVILKEIEVA TTOV, OTTOG T ap)EIC TAPEYXOUV TPOKAOOPLOUEVES EVEPYELEG
KabapLopot Ha To VITOdELKVIOUV 0TIV TEKUNPLWOT] TOUG.

8.9 Raising katl Xelplopog NMoAAanAwyv Aoxetwyv EEalpgoewy

Ytdpyouv TEPUTTMOELG OTTOV ELVOL OTTOPAITNTO VO, avapepBovv Tolég eEaupéaelg mov €xouv ouufei. Avtd oup-
Baiver ouyvd oe mhaiolo TauTOYPOVNG XPNONG, OTOV TOMES EPYOOies WTOpPEL Vo Exouve amoTuyel TopdAAaL,
OAAG VITGPYOVY Ko GAAES TTEPLITTMOELG YPNONG OOV ivar emtBuunTd vo ovveyLoTel 1 eKTéheon Kat 1 GUAAOYY
TOAMOTADV OPoALETWV avti va Kével raise Ty tpdTn eEaipeon.

H evoouotopévn (builtin) Except ionGroup avadumAdver po Moto e tapouvoieg eEopéoemv moTe va uropotv
va avENBovv pati. Eivow puo eEaipeon amd nudvn g, emouévog umopel vo ouAngdei 6mtmg kabe dhin eEaipeon.

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> £()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in f
| ExceptionGroup: there were problems
e ——— e ———
| OSError: error 1

| SystemError: error 2

>>> try
£0)
except Exception as e:
print (f'caught {type(e) }: e')

caught <class 'ExceptionGroup'>: e
>>>

XPNOWOTOLMVTOG except * avti Yo except, UTOPOVUE EMAEKTIKG VO XELPLOTOVUE Pdvo Tig eSaupéoelg otV
OUAdOL TTOV OVTLOTOLYOVV O EVOV CUYKEKPLUEVO TUITO. ZTO TAPAKATM TAPAdELYIA, TO 0Tolo delyver wa Evhetn
oudda eEatpéoemv, kdbe mpdtaon except * eEdyel amd TG eEapéoelg TG ouddog evog ouYKEKPLUEVOL THTTOU,
eva agnveL Oheg TG dAheg eEaupéoelg va d1adoBolv og dlheg potdoelg kot Telkd va Eavayivouv raise.

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",

[

(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
OSError (3),
RecursionError (4)

>>> try:
£0)
except* OSError as e:
print ("There were OSErrors")
except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in f
| ExceptionGroup: groupl
-t 1 ———————

| ExceptionGroup: group2
e — 1 ———
| RecursionError: 4
+ ____________________________________
>>>

AdBete vroYPn 6TL oL eEaupéoelg mov eivorl £vOeTeg o€ Lo Opada EEALPETEWV TIPETEL VAL ELVOL OTLYIOTUITOL, OYL
timol. Avtd ouufaiver emeldn) oty Tpa&n ow eEaupéoeig Ba NTov ouvhBwg auTég Tov £xouv NdN avapepOel Kat
KATOYPAPEL 0ITO TO TPOYPOUUL, CVUPOVO. UE TO akOAovBo wotifo:

>>> excs = []
for test in tests:
try:
test.run ()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)

8.10 EprmAoutifovtaqg T EEalpeoelg He ZnUELWOELG

‘Otav dnuovpysiton o eEaipeot) TPOKELEVOU va, YiveL raise, ouvBwg APy LKOTTOLEITOL UE TATPOYOPIES TTOV TTEPL-
YPApOUV TO OPALUA TTOV £XEL TPOKVPEL. YTTAPYOVV TEPLTTMOELG OTTOV ELVAL XPTNOLUO VO TPooTeBoVV TANpOopopieg
UeTd TV oMY ™G eEaipeong. o To okomd avtd, oL eEaupéoelg Exovve wa néBodo add_note (note) mov
déyeTon o ovpBorooelpd koL TV tpoobétel ot Moto onuerdoewv g eEaipeong. H standard amddoon wopa-
KoAOUON0MNG TTEPLAAUBAVEL OLES TLG OTUELWOELS, UE TN OELPG TTOV TTPOOTEONKQ, UeTd TV eEaipeon.

>>> try:
raise TypeError ('bad type')
except Exception as e:

(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
e.add_note ('Add some information')
e.add_note ('Add some more information')
raise

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

TypeError: bad type

Add some information

Add some more information

>>>

T wopdderypa, o0tav culiéyouue eEaipéoelg oe wa oudda eEapéoemv, umopel vo Béhovue va mpoobéoovue
mAnpogopieg TePBAMOVTOS YIaL TO. peovwpeva opdhpata. v ovvéyea kdbe eEaipeon oty opdda €xet wa
OMUELWOT TOV VITOELKVUEL TOTE €XEL OVUPEL QVTO TO OPAAUQL.

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£0)
except Exception as e:
e.add_note (f'Happened in Iteration {i+1}")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| ExceptionGroup: We have some problems (3 sub-exceptions)
-t ] ———————————
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £
| OSError: operation failed
| Happened in Iteration 1

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £

| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

| Happened in Iteration 3

>>>
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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!!

Ta attributes umopel va givor dvo yior aviryvawon 9 eyypapuio. Ty TELEVTOI0 TEPITTWON, eivar duvatn 1 ova-
Oeom attributes. Ta attributes Twv modules givar eyypdappo: pmopeite va ypdpete modname . the_answer = 42.
Ta eyypdapiua attributes propov emiong vo dtorypapouy ue v dhwon del. o wopdderyno, del modname.
the_answer Ba agaipéoel To attribute the answer amd To AVILKEILEVO TOV OVOUAOTNKE 0tO TO modname.

Ot Y ™POoL OVOUATOV dNULOVPYOVVTOL 0 SLOPOPETIKES OTIYIES Ko £xouv dtapopetikn didpkera Lone.O xmpog
ovopdtwv Tov mepLéyel ta built-in ovopata dnuovpyeitor Katd tv ekkivion tov diepunvéa g Python kau dev
draypdgeton woté. O Kabohkdg xdpog ovopdtwv yia éva module dnuovpysiton dtav daffaletal o opoudg Tov
module. Kavovikd, ot ympot ovoudtwv tov modules dtopkovv emiong uéypt va tepuatiotel o diepunvéag. Ot dnho-
OELG TTOV EKTEMOUVTOL ATTO THY ETLKAN O VAOTOTOV EMITESOV TOV dtepunvéa, eite dafdovtar amd éva script gite

! 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 Tomk1) (1) ommoia eivon poemiheyuévn) dev dAhaEe v déouevon scope_test's Tov spam.
H exympnon nonlocal dAaEe TV 8E0UEVOT TOV scope_test's TOV spam Kol 1) EKYmpnon tov global dAha&e ™

déopevon oe emimedo module.

Mrtopeite emiong va deite ot dev Ve TPONYOUUEVT 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.

‘Otav évog opLopds KAAoNG aprvetal Kavovikd (WESm Tov TELOVG),dNOVPYELTOL EVa avTikeluevo kAdong. Avtd
elvan Bootkd £vo TEPLTUALYIO YUP® ATTO T TTEPLEXOUEVO TOV YMPOV OVOUATMV TTOV dNUOVPYNONKE 0Itd TOV 0pL-
oo Khdone. Bo pabovue mepLocdTEPa Yo T avTtkelpevo KhAomg oty exouevn evotnta.H apyikn tomky eupé-
Leta(auTd Tov LoyuE ALyo TPLY amtd TV EL0AYWYY] TOV OPLoUoy TG KAAOTG) 0rmoKabioTaTol Kot TO OVTLKELUEVO
KAdong deopeveton edd 6To dvopa KAGoNG TTov divetor oty Ke@alida opiopot kKAGong (ClassName 0to Tapd-
deLyna).

9.3.2 Avtikeipeva KAaong

Ta avukeipevo kKhdong vroatpifouv dvo eidn mpdEewv: avapopég XopaKTNPLOTIKMY Kol OTLYUOTUITO.

O Ava@opés yapaKTnOoLGTIKMY XPNOLUOTTOLOVY TV TUTILKT 0VVTAEY OV XPNOLUOTTOLELTOL Yior OAL TIG OVOPOPEG
YOPAKTNPELOTLK®OV 0TV Python: obj.name. Ta £yKupo ovOUOTA XOPOKTNPLOTIKOV Elval OAA TA OVOUATO. TTOV
Bpiokovtay oTov XHPo ovoudtmy THg KAAoNG dtav dnuovpyhOnike to avitkeipevo thg kKhdong. 'Etot, ov 0 optopnog
™G KAGomG épotale wg eENg:

class MyClass:
""rA simple example class'"'""
i = 12345

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.

H lertovpyia tov otrywdtumov («calling» éva aviikeipevo kAdong) dnuovpyel éva kevd aviikeluevo. e oh-
g KMAOELG OPETEL VO ONUOVPYOUV AVILKELUEVO LE OTLYULOTUTTO TTPOCOPUOCUEVOL OF L0 OVYKEKPLUEVT] ALPYLKT
Kataotaot. Emouévog o khaom umopel va opioel o ewdikn) uébodo pe to dvopo __init_ (), OTwg owtd:

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

‘Otav wo kKhdon opiter wa uébodo _ init (), 1o otrywdtumo kKAGong Kahel ovtépato _ init () ywa
70 oTLyWdTUITO KAAOTG TTou dnuovpynOnke tpdopata. ‘Etol g avtd to mopdderyna,évo vEo, 0pyLKOTOLNUEVO
oTLyULoTUITO PTopel vou Angoel amo:

[x = MyClass () ]
Duoikd, N uébodog __init__ () umwopel va £xeL oploparto Yo LeyahiTePn EVEMELR. ZE QUTNV TNV TEPLTTMON, TAL
0pLOUATO TTOV divoVTaL OTOV TEAEOTY OTLYILOTVITOV KAGoNG netapipalovian oe __init_ (). lo mopdderyua,

>>> class Complex:

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

>>> x = Complex (3.0, —-4.5)
>>> x.r, x.1
(3.0, —-4.5)

9.3.3 AvTiKEipEVA ZTLYHLOTUTIWV

Topo TL WToPovUE VoL KAVOUUE [LE TA AVTLKELIEVE OTLYWOTUTTMV; OL dveg AELTOUPYIES TOU YiVOVTOL KATOVONTEG
07O TOL OVTLKELUEVOL OTLYULOTUTTOV ELVOL OL AVOLPOPES YOPAKTNPLOTIKMDV. YITdpyovv 00 &idn £yKupwv ovoudtmyv
attributes: attributes ko uébodotr dedouévmv.

Ta attributes deSOUEVOY OVTLOTOLOVV OTLG «UeTABANTEG OTLyLdTUITOV» 0To Smalltalk Ko ot «uéhn dedouévawv»
ot C++. Ta attributes dedopévav dev ypeldetor vo dMNhwBovy, OTMS KoL 0L TOTLKEG UETAPANTES, ELpaviCovTol
otav eKympovvToL Yia TPWTH Popd. ['a Tapdderyua, edv To x elvol oTLyoTuTo Tov MyClass mov dnuovpyn-
Onke apamdvm, To akOhovHo KopudTt KoLk 0o EKTUTMOEL THY T 16, YWPLg VO 0PrOEL LYVOG:

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.)
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Ta éykupo ovopata uedodwv evdg OVILKELUEVOU OTLYULOTUITOU eEapTdvTaL 0td TV KAGom Tov. EE oplopot, dha
TOL YOPAKTPLOTLKG ULOLG KAAONG TTOV ELVOL OVTLKELUEVO GUVAPTNONG 0PiLouV TIg avVTioTOLYEG LEBODOVS TV OTLY-
wotimtmwv ™. Etol oto mapdderynd pag, to x.f eivar wo Eykupn avagpopd nedoddov, apov to MyClass.f eival
ovvapTNoT, oA TO X.1 deV elvan ooV To MyClass.i dev eivar. AANG To x.f dev elval To 1dLo pdyuo ue to MyClass.f
— eival éva avakeiuevo uedddov, OyL £VoL AVILKELLEVO GUVAPTIONG.

9.3.4 Avtikeipeva Mebodou

ZuviBwg, o uéBodog Kadeliton apuéome HETA T déouevot) ™e:

[x.f() ]

Zto mapdderypa MyClass, autd 0a emotpéet T ouufforooepd "hello world'. Qotdoo0, dev eivorl amapai-
™To va Kohéoete wo 1éEBodo auéome: To x . £ elvar éva avtikeinevo uebddov kan pmopel va amobnkevtel Ko vo
KAnOei apyotepa. o mopdderypa:

xf = x.f
while True:
print (x£f())

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

T axpifog ovufaiver dtav Kareitor o uéBodog; Towg €xete mapatnpnoeL 6T x . £ () KAMNONKe ywpic dpiona
TapATtdvm, ToPOLo TOV 0 0PLOUOG TG cuvapTnong Yo £ () Kabopile éva dpopa. Tu ovvePn pe to dpopa; Zi-
youpa 1 Python dnuovpyel o eEaipeon dtav pia ouvaptnon ov atartel dpLopo Kaheitor ymwpic — akdua Ku
oV TO OpPLOUAL OEV YPNOLLOTTOLELTAL GTNV TPOYUATLKOTITAL..

2TV TPAYUOTIKOTNTO, WTOPEL VO £XETE LOVTEWEL TNV ATTdVTNON: TO WOLiTEPO pe TIg 1HeBOdoVG elval OTL TO avTL-
Keluevo Tou oTLyoTuIoy HeTafLBACteTal g To TPMTO OPLOUA TNG CUVAPTNONG. ZTO TAPASELYUE OGS, 1) KANON
x. £ () elvon akplpwg Loodvoun pe to MyClass. £ (x) . [evikd, ) kion pag uebodou e o AMoto oo n opi-
OLLOTOL LOOQUVALUEL LLE TNV KATON TNG OVTLOTOLYTG OUVAPTNONG LE ULet MOTO OPLOUAT®Y TTOU dNUOUPYELTOL UE TV
ELOAYWYT) TOV OVTLKEWWEVOU OTLYWOTUITOU TG eBOdOU TTPLV amtd T0 TPWDTO OPLOLLO.

Cevikd, ou uéBodot Aettovpyouv wg eEnfg. ‘Otav yivetan avapopd og éva xapakTnpLotkd un dedouévmv evog otuy-
WOTVITOV, YiveTow 1 ovalntnon g khaong tov otrypdtumov. Edv to dvopa vmodniavel Eva €yKupo yapoKThpL-
0TLKO KAGOTG TTOV ELVOL OVILKELIEVO GUVAPTIONG, OL OVA(POPEG TOGO OTO CVILKELIEVO OTLYILOTUITOU GO0 KOl OTO
OVTLKELUEVO OVVAPTNOTG CUOKEVALOVTOL O€ €VOL avTIKEiEVO neBddov. Otay To avTikeipevo g uebddov Kaieitol
UE WO MOTA OPLOUATWV,dNUOVPYELTOL UL VEO MOTO OPLOUATWY OTTO TO OVTLKELUEVO OTLYOTUITOU KoL TH) AloTo
OPLOUATMV, KOL TO OVTLKELULEVO OUVAPTNONG Koeltal pe authy T véa AMoto opiopudtwy.

9.3.5 MetaBAntég KAaong Kat ZTLyHLOTUTIOU

e yevikég ypapués, o puetafAntég otrypdtumov apoopitovar yio dedouéva wovadikd yio ke otymdTumo Ko
oL LETOPINTEG KAAONG ELVAL YLOL XOPOKTNPLOTIKG Ko pefdd0ovg ov potpdfovrat 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"')

(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> d.kind # shared by all dogs
'canine'

>>> e.kind # shared by all dogs
'canine'’

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

‘Ontwg ouinmbnke oto Alya Ay yra Ovduata kar Avitikeiueva, Ta KOO dedopéva WTtopel va €Xouv mlavadg
EKTANKTLKA OTOTEAECUOTOL (L€ TY] CUUUETOYY| avTiKewwévwv mutable dmwg Moteg kou heEikd. Twa mapdderypa,
Mota tricks otov mapokdTm kKmdika dev Ba Tpémer va xpNnooToLeital wg UETARANTH KAAOTG emELdN uOVO pia
Mota Oo propovioe va eival Kowvy) og dha To. otLywodTumto 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 TG KAGONG Oat TTPETTEL VOL PN OLUOTTOLEL (oL UETOPANTI OTLYIMOTUTTOU 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
uébodo.

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, xt+y)

class C:
f = f1

def g(self):
return 'hello world'
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Thpa ta £, g Kou h givar Oha KopaKTnPLoTIKE TG KAAONG C TTOV 0VOpEPOVTAL O OVTLKELUEVH GUVAPTNONG, KOl
Katd ouvémeLa gival Oheg uéBodol otyuotistmy touv C — To h eivor akpLBdg LoodVvapo e To g. ZNUeELmote Ot
QT 1 TPAKTLKY) GVVINOMGS YPNOLULEVEL LOVO YL VO UTTEPOEPEL TOV AVAYVADOTY EVOS TPOYPAUUATOC.

Ot uéBodot umopovv va Kahouv dhleg uebdd0ovg X pNOLULOTOLDVTOG YOPAKTIPLOTLKG (1EBOd0V Tov argument self:

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

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

def addtwice(self, x):
self.add (x)
self.add(x)

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 KhAoMg Tpoympd To idLo O0mmg yiar wa faoctky kidon. ‘Otav to avit-
Keluevo g KAMGong Kataokevaletat, 1 footkn KAAoN aropuvnuoveveTal. AuTo Y pNOLULOTOLELTOL YO TV ETTLAVON
OVOPOPMV YOPAKTNPLOTIKMV: AV £VOL TNTOVUEVO Yo poKTNPLOTLKO dev Bpedel oty kAo, 1 avalitnon tpoyxwpd
otV avalitnon ot factkn kKAAon. Autdg o kovovag epapudletar ovadpoukd eav 1 idia 1 faorkn kKhdon mtpo-
Epyetan oo Koo AT KAGO).

Aev vmdpyel Timota TO dlaitePO OxeTKA pe TV duovpyic oTyudTumIou  mapayouevov  KAAoEwv:
DerivedClassName () dmuouvpyel éva véo orypuodtumo g kAdone. O avagopés uebddwv emidovtal g
€ENG: yivetar avalnTnon Tov avIioTo o YapaKTNPLOTIKOVD 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>

o Tovg TEPLOTOTEPOVG OKOTTOVG, OTLS TILO ATTAEG TTEPLITTWOELS, LWITOPELTE VO OKEPTELTE TNV AVOLTTION X OLPOKTHPL-
OTLKMV TTOV KAN)povounOnkav atd wa yoviky kAGon wg depth-first, 0mwd aplotepd pog ta 8eE1d, ywpic avalnimon
dv0 popég oty 1L KhAom 6o VItdpyeL emtkdivym oty tepapyia. 'Etot, edv dev Bpebel évol xopaKkTnpLoTiKo
010 DerivedClassName, avolnteitor 010 Basel ko petd (avadpowkd) otig footkeég kKhaoelg tov Basel,
Kat ov dev Ppédnke exel,avalnthnke 0to Base2, koL oUtw KaOeEnc.

2y TpoyuaTtkdTTa, gival Alyo mmo mepimhoko amd ovtd. H oelpd avaluong tng uedddov alhialer duvounkd yio
VO, UTTOOTNPIEEL CLVEPYOTIKEG KAOELG 08 super () . AUt 1) TPooyyLom eival YvmaoT) 0 0pLlopéves GAAES YA OoES
oAt g KAnpovoutkdtntag wg call-next-method Kau gival o woyvpt amd ) covmep KANon mov Bploketal o
YAMOOEG UEPOVOUEVNS KAPOVOULKOTHTOG,

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 TapoOUoLo Ue To oToTENETUA TG KaBOoA LK G 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

"Eva kKopudtt Kddika Python mou avapéver évov ouyKeKpLévo agnpnuévo timo dedopévav WTopel ouyva va
mepAoeL og (o KhAom o pupeitan tig uefddovg avtol tov Timov dedouévmv. o Tapdderypa, edv €xete pua
OUVAPTNG1) TTOV LOPPOTTOLEL OPLOUEVA DEDOUEVA AT £VOL AVTLKELUEVO OLPYELOV, UTTOPELTE VO oploeTE (o KAAoN ne
uebddovg read () kaw readline () mou Aoufdavovv ta dedouéva amd éva buffer cuuforoocelpmv avt” avtov,
Ko TEPAOTE TO WG OPLOUAL.

Instance method objects €yovv emiong yopaKTNPLOTIKG: m. ___self  &ival To AVIIKEIUEVO TAPOVOLag Ue TN Ué-
0odom (), kaum.__func__ €ival To AVIIKEIUEVO OVVAPTNONG TTOV ovTLoToL el 0T uéBodo.

9.8 EnavaAnnrteqg

MéyptL Tpo TOAVOTOTA EYETE TAPATNPNOEL OTL TOL TEPLOCOTEPQL AVTLKELUEVQ container uropovv va extavainpdotv
ypnopormolmvtag wa dhhwon 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 10 0TUA TTPOOPaoNG Elval oapéc, ouvorttiko Kou Bolkd. H xpfion twv Iterators dloutepva KoL EVOTOLEL TNV
Python. 1o mapaoknvio, N dNAwon for Kakel iter () oto aviikeipevo container. H ouvdptnon emotpépet Eva

avTkeipevo iterator wov opiler ™) uébodo _ next () 1 omola €xeL TPOOBooN 08 OoToLyEla 0TO container évol
K&Be popd. Otav dev vitapyouv Glha otouyeia, To _ next () dmwovpyel wa Stoplteration eEaipeon
mtou AéeL tov Bpoyo for va tepuotiotel. Mopeite vo koléoete ™) uéBodo ___next__ () XPMNOLUOTOLDVTOG TNV

EVOWUATWUEVY CUVAPTNON next (). Autd To Tapaderypa delyvel Tmg Aettovpyouv Oha:
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>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

b

>>> next (it)

'CI

>>> next (it)

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

next (it)
StopIteration

'‘Exovtog deL Toug Unyoviopovg miom amd To TpwtdKollo iterator, eivor evKolo vo tpoobéoete oupmEPLPOPd
iterator otig KAdoelg cag. Oplote o uébodo __iter () mou emotpépel Evo aviiKeiuevo pe uo uéhodo
__next__ ().Eavnxhdon opiler__next_ (),tdtet0__iter () wropel amhwg vo emotpéPel self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)
def @ iter_ (self):
return self

def _ next_ (self):
if self.index == 0:
raise StopIteration
self.index self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

n v oo 3
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9.9 N'evvntopeg (Generators)

Generators gival €va oo KoL LoYUpO epyodeto yia T dnuiovpyia iterators. Eivow ypauuéveg oov kovovikég ou-
voapTthoelg odAd ypnotwomooty ) yield dmote Oéhovv va emotpépouv dedouéva. Kabe qpopd mov kaheital
next () 0g autd, 0 generator ovveyiler amd ekel wov oToudTnoe (Bupdtal OAES TIG TLUEG OESOUEVV KOL TTOLOL
dMhwon ekteréotnke tehevtaia). 'Eva mopdderypo deiyvel OTL oL generators (topet vor eivor aonuavto e0Koho vo
dnuovpynOovv:

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datal[index]

>>> for char in reverse('golf'):
print (char)

Q O H tho»

Oudfmote wopet va yiver pe generators umopei vo. yivel Kau (e iterators wov facifovror oe kAGoels, Omwg me-
PLYPAPETOL OTNV TTPONYOVUEVT] EVOTNTA. AUTO TOV KAVEL TOUG generators TOOO OUWITAYELS eivar 0Tl oL péhodot
__iter_ () xougenerator__next__ () dnuwoupyouvtol ovtduaTa.

'Eva. 000 Baotkd yopaKTnpLotko eivol OTL oL TOTLKEG UETUPANTES KoL 1] KaTtdotaoy ektédeong amodnkevovta
avtdpato petagl Twv KAMoewv. Autd £Kave T CUVAPTNOT Lo EVKOAT 0TV Ypapn Kot stohd mo Eekdbapn oo
ULOL TTPOTEYYLON TTOV YPNOLUOTTOLEL HETAPANTEG Tapddetyua 6tmwg self.index Kou self.data.

Extdg 06 v avtopoty dnuovpyio nebddov Kat tv arobfKevon g KATAoTOoNG TOV TPOYPAUUATOS, OTAV OL
generators teppotioval, eyeipouv avtopota v eEaipeon StopIteration. g ouvOLAOUO, AUTA TA YOPOKTN-
PLOTLKG KaOLOTOUV €UKOAN T1) dNovpyia emavalPewy xwpig Teplocotept) TPoomadeia amd T ovvTagn wog
KOVOVLKT|G CUVAPTNOT|G.

9.10 Ekgppaoelg Nevvijtopwyv

Oplopévol amhoi generators LITopovV vo KmdLkomotn0ouv ouvorTtikd wg eKQPATELS YPOLILOTTOLMVTOG ULt GCUVTOE
moapduoto ue g list comprehensions, cArd (e Tapevhéoelg avti yia oryKUleg. Avtég oL eKppdoels £xovv oyedla-
OTEL Y10 KATOOTAOELG OTTOU O generator Y P1OLUOTTOLELTOL AUECWG ATt pua tepLkheiovoa ouvaptnom. Ou ekppdoelg
generator givou o cupumayeig oG MydTePo EVEMKTEG 0T TOVG OPLOUOUG TANPOVGS generator KoL TELVOUY VoL Eivall
TEPLOGOTEPO PLMKO TTPOG TN wvnun amd avtiotouya 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)
(ouvéyela otV emouevn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', ’O', lgV]

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:\\Python311'

>>> 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 (0s)

<returns an extensive manual page created from the module's docstrings>

T kaBnueptvég dayelploTikés epyacieg oe apyeia kow Katardyovs, to module shutil mapéyer puo Siemopt
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 ().

100 Kegdahawo 10. Zuvtopn Eevaynon otnv Standard BiBALo6nkn




Python Tutorial, Anpocisuon 3.11.14

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

>>> server = smtplib.SMTP ('localhost')

>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.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 ("%m-%d-%y. %d %Sb %Y is a %A on the 2d 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

Opopévol ypnoteg Python avastiocovy fodv evilagpépov va yvopilovy T oYeTiKT| artddoo dLopopETIKMV TPO-
oeyyloewv oto idto mpdPinua. H Python mapéyer éva epyaieio uétpnong mov amavid 0€ QUTEG TIG EPWTOELS
apEomE.

INo opdderypa, wropel va eivan SeELeAOTIKO VAL X PN OLUOTOL0ETE TN duvatoTyta tuple packing ko unpacking avti
NG TAPODOOLOKNG TTPOTEYYLONG YLoL TNV evoddayr) opiopdtmy. To module timeit deiyveL ypnyopa £va TATEVO
TLEOVEKTNLOL 0TTODOONG:

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1l; b=2").timeit ()

0.54962537085770791

Ze avtifeon pe to hemtd emimedo gvukpivelag tov timeit, o modules profile Kawpstats mapéyovv epyaleio
YLOL TOV EVTOTLOUO KPLOLWWV YPOVIKMVY TUNUATOV 0 UEYUAVTEPA UTAOK KDOLKAL.

10.11 EAeyXog nowotntag

Mo Kaht) TPooéyyLon yio. TV avattuEn AoyLoutkol vyPming oldTnTag sival vo ypdgovtal tests yio KGOe hel-
ToUpYio KOOMG AvaTTTUOOETOL KOL VO EKTENOVVTOL OUY VA GUTA TO, tests KoTd T dradikaoio avamtuEnc.

To module doctest mapéyel éva epyareio yio ™) odpwaon evog module KoL Ty emtkVpwon tests wov eival ev-
OOUOTOUEVEG OTIG OVUPBOLOCELPES EYYPAPMV VOGS TTpoypaunatos. H katookeuy tov test elvol 1060 omhy 600
1] OITOKOTTY KOL ETMLKOAMOT WLAG TUTTILKNG KATONG HOll UE Ta aToTELEOUOTA TG 0T GUUBOLOCELPG EYYPAPMY.
AuTo BEATIVEL TNV TEKUNPLWOT) TAPEXOVTOG OTOV YPNOTY VO TAPAdELYUa Kat emLTpEmeL 0TV evotnTo doctest va
BepaiwOel OTL 0 KDdKAG TOpapéveL ToTdG 0TV TEKUNPLOON:

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

>>> print (average ([20, 30, 70]))
40.0
(ouvéyela otV emtduevVn oekida)
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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 eivor TOo0 gukolo 600 to module doctest, ol emtpémel Tn dratpnon evdg Lo
ohoxAnpwuévou ouvorov tests oe Egxwplotod 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, 7]1), 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 wo gprhocopia «ouumephapfavovral umatopieg». Avtd goivetalr Kahitepa uéoo oo TG eEey-
UEVES KO LoYVPEG duvaTdHTNTES TOV PeyorliTepmv makétwv te. o mapdderyuo:

Ta modules xmlrpc.client ko xmlrpc. server KaBlotolv TV VAOTOINOY KAMOEWV OITORAKPUOUE-
VoV SLodLKAoLMV O (ua oxedov aonuover epyaoia. ITapd ta ovopata twv modules, dev amaiteitor Gueon
YVOON 1 XELPLoUog e XML.

To maxéto email eivor o FLBAMOONKN Lo T SLOYELPLOT UNVUUATDV NAEKTPOVIKOU TOYVOPOUELOV, GUUTTE-
praupovouévov MIME kal alov unvopdtov eyypdgpov mov Bacifovral oe RFC 2822. Ze avtibeon ue
ta smtplib kol poplib OV 0TV TPAYUATIKOTNTO OTELVOUY Ko Aapfavouv unvipata, To Tokéto email
£yl Eva TANPEG oVVOLO EPYOLELmV YLOL TN dNULOVPYLa 1) TV ATOKWALKOTTOINON TOAMTAOK®MY SOUDV Unvu-
HaTwV (CUIITEPIMOUBOVOUEVOV TOV CUVNUUEVIV) KOL YLOL TNV EQPOPUOYT KOILKOTTOING Kol TPWTOKOANO
KepaAidwv oto dradiktuo.

To TOKETO J son TAPEXEL LOYUPT] VITOOTHPLEN YLO. TV AVEAUOT) AUTHG TNG dSNUOPIAOUG HOPEPTG OVTOAAAYNG
dedopévarv. To module csv VTOOTNPITEL TV AUEST) OVAYVIOT] KOL EYYPAPT| OPYELWV GE LOPEPT TLUNG dLai-
YWPLOUEVOU (e KOUUATO, TTOV 0uvBwg urootnpiletol amd Baoeig dedopévav Kot vitoroylotikd @uika. H
XML eneEepyaoio virootnpiletor 0md ta mokéta xml . etree . Element Tree, xml . dom kat xml . sax.
Mo, autég oL LOVASES KO TA TAKETO OTTAOTTOLOVY ONUOAVTLKG TNV ovToAAayn) dedopévawv ueta&l eqapuo-
yov Python kot GV epyaieiwy.

To module sglite3 amotelei évov wrapper yio T BLfioOnkn g Pdong dedopévmv SQLite, mapéyovtag
o ouveyns Baom dedouévav o WITopel var EVUEPWOEL KaL VO TTPOOTTEAAOTEL XPNOLULOTTOLDVTOG EAAPPDG
un vkt ovvroEn SQL.

H 81e0vomoinam vrtootnpileton amd Evav optBud modules, cvpmephapfovouévov twv gettext, locale,
KoL TO TaKETO 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’ ICII ldl, lel, 'fl, lgl, ..-}_"

To module pprint mpoogépel mo eEelyuévo Eheyyo ™G EKTUTWONG TO0O TwV gvowuatouévmy (built-in) ko
TOV KOOOPLOUEVWV aTtd TOV (PNOTN OVTIKEWEVMVY UE TPOTTO TTOV gival evavdyvwoto amd tov diepunvéa. ‘Otav to
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 fill ()
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 ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv|['currency_symbol'],

. conv|['frac digits'], x), grouping=True)
'$1,234,567.80"'

11.2 Templating

To module st ring 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
YPELALETAL VO CAMGEOLVY TV EQAPUOYY.

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 emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
>>> t.safe_substitute (d)
'Return the unladen swallow to S$owner.'

Ou vmokaTyopieg TpoTimmv uropovv va Kabopioouv évav pocapuoouévo optofét. Iia mapdaderyna, £va batch
TPOYPAUUC. LETOVOUOLOLOG VLo €val TTPOYPOUUA TTEPLYNONG PMTOYPAPLOY WITOPEL VO EMMEEEL VO, Y P1OLULOTTOLEL
ovppora mooootov yio placeholders 6mtmg 1) Tpéxovoa Muepounvia, o apuds akolovdiog etkdvwv 1 1 wopen
apYELOV:

>>> import time, os.path

>>> photofiles = ['img 1074.jpg', 'img 1076.Jjpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = 'S%'
>>> fmt = input ('Enter rename style (%d-date %n-segnum —format) : ")
Enter rename style (%d-date %n—-segnum $f-format): Ashley_3%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.Jjpg
img_1076.jpg ——> Ashley_1.]jpg
img_1077.jpg ——> Ashley_2.7jpg

Mo dAn epappoyn Yo templating eivan 0 SLoX®PLOUOS TG AOYLKTG TOV TTPOYPGUUOTOS OITO TLG AETTTOUEPELEG
TTOMATADY LopP®V eEGS0V. AuTtd KaBLoTd duVaTH) TNV OVILKATAOTAOT TPOCUPUOOUEVWV TTPOTUTTWV YLO, APy ELC
XML, avogopég amho Keyuévou Kan avapopés totov HTML.

11.3 Epyaocia pe duadlkeg dLata&elg eyypagrg dedopEvmv

To module st ruct mapéyet Tig oVVaPTHOELS pack () Kal unpack () yia gpyaoio pe poppég dvadikmv (binary)
eyypapov uetafintov ufkovs. To akdiovBo mapdderypa deiyvel mwg vo Kavete pa hovma HEow Twv TANPopo-
pLOv Kepalidag oto éva apyelo ZIP ywpig ™ yphHon tov module zipfile. Ot Kwdikoi wakétov "H™ Ko "I"
AVILITPOOWITEVOVY aPLOUOVS YwpPig VIToypapt dV0 Kot Tecoapmv byte avtiotouya. To "<" vodnhwvel OTL gival
TurtLkoU ueyéboug Kau og oeLpd byte Aiyo endian:

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16
filename = data[start:start+filenamesize]
start += filenamesize

(ouvéyela otV emoueV oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
extra = data[start:starttextra_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 eival o Tey vk yio tnv amocuvoeot) epyaoidv ov eivar dtadoytkd eEaptdueves. To viuoTo wwo-
POVY Vo XPNOLUOTOtNOoUV Yio. TV BELTLOON TNG OVTOTOKPLONG TOV EPAPUOYDV TOU dEYOVIOL EL00S0 aTd TOV
YPHOTN eV dhAeg epyaoieg EKTEAOUVTOL OTO TAPAOoKNVI0. Mo OYETIKT TTepimTwan ypnong exterel I/O mapdh-
Anho e vrohoyLopovg 0To GAlo viua.

O axdhovbog kKddkag delyver twg o module vnhov emmédov threading wwopel vo ektelel epyooieg oto
TOPOOKNVLO EVD TO KUPLO TTPOYpOoupa ouveyilel vo exTeleiTal:

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 x0pio tpdKkAnom tov eQapuoymy TOAMATAOY vIUATwV givat 0 ouvTovioudg vUATOVY Tov HolpdLovtol edo-
uéva 1 dAhovg mdpovg. T'ia To oKomd avtd, to thread module wapéyel Evav aplOpd TPOTOHYOVOV GUYYPOVIOUOU,
ovptepthapfavouévov locks, events, petafAntov cuvOnkadv, ko semaphores.

Evo avtd to epyakeia givar loyvpd, WKpd opdiuato oyedlaoiol Pmopel vo 0dnynoovy oe mpofinuato mou
etvar dvokolo va avasapoyfovv. Emouévng, 1 TPOTUMOUEVT] TPOCGEYYLOT OTOV GUVTOVIOUO EPYOCLDV ElvaL VO
OVYKEVIPWOEL OAN N TPOOPaon o€ Evav TOPO 0€ £va WOV VDL KAl 0T GUVEXELD va. xpnotpostotnOei to module
queue, Y10 TPOPodOTNOEL 0VTH TO VIO 1e awthuato amd daha viuoto. O papuoyEg TOU YPNOLUOTTOLOVV OLVTL-
Kelpeva Queue yLo EMKOLVOVIOL KoL OUVTOVIORO UETOED vIudtwv gival o eVKolo va. oyEdLOoTOUV, EivaL TTLo
EVAVAYVOOTEG KAl 70 AELOTTLOTEG,
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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) €E0d0g amooTéhheTon oe TUITKO opalua. Alheg emhoyég eE660u mepthapfdvouy dpopordynon unvupdtov
uéom email, datagrams, virodoymv (sockets), | oe HTTP Sraxowot) (server). Ta véa giktpa wropotv 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, wvalue):
self.value = value
def _ repr_ (self):
return str (self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still alive
10

>>> del a # remove the one reference

>>> gc.collect () # run garbage collection right away

(ouvéyela otV emoueV oekida)
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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:/python311/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 EpyaAeia ywa epyaocia pe Aioteg

IMol\ég avaykeg dopumv dedouévwv uropotv va KolueHoUv e TOV EVOUOTOUEVO TUTTO MoTag. Q0T000, UEPLKES
POPEG VITAPYEL OVAYKT) VL0 EVOAAOKTIKEG VALOTTOLAOELS [LE dLALpPOPETIKOVG oVuUBLBaoiots ammddoonc.

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

>>> af[l:3]

array ('H', [10, 700])

The collections module provides a deque () object thatis like a list with faster appends and pops from the left side
but slower lookups in the middle. These objects are well suited for implementing queues and breadth first tree searches:

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft ())
Handling taskl

unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

Extog amd TG evalhoKTiKEG VAOTONOELS MoT™V, 1) BBALOONKY Tpoopépel emiong KoL dAha epyaleio OmTmg TO
module bisect ue OUVAPTATELG YL TOV YELPLOUO TAELVOUNUEVOV MOTWV:

>>> import bisect

>>> scores = [(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 mapéyel Aettoupyieg yia Tnv vhomoinon cwpmv (heaps) mov facifovial oe kavovikég Moteg. H
KOTOYMPLOT UE TNV XoUNAOTEPT TLuT) dtartnpettar Tdvta ot Bon undév. Autd eivar Xp1oLIo Lo EQapUoyES TOV

110 KegaAaio 11. Zuvtopn niepujynon otnv Mpdétunn BiBALodrikn — Mepog Il




Python Tutorial, Anpocisuon 3.11.14

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"')]*10) == Decimal('1.0")
True

>>> sum([0.1]*%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

vrootpilovy opLopéva epyateio.

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

>e Windows, extehéoTe:

[tutorialfenv\Scripts\activate.bat

Ze Unix 1] MacOS, extehéore:

[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"']
>>>

T vo 0tevePYOTTOMOETE EVaL ELKOVLKO TIEPLBOALOV, TANKTPOLOYNOTE:

[deactivate

uéoa oto terminal.
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12.3 Awaxeipion NMak€twyv pe to pip

Mrtopeite Vo €YKATOOTNOETE, VO OVOPAOULOETE KOL VO OLQOLPEOETE TAKETO Y PT|OLULOTTOLMVTAS EVOL TPOYPOLLLUAL TTOV
ovoudCetal pip. And mpoemhoy To pip Oa eykataomoel mokéta amd to Python Package Index. Eogig umopeite
va tepuynOeite oto Python Package Index petafaivoviog oe autd 0to Tpdypopua TepLiynong oog.

To pip éxet évav aptBud vroevtolwv: «install», «uninstall», «freeze», k.At. (Zvppovievteite Tov 0dnyo installing-
index yia TAHpY TEKUNPLOON YL TO Pip.)

Mrmopeite Vo eYKOTOOTIOETE TNV TELEVTALO £KO00T) EVOG TOKETOV TPOOALOPLLOVTOG EVO OVOUO. EVOG TTAKETOV:

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

Mrtopeite emiong vo EYKATOOTIOETE (WO CUYKEKPLUEVY K001 VOGS TOKETOU dIvOVTag TO OVOUO TOU TAKETOV
akolovBovpevo amd == Kat Tov aptduod €kdoong:

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—-any.whl
Installing collected packages: requests
Successfully installed requests—-2.6.0

E&v exteléoete Eavd authv TV eviol), To pip Oa apatnpfioet 6T Ttoduevn £kdoom eival &N eyKaTeoTNUEY
Ko dev Oa kavel timota. Mmopeite vo dmoete Evay duapopeTikd aplBuds £kdoong yio va Aapete avthv v ékdoon
1 wropeite va ekteléoete To python —m pip install --upgrade yio vo ovopoduioete 1o Takéto oty
7O TPAOPATY £KHOOT:

(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

Topython -m pip uninstall ouvodeuduevo amod £va 1) TEPLOCOTEP OVOUOTO TTaKETOV Bl drarypdpel Tta
TOKETO OITO TO ELKOVLKO TTEPLBANOV.

To python -m pip show Oa gupavicer TANPOPOPIES OYETIKA UE £V CUYKEKPLUEVO TTOKETO:

(tutorial-env) $ python -m 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:
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Topython -m pip list Ba eugavioer Oha ta okt TOU EiVOL EYKATEOTHUEVO OTO ELKOVIKO TTEPLBAANOV:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

To python -m pip freeze Bo dnuovpyhoel wo TopopoLe MoTo Ue Ta eYKaTesTNUEVA TaKéTa, OMA M
€5000¢ ypNoLUOTOLEL T HOPPY] TTOV avapével To python —-m pip install. Mua Kowvy ovppaon eival va
tomofetiioete auTnV ™) Mota o€ éva requirements. txt apyelo:

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

To requirements.txt umopel ot ovvéyelo vo dnuootevbel otov €heyyo £€kdoomng Kat va datedel wg ué-
pog oG epapuoyns. Ou xpNoTeG UITOPOVV 0TI CUVEYELD VO, EYKATOOTNOOUV OAOL TO OLTTOPALTNTO TTAKETO LE 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

To pip éxel moAég mepLoodTepeg emhoyéc. Zuufovlevteite Tov 0dnyd installing-index yio ANy TeEKUNPiwON
v o pip. Otav éxete ypapet €vo mokéto kou 0éhete va 1o kdvete drabéoiuo oto Evpetnpro Makétwv Python,
ovppovieuteite Tov 00170 ypNnong packaging Python.
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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:

Oa mtpémel va mepynOeite o€ auTd TO eYXELPIOLO, TO 0TTOLO TaPEYEL TAPES (AV KOL OUVOITTLKO) VALKO Oy e-
TUKG (L€ TOVG TUTTOUG, TIG OUVAPTHOELS, Kot To. modules otnv standard BuiioOnkm. H standard diovouy) Python
sephappdvel Todd mpdobeto kdika. Yrdpyovv modules yio aviryvwon nheKTpoviKol YpouuatoKL3mTtiov
Unix, avdkton eyypboov péom HTTP, dnwovpyia tuxaiomv apbumv, avdivon emhoydv ypouug eveo-
Ly, ovprtieon dedouévawv ko Torrég epyaoiec. To Skimming uéow tg PLpiodikng Ba cog dmoet o Ldéa
Yo To TL givon drabéapo.

« installing-index eEnyei mwg va eykatoothoete Tpdodeto modules ypapuéva amd dhhovg ypnoteg Python.

« reference-index: Mia Aemtouept|g e€fynon g ovvtaEng kat g onuootoroyiag. Eivan fapid avayvmon,
oMM glval yphoLo og TANPNG 001YOS YLo TV 1dLaL T YAhood.
[Meproootepa Bondrjuata yia Python:
o https://www.python.org: O x¥pLog totdTomog TG Python. ITepiéyel Khdika, Tekunpimon, ko deikteg mov oye-
tiCovtot pe v Python oto web.
o https://docs.python.org: T'pfyyopn mpdopoon oty tekunpiwon g Python.

« https://pypi.org: To evpetipro Makétwv Python, mov ponyovuévwg ovopatotav emiong Tupokoueio!, etva
éva evpetnplo Python modules ov €youv dnuovpynbel amd ypnoteg mou eivor dradéoua yio M. Mol
EeKLvnoeTe TV KUKAOQOpio Tov KOSLKA, UTOPELTE VO TOV KaTaywproete edd Lo To Bpouv Grlot.

o https://code.activestate.com/recipes/langs/python/: To Python Cookbook eivou pia apketd ueydhn ouihoyn mo-
paderyudtmv kmdika, ueyohitepa modules xal ypnoua scripts. Idtaitepa aEloonueinteg ovvelopopés ouh-
Méyovton og éva Bifhio pe titho Python Cookbook (O'Reilly & Associates, ISBN 0-596-00797-3.)

! To «Cheese Shop» eivar éva okitoo Tayv Monty Python: évo, ehdng waiver og éva Tupokoueio adld 6,7t Tupl TNTNoEL, 0 VIEEANAOG Mgt
ot dev vmdpyEt.
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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

H ohoxApwon Twv ovoudtwy twv petafAntmv kou twv modules evepyomoLeital auTOHOTa KAt TNV EKKIVIOT TOU
interpreter, £toL M0TE TO KAEWDL Tab va KAAEL TH OVVAPTNOTN OAOKANPWONGs KOLTALEL TAL OVOUATO dNADMOEMV TNG
Python, tig tpéyovoeg Tomikég uetafintés, ko ta diabéouo ovopata twv modules. INa dotted exgppaoelg, Omwg
string.a, 0a aElohoyfhoel TV €K@pact uéypL To TeMKO . ' Kol ot ouvvexele Oa tpoTeivel CuUTANPDOELG
aTtd T XOPOKTNPLOTIKA TOU OVTLKELUEVOD TTOV TPOKVITTEL. ZNUELMOTE OTL AVTO WITOPEL VO EKTELETEL KDOLKA TTOV
opileTal amd TV epapuoyn edv €vo avitkeluevo ue o uébodo _ getattr_ () eivow uépog tg mpodtaons. H
TTPOETUAEYUEVT] SLAPOPPWOT| ATTOONKEVEL ETTLONG TO LOTOPLKO OOG O€ £va apyelo ue To dvopo. . python_history
OTOV KOTAAOYO TOL % pHoTNG 00G. To 1otoptkd Ba eivar Savd dtabéoiuo Katd v emduevn ouvedpia dLadpaotiko
interpreter.

14.2 EvaAAaKTIKEG AUCELG YLa ToV AladpaoTiko 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 eVOAaKTIKOGC, BEATLOUEVOS, SLadpaoTikog interpreter Tov VITAPYEL 0D Ko apkeTd Kaupo givar to [Python, To
071010 SL00ETEL CLUTAPWON tab, eEePeHVION AVTLKEUEVOV Kol PO YUEVT SLayeiplon totopikoy. Mitopei emtiong
VOL TTPOCAPUOOTEL TR PG Kt VoL evomportmdel oe ahheg epapuoyéc. Eva diho mapopoto Bertimouévo dLadpaotiko
sepLarlov gival To bpython.
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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 . 001 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.

Avotuyie, to eplocdtepa dekadikd Khdopato dev umopov va avomopaotabolv axpipng og kKhdouato. H
OUVETELD Elvan OTL, YEVIKA, oL dekadikol aptBuol Kivntig vodaotolng ov elodryete mpooeyylLoviol uovo oo
TOUG SUAdLKOUG 0pLtOUoVg KIVNTYG VITOOLAOTOM)G TTOV ELvOL TTPAYUATL ATTOONKEVUEVOL OTO U AVIUCL.

To mtpofAnua eivar o Kortavontd oty apyh ue féon to 10. Oewpihote to kKAGoua 1/3. Mmopel va to pooeyyioete
wg kK douo. faong 10:

(o ]
1, KaAvtepa,

[0.33 ]

1, KaAvtepa,

[0.333 ]

Kat oUtm ka0eENg. Ooa Yneia kol av eiote datedeuévol va ypdapete, to omotéheopa dev Oa eivol oté akpLpmg
o 1/3, ald B ebvon o ohoéva ko Kahitep tpooéyyion tov 1/3.

Me tov id1o tpomo, aveEdptnta amd to moo Yrgpia Faong 2 eiote dLatefelévol va. PN OLULOTOLYOETE, 1) dEKODLKT
nun 0,1 dev umopel vo avastapootadel akplBdg wg kKhaoua fdon 2. = paon 2, o 1/10 eivan to KAGoua mov
emavalauBaveToL

[0.000llOOllOOllOOllOOllOOl1001100110011001100110011. 6 o ]

ZTApOTHOTE 0€ OTOLOVONTOTE TETEPAOUEVO apLOUO bit Ko N AveTe P TpooéyyLon. ZTig TepLocOTEPES UNYAVES
onuepa, ot floats pooeyyilovral ypnopwomodvtog ta pmta 53 bit Eekivdvtog 0mrd To 7o onuovttkd bit ko pe
TOV TOPAVOUAOTY WG dVvaun Tov dvo. Znv mepinmtwon tov 1/10, to dvadikd khdoua eivar 3602879701896397
/ 2 ** 55 mov eival Kovid oA OxL akpLpmg ioo pe v mpayuatiky T tov 1/10.
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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 OuunBeite, TapodLO TOV TO EKTUTWUEVO QTOTEAEOUO MOLATEL ue TV akpLfBn T tov 1/10, n parynotikn
OTTOONKEVUEVT TLUT) ELVAL TO TTAOLEGTEPO AVOTTOPOOTACLUO dUadLKO KAAOoUO.

Eival evdlagpépov Ot vmdpyouvv mohhol  diapopetikol  dekadikoi  aptuol  TOU  HOLPATOVIOL  TO
ido  mnoéotepo Katd mpooéyyon dvadikd khdoua. T mopdderyno, ov apbpoi 0.1 Kar O.
1000000000000000055511151231257827021181583404541015625 ¢&ivar Oho KATO TTPOGEYYLON
ue 3602879701896397 / 2 ** 55, Aedouévov OtL OAEG OUTEG OL BEKADLKEG TLUES HOLPATOVTOL THY (dLaL
TPOCEYYLOT], OTTOLOdNTOTE amd avtég Oa (TopoVoe Vo eUQaVIOoTEL dLOTNPDOVIOG TUPAMMNAG TO AUETAPRANTO
eval (repr(x)) == x.

Iotopukd, to prompt g Python kau 1 evowuatwuévy ovvdptnon repr () Oa emxéheye avtd pe 17 onuavikd
Yymeia, 0.10000000000000001. Zekivadvrog we v Python 3.1, v Python (ota meploodtepo ovothuata) giva
mhéov oe O¢om va emihéEeL To ouvtopdTEPO amd avtd Kan omthd engpaviler 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 Guveldntomotjoovpe 0Tl autd elval, e TV TPAYUATIKY €vvola, wa PevdaioOnon: amid
OTPOYYULEVETE TV TRPOVGLAON TG TPOYUOTIKNG AElog TOU UnyoviuaTog.

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not yield
exactly 0.3, either:

>> 1 4+ .1 + .1 == .3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value of
3/10, then pre-rounding with round () function cannot help:

>>> round(.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:
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>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with «0.1» is explained in precise detail
below, in the «Representation Error» section. See Examples of Floating Point Problems for a pleasant summary of how
binary floating-point works and the kinds of problems commonly encountered in practice. Also see The Perils of Floating
Point for a more complete account of other common surprises.

As that says near the end, «there are no easy answers.» Still, don’t be unduly wary of floating-point! The errors in Python
float operations are inherited from the floating-point hardware, and on most machines are on the order of no more than
1 part in 2**53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind that it’s not
decimal arithmetic and that every float operation can suffer a new rounding error.

Evd vitdpyovv mo0oloyikég mepLTTMOELS, VIO TV TTLO TEPLOTACLOKT (P01 TG APLOUNTIKTG KLVITHG VITodLaoTo-
MG, Oa deite 0TO TENOG TO ATTOTEAEGILOL TTOV TTEPLUEVETE EQV ATTADG OTPOYYUAOTTOLOETE TNV EUPAVLOT| TWV TEMKDV
OTOTELECUATWV GOG 0TOV 0pLOUd TV deKadlkmv Ynlwv mov mepuuévete. To str () ouvvnbwg apkel, KoL yio
KOAUTEPO EAEYYO dELTE TOVG TPOTOLOPLOTEG LOPPNG TG UeBOdOU str. format () oe formatstrings.

To TEPLITTOOELS XPNONG TOU aTtantoVV akpLft] dEKadIK avarapiotaot), dOKIUAOTE VO XP1NOLUOTOOETE TO
module decimal mov epapudlel dekadiky aptOunTKn KATdAANAn yio NOYLOTIKEG EQUPUOYES KOL EPOPUOYES
VYNNG aKpLBElac.

Mua GAAn popgt) axpLBoig apbuntikng vrrootnpileton amd To module fract ions, 1 omoia vAooLel TNV aplOum-
Tk pe Béon tovg opBoloyikovg aptBuovg (£Tot o aptbuoi drtmg to 1/3 pmopolv va avasmapaotadouv akpLpng).

EGv giote éva evtatikog xpnotg mpdEemv Kivithg vrodlaotoc, Oa mpémet va pi&ete wo patd 0to ToKETo
NumPy kou woAhd Gl tokéta yuo padnuoTikeés Ka otatiotikés mpdEelg mov mapéyovrar amd to project SciPy.
Agite <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('0x1.921£f9f01b866ep+1")
True

Agdopévou dTLn avoTopaoTaon elval akpLpnc, eivan xpHoLuy yio Ty aELOmoTy HETAPOPE TLUMV 08 SLAPOPETIKES
ekdooelg tng Python (aveEapmnoia mhatpopuog) Kou v avtarhayr dedouévav pe dhheg YADOOES TOV VITOOTH-
piCouv v oo popen (6mtwg Java kaw C99).

Another helpful tool is the math. fsum () function which helps mitigate loss-of-precision during summation. It tracks
«lost digits» as values are added onto a running total. That can make a difference in overall accuracy so that the errors do
not accumulate to the point where they affect the final total:
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>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True

15.1 ZpaApa Avanapaoctaong

Avt) ) evotnta eEnyel to mapdderypa «0.1» hemtouepds Ko deiyvel g wropeite vo ekteAéoeTe o aKpLpn
avAAUoT TEPLITTMOEMV OTTmG auTh wovor oac. Ymotifetar Ot £xete Paoiky eS0LKEImON e TV AVATapAoToo
dVAdIKNG KIVNTNG VTTOSLALOTOAG.

To Zpdiua avarapdotaons (Representation error) avopépetal 0To YEYOVOS OTL OPLOUEVA (TaL TEPLOTOTEPQ, OTNV
TPAYROTLKOTNTO) deKadLKE KAdouato dev umopovy vo avamapaotofovy akplpdg wg dvadikd (Bdon 2) khd-
ouota. Autdg elval o KUpLog Adyog yLa Tov omoio 1 Python (1] Perl, C, C++, Java, Fortran, ko tolhég dAAeS) ouyva
dev eupaviCovv Tov akpLf1] deKadLko apLlOpd Tov TEPLUEVETE.

Toti ovppaiver avtd; To 1/10 dev pmopel va avasapootodel akpifng wg dvadikd kKhdoua. Ard to 2000 touhd-
YLOTOV, 0YedOV OLEG OL UNYOVES XPNOLUOTOLOVY dLadLKT) aptOun Tk Kivntig vitodiaotoing IEEE 754 kau oyedov
Oheg oL MhaTpopueg avtiotoryiLovv ta Python floats oe IEEE binary64 «duthig axpifelag» typéc. Ot tiuég tov IEEE
754 binary64 mepiéyxouv 53 bits axpifelag, emopévog Katd v €l60d0 0 VTOAOYLOTNG TPOOTAOEL VO LETUTPEYEL
70 0,1 oto mAnoLEoTtepo KAAOUA TTOV UItopel va ExEL TN popen J/2**N dmov J eival €vag aKEPALOG TOV TEPLEYEL
aKpLpog 53 bits. Zavaypagetat

[1 /10 ~= J / (2%*N)
g
[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*%*5) <= 2%*56 // 10 < 2**53
True

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

Qg &K tovTOVU, N KahUtepT duvarty| tpooéyyion oto 1/10 oto IEEE 754 duming akpifelag eivo:

[7205759403792794 / 2 ** 56

H diaipeon tov aplBunti KoL Tou TopovouaoT) ue dSU0 UELOVEL TO KAAOUA OF:

[3602879701896397 J/ 2 =% 55
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Adfete vtdoym OTL ad TN oTLYY TOV KAVAUE OTPOYYVAOTTOiN O, QUTO ELvaL GTNV TPOYUATIKOTNTO Aiyo ueyolv-
TEPO 07to T0 1/10° av dev elyyopue oTPoyyVAOTTOLOEL TPOG TA TAVW, TO TTHAiKO O Ty Aiyo wkpdtepo amd to 1/10.
AMG og koplo epimtwon dev umopei va eivan axpiBag 1/10!

'Etol 0 vtoloylomg eV «Prémters moté 1/10: avtd mov Brémel eivar To akpLpég kKAdoua ov divetal Topamdve, 1
KoAVTepN Sy tpooéyyion IEEE 754 mov umopei va wdpet:

>>> 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

‘Otav mopovoLaoTel £va opalua, o interpreter eugaviCer éva unvoua opailuotog kou €va stack trace. 2t dio-
dpaoTLK AeLTovpyia, 0T CUVEXELD ETLOTPEPEL OTNY KUPLOL YPOUU EVIOAMVe OTOV 1) E10000¢ TTPOEPyETAL OTTO EVal
apyeio, eEépyetal pue katdotaon eE68ov un undevikn uetd v ektimwon tov stack trace. (O eEaupéoelg o
OVTIUETOIULOVTOL aTd (oL EVTIOLT except 0¢ €va try UmhoK, dev elval opaluato oe ovtd to miaioto.) Opt-
ouéva opdipota eivor Gvev 6pmv poLpaio Kol Tpokaiovv £€£0do e Katdotaon eE68ov un undevikr. Avtd toyvel
VL0 E0MTEPLKES OLOVVETIELEG KOL OPLOUEVEG TTEPLITTMOELG ESAVIANONG TG v G. ‘Oha TaL unvOpoto opaiiotog ey-
YPAPOVTOL GTNV TUTTLKY] POT) OQOAUGTOVS 1] KAVOVIKT £E080G atd TIG eKTELECUEVEG EVTOLEG YPAPETOL GTNV TUTTLKY)
£€0080.

IIMKTPOAOYDVTAG TOV XapoKTNpa dtakomg (ouvnbmg Control-C 1) Delete) oty KVpLa 1 deVTEPEVOVOA
YPOUUY] EVIOADY AKUPMOVEL TNV £60000 Kal eMOTPEPEL 0TV KOpLa ypouun] eviodmv.! TIAnKTporoydvTag po dio-
KO evad eKkTeleital o eviod|] dnuovpyeitan m eEaipeon KeyboardInterrupt, N OT0Ld (WTOPEL VA, AVTLUE-
TOTOTEL Ad o TPdTOoN try.

16.1.2 EkteA€opa Python Scripts

Zta ovothuato BSD’ish Unix systems, ta Python scripts umopovv va yivouv dueoa ektehéotua, 0mmg to. shell scripts,
patovrag m ypapu:

[# !/usr/bin/env python3.5

(vmoBétovtag 0T o interpreter fpioketol 0Tto PATH TOU (pN0TN) TNV 0P)T| TOV GEVOPLOU KoL dlvovTag 0To apyelo
wo exteréotun rettovpyla. To # ! spémel va elvor oL dV0 TPADTOL XAPUKTIPES TOV CPYELOV. Z€ OPLOUEVES TTAALT-
POPUES, QUTI 1] TPMTN YPOUUY TTPETTEL VOL TELELDVEL UE ot Ypouun Tomov Unix wov teheudvel ue pua ypouun tomov

! "Eva mpopnua pe to oxéto GNU Readline pwopei va 1o aotpéapet.
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Unix mov tehewwvel (' \n "), oy ue ypaupy Windows (' \r\n'). Znueunote 0Tt 0 (OPAKTHPOG KATAKEPUATIONOV,
, "# ', ypnowostoteitan o Ty évapEn evdg oyoiiov otnv Python.

To script propet vo 500et wor ekteréotun Aertovpyia 1) GdeLa, XPNOLUOTOLDVTOG THV eVToLT) chmod.

[$ chmod +x myscript.py

Zta ovotuota Windows, dev vrtdipyel 1) €vvola TG «ekTeréolun Aettoupyiac». To mpdypapuo eyKatdotaons e
Python cvoyetiCel avtopato ta opyeio . py (e 1o python.exe €101 WOTE VO EKTELEITOL EVOL OLTTAO KK O €val
apyeto Python wg script. H enéktoon pwropel exiong va givat . pyw, 68 QUTNV TV TEPLTTOOTN, TO Tapadupo g
KOVEOLOG TTOV EUPAVICETOL OVVIOMS OTTOKPUVITTETAL.

16.1.3 To dLadpacTIKO apXeEio EKKivnong

‘Otav ypnowpwosoteite tv Python duadpaotikd, eivor ovyvd Polkd va eKTeELOVVTOL OPLOUEVESG TUTILKEG EVIOAEG
Kk&Be popd mov Eekivd o interpreter. Mitopeite va to Kdvete avtd opilovtag wo petofinty meptfallovtog ue to
6vopo PYTHONSTARTUP GTO OVOUOL EVOG APYELOV TTOV TTEPLEYEL TLG EVTOLEG EKKIVNONG 0aG. AUTO givan TapdUoLo
UE TO XOPOKTNPLOTIKO . profile oto Unix shells.

Autd to apyeio drapdtetor uovo oe dLodpPaoTikeég ouvedpies, OxL Otav 1 Python duafialer eviohég amd éva script,
Ko Oyt Otav to /dev/tty dlvetar wg 1 pnTi TNy EVIOADV (1] omoio KaTd Tol GAAG CUUITTEPLPEPETAL CAV ULOL
dLadpaotiky ovvedpia). Exteleiton otov idLo xmwpo ovopdtmv 6rtov eKTeAoUVToL AAAMAETLOPOOTIKEG EVTOLES, £TOL
MOTE TA AVILKEIUEVA TTOV 0piLeL 1) ELodyeL va propov va xpnotpostotnfoy ywpig emupuha&n ot SLadpaoTiky
mePiodo Aertovpyiog. Mmopeite eniong va OAGEETE TIG TPOTPOTEG SYS . psS1 KOL SYS . PS2 O AUTO TO UPYELO.

Edv 0élete va drofdoete Eva emumhéov apyelo eKKivONG 0td TOV TPEYOVTA KATAAOYO, WTOPELTE VOL TO TTPOYPOLULLOL-
TLO€TE 0TO KAOOAKO apy Lo EKKIVIONG YPNOLUOTOLDVTOG KDOLKa Ot if os.path.isfile ('.pythonrc.
py'): exec(open('.pythonrc.py') .read()).Edv 0é\ete va xpnoLHOTOLOETE TO OPYELO EKKIVIIONG OF
éva 0eVAPLO, TTPETTEL VO, TO KAvVETE p1Ttd 0TO Script:

import os
filename = os.environ.get ('PYTHONSTARTUP')
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 Ta Modules Npocapuoyng

H Python mapéyer 800 GyKLoTPO Y0 VO 0O ETLTPEYEL VO, TV TPOOoApUOOETE: sitecustomize kou usercustomize. T'ua
va deite TG AELTOUPYEL, TTPETEL TPWTA VO, Bpeite T B€01 TOV KATOAOYOU TOKETWV LOTOTOTWV Y PNOTY. ZEKLVIOTE
v Python ko ektehéoete autdg 0 KMOOLKOG:

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.5/site-packages'

Thpo wropeite va dNuLovpyNoeTe Eva apyeio Ue To Ovoua usercustomize . py 0€ AUTOV TOV KOTAAOYO KoL VO
Bérete 6,mL Béhete oe autdv. Oa emnpedoer k4Oe emikAnon g Python, extdg edv Egkivioer pe tnv emhoyn —s
OTTEVEPYOTTOLOTE TNV QUTOUATY] ELOAYWY].

To sitecustomize AeLToVPYEL e TOV 1310 TPOTO, AAAG OVVHOW™G dNWOVPYELTOL AITTO £VAV SLALYELPLOTY] TOV VTOAOYLOTY)
OTOV TTOYKOOWO KOTALOYO TaKETMV TOTOOEaLMV Kat eLodryeTon tpLy omtd to usercustomize. Aeite v TeKUnpimon
tov module site Yo TEPLOCOTEPEG NETTTOUEPELEG.
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nAPAPTHMA A’

Mwoodpl

>>>

2to3

To mpoemieyuévo Python prompt tov dradpaotikov shell. Zvyvd eppovileTor yio TOPAdEIYIATO KMOLKA
IOV WITOPOVYV VoL EKTEAEOTOVV dLAdPAOTIKA OTOV interpreter.

Mmopel vo. avapEPETaL OE:

o To mpoemkeyuévo Python prompt tov d1adpaotikov shell Katd tnv eloaywyn Tov KOOLKA YL £Vo PThok
KddLko pe ooy, dtav Bpioketal uéoo oe £va Lelryog ToLPLUOUEVWY aplotepmv Kot deEuhv delimiters
(mapevOéoelg, ayKulesg, AYKLOTPO 1 TPLITAG ELOOYMYLKA), Y| LETA TOV KoBopLoud evog decorator.

o H evoouatouévn otabepd E11ipsis.

‘Eva gpyodeio mov mpoomadel va petatpéel tov kmdiko Python 2.x og kddika Python 3.x diayepiCovrtag
TLG TEPLOTOTEPEG OLOVUBATITITES TTOU UITOPOVY VO EVTOTLOTOVY OLVOAIOVTOG TNV TNy Ko diaoyilovtag to
dévTpo avdhvong.

2t03 elval drabéoipo oty atdvtap PiprodNkn wg 1ib2t o3, mapéyetar évo onueio eloddov mg Tools/
scripts/2to3. Bh. 2to3-reference.

agnpnuévn Bactkr) KAaom

O aupnpnuéveg Pootkéc kKAAoELG CUUTANPOVOLY TO duck-typing Tapéxovtag Evav Tpdmo oplopov interfaces
otav Ghheg teyvikég OTwg N hasattr () Oafrav adéEieg 1 averaioOnta AavOaouéveg (Yo Tapdderypa pe
magic methods). To. ABC (abstract base class) eLodryouv elkovikég vtokAdoeLs, oL omoleg elval KAGoEeLG TTov dev
KAnpovopotvrar amd o KAGom, oAld eEakohovBotv va avayvwpilovtor amtd to isinstance () ko oo
to issubclass () ” BA. v tekunpimon tov module abe. H Python dta0étel modld evowpotopévo ABC yuo
dopég dedouévwv (0to module collections. abce), apBuoig (0to module numbers), poég (oTo module
povada 10), etoorywyn finders xou loaders (0to module importlib.abc). Mmopeite va dnuovpynoete to
dukd oag ABC pe to module abe.

annotation

Mua eTikéTo TOV O eTICETOL LE ULt LETOPANTY), EVOL (OPAKTPLOTLKO KAAGNG 1) LaL TTAPAUETPOG CUVAPTHONG
1] TLUY] TTOV ETLOTPEPETAL, TTOV Y PN OLUOTTOLELTAL KOTE oUUBOOT WG type hint.
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Aev givor duvat 1 Tpdofaon oto annotations TOV TOTKOV UETAPANTOV KATA TO XpOVO eKTELETNG, OAAA
Ta annotations twv global petafANTmv, TOV KopAKTNPLOTIKOV KAGONG KoL TOV CUVAPTHOEMY 0rtodnKevo-
VTOL 0TO ELOLKO YOpOoKTNPLOTIKO ___annotations__ twv modules, Twv KAAGEMV KAL TWV OUVAPTNOEWY,
avtioToLyd.

B\. variable annotation, function annotation, PEP 484 xou PEP 526, ta omoio wepLypdpouv TV AELToupyLKO-
tra. Estiong BA. annotations-howto yia tig BELTIOTEG TPAKTIKEG dOVAEVOVTOG e annotations.

opopa

Mo tipn petafipaleton oe wia function () method) Katd tv KAHon TG ouvaptnons. Yrdpyouvv dvo €idn
oplopdTmv:

o keyword argument: ¢évo. dpLopo. TPLv atd €vo avayvopLloTikd (.. name=) o€ uLo KAoT ouvapTong v
TEPVAOVTAG TO WG TYN) 0€ Eva AeELkd spLy amtd * *. T'lo opdderyua, To 3 KoL To 5 0ToTEAOUV OPioUaTa,
MEewv-kheldLhv otig akdhovbeg KA oeLg Tpog complex () :

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o positional argument: éva. dpiopo. wov dev givon dpopa keyword. Ta opiouata OEong umopovv va epgpoa-
viCovtol oty apyng wag Aotog optopudtmy f/xor va uetafLpatovtol mg ototyeia evog iterable mtpv
amd *. T wopdderyua, To 3 kow 1o 5 amotehov opiouata OE0NG 0TLG TOPAKATW KAYOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiopota EKYWPOUVTOL 0TS OVOUAOUEVES TOTILKEG UETOPANTEG OTO OO wa ovvapTnong. BA. v evo-
Tta calls Yo Tovg Kavoveg o SLETOUV QuTiHV TNV EKYMPNOT. ZUVTAKTLKA, 0TTOLOdNTOTE £KQPAoT UTopel
vo xpnolostotn0ei yia vo avostapoaotnoel éva dpopa” 1 aELoAoyoUrEV T EKYWPEITOL OE (WO TOTTLKY)
UETAPANTY.

B. eiong tv eyypagr) Tov yAwooapiov yio. To parameter, Tv FAQ gpdtnomn oto 1 dtagpopd uetav opi-
oudtwv ko mopapétpwv, Ko PEP 362.

0oUYYPOVOS SLoyELpLoTi) context

'‘Eva avtikeipevo mov eléyyel to opatod meptBdilov oe o diwon async with opilovrag tig uedddovg
__aenter_ () xou__aexit__ (). ITov eionydn and PEP 492.

aoVYYpovogs generator

Mo ouvapTnon mov emoTpépel Evav asynchronous generator iterator. MolaZeL ue (o ovvaptnon coroutine
mov opiletol e async def €KTOG atd OTL TEPLEYEL EKPPAOELG yield Yo TNV TOPAYWYN WMOS OELPAG
TUUOV TTOV UITopovV va. ypnowosoinfotv oe évav async for Bpdyo.

ZVvHBwg avopépetal og o CUVAPTNOY 0oUYXPOVOU generator, GAAG umopel va avapépetal og Evav aody-

XOOVO generator iterator 6€ OPLOUEVA contexts. Ze TEPLITTMOELG OTTOV TO ETLOLWKOUEVO VOTULL OEV ELVOL OOPES,
UE TNV XPNOT TOV TANPWV OPMV AITOQEVYETOL 1] ALTAPELAL.

Mo ovvpTnom aovyypovou generator WITOPEL va. TEPLEYEL EKPPAOELS await , Kabmg Kol dNAdoeLg async
for,karasync with.

aoUyypovog generator iterator

‘Eva aviikeipevo mov dnuovpyndnke amd wa ovvaptnon asynchronous generator.

Avtdg eivan évag asynchronous iterator ov OTavV KOAELTOL XPNOLWOTOLOVTAG TV uéBodo _ anext_ ()
emLOTPEPEL VO OVOUEVOUEVO OVTIKELUEVO TTOV Bl eKTENETEL 0TO OMDWO TNG CUVAPTIONG TOV 0L.oUYYPOVOU
generator UEypL THv enouevy yield ékgppoon.

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.
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aovyypovog iterable
‘Evo avTiKeipevo, ov wopei vo ypnotposomn el oe o diwon async for. [pémelr va emotpépet Eva
asynchronous iterator amd v nébodo __aiter__ (). IHov eionydn and PEP 492,

aovyypovog iterator

‘Eva. aviikeigevo mov vlomolel tig weBodovg _ aiter_ () ko __anext_ (). H uébodog
__anext__ () mpémel va emotpépel éva awaitable avukeipevo. To async  for emllel ta avople-
vopeva TTov emoTpEpovTol oo ) wEbodo __anext_ () evog aoUyypovov iterator £mg OTOU EYELPEL L

eEaipeon StopAsyncIteration. Ewonyon and PEP 492.

XOPOKTIPLOTIKO
Muia Tur) o OYETICETOL UE EVa aVTLKEIUEVO TTOV GUVIOWG AVOPEPETOL [LE OVOLLOL Y PTOLUOTTOLMVTOG EKPPOL-
o€lg e KoukKideg. T'a mapdderypa, edv évo avTLKEIUEVO 0 €YEL £Vl YOPAKTNPLOTIKO a o avapépeTal wg
o.a.

Eilvow duvatd va dmwooupe 0g £va. aVTIKEIIEVO £VOL YOPOKTNPLOTLIKO TOV TO OVOUA TOU OEV ELVAL AVOYVIPL-
oTLKO OTwG opiletal 0o identifiers, yio TOPAdELY LA XPNOLUOTOLDVTIOG setattr (), av EMLTPETETOL OTTO TO
avukeipevo. ‘Eva 11010 yopaktnplotikd dev Oa gival tpooBAoiio xpnoLoTolmvTas Tig TEAELES, Kol ovTL
avtov Ba mpémel va ovokTOel ypnolwomoumvtag getattr ().

awaitable
‘Eva aviikelpevo mov umopel va xpnowpomtondel otnv €kppaon await. Mmopel vo elvan coroutine 1) évo.
avTiKeluevo pe wo __await__ () uébodo. BA. emiong PEP 492.

BDFL
Axpwviuo tov Benevolent Dictator For Life, kahokayabog duktdrtopog g Long, dnhadn Guido van Rossum,
0 dnuovpyodg g Python.

dvadiko apyeio
‘Eva file object tkavo vo dLafpdlel kot va ypapelr dvadikod timov avukeiusva. Tapadeiypnoto duadikmv
apyelwv eivor apyeio ov avoiyouv oe dvadikn hettovpyio (' rb', "wb' 1) 'rb+'), sys.stdin.buffer,
sys.stdout.buffer, KoL OTLYWOTUTIWVY TWV 10.BytesIO KoL gzip.GzipFile.

Bh. emtiong rext file yuo éva avTikeiievo Timou apyeio tkovo vo dtofdoet Kan va ypdapel st r avitkeipeva.

daverkn avagopd
Zto C API g Python, pa daverki) avogopd eivar (o avapopd og £vo. avTLKELIEVO, OTTOV 0 KMOLKOG TV
YPNOLUOTTOLEL TO avTLKeLuEVO dev Katéyel TNV avapopd. [ivetal évag aypnotuomointog deiktng edv 1o avL-
Keipevo kataotpagel. Lo mapaderypna, po drodikaoio garbage collection uopei va opopécel To TehevTaio
strong reference oatd T0 AVTLKEIUEVO KL £TOL VO, TO KOTAOTPEEL.

Zuviotatol ) KMon tov Py_INCREF () 0T0 davelkn) ava@ood (e OKOTO VO UETOTPATEL O VO Loy V0T
avagopd EMLTOIOV, EKTOG OTAV TO OVTLKEIUEVO OEV WITOPEL VO KATOOTPAPEL TPLY atd TV TELELTALL Y PNON
g davelkng avagopdc. H ouvaptnon Py_NewRef () umopei va ypnotpomondel wote va dnuovpyndel
éva Loyvon avapopd.

bytes-like avtikeipeva,
‘Eva aviikeipevo ov vrootnpier to bufferobjects kou pmopel va eEayel éva C-contiguous buffer. Avtd
mepthappdver dha ta avtikeipeva bytes, bytearray, KoL array.array, Ko0dg Kot woMd Kowvd
memoryview avukeipevo. Ta dvadikov tumou (bytes-like) avrikeipeva umopov va xpnotuoon0ovy yio
dudipopeg hettoupyieg wov duayerpilovran dvadikd dedouéva” autd mepthappdvouy ouumieon amxodfKevon
og duodLKO apyelo Ko 0rtooTol uéow socket.

Oprouéveg hertovpyieg ypetdCovron ta dvodikd dedopéva va eivor petafintd. H tekunpimon cuyvd avao-
(PEPETOL O€ AUTA WG «dVASIKA AVTILKELUEVO aVayVmonG-eyypapnc» (read-write bytes-like objects). [Tapadeiy-
Lot UETABANTMV AVTIKELUEVOV TPOCWPLVTG ATodfKevong mepLéyovy bytearray Kai éva memoryview
evog bytearray. AMEG AELTOUPYIES ATTALTOVY TNV ATTOONKEVONG TV dVAdKDV dedouéva o€ OUETAPANTA
ovTikeipeva («dvadukd avtikeipeva wovo avaryvoonc»” (read-only bytes-like objects) mopadeiypota ovtdy
mEPLEYOVY bytes KoL éva memoryview evogbytes avitkelévou.
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bytecode

O sinyaiog kwduka ¢ Python petayhwttiCeton og bytecode, | e0WTEPLKY OVOTOPAOTAON EVOG TPOYPAULLOL-
tog Python otov diepunvéa CPython. To byfecode amoOnkevetal emiong TPOoWPLVA MG . Py C OPYEL MOTE N
ekTéLEDT) TOV {810V apyeiov va elval ypnyopdtepn v deltepn popd ektéleong (Lopel va amogpevy el
€K VEOU UETAYADTTLON OTTO TOV TINYOi0 KMOLKA o€ byfcode). Avti 1] «evOLAuean YAwooo» LEyeTol OTL TPEYEL
og wa virtual machine OV €KTENEL TOV KMALKOL unyavNG TOV avTLoToLyel o€ Kabe bytecode. Adfete vdym
Ot ta bytecode 8gv OVOUEVETOL VO, AELTOUPYOUV UETAED SLAPOPETIKMV ELKOVIKMV Uy avdv Python, ovte va
etvar otafepd petal Twv exdooewv g Python.

Mua Mota amd 0d1yieg oyetikd ue To bytecode umopel va Bpedei oty tekunpimon yio to module dis.

callable

"Eva callable eivou £va avTiKeLEVO TOU WITOPEL VO KOAEOTEL, TLOavE e £va ovvolo opropdtwv (Bh. argument),
UE TNV TOPAKATW OVVTAEN:

[callable(argumentl, argument2, argumentN)

1

Mua function, xou xot” enéktaon wa method givar callable. ‘Eva otuyidtumo po KhAomg mov VAOTTOLEL T
puébodo _ call () eivow emiong callable.

callback

Mua subroutine ouvéaptnon 1 omoia petafipdteton wg dpopa Tov Ba exteleatel Kamolo oTryur) 0to pélhov.

KAdon

'Eva tpdTumo yia T dnuovpyios ovitkelévmy ov opitovio amd 1o ypnot. Ouopiopol khdoewv ouvnBwg
TEPLEYOUV OPLOUOVG HEBODWV TTOV heLToupyoVV 08 OTLYIMOTUTTA TNG KAUONG.

uetafinTi kAdong

Mua petafAnt ov opiletar oe o KAGom Ko tpoopieton va tpomomon el wovo oe emimedo khaong (dnh.
OyL 0€ €V OTLYIOTUTTO Lag KAGoNG).

uryadikog apduog

Mo eTEKTAON TOV YVOGTOU GUCTIILOTOG TPAYUATLKMV aptBumy 0to omoio dlot oL optBuol exppatovial wg
aBpolopa evog TPOYUOTLKOU UEPOVG KOl EVOG (PAVTAOTIKOU pépovs. OL pavtaotikol aptbuol eivat mpary-
HoTKG TOAATAGOLO TG PAVTAOTIKNG Hovada (1) TeTpaywvikh pita Tov —1), mov cuyva yphpovior i
ota padnuatkd 1 j ot unyovikn. H Python éxel evowuatopévy vtootiptEn yio uyadikots aptduoig,
oL 07T0toL YPAPOVTOL Ue AUTOV TOV TEAEUTALO CUUBOMOIO” TO avTooTikd UEpog YpdpeTtol ue to emibnua
j, mY., 3+17. [N va amoktnoete tpdofaon oe ovvOeta Loodvvao to module math, xPNOWOTOLNOTE TO
cmath. H ypflon wyadikov aptBumv eivor £vo apKetd mponyuévo nadnuotiko yopoKkTpLotko. edv dev
YVOPLLETE TV AvAyKT TOUG, €ival oYedOV oiyoupo OTL UTOPELTE VO TOL AryVONOETE UE AOPALELQL.

duayeprotiic context

‘Eva avtikeipuevo mov eéyyet To eptfalhov mov eppaviletar og pa dMhwon with opifovrog tig uedddoug
__enter_ () kau__exit__ ().BA PEP 343.

context petafinTi

Mo petafANTh o uwopei va £xel TOAES dLopopeTLKEG TLES avahoya e TO context. Autd givol Koo 6To
Thread-Local Storage 6mov K&.0¢e eKTéMeOT) TOU VIIUATOG UTTOPEL VAL EXEL DLOPOPETLKN TULY YLOL ULt UETOPATTY.
Mapodia outd, pe Tig context PETAPANTES, WITOPEL VoL VITAPYOUV TOAA TTEPLBaILovTa OE €V Viua EKTELEOTG
Kau 1 KopLa xpnon yio Tig context uetafAntég elval 1 mapokoloiinon Twv LETABANTMV OF TAUTOYPOVEG
diepyooieg. BL. contextvars.

contiguous

"Eva buffer Oewpeiton contiguous akplpaig eqv eivon eite C-contiguous eite Fortran contriguous. To buffer unde-
vikayv dtaotdoewv eivor C kou Fortran contiguous. Ze lovodLdoTaTOUS TTEVOKES, TO. OTOLYELO TPETTEL VAL TO-
mofetovvtoL oty pviun To éva distha oto dAAo, ue OELPG 0OENONG TV SetKTmV EgKLvdvtog amd To undév.
Ze molvdidotatovg C-contiguous mivakes, o tehevtaiog deiktng uetafdlletal ToyvTepa OTAV EmOKETTO-
vTaL To. otolyeia og oelpd devBuvong uvnune. Qotdoo, oe Fortran contiguous mivaKes, 0 TPMOTOG OEIKTNG
peToBAANETOL TTLO YPTYOPOL.
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coroutine
Ou coroutines givan (oL L0 YEVIKEUUEVY wop@1| subroutines. O subroutines eLodyovtaL o€ £va ONUELO KL
eEdryovtal og Gho onueio. Ot coroutines wropei va elooyBovv, va, eEayBotv KoL vo ouveyLoTolv og oA
duapopetikd onueio. Mmopovv va vhomotioovy pe v dMlworn async def. Bh. exiong PEP 492.

coroutine ocuvaptnon
Mo GuvApTNON TOV ETLOTPEPEL £VAL coroutine OVTIKELIEVO. Mot GuvapTN oY coroutine umopei va opileTon oo
™ Mhwon async def, Ko UTopEL va mepLExeL await, async for, kKow async with MEeig kKhedid.
Avtég elonyOnoov amd 1o PEP 492,

CPython
H xavovikt vhomoinon tng YAwooog mpoypapuoatiopov Python, 6mwg dravépetar oto python.org. O 6pog
«CPython» ypnowomoreitan GTov eivor aTapaitnTo Yo Ty SLEKPLoT AUTNG THG VAOTTOINONG 0t GALEG OTTMG
1 Jython Y| m IronPython.

decorator
Mo GUVAPTNON TTOVU ETLOTPEPEL LULaL AAAT) GUVAPTNOT, CLVIOWG EPAPUOTETOL G UETOOYTUATIONOS CUVAP-
TNONG XPNOUOTOLMVTOG TV @wrapper oUvta&n. ZvvnOwouéva mapadeiypata yio tovg decorators gival
classmethod () koL staticmethod ().

H oVvtoEn tov decorator givan amhmg KOAM®ITLOTIKY, oL akdrovBol dvo oplopol ovvaptioewv eivan onua-
OLOAOYLKA LOOdVVOUOL:

p
def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

H idua évvola vdipyet yia tig kKhaoels, alhd ypnowpomoteitor ydtepo ouyva ekel. Bh. v texunplwon yio
function definitions xou class definitions yio TepLoodtepa oyeTIKd ue Tovg decorators.

descriptor

Kd&0e avukeipevo mov opilel g uebddovg __get_ (), __set_ (),N __delete_ (). Otav éva yo-
POKTNPLOTLKO KAAOTG elval descriptor, 1) eLOLKT) SECUEVTLKY] TOU GUUTTEPLPOPC EVEPYOTTOLELTOL KOTA TNV OVOL-
o yopaxtnplotikmv. Kavovikd, xpnowwomoldviog a.b yio va AMdfete, vo opioete 1| va dtorypdapete €va
YOPAKTNPLOTIKO avalnTtd To avtikeipevo pe to dvouo b oto heEkd g KAAoNg Y1 a, alhé edv to b givau
descriptor, kodeitaw 1 ovtiotouyn uéBodog descriptor. H katavonon twv descriptors ivor 1o KAeldi yia Ty Koi-
AMitepn katovonon g Python yioti autd amotelei tnv fAon yiol ToAG XOpaKTNPLOTIKE OTTWG GUVAPTHOELS,
uebodoug, LdLOTNTEG, UEDODOL KAAOTG OTATIKES UEBODOL, Kal avapopd o€ coUTep KAAOELS.

I mepLocdtepes TANPOPOpPieg avapopLkd (e Tig uefddovug tv descriptors, BA. see descriptors 1) to [lpakTi-
KOG 0O YOG Yo T X pNom Tov Descriptor.

AeEiko
‘Eva tpooetaiplotikdg mivaka, omov avbaipeta KAWL avtiotoryiCovtor o tiués. Ta kheldid umopel vo
elval 0oLodMToTe avTikeipevo pe nefodovg _ hash_ () xou__eqg (). OvoudCetan wg hash oto Perl.

Kotavonon AeEikov
‘Eva ovprtayrg tpomog yia vo emeEepyaoteite Oha 1 HEPOG TWV OTOLXEIWV OF £Vl ETOVOANTTTIKO Ko VoL
emotpagel eva ue AeElkd ue ta aotedéopata. results = {n: n ** 2 for n in range(10)}
dnuovpyei éva AeEukd mov mepLéyel to Khewdi n swrov avtiotolyiletol ue thyv i n ** 2. BA. comprehensions.

oym AeEkov
Ta avtikeipevo mov emotpépovtan amd dict .keys (), dict.values (), Kardict.items () Kahov-
vrar 0elg AeELkov. AUTES TOPEYLOUV (oL SUVALLKTY] O] TV TWV EYYPAPADY TOV AeELKOV, TTOU oNUaiveL OTL
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otav to AeELkd petapdidetor, n 6ym avtkotomTpilel avtég Tig alhoyéc. Ia va avaykdoete Ty Oyn AeEL-
KOV vaL Yivel o TApng Aota xpnowuomoote 1o 1ist (dictview) . BA. dict-views.

docstring
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing

"Ev0l 0TUA TTPOYPAUUATIONOU TTOU deV eEETATEL TOV TUTTO EVOG OVTLKELUEVOU YL VO TTPOTOLOPIOEL OV EXEL TN
owoti) diemogr)” avtifeta, 1 uEB0SOG 1 TO YOPAKTNPLOTIKO KaAeltow amhig 1 xpnotuormoteiton («If it looks
like a duck and quacks like a duck, it must be a duck.») Aivovtog Eupaon oTig SLETAPESG KL O)L OF OVYKEKPL-
UEvoug THTTOVG, 0 KOAG 0YESLOOUEVOG KMOOLKAG BEATUDOVEL TNV EVEMELX TOU EMLTPETOVTIAG TNV TTOMUUOPPLKT
vrokatdotoor. O timog duck-typing amogetyelr dokiuég xpNOLUOTOLDOVTOG type () M isinstance ().
(Enuelwon, wotdo0, 6TL 0 THTOG TATLOG duck-typing Witopel va ovprinpwOel ue abstract base classes.) Avti
ovtov, ovvihBwg ypnoLpomolel dokiéc hasattr () 1 mpoypaupoatioud EAFP.

EAFP
Mo gvxoho va TNTHoelg ouyymwpeon mopd adelo. Autd to Kowvd oTuh mpoypauuatiopoy oe Python mpo-
rroBétel TNV VapEn £YKupmv KAEWSUOV 1] YOPUKTNPLOTIKOV Kot oulhaufavelr eEalpéoelg eav 1 vitdfeon
amodey el eapaiuévn. Autd to Kabopd Kot ypiyopo oTuk opaktnpiletol amd TV Tapovsio ToAmY on-
Mdoewv try kow except. H teyvikr épyetal og avtifeon pe to otuk mov eivor LBYL xowvd og molhég dhAeg
vAwooeg, ommg 1 C.

EK@ppaon
"Evo. Koppdtt ovvtaEng mov umopet va aElohoynOsi oe kdmoro tyy). Me ddha Adya, o £k@poon gival
WO GUOCMPEVOT OTOLYELWV EKPPaoTg Omwg KuploreEia, ovopata, mpdopaon XopaKTNPLOTIK®V, TENEOTEG
1] KAMOELS CUVOPTNOEWV TTOU OLEG ETLOTPEPOVY WLOL TUUT). Z€ avTiBeon ue Tolég dhheg YADOOES, dev glva
Oheg oL YAWOOLKEG DOUEG EKPPATELS. YTTAPYOUVE ETLONG statements OV dEV WITOPOVV VO, YPNoLuosTotfovv
g eKppaoeis, 6mtwg to while. Ot avabéoelg Tumv eiva emiong dNAWoeLg oL eKPPAOELS.

module ewéktaong
"Eva module ypouuévo oe C 1) C++, wov ypnowpomoteitan ad to C API tng Python yia va alnhemdpdoouvv
LLE TOV TTUPTVAL KOL UE TOV KMOLKO TOV YP1OTH.

f-string
O KupLoreKTikég oUUBOAOOELPES Y PNOLOTOLOVY e TTPoBepa "£' 9 "F ' ovoudtovior ovvihbwg «f-strings»
7o glva ouvtouoypapio tov formatted string literals. Bh. emiong PEP 498.

OVTIKEUEVO OPyEioV
‘Eva. avtikeipevo mov ekbéter éva APl mpooavatolouévo oe apyeto (e pedddovg dmwg read () 1
write ()) og évav vrokeinevo dpo. Avaroya e Tov TpdITo o dNULovpyYHONKE, £va OVTLKEILEVO 0P ELOV
WITOPEL VO LEGOMAPNOEL 0TIV TTPOOPAON O€ EVa TPAYUATIKO apyelo 0To dioKo 1) 08 A0 TUTTO CUOKEUNG
amoffKevong 1 emkowvmviag (Yo mopaderyno tumiky) eicodog/ €E0dog, in-memory buffers, sockets, pipes,
KAT.). Avtikeipevo apyeiov ovoudlovraon emiong file-like objects N streams.

ZTNV TPAYUATIKOTNTO VTTAPYOUV TPELG KATIYOPLES AVTLKELUEVWV apyELOV raw dvadikd apyela, buffered Sva-
Oukd apyela xou apyela kewuévov. OL dlemapég Tovg opitovral oty evotnta io. O KOvoviKOG TPOTOG YLa
VO SNULOVPYTOETE EVOL AVTLKELUEVO OPYELOV ELVAL YPNOLUOTOLDVTAG TV OVVAPTNOT open () .

OVTIKEIUEVO TTOV HOLATEL UE OPYELD
‘Eva ouvavupo pe o file object.

KWOLKOTOI101] CUGTIUATOS GPYEIWY KoL YELPLOTIS OPUARATOV
H xwdikomoinomn Kat o yeplot)g opaludTmy XpNoLuooLeitor amtd v Python yia thv amokwdikomoinon
TV bytes 0td TO AELTOUPYLKO oVoTNUO Ko TV Kwdikomoinomn og Unicode Yo 1o AeLtoupytkod ovoTnuaL.

H xwdikomoinon cvotuatog apyelwv umopel vo eyyun0el v emtuynuévn amokwdikomoinon 6wy twv
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bytes Katw amd 128. Edv 1 kwdLKomoinon ovoTuatog apyeimv dev mapéyel auTtnv TV £yyUNoT), oL GUVap-
thoelg API umopoiv va eyeipovy éva UnicodeError.

Ou ovvaptioelg sys.getfilesystemencoding () Kot sys.getfilesystemencodeerrors ()
WITOPOUV VO YPNOLULOTONO0UV Yo Vo MABETE TNV KMALKOTOINGOT TOU CUOTNUOTOG OPYEl®V KoL TOU YELpL-
0T OPAAUATOV.

O filesystem encoding and error handler diopoppadvovron Kotd v ekkivnon g Python amd ) ouvaptnon
PyConfig Read() B\ filesystem_encoding ko filesystem_errors puéhn tov PyConfig.

B emtiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadei va Bpet to loader yio éva module stov e1omy 0.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
Jinders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

aKEpoLe draipeon)
H pabnuatikr duaipeon mov otpoyyulomoLel Tpog Ta KATW 0ToV KOVILvOTEPO aKéPaLo. O TeELeoTNG aKEPALOG
daipeong eivon / /. Two mapdderypa, n ékgppaon 11 // 4 oEwoloyeiton o€ 2 oe ovtibeon pue v T 2. 75
OV EMOTPEPETOL ALTTO TNV SLALLPEOT UE VITOdLAOTOMY. Znueiwon ot (-11) // 4 xbvel —3 emeldn avti
glval 1 0TpoyyvLoToinom oog T¢ kdTw Tov -2 . 75. Bh. PEP 238.

ouvapton
Mo oelpdt 0td SNADOELS TTOV EMLOTPEPOVY KATTOLA TUUY OF OVTOV TTOU TV KALeoE. Z€ QUTEG UTOPOVV VL
TEPAOTOVV KavEva 1) TeEPLOCOTEPQ oploaTa TOV WIToPEl va ypnowortolnOel yio tv ektéleon. BA. emiong
TG eVOTNTEG parameter, method, Ko the function.

ouvapTnon annotation
'Evog annotation pog mopapéTpon ouvapTtnong M WAG TWUNG ETLOTPOPTS.
Ou ouvoptoeLg annotations oUy VA YPNOWOTOLOVVTAL Y0 UTOOEEELS TUTOV: VL0 TAPADELYUA, OUTH 1 OU-
vapTNON ovouéveTal va Ttdpel dVo oplouaTo 1nt KoL ETONG AVAUEVETOL VO £XEL U0 ETLOTPEPOUEVT] TLUN
int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H ovvta&n ovvdptnong annotation ovahetor otnv evotnta. function.

BA. variable annotation xouw PEP 484, mou mepuypdpel avth tnv kettovpyikdtta. Exiong BA. annotations-
howto yia Tig KoAUTEPES TPAKTIKEG HOULEVOVTOG (LE annotations.

future
'Evo future statement, from __future_ import <feature>, Kabodnyel TOV UETAYAMTILOTY] VO UETOL-
vyAwTTioel To Tpé oV module ypnouoroldvrag ovvtagn 1 onuoololoyia tov Oa yiver 1) TuTtLKT 08 HEMOVTLKT
éxd001 g Python. To module _ future_ tekunpuover tig mbavég Tég Tov feature. Me tnv eloorywyn
OUTAG TNG AELTOVPYLKNG LOVAdAG Ko TNV AELOAOYNOT TOV UETABANTDV TG, UTopeite va deite moTe wa véa
duvatoOTNTA TPOOTEONKE YLOL TPWTY (PoPA 0TV YAMOooo Kaw tdte Oa yiver (1] €yLve) 1 Tpoemhoy:

>>> import _ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

GUALOYI] ATTOPPLUATOV
H dwadixaoio amehevfépwong g uvnung otav dev ypnotuorsoteiton dhrho. H Python extelel oulhoyn amop-
PLUATMV HECH KATOUETPNONG AVAPOPDV Kal EVOG KUKAKOU GUMEKTY 0KOUmdLDV TTov eival oe BEon va
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aviyveveL Kat vo o7tdel Toug KUKAoUg avapopds. O cuMEKTNG OToppLLETmV WTopet vo. eheyyOel xpnotuo-
moudvTog to module ge.

generator
Mo ouvéptnom mov emotpépel €va generator iterator. MOLATEL Ue ULaL KAVOVLKT) GUVAPTNOY €KTOS atd TO
OTL TTEPLEYEL EKPPAOELS yield Yo TNV Topaymyr (oG GELPAG TLUMV TTOV UITOPOVV va, xpnotuomotnfovv o
évav Bpoyo for | Tov umopovv va avaktnOolv pia T popd pe v cuvdptnon next () function.

ZVvHBwg avagépeTtal o€ o OUVAPTNOT generator, OAAG UTTOPEL VO ovOpEPETaL OF EVav generator iterator €
nepLKd contexts. 2e TEPLTTOOELS OTTOU TO EMOLWKOUEVO VONUOL OEV ElvaL TAPES, 1) YPNOT TWV TANPWV OpwV
AITOPEVYEL TNV OLOAPELQL.

generator iterator
"Evo avTLKEIUEVO TTOU dNIOVPYELTOL ATTd (oL 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 éK@pa.on
Mo €Kppaon ov emoTpépet Evay iterator. MoldLeL pe Kavovikn £Kgpaot ov akolovbeitol amd ua pd-
taon £for mov opilel o petainth fpoyxov, Eva evpog Kot o tpootpetiky tpdtaon if. H ouvdvaouévn
£K(Paon dMULOVPYEL TLUEG YLOL UL GUVAPTNON EYKAELGUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

YEVIKT] GUVAPTNOT)
Mo ovvaptnomn mov atoteheitol amd TOMATAEG GUVOPTNOELS TOV VAOTTOLOVV TV 1810 Aertoupyia yio dtoi-
popeTikovs Tumovg. ITowa viomoinom mpérmet va xpnolpomon el katd ) dubprera puo kKong kabopileta
aTto TOV AAYOPLOUO OITOOTOMNG.

B emtiong v kataywpnon tov single dispatch, tov decorator functools.singledispatch () ko PEP
443.

YEVIKOG TUTOG
'Evag type mov umopel vo moapapetpomotndel” ouvnOmg o container class, 6twg 1ist 1) dict. Xpnowo-
TOLELTOL YLOL Type hints Kow annotations.

I teproodtepeg Aemtopépelec, PA. generic alias types PEP 483, PEP 484, PEP 585, ko to module typing.

GIL
BA\. global interpreter lock.

global interpreter lock
O umyavioudg mov ypnopomoleitor amd tov depunvéa CPython yia va diaogoliost 6tL udvo €va viua
extelel Python bytecode k&g qopd. Autd amhormolei Tv viomoinon CPython dmuovpydviag to Hoviého
OVTIKELWEVOU (CUUTTEPLMOUPOVOUEVOV KPIOLIMY EVOMUATOUEVDVY TOTTOV OTTOG Y. dict) Euueco aopaiéc
évavtl tautdypovng mpodopaons. To xheidwua oAdKANPoU Tou dtepunvéa dLeEVKOMIVEL TOV dLepunvéa va
glval TOAMATADY YUdTmv, €1g BEpog Tou ueyahov HéPoug Tou TOPAMNALOUOU TOV TOPEYOUV OL UNYAVES
TOMATAOV ETEEEPYOTTMV.

Qo0tH00, OPLOPEVEG AELTOUPYIKEG LOVADEG EMEKTAONG, EiTE TUTTLKEG €iTe TPiTWYV, £XOVV OYESLAOTEL £TOL DOTE
va aserevfepmvouy 1o GIL dtav ektehoVv epyaoie EVIOTIKMY VITOMOYLOUDV OTTMG CUUITTLEDT] 1) KATOKEP-
natouds. Emiong, to GIL amehevbepmveton mévta dtav extereite /0.

Iponyovueveg mpoomadeieg va dnuovpyn0ei évag diepunvéag «ehevBepwv-vnuatwv» (avtdg Tov Kheldwm-
VEL TOL KOOy pNnoto dedopéva ue oA o Aemtopept] evancnoia) dev frav emituyeis emeld 1 arddoon
VITOYMDPNOE OTNV KOLVT| TtEpimTmon evig emeEepyaot. Iliotevetal 6t 1 vépPfaon outol Tov TPOPANUATOG
art6doong Oa Kdvouv oAl Lo TEPITAOKY KoL ETOUEVMGS TTLO dATTAVIPT] 0TV GUVINPNON).
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hash-based pyc
'Evo apyeio kpugrg uvnung bytecode ou Y p1OLULOTTOLEL TOV KOTOKEPUATLOUO Kot OXL TOV (POVO TPOTOTTOLN-
011G TOV AVTLOTOLYOV apyelov TPOEAEVONG YL VO TPOOALOPLoEL TNV eyKupdTNTa TOV. BA. pyc-invalidation.

hashable
‘Eva avtikeipevo eivon hashable edv €xel pua tin] KOTaKepUATopoy o dev adlddlel moté Katd ™) dudp-
Kewo TG Cw1g Tou (yperdletar o uébodo __hash__ ()), Kou umwopei vo ouykpLOel ue dAho avtikeipeva
(yperaCetan o nébodo __eq (). Ta hashable avtiKelueva IOV CUYKPIVOVTAL WG TPOG TNV LOOTNTO TOVG
TPETEL VOL EXOUV TNV L0 TLUT] KATOUKEPUOTLOUWOU.

H VmopEn hashable kGvel éva avukeiyevo va wmopel vo ypnowpomon el mg khewdi AeEukov kor wg uéhog
€vOg OUVOLOU, ETTELDN AUTEG OL HOUEG DEDOUEVV YPTOLUOTTOLOVV TUUES KATOKEPUOTLOUOU.

Ta mepLoodTepa 0d Ta aueTdffinto evoopatwuévo avitkeipevo g Python umopoiv vo Katokepuot-
otoUv” ta petafntd Kovtévep (Ommg ou hMoteg 1) ta AeEikd) dev elvan” T apetapinTo Koviévep (0mmg
mheladeg Kan to frozesets) UTOPOVV VL KATUKEPUOTIOTOUV UOVO EGV TCL OTOLYELD TOVG ELVOL KOTAKEPUATL-
ouéva. Ta ovTiKELPEVO TTOV Elval OTLYIOTUTTO, KAAGEMY TTOV OPIloVvIOL Ao TO ¥PNOTH WIOPOVV VO KOTO-
KEPUATLOTOVV amtd mtpoemihoy). ‘Oha ouykpivovTal Gvioo. eKTOG aItd ToV €AVTO TOVUGS) KOl 1 TLUY KOTOKEP-
HOTLOUOV TOVG TTPOEPYETOL atd To id () .

IDLE
"Eva. ohokAnpouévo meptfdihov avamtuEng kow pdbnong yio v Python. idle givar éva faoikd mepidihov
eme€epyaoiag Kat diepunvéa Tov cuvodeetal oo TV Ttk davour) g Python.

immutable
‘Eva ovtikeipevo pe otodepn tpr). Ta auetdfinto avitkeipevo mepihapfdvouy aptbuoig , oupporooelpég
Ko theladec. ‘BEva tétoto avtikeipevo dev wwopel vo oAAGEeL. 'Eva véo avtikeipevo pémel vo dnuovpynOei
edv mpémer va amodnkevtel wa dapopetikt) tiun. Hailovv onuavtikd poho og uépn Omov pa otabepd
asorteitol, yio mopdderyno wg kAedi oe éva AeEiko.

e1oayouevo path
Mua Alota amd Tomobeoieg () kataywoices dtadpouris) Tov Wropouv va avalntn0ovv path based finder yuo.
va etoayBovv modules. Katd tnv dtadikaocio eloaymyng, avth 1 Moto pe tormodeoieg ouvnOmg €pyetol amd
sys.path, oA yia o vromakéTo umopel emiong va €pBeL 0o TO XAPUKTNPLOTIKO TOU TAKETOU YOVEQ
__path_ .

ELGUYOYY)
H drodikaoio katd v omoia o kwdikag tng Python oe éva module eivon dto0éowun otov kwdika Python
evog dilov module.

160y OYEng
"Evo avTLKELIEVO (WITOPEL Ko voL ovalTel Ka va opTtmvel évo module” Ko éva finder Ko loader avtikeipevo.

dadpaotikog
H Python éyg1 évav d100paotikd depunvéa 0ov onuaivel 0Tl WITopeig vo eLoAyelg SNAMOELS Ko EKPPACELS
OTNV ELOAYWYT EVIOLDV TOU JLEPUNVEQ, EKTEMDVTOG TEG GUETT KOl EUPAVILOVTOG TO OVTLKEIIEVA. ATTADG
€KKLVN0TE TNV python ywpig opiopota (mOavog emiéyoviag to amd To KUPLO HEVOD TOU VTTOAOYLOTH) O0G).
Amotehel évav amodoTikd Tpdto yio vo dokiudote véeg 1déeg 1) va eEetdote AetTtovpykég Lovadeg Ko ol-
Kkéta (BuunBeite help (x)).

interpreted
H Python eival pwa interpreted yAwooa, o€ avtifeon (e (o UETAYAWTTIOUEVY, OV KoL 1] SLAKPLOT| UTTOPEL VaL
elval Kat oA Moyw Tng mapovoia Tov bytecode petayhmttioTi). Autd onuaiver 6Tl To apyeia TPoEAEVONG
WITOPOUV VoL EKTELEGTOUV AITEVOELOG YWPIg VO dNULOVPYNOEL PNTA £Va EKTEAECLILO CLPYELO TTOU OTNY OUVEYELDL
exteheitar. Ou interpreted yAdhooeg ovviiBmg £xouv WKpOTEPO KUKAO avAmTuENG/ EVIOTLOUOU GPOAMLATMY
TT0 TLG UETAYAMTTIOUEVES, 0LV KOIL TOL TTPOYPAUUATA TOVG YEVIKA eKTELOVVTOL TTL0 0pydL. BA. emtiong inferactive.

TEPUATIONOS LELTOVPYiag Stepunvia
‘Otav Inteiton tepuatiopndg Aettovpyiog, o diepunvéas g Python ewoépyetar oe po L8k (pdon 0mou ate-
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LevBepmvel oTadlokd OAOUG TOUG SLOTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYLKES LOVADEG KoL TTOAMAITAEG KPLoL-
ueg ecwteptkég doués. Emiong mparypartomolel apKeTég KAMOELG 0TO GUAAEKTNS okoVmALD V. AUTO UTTOPEL VOl
EVEPYOTOLNOEL TV EKTENEDT KMOLKA 0€ KOTAOTPOPELG 71OV 0piovial amd to ¥photn 1) ot callbacks aobevoig
ovtamokpioels. O KMALKAG ToU eKTEAEITOL KATA TN (PAON TEPUATIONOV AELTOUPYIOG UTOPEL VO CUVAVTYOEL
dudipopeg eEatpéoeic, Kabmg oL TdpoL 0Tovg omoiovg Pfaciletor evdéyetol vo unv Aettovpyouv mhéov (ou-
VIO apadeiyuato eivor oL Aettoupykég novadeg BBAOONKNG 1) 0 U avIoUOS ELOOTONOEWV).

O Baotkdg MOYyos TepuaTiopoy hettovpylog tov diepunvéa eivon éti to ___main__ module 1) ohokAnpmOnke
1 EKTEAEDT) TOV KMALKA, TTOV £TPEYE.

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.

Ta iterables umwopovv va ypnotposonBovv oe éva for Bpdyo kou o ToAG ahlo onueio 6o ypeldleTol
o axohoubia (zip (), map (), ...). Otav éva iterable aviikeipevo petafpaetor mg OpLona 0TV EVow-
LATOUEVT OVVAPTNOT iter (), emoTpEpeL Evav iterator Yo aviikeipevo. Autdg o iterator eival Kaiodg yo
éva tépaopa artod £va ovvolo Timv. OTov XP1NOLULOTTOLEITOL ETAVOATTTTLKE, GUVIOmG dev elval amapaitnTo
vo kohéoete To iter () 1) vo aoyolnOeite uovol oag ue avtikeipeva iterator. H dNiwon for to kéver o-
TOUATO VL0 EGAG, ONUOVPYDVTOG UL TTPOCWPLVY] UETABANTI X WPLg OVOU Yo VoL KPaTd TOV iterator yio TV
dudipketa Tov Bpodyov. BA. emiong iterator, sequence, xou generator.

iterator

'Evo. OVTLKEIPEVO TTOU avTLITPOoWIeVeL o pot| dedouévav. Emavahaufavoueveg kifoelg mpog ™ wé-
0060 __next__ () tov iterator () petaifaon Tov otV EVOOUATOUEVT) CUVAPTNOT next () ) EMOTPEPOVY
dradoykd otouyeion otnv por. Otav dyL meprocdtepo dedopéva eivar dradéoua eyeipetar wo egaipeon
StopIteration. Ze avtd To onueio, To aviikeipevo iterator eEavtleitar kou Tuxdv TEPAUTEPW KANOELS
ot uébodo __next__ () amhwg amhd eyeipovv Eavd 1o StopIteration. Ouiterators mpémel va €xouvv
o wébodo __iter_ () OV EMOTPEPEL TO DLO TO AVTIKEIIEVO iterator, £ToL woTe KAOE iterator va eivoal
emiong iterable ko pmopel va ypnotuomomn el oto mepLoodTEPO UEPT OOV YivovTaL 0TTodekTol Ko dAloL
iterators. Mo aEtoonueimtn eEaipeon eivar o kmdikag mou emyelpel morlhamhd mepdopata iteration. ‘Eva
avTikeipevo Kovtétvep (Ommg éva 1ist) mapdyel évov kobapd véo iterator k4O popd mov Kabe popd o
petafipaleral oty ovvaptnon iter () 1) Tov xpnopomoteitol o évav for Bpoyo. Eav emyeipfoete avtd
ue évav iterator ommAwg O emLOTPEPETE TO (010 EEAVTANUEVO QVTIKELUEVO iterator oV PN oLoToLONke GTOo
TIPONYOVUEVO TTEPOOUQ iteration , KAVOVTOG TO VO (POIVETOL GOV EVOL AOELO KOVTELVED.

[epioodtepeg mAnpopopieg wropotv va fpebolv oo typeiter.

Aemropépera viomoineng CPython: To CPython dev eapudlet pe ouvémeila Ty amaitnon va opitel évag
iterator __iter ().

ouvaptnon key

Mua ouvaptnon khewdi f pa guvéptnon taEvounong eivar ua dSuvatdTnta KAoNG Tou eoTpé@eL o Tt
7OV YpNOoLuoToLeital yia tagwvounon 1 dudraln. N mapdderyua, locale . strxfrm () xpNOLUOTOLEITAL
Yo TV TTapoymyn evog KAELSLOU TaEIvOUNoNG Tov Yvopilet Tig oupPAoeLg TOELVOUNONG VL0 OUYKEKPLUEVEG
ToTKéG puouioes.

‘Eva. aplBudg epyoreiov otnv Python déyeton Baoikég OuUVOPTNOELS VL0 TOV EAEYXO TOU TPOTOU UE
Tov omoio ta otoryeio TaEvopotvial 1 ouadomorovvral. Avtd mepéyovv min (), max (), sorted (),
list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest (),Ko itertools.
groupby ().

Yndpyouvv dudpopotr Tpdmor Yo vo dnuovpynoete o ovvdptnon khewdov. To mapdaderypa. 1 ué-
0080¢ str.lower () WIOPEL VO XPNOWEVOEL WG CUVAPTNON KAEWDL YLOL TNV TTEPITTMON Un SLAKPLONG
meCov-kegaraiwv. Evolhaktikd, wo ovvdptnon khewdot umopel va dnuovpyndei amd wo lambda
éxppaon 6mwg lambda r: (r[0], «r[2]). Erniong operator.attrgetter (), operator.
itemgetter () kou operator.methodcaller () elvol TPELS KOTAOKEVOOTES PACLKMOV GUVAPTIOEMV.
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BA. o Ta&wvounon HOW TO yia mopadeiyuota dnuovpyiog kKo xpnong Pactkmv ouvapTtioemy.

opwopa keyword
B\. argument.

lambda
Mo avivuut EVOOUOTOIEVY CUVAPTIOT TTOV OITOTENELTOL OITO ULe LOVODLKY expression 1) 0mtoid. aELOAO-
veltar Otav kodeitol 1 ouvdptnon. H ouviogn yua t dnuovpyia wog ouvaptnong lambda eivon 1ambda
[parameters]: expression

LBYL
Look before you leap. Autd to oTvh KmOLKOTOINONG EAEYYEL PNTA TIG TTPOVTOOETELS TTPLV TPOLYUOTOTTOLT|OEL
KMjoelg M avalntioelg. Avtd to otuk épyetan oe avtifeon pe v Tpooéyyion EAFP xou xopoKTnpiletal
aTTo TNV TAPOVOLA TTOAMMY dNhwoewv 1 f.

e éva mepLPailov modhamhwv vudtmv, 1 tpooéyyon LBY L umopei va SLakivduvedoet va eLOGYEL L, GUV-
oMkm aydva petakv «the Looking» ko «the leaping». T mapdderypa o kddikac, 1f key in mapping:
return mappingl[key] wropel vo ommotiyel 4V Eva GALO VIO OPOLPETEL TO key ad TO mapping Petd
T doKLuY), OMG TTPLY artd TV avalntnon. Avtd to TpoPAue wropsl va Abei pe KAedmuorta 1 xpnouo-
oLdvTog TV Tpootyywon EAFP.

Moto
‘Eva evoopatopévo Python sequence. Iapd to dvouo tov, potdlel meplocdtepo pe évav mivoka oe ahleg
vAwooeg mopd e poe ouvoedeuévn Aiota, kabwg 1 tpdoPaon ota otovyel eivar O(1).

list comprehension
"Eva. oupstoyng Tpdmmog yiao va. erteEepyooteite Oha 1) HEPOG TWV OTOLYEIWY OF (o Ko AoUDia KoL VoL eTLoTpé-
Pete o Alota pe ta omotehéopata. result = ['{:#04x}'.format (x) for x in range (256)
if x % 2 == 0] dnwovpyel wa Aloto ouufolooelpmv Tov mepLEyovy Luyolg dekaeEadikoig aplbuotc
(0x..) oto gvpog amd 0 éwg 255. H mpodtaon 1f elvon poatpetikn. Eqv mapaiewpbel, Oha ta otoLyeio oto
range (256) vropdihovtal og emeEepyaocia.

loader
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

TOTTKY] KWOKOTTOIN oM
Zto Unix, eivow 1 kwdikomoinon g tomky pvOuong LC_CTYPE. Mmopsi va pvBuwotel ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivow 1) code page ANSI (;t.y. "cpl252™").

Zto Android xouw to VxWorks, 1 Python ypnowosotei to "ut £-8" g TomKk KmdtKomoino.
locale.getencoding () umopei va xpNoLuoTotn0el yia Ty aviKTnon Tng TomKNG KOLKOTOLNonG.
BA. emtiong o filesystem encoding and error handler.

noykt uédodog
"Eva &tumo ouvdvuuo yia special method.

mapping
'Evo ovTIKeievo KovTéLvep mov vootnpiler avbaipeteg avalntoelg KAeWLmv Kat VAoToLEL Tig uefddoug
mov kabopifovtow 0to collections.abc.Mapping 1 collections.abc.MutableMapping
abstract base classes. Ta mapadeiypoto mepthapfavovy dict, collections.defaultdict,
collections.OrderedDict kouw collections.Counter.

meta path finder
'Evag finder mov emlotpdonKe pe avalntnorn oto sys .meta_path. Ofinders ueta-diadpopung oxetioval,
ala dLapépovy artd Ta finders entry Stadpours.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov viomolovv oL meta path finders.
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ueta-Khdon

H kAdon wag khdong. Ouopropol khdong dnuiovpyotv éva dvoua kAdong, éva AeEtkd Khiomg kot o AMoto
Baolkmv kKhaoewv. H peta-khdomn eivor vetfuvn yio v omtoKT)on GUTmVY TV TPV OPLOUETWY KoL TV
dmuwovpyla g KAGoNG. Ot TePLOCOTEPES AVTLKELUEVOOTPEPELG YADOOES TPOYPAUUATIONOU TOPEYOVV ULOL
TPOETUAEYUEVT] VAOTTOINOT. AuTd TTov Kver Tv Python Eexywpioty| eivan 6t eivon duvarti| n dnuovpyia tpo-
oapuoopévav petakhdoemv. Ot teplocdtepol ypfoteg dev ypeldLovial Toté outd To epyaleio, alld dtav
TOPAOTEL OVAYKT), VT TO EPYOELD, OL LETA-KAAOELS WITOPOVY VAL TOPEXOVY LOYVPES, Koppéc Moels. 'Eyxouvv
YPNOLULOTTONOEL YLl TV KOTay POt TPOGPAONG XOPAKTNPLOTIKMOV, TV TTPOTONKT aopdlelas vudtwy, Ty
TOPAKOAOVON 0N dNuovpylog avTLKEWEVOY, TNV VAOTTOiNoT singletons, Kol ToMég dAleg epyaoiec.

[eproodtepeg mAnpopopiec pmopouv vo. fpeboiv oto metaclasses.

néBodog
Mo ouvéptnor mov opiletal péoo 0to omua uag kKhaong. Eqv kaleitolr og xapoktplotikd wog mepi-
TTOONG AVTNG TG KAGONG, 1) u€00d0G O MABEL AVTLKEIIEVO TEPITTMONG WG TPDTO TG argument (T0 0TOLO
ouvnBmwg ovoudtetar self). BL. function ko nested scope.

oep avavong 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
"Evol OVTLKELUEVO TTOU YPNOLUEVEL MG OPYOVWTIKY Lovada tov kmdika g Python. Ta modules £yovv évov
YWPO OVOUATOV IOV TTEPLEXEL avbaipeta avtikeipeva Python. Ta modules poptwvovtol otnv Python ue v
duadikaotio importing.

Bh. emtiong package.
TEYVIKES TTPOSLaypapes module

"Evo. namespace TTov TEPLEYEL TLG TTMPOPOPIEG TTOV TYETITOVTAL [LE TNV ELGAYWYT TTOV XPNOLULOTOLOVVTOL YLC!
™V @opTwon evog module. Mia swepimtowon tov importlib.machinery.ModuleSpec.

MRO

BM. method resolution order.

mutable
Ta gvpetdpinto aviikeipevo wropotv va. aldEouv Tig twég alhd va kpatioovv o id (). BA. emiong
immutable.

named tuple
O 6pog «named tuple» eapuoOTETOL YLa 0TOLOVONTOTE TVTTO 1] KAAON 7OV KANpOovoueitoL atd TV mhetdda
KOL TV OTTOLYV TOL OTOLYELOL (WTOPOVV VO EVPETNPLOTTOLNO0UV ElvaL TTPOTRACLULO X PNOLUOTOLDVTOG ETTMVULAL
YOPAKTNPELOTLKA. O TOTOG 1) 1 KAAOT WTOPEL vau €xeL Ko GO Y apaKTNPLOTIKA.

IoA\hoi evompotmuévol Tumot eivar named tuples, CUUTEPIAOUPAVOUEVOV TOV TUUMV TTOV ETLOTPEPOVTAL OTTO

time.localtime () kawos.stat (). Eva dhho mopdderypa eivon to sys.float_info:
>>> sys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Oplouéveg avayvoplopéveg mheladeg elvol evomuatmuévor Tomol (0Twg To TOPOTAV® TOPUOELYILOTAL).
EvalhokTikd, o avayvoplopév Thetddo wmopet va dnuovpyndel amd évav oplopd Kovovikng Khaomng
7o KAnpovouel oo tuple Kot wov opiletl £yKupa media. Mia Tétolo KAAOT) UWITOPEL VoL ELVOLL YPOUUEVT] UE
TO XEPL 1 WITOPEL Vo duovpynBel kKinpovoumvtog to typing . NamedTuple, 1] pe TV factory cuvaptnon
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collections.namedtuple (). O televtaieg Teyvikég mpoabétovy emiong uepikés emuthéov neboddovg
IOV WITOoPEL VoL unv Bpebotv o€ xelpdyYpapes 1) EVOOUOTOUEVES TTAELAOES LE OVOULAL.

namespace

To wépog dmov amobnkevetar wa petafint. Ta namespaces viomoloUvTow wg AeEukd. Yapyouv oL TomL-
Koi, oL KoBolikol Ko oL evowpotmuévol namespaces koOmg koL oL £vOeToL namespaces o€ avtikeipeva (o€
uebodoug). I mapdderypa oL ouvapToelgbuilt ins . open KoL os . open () dLoKpivovToL ad Tovg ym-
poug ovoudtwv Tous. Ot xhpotL ovoudtov Fondovv exiong TV avayvooLOTNTA KoL T GUVTHPNOLUOTNTO
Kablotmwvtag oapéc wolo module viomotel o Aettovpyia. Tia wapdderypa, ypdgovtag randonm. seed ()
Nitertools.islice () KaBLOTA OapES OTL AUTEG OL OVVAPTNHOELS VAoTToLoUVTaL artd ta module random
KoL itertools, avtioTouyd.

TOKETO 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.

Bh. emtiong module.

nested scope
H duvatdtnra ovogopdc oe o petafin oe évav mepikhedpevo optopd. Tia mopdderyo po guvapTon
7ov opiletar uéoa og wa GAlY ouVAPTOT UTOPEL VO avoapépeTtan ot LETABANTEG TNV eEwTepLkn oLvdp-
TNON. ZNUELMOTE OTL T, EvOETO TTEDLO QITO TPOETAOYT AELTOUPYOVV OVO YLOL VOALPOPA KOl OYL YL EKYMPNOT).
O tomikég petafAntég dLafalovrol KoL YpapovioL 0To ECWTEPLKO mTEdI0 epapuoyrg. Onoimg, oL Kabohikég
HETAPANTES dLoBATOUV Kan Yphpouy otov KaBoAko xhpo ovoudtwv. To nonlocal emTPETEL THV EYYPOPN
og eEwTeplka media.

KAGo1N VEOU OTUA
To wold dvoua Yo To €d0G TV KAAGEWV YPTOLULOTTOLELTOL TAEOV YLOL OMOL TO. OVTLKEIUEVOL. € TAMOTEPEG
ekd00¢Ls tg Python, 1ovo oL kKAAoELG VEOU OTUA WITOPOVOLY VAL P CLULOTOLOOUY TLG VEOTEPEGS, EVEALKTEG dU-
vatdtiteg T Python émtwg __slots_, descriptors, tdiotnteg__getattribute_ (), uébodol kKhdong,
Ko oToTikég nébodot.

OVTIKEIUEVO
OmoL0d1|tote dedouéva Ue KOTAoTAOoN (XOPOKTNPLOTIKA 1) TLY) Kow Kafoplopévn cuumeptpopd (uéBodot).
Emiong, 1 telky) faoikn KAGoY 0molacdNmote new-style class.

TOKETO
"Eva Python module mov umopel vo mepiéyer submodules 1) avadpourkd, vromakéta. Texvikd, £va mokéto
gival o Aettovpyrkn povada Python pe évo ___path__ xapakTnpLlotiko.

B emiong regular package xow namespace package.

TOPANETPOS
Mo éykupr ovtdtnto o Evav opwoud function (| péBodog) mov Kabopilelr évo argument () 0€ OPLOUEVEG
TEPLITTAOOELS, Opiopata) Tov umopel va dexOel 1 ouvdptnomn. Yradpyovv mévte eldn mapauétpmv:

o AéEn-KAeldi 1) Oéon: xoBopilel Eva dpLopa TOV WITtopel vo. petoPLpootel eite Oéoews M wg dotoua AEEng-
KAetOto0. Avto glval To TPOETILEYUEVO ELOOG TAPAUETPOV, VIO TTAPAdELYIa foo Kan bar oto akdlovOa:

[def func (foo, bar=None): ... ]

o Oéoewg udvo: xaBopilel £va OpLopO TOV UTOPEL Vo TopEyeTal uOvVo amd T 0€on. Ol TapdueTpol ovo
B£0mMG PIToPOUV Vo 0pLOTOUV GUUTEPIAAUBAVOVTOG Evav YopakThpa / TN MOoTa TopauéTpmy Tov opL-
Oopuov oVVEPTNONG UETE 0TTO AUTEG, Yo TTapdderyua posonlyl kou posonly2 oto eENg:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o AéEnc-kAetdi uévo: xaBopilel évo OpLopa ov wropel va mapéyetar pdvo ue AEEN khedi. OL mapaueTpoL
HOVo YL AEEN-KAeLdE WITopovv Vo 0pLoToUV GUUITEPIAAUBAVOVTAG UL Tapduetpo BEong 1) okéto * ot
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Mota TapaUETPWY TOU 0PLOUOY CUVAPTNONG TTPLV ATTd 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 o avbaipetn axorovdia opioudtov OEong
(emumhéov TV oplopdtov BEong Tov givar 1191 amodeKTd 0td dAleg mapauéTpovs). Mo tétola mo-
PAUETPOG WITOPEL VO OPLOTEL TTPOCAPTDVTOG TO OVOLLO TNG TAPAUETPOU UE *, YLOL TAPASELYUX args 0T
axohovOa:

[def func (*args, **kwargs): ... ]

o ustafAnth AéEn-kAetdi: Kabopiler 6L pwwopovv va mapéyxovror avbaipeto ToAG opiouato AEENC-
KAELOLOV (emLITAEOV TV 0pLOPdT™mVY AEENG KheldLov o eival amodektd amd dhheg mapauétpous). Mia
TETOLAL TTOPAUETPOG WTOPEL VO OPLOTEL TTPOTUPTWVTAG TO OVOUC TNG TOPUUETPOU UE * *, Y0 TP
devypa kwargs OTMS TOPATAVO.

O TapaueTpoL UITopovv vo. KaBoplioovy TG00 To TPOULPETIKA OCO KAl TO AITOLTOUUEVO. OPLOUATO , KOOMG
KO TTPOETUAEYUEVEG TLUEG YLOL OPLOUEVA TIPOALPETLKA OPLOUALTOL.

BA. emiong tnv argument Kataydplon evpetnpiov, v gpdtnon FAQ oyetikd ue 1 diapopd neta&i oplopd-
TOV KoL TAPOUETPWV, TV KAGON inspect .Parameter, v evotnta function kouw PEP 362.

path entry
Mua pepovouévn torofeoio oto import path v omoia supBovievetat o path based finder yio. vo pper modules
YLOL ELOAYWYT.

path entry finder
'Evag finder mov emotpégetal amd Evav KahoOuevo 0to sys.path_hooks (dnhadi) éva path entry hook)
mov Eépel twg va evromifer modules pe path entry.

Bl importlib.abc.PathEntryFinder yia tig uefddovg mov o entry finder duadpoung vhomotei.

path entry hook
"Eva kohovuevo ot Mota sys . path_hooks, to omoio emotpéger éva path entry finder edv Eépel tmg va
Bploker module og wo ovyKeKpLUEVN path entry.

path based finder
'Evo amtd to. mpoemmheyuéva meta path finders mov avalntd évo import path yio. modules.

path-like avrikeipevo
‘Eva aviikelpevo mov oviutpoowsevel €vo path ovotiuatog apyeiov. Eva aviikeipevo path eivar eite
éva avilkeluevo str 1) bytes mov aviutpoowrtevel €vo. path 1 éva avitkeipevo wov vhomotel To TpwTod-
koMo os.PathLike. Eva avtikeiuevo mov vootpilel To mpmwtoKolho os.PathLike umopei vo pe-
tatpasel oe path cuoTNUOTOg OPYEIWV st 1 bytes Kaldvrog TV cuvapmon os. fspath ()” 10 os.
fsdecode () koL os.fsencode () WTopPoOUV va ¥PNOLUOTomO0oUV yia THY €yyUNoT eVOg amoTeléoIaTog
str N bytes, avtiotorya. Etonydn axd tov PEP 519.

PEP
[potaon Bektimong Python. 'Eva PEP eivan éva €yypapo oxedLaopion mov mopeyeL TANPOQopieg 0TV Kol
votnto Python 1) mepuypdpel o véo duvatdtnta yia v Python 1) tig dadikaoieg 1) 1o mepifallov .
Ta PEP Oa mpérmet vo mopéyouv Uio. GUVOTTTLKY TEXVIKT] TPOdLOYPagpt] KoL Lot LOYLKY] YLOL TOL TTPOTELVOUEVOL
YOPOKTNPLOTLKA.

Ta PEP mpoopilovrol va eival oL KUPLOL W oviouoi Yo TNV TTPOTO0T ONUAVILKMV VEOV YOPOKTPLOTIKMYV,
YLOL T GUAAOYY] TTANPOPOPLOY THG KOLVOTNTOG Yo £va THTNUO KoL Yo TNV TEKUNPLmON TOV 0ToQaoemy
oyedLaopov o £xovv ewoay el otnv Python. O ouyypagéag tov PEP gival veBuvog yio thv otkodoumon
oUVavEONG EVTOG THG KOLVOTNTOG KoL TNV TEKUNPLMON avTtiOeTmwy amdPpewy.

Bi. PEP 1.
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i
"‘Eva. 6Uvolo astd apyeio og Evav novo Katdhoyo (evOeouévmg omoONKeUUEVO 08 aPYELO Zip) TOU CUUPBEA-
Lovv og évo namespace TOKETO, OTwg opiletar oto PEP 420.

oplopa 0ong
BA\. argument.

provisional API
"Eva. provisional API eivan autd mov €xel eokeppéva eEaupedei amd Tig backwards eyyunoeig ovufatdTntog
™G TUTLKNG PLPAOONKNG. AV Kot deV avauévoviol ONUOVIIKEG OAAAYEG O TETOLEG BLETTOPES, EQPOCOV ETTL-
onualvovtal wg TPocwpLvés, oalhayég un backwards cuufoatotntog (UéyxpL Kou Kotdpynon g SLemapng)
umopel va Tpoktpouv edv KpLhei amapait)to amd tovg faoctkovs mpoypapatiotés. Tétoleg alhayég dev
Ba yivouv dokoma — Ba ovpPolv wovo eav amokalvpOoy copapd Oepemdr EAATTOUOTO TOV TOPOAE-
POMKav mpLv amd T ovprtepiinyn tov APL

Axoun ko yua provisional AP, ou un backwards cuufatég alhayéc Oempoivran «hiom €oyatng aviykng»- o
eEakolovBei va yivetow k40 poomdeia yia va Bpebei o Mior backwards ovpBaty) og Tuy OV evTomiopéva
mpofinuata.

Avt 1 Sadikaoio emrtpémel oty TuTTLKY BLBAo0 KN va ouveyioel va eEghiooetal pe Ty tépodo tou ypo-
Vou, YwpPig va KAELOMVEL TPOPAUATIKE OPALUATO OYESLAOUOV VIO EKTETAUEVES Y POVIKES TTEPLOdOUG. BA.
PEP 411 yi0 teplocdTepes AeTTOUEPELES,

provisional Tokéto
BA. provisional API.

Python 3000
Wevdmvupo yo to ovvoro ekddcemv Python 3.x (emvonOnke stpLv atd wohl Kapd dtav 1) KukAogopia g
€xd00mg 3 NTav KATL 0T0 LoKPLVO HEAAOV.) Autd ovoudletal emiong wg ovviopoypapio «Py3ks.

Pythonic
Mo 1déa 1) éva Koppdtt Kdduko Tov okohovBel TLoTd To Lo Kowvd tdudpata g Yhwooag Python, avti va
VAOTTOLEL KMOLKA YPNOULOTOLMVTOS £VVOLEG KOLVEG 08 ddAeg Yhwooeg. o mapdderyna, £va Kowvd dimpa
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])

L

Avtibeta, wo mo kabapn uébodog Pythonic:

p
for piece in food:

print (piece)

AVOYVOPLOUEVO GVou,
'Eva dvopo pe KouKkkideg wov deiyvel T «dradpour)» artd to Kabohkd evpog evdg module oe pwo kKhAom,
ouvaptnon 1 uéBodo mov opileTar o vtV TV evoTiTa, Omtwg opitetor oto PEP 3155. Twa ovvaptioelg
Ko KAAOELS OVATATOV ETLTEDOV, TO OVOLYVWPLOUEVO OVOUQL ELVOL 11O LE TO OVOUX TOV OVTLKEWWEVOU:

g
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_
] C ]
>>> C.D.__gualname

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

'C.DFY
>>> C.D.meth.__qualname
'C.D.meth'

‘Otow ypnowooteitar yia avapopd oe modules , To TAHowS avayvweLlouévo évoua oNUaiveL OMOKAPO TO
drakekopuévo path pog to module, CUNITEPLOUBOVOUEVOV TUYOV YOVIKMV TAKETWV T.). email .mime.
text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

i 00g avagopag
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.
Programmers can call the sys . getrefcount () function to return the reference count for a particular object.

KOVOVIKO TOKETO
'Eva mopadooiokd package, dmwg £vag KATALOYOS OV TTEPLEXEL VoL __init_ . py opyelo.

B\. exiong namespace package.

slots
Mo dSMhwon péoo o€ po KAGoN TTov EEO0LKOVOUEL UVAUT SNADVOVTAG EK TOV TPOTEPMVY YMPO YLOL PG
SeLyua YopaKTNPLOTIKG Ko eEahelpovtag MeELKd oTIyoTUTmV. AV Kat SNUOQIAAG, 1) TEXVLKY elvol KATmG
dVOKOMO VO YiveL OWOTI Ko TTPOOPLLETAL KOAUTEPQ VL0 OTTAVIES TTEPLTTMOELG OTTOV VITAPYEL LEYAAOG 0pLO-
HOG OTLYILOTUTTOV O€ ULOL EQPOPUOYT KPLoWUNS-Uvihungs.

akolovbic
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
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.

H apnpnuévn faoikr kKhGon collections.abc. Sequence opilel o oD Lo TAOVOL SLETOPT) TOV
Eemepva ta amhd __getitem__ () xou __len__ (), adding count (), index (), __contains__ (),
Kou ___reversed__ (). Ot timot tov vAOTOL0UV QUTHV TV SLEVPUUEVT] SLETTAPT] WTOPOUV VO KOTAYWPT)-
Bouv pntd ypnowomolwvtag register (). Lo meplocdTept TEKUNPLOON OYETLKA e TG ueBddoVg KO-
hovBiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog oupmayfg Tpomog Yo va emeSepyaoteite OM 1 LEPOG TWV OTOLYEIWV O £va iterable Ko Vo EmLOTPOEL
é€va 0Uvolo e To amotehéopata. results = {c for c in 'abracadabra' if c not in 'abc'}
dnuovpyei To ouvolo cuuforoospwy {'r', 'd'}. BA. comprehensions.

novaduko dispatch
Mo popny dispatch generic function dmov 1 vVAOTOINOY emAEYETAL UE BAON TOV TUTO €VOG UEUOVOUEVOU

opiouatoc.

slice
‘Eva aviikelpevo mov ouvnOmg mepLéyel vor Tuua iag axkoiovdiag sequence. Anuiovpyetton éva slice ypn-
OLUOTTOLDVTAG T1) oneiman subscript, [] we avw Kol Katw teheieg netaEl aplbudv dtav divovol mwolhoi,

Omwg 010 variable_name[1:3:5]. H onueiwon aykilng (subscript) xpnOLLOTTOLEL EGMTEPLKA OVTLKEL-
ueva slice.

€191k pédodog
Mua puéBodog mov kaheitan oLwanpd amd tv Python yia va exteléoel o ovykekpuévn hettovpylo og évov
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U0, O 1 TPooNkn. Tétoeg uéBodol €xovve ovouato Tov EEKLVOVV Kot TEAELDVOUY e SUTAES KATW
movhec. O eldikég néBodot TEKUNPLOVOVTOL 0To specialnames.

Sroon
Mo TpdTaom eivar uépog pag oouvitag (va «Umhok» Kmdika). Mia tpdtaon eivan eite évag expression eite
o 0td TOAEG dopég pe o AEEN-KAedi Omtwg 1 £, while 1) for.

EAEYKTIS OTATIKOV TUTOV
'Eva. eEwtepikd epyaheio 6mov duafdlel Tov Python kddika Kot Tov avalvel, avalntdviag Tpopfiiuoto
omwg havBaouévol Tomol. Bi. extiong rype hints ko to module t yping.

strong reference
Zto C API tng Python, pa toyvpn avagopd eivor pua ovopopd o€ £vo avTIKEIEVO TOV VITKEL 0TOV KMOLKAL
mov TepLEYEL TNV avagopd. H oyxupn avapopd Aaupdvetor Kahmvtag to Py INCREF () 4toav 1 ovopopd
dmuovpyeitar kol amelevOepmvetan e Py _DECREF () Otav duarypoupel 1) avopopd.

H ovvéptnon Py_NewRef () uropel va xpnoLomotnOel yio T dNpoupyic Loyvpng avoagopdis o€ VoL ovTL-
Keipevo. Zvvilwg, 1 ovvdptnon Py_DECREF () mpémel vo Kaleltar otV 1oyupt| avapopd mpwv Byel amod
TO €VPOG TNG LOYVPNG OVOPOPAC, YLa Vo atopevyDel 1) dLappon Wog avopopdic.

B\. emiong borrowed reference.

KOS1Komoinon kewévou
Mo oupforocelpd oty Python eivar o axolovbia onueimv kddko Unicode (010 €0pog U+0000-
U+10FFFF). [0 vo arroOnkeVoeTe 1] Vo LETAPEPETE PLet OVUBOLOGELPEL, TTPETTEL VOL OELPLOTTOLNDEL MG dVAdLKN
akorovbia.

H oeplomoinomn wag ouufBohooslpdg oe o duadikr akohovbio eival YvmoTh wg «KmdLKOToinon» , Kou 1
avodnuovpylo g ovpporooelpds amd Ty duadiki) akorovdio elvol YVOOTH WG «AUTOKMOLKOTOINON».

Ymdpyer pLo. oLkl SLopOPETLKNG GELPLOTOINOTNG KeLwévou codecs, oL 0TToioL GUALOYLKG OVALPEPOVTIL OG
«KOOLKOTTOLNOELG KELUEVOU».

OPYELO KEWUEVOY
'Eva file object ixavo va dLafalel Kot vo ypdepel avtikeipeva str. Zuyvd, éva apyelo KeWEVOU amoKTd
TPOYUOTLK A TTPOOP 00T O€ Lo por) duadik) pot) dedouévarv Kan xewpiletal avtoporta v text encoding. Tlapa-
delypota apyelmv KEWEVOU lval apyeila TOV ovoiyouv o€ hettoupyia kewnévou ("r' M 'w'), sys.stdin,
sys.stdout, Kou otrypdTuma tov io. StringIO.

B\. extiong binary file yuon €vor AVTUKELUEVO apyELOV pe duVATOHTNTA OVAYVIONG KoL EYYPOPNG dvadikd avit-
Kelueva.

ouuPOAOCELPE TPUTAMY ELCAYMYIKOV
Mo 6uuB0A0TELPA TTOU HETUEVETOL ATTO TPELG TEPLITTMOELG ELTE EVOG ELOAYWYLKOD (») 1] LOlg ArtoaTpdpov (“).
Av xou gV Tap€Xouv Kapio AeltovpytkoTnTo o eV eival dtaféoLun (e oVUBOLOOELPES HE LOVA ELOOYW-
YUKQ, elval YpHOoLIES YL SLOPOPOVS MOYOUG. ZaG ETULTPETOVY VO CUUTTEPLAGPETE LOVA KoL SLTTA eLoarywyLtkd
YWPLG dLapuyT) o€ wa CVIPBOLOTELPA KoL UTTOPOVV VO. EKTELVOVTAL O TOMES YPOUUES XWPLS T XPTION TOV
YOPAKTHPA CUVEXELD, KADLOTMVTAG TO LOLOLTEPA XPNOLUA KATA TN OVVTAEY eYYPaQV (e GuUBOAOOELPEG.

TOMOC
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
‘Eva ouvavupo yua €vov TOmo, Tou dNULOVPYELTOL UE TNV avABEa) TUTTOU O€ €va avaryVmpPLOTLKO.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Two wapaderypao:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
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WITOPEL VoL YivEL TTL0 evavayvwoTto dmwg:

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

B\ typing kouw PEP 484, mov meprypdepel authv Tnv hettovpytkdtnta.

type hint
'Evag annotation ov KaBopilel TOV avouevouevo TOmo Lo iot UETOPANTY, EVOL YOPAKTNPLOTLKO KAGONG 1)
Lol TOPAUETPO GUVAPTNONG 1] TLUN| ETTLOTPOGPT|G.
Ou vtodei&eig TOmwV (type hints) eival poarpetikéc Ko dev emiBailovran astd tnv Python, odAd eivou xp1i-
OLUEG YLaL static type checkers. Mmtopovv ertiong va fon0fcovy toug IDEs e ) cuumhipwon KoL Ty avadio-
HOPPWOT KOdLKA.

YrodeiEeig timov (type hints) yio kobohkég petafintéc, xapoKTnplotkd KAAong Kar ouvopti-
oelg , OMG Oyl TOmKEG UETAPANTES, WITOPOVV VA TPOOTELACTOUV YPNOLUOTOLWVTAS TO typing.
get_type_hints ().

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLToupyLtkotnTa.

K00 MKES VEES YpaupéS
"Eva 1pdog epunveiag pomv Kelwévou atov omoio dha ta akdrovba avayvopilovral mg MEELS mog ypau-
ung: M ovufoon téhoug ypapuufg tov Unix '\n', n ovppaon twv Windows '\ r\n', Kow tnv woid odufoon
Macintosh "\r'. BL. PEP 278 kauw PEP 3116, ka0wmg koL bytes.splitlines () yio mpdobetn ypnon.

annotation perafintig
'Evag annotation wo. petoFANe 1 evog XopaKT)pLoTiKoy KAGoNG.

‘Otav annotating (o peta AN 1 €va XapaKTnPLoTKo KAAONG, 1) 0vadeon elval TPOALPETLKT):

class C:
field: 'annotation'

Ta annotations HETOPANTOV YPNOLUOTOLOVVTOL GUVNOWMG Yo fype hints: YL, TAPAIELYUA OUTH 1) LETOPANTN
avouévetal vo el Tiég int:

[count: int = 0 ]

H oVUvtoEn annotation petafAntig mepLypdgpetal oty evOTITO annassign.

B\ function annotation, PEP 484 xouw PEP 526, mov mepuypdpovv avty ) Aettovpyio. Aeite emiong
annotations-howto yio. BENTLOTES TPOAKTIKEG OYETIKA UE TNV EPYOCIO LE OXOMATUOVG.

virtual environment
"Eva ouvepyatikd ommoiovouévo mepLBAAlov xpOvou eKTELEDTG TTOV ETLTPETEL OTOVG YPNOTESG KOL TLG EQOP-
noyég g Python va eykataotioovv kou vo avafoabuicovy takéta drovoung Python ywpig va mapepfaivouy
0T ovuTePLPopd Ghhwv epapuoymv Python tov extelovvtal 0To 1610 oVoTYUAL.

BA. emtiong venv.

virtual machine
"Evog vtohoylotig opiletan €€ ohokAnpov amd to hoyiomkd. H eucoviky) unyavi g Python extehei to
bytecode Tov eXTEUTETOL ATTO TOV pPeTAYATTLOTY bytecode.

Zen g Python
Katdhoyog oyedlootikdv apydv KoL QLLOCOQLOV TTOV ELVOL XPNOLUES YLOL TNV KATOVON 0T KoL TN XP1HoN TG
yAwooag. O kotdhoyog uropel vo Ppedel mAnkTpoloywvtag «import this» oty dlodpaoTiK KOVoOla.
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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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4
NAPAPTHMA [

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 and ‘Etogq I[dloktnoia  GPL compatible?
09.0éwg 1.2  d/v 1991-1995 CWI Vol
13¢éwg1.52 1.2 1995-1999 CNRI Vol
1.6 1.5.2 2000 CNRI OyL
2.0 1.6 2000 BeOpen.com &yt
1.6.1 1.6 2001 CNRI oL
2.1 2.0+1.6.1 2001 PSF oL
2.0.1 2.0+1.6.1 2001 PSF vou
2.1.1 2.1+2.0.1 2001 PSF vaiL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 xou whvey  2.1.1 2001-onuepa.  PSF Vo
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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 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),._
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—~Python

3.11.14 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 3.11.14 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 3.11.14 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 3.11.14 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
3.11.14.

4. PSF is making Python 3.11.14 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, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.L
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, 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 3.11.14, 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 oV ETOUEVT] GEMDQL)
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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 emouevn oekida)
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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 3.11.14
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 Adeleq kKatL Euxapiotieg yia Evowpatwpévo AOYLOULKO

Avt) 1 evémto eivan wa nutedic, aAhd avEavopevn Mota adeidv Kot uyaplotidv yio AOYLOWKO TPITwYV, T0U
EVOWUOTMOVETOL 0TNV dravouy 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,
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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

H evémnto socket ypnouomolel TG ovvaptoels, getaddrinfo (), ko getnameinfo (), ta omoio £govv
viomoBei oe draopetikd apyeia amd to WIDE 'Epyo, 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 emouevn oekida)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

M.3.7 KAfjoeig Anopakpuopevng Awadikaciag XML

H evomta xmlrpc.client mePLEXEL TNV TAPOKATO ELOOTOINON:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

M.3.8 test_epoll

Hevomta test.test_epoll mepLéyel TV TOPAKATm ELOOTOIMON:

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 oV ETOUEVT] GEMDQL)
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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 EmAoyn kqueue

H evomta select mepiéyel v mapokdtm ewdoroinon yio v kqueue diemopt):

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 alyopiBpov Tov Dan Bernstein,
SipHash24. Autd mepléyeL tnv mopaKatm oNueiwon:

<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 emtduevVn oekida)
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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/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. c, mov mapéyel TG ouvoptnoelg dtoa kol strtod g C yia uetatpomt) twv C doubles
7TPOG Ka ard strings, Tpogpyetan amd To oumvupo apyeio Tov David M. Gay, tpog to mapdv dadéoipo amd https:
/Iweb.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeio, Omwg avaxthonke oTig
16 Moptiov, 2009, meptéxel To. aKOLOVHO TVEVIOTLKA SIKAULMULALTO, KoL TNV ELO0TTOIN0N 0deL0dOTNONG:

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy
* or modification of this software and in all copies of the supporting
* documentation for such software.

*

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k***********************‘k*‘k*********‘k**************************/

r.3.12 OpenSSL

O povédechashlib, posix, ssl, crypt ypnopomorotv tv Bifrio0nkn OpenSSL yia emuhéov amddoon, edv
dratifevtal oo To Aettoupytko ovotnua. Emumhéov, to mpoypduuato eykatdotaong yo tnv Python yio Windows
ko macOS, evdéyetal va mepthaufavouv éva aveiypago tov fipiodnkdv OpenSSL, erouévwg ovpmephoufa-
voupe éva aviiypago g ddelag OpenSSL edm. T'wa tnv ékdoon OpenSSL 3.0 ko yio vedtepeg eKOOTELG TOV
TPOoEPYovVTaL 0T QUTH), LoYVEL 1) AdeLa Apache v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(ouvéyela otV emoueV oekida)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
(ouvéyela otV emtduevn oehida)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and

may provide additional or different license terms and conditions
(ouvéyela otV emtduevn oehida)
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for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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H enéxtoon pyexpat dnuLovpyeitot xpNoLuomoldvTog Vo CURTEPLIAAUBOVOUEVO OVTLYPAPO TV TNYMV expat,
eKTOG eV 1 £K8001 €xeL TV pUOWON ——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—-1libffi:

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 vlomoinom tov mivoko KOTAKEPUOTIOUOV TOU YPNOLLOTOLEITAL ad To tracemalloc PBaociletal oto €pyo
cfuhash:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
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 emtduevVn oekida)
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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-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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 doKLuQ

H covita dokuung C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl4n-20/) avaktyOnke amd Tov
tototomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ kou dravépeton pe v ddewa 3 pritpwv 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 emtduevVn oekida)
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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 ypnowomolel wg PAaon kKmdika Tou apyeiov g771.c tov épyouv Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 .tar.gz

Avtd o mnyaiog KOdKag eival mpoitdv g Sun Microsystems, Inc. Kot mwopéyetal yia ameplopLoT
xpNo1. OL XpNOoTES UTOPOVY VA AVTLYPAYPOUV 1] VO TPOTOTOLNCOVV CUTOV TOV TTNYaio KMALKa ymplg

YPEWON.
O [MHT'AIOZ KOQAIKAZ TOY SUN IMAPEXETAI OITQX EXEI XQPIZ KANENOZ EIAOYZ EITYH-
2EIZ ZSYMITEPIAAMBANOMENQN EITYHZEQN ZXEAIAZMOY, EMITIOPEYZIMOTHTAZ KAI

KATAAAHAOTHTAZ I'TA ZYTKEKPIMENO 2KOIIO 'H ITIOY TTPOKYIITEI ATIO KAIIOIA TIO-
PEIA XYNAAAATHZ, XPHZHZ 'H EMITIOPIKHZ ITPAKTIKHX.

O niyaiog KOdIKAG Tov Sun Tap€yeToL XmPIg TNV VITOoTHPLEN Kot Xwpig Kapio voypéman ek Hépoug
g Sun Microsystems, Inc. va fon0noer otnv yp1omn, oty dtopOwon, 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.

Ze kapio mepimtmon M Sun Microsystems, Inc. dev @éper evBivn yio Tuy OV atdAeld 60wV 1) Kep-
dV 1) ddheg edLKég, Euueoeg Kat emakolovleg Tnuieg, axoun kot ov 1 Sun €yl evnuepwOel Yo Tv
TOOVOTNTA TETOLWV THULOV.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Koligpopvia 94043
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".3.20 asyncio

Mépmn g evottog asyncio gvowpatdvoviol amd to uvloop 0.16, 1 omoio dravéuetol pe ddero MIT:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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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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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docstring, 136
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