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KoAaa

TekcToBast paclunppoBKa BUAEO:
MPUMEPbBI MAPANNENBHOIO KOAA

MnaH:
e [IpMepbl MHOFOMOTOYHOIO KOAQ;
e A MOXHO NPOCTO B34Tb Npouecchl?

MpyiMepbl MHOFONOTOYHOIO KOAA

Ham 13BecTHO, YTO B MUTOHE eCTb NOoHsTUE «/3eH Python'ax.

Ecnn Mbl 3anycTm MHTepnpeTaTop U Hanuwem «import this», To Python HanuweT Ham «/l3eH-Habop» npasun,
KOTOPbIM, C TOUKN 3peHUA Pa3paboTUmMKOoB, CTOUT C/lef0BaThb:


https://edu.slurm.io/courses/data-engineer-p3?from=step
https://edu.slurm.io/courses/data-engineer-p3?from=step

ALa{ TRy

meow-nofer@pikachu H[EIpEFiIEHtEISIUFI python

Python 3.11.3 (main, Apr 5 2823, 15:52:25) [GCC 12.2.1 28238281] on linux
Type "help", "copyright", "credits" or "license" for more information.

>>> import this

The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat is better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren't special enough to break the rules.
Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.
There should be one-- and preferably only one --obvious way to do 1it.
Although that way may not be obvious at first unless you're Dutch.
Now 1s better than never.

Although never is often better than *right* now.

[f the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!

[
L

1: Alacrity | Thuinai

OAVH 13 NYHKTOB, KOTOPbIN 34eCb eCTb FacuT: «B ngeane AonxeH 6biTb OANH N TONIBKO OAMH CMOCO6 B

peLleHn Kako-nmbo 3agaum».

MpoHus 3akitoudaeTcs B TOM, UTO € pasBuTreM Python MHoroe ctano KOHGAMKTOBaTb C MPeAnoXeHHbIMY
nocTynaTaMu, B YaCTHOCTU Npu paboTe C MHOroMoTOYHOCTLH. [In paboTbl ¢ noTokamu B Python ecTb ABa

B3aMMO3aMeHsieMbIx MmexaHun3ma - mogynu threading v concurrent.futures.

PaccMoTpuM Ha npuMepax:



Alncritey

threading_example.py #

import «

g import Thread

DownloadThread(Thread

basenamel| ur.l

raise_for_status

 NORHAL il iple.py

"threading_example.py" 51L, 1276B

1~ Alscrity| Thumar

HauHeM ¢ koZa Ha noTokax. Korga mMbl XOTUM 3amnyckaTb MNOTOKW, Mbl XOTUM UTO-TM60 peanv30BbiBaTh B
napannenn. Tak, Ham HY>XHO C034aTb 06beKTbl MOTOKA U KaXA0MY U3 HUX 3a4aTb GYHKLMIO, KOTOPYHO OH byaeT
BbIMO/IHATL, C TOUKM 3peHuns API, KOTopbln Ham npeacTasngeT reading thread. OT Hero Hacnegyemcs. [anee, B
Knacce ans Hawero obbekta peannsyem meTos «Runx». laHHbIA MeTo , BKIKOUaeT B cebsa dyHKLMI0, KOTopas

6yp,eT BbIMOJ/IHATbCA B NMOTOKE N MOXET BbINONIHATLCA B Napanjienn C JpyrmMmmv NOTOKamMu.

YTO NponCXoAnT C KOAOM: Y HAC eCTb CTaHAAPTHas ovepesb (MakeT queue), U3 Hee Mbl AocTaeM agpeca (url) u ¢
NOMOLLbIO 61BnoTEeKN requests BolkaumBaeM ¢alisibl, HaXoAdaLLMeCs Mo 3TUM agpecam, a MoTOM CoOXpaHsaem

NX Ha anck. [lanee, panopTyeM B ouYepesb O BbIMOJHEHUN 3ajaui:



get
basename

= requ s.get
raise_for_status

res.iter_content(]
write

task_done

finished downloading {ur

[8] B:nvim*

1: Akserinty | Trasar

3T0 KOA, KOTOPbIN ByaeT 3anyLLeH B Jo4epHeM NoToke (He OCHOBHOM). B OCHOBHOM MOTOKe Mbl CAefaem
3K3eMMIsAp Hallel ouepean 1 CO34aAMM Nauky NOTOKOB. B kauecTBe npriMepa co3gasvMm ABa NoToka.

|_|pOI7I,£I,FICb Mo HUM, 3arnyckaeMm. [anee, B Hally o4vepedb 3arncbiBaem urln AoXnaaemMca OKOH4YaHNA task done.

YacTan oum6Ka HOBNYKOB B pa60Te C MHOIFronoTo4YHOCTbHIO: Mbl 3dlyCKaeM NnOTOKM C MOMOLLBbHO METOAa

«.start», a Koz peanvsyem C MOMOLLBIO MeTOAa «run».
He nyTaiiTe 3T MeTOAbI: HE AepraiTe «run» 1N He peasin3oBbiBalTe «.start»!

Ha npumepe Bbl MOXeTe BUAeTb GOpMbl B KayecTBe Gainos, B3ATbIX C CaiTa aMepPUKaHCKOW Hanorosowv

CNYXKObI:



]

main

put(u

g.join

Mbl MOXEM, NCMONb3Yst KOMaHAY «time», 3aMepuTb CKOIbKO 3aTpaYvMBaeTCs BPeMeHM Ha CKaylBaHMe 3TUX
$alinoB (MOMHUM O TOM, YTO Y HacC ABa NOTOKa).

Mocne panopTa NOTOKOB Mbl BUAUM pe3ynbTaT B BUAe 4,7 cekyHA,. JaHHbIA pe3ynbTaT BbIIBNEH HA ABYX

MOTOKax:

Complex is better than complicated.

Flat is better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren't special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.
If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!

LELPEL N SUE T ~ /Experiments/slurm JRBL
meow-nofer@pikachu ~/Ex-arilantsls]urm time python thr 1ng_example.p\

Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1048a.pdf !
Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f108408.pdf !

Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1848ez.pdf !
Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1848es.pdf !
Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1848sb.pdf !

python threading_example.py 8,62s user 8,13s system 15k cpu 4,748 total
WELIEC S LE T ~/Experiments/slurm

1; Alacritty | Thasrear



Monpobyem yBeNNUYMNTb KONNYECTBO MOTOKOB. BcnoMHMM, 4To B Python npu BbinonHeHWM byte-code HeT
HacToALLel NapannenbHOCTK, Halla 3agaya - ckadaTb ¢ainbl. 3To 3agada I/0 bound, Tak Kak Mbl XOAUM Yepe3
CeTeBYHO KapTOUKY M 3anpallvBaeM y CUCTEMbI BO3MOXHOCTb YMTaTb 13 CETEBOr0 COKETA 1 3aMnnCbIiBaTb
AaHHble Ha ANCK. Y HAC AOJIXEH MNONYYUTCA NPUPOCT MPOU3BOAMNTENBHOCTM MPU MCMONb30BaHWM 601bLIOMO
Ko/In4ecTBa NOTOKOB. HanpumMep, ec/i Mbl BO3bMEM MSATb NOTOKOB M 3aMyCTUM 1X, TO Y HAaC BCE BbIMOJHUTCS
NpPaKTUYeCKM MOMEHTaNbHO:

In the face of ambiguity, refuse the temptation to guess

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!

e

ICHIE S UER TRy ~/Experiments/slurm ML
meow-nofer@pikachu JENISTESUENIAYEINTNEY time python threadinc

Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1

Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1046.
Thread 2 finished downloading http:,,n;'.'"ﬂiu H;puh 1r;—pdf F1d4ﬂc; p
Thread 1 finished downloading http ‘ / 14 )
Thread 2 finished downloading http';fwww.

python threading_example.py 8,62s user 8,13s '_dtpm ]du Lpu u|74“

meow-nofer@pikachu ~}E:parilentsfslurl vim threading example.py
meow-nofer@pikachu time r'-f"rl'lr"|'| ’rhrpadinr
Thread 1 finished downloading http://www.irs.g '
ished downloading http://www.irs.gov,
3 finished dnwnlnﬁrivq http'ﬁ.m;'.iraignufpuhfi S

T|r~ad 2 finished :f .irs.gov/pub/irs pdfff1qu pﬂr |
wread 5 finished dUHHlUﬂLlTU http: .irs.gov/pub/irs-pdf/f1848es.pdf
python threading_example.py 1,27s user 8,18s system 84% cpu 1,616 total
WCOERCI I LE T ~/Experiments/slurm

1: Aacritty| Traunar

ANa YNCTOThI SKCNepuMeHTa cHeceM dalinbl 1 ybeanMmcs B CKOPOCTU paboTbl:



(ELRPERIEI (STE TP ~/Experiments/slurm JEBE
meow-nofer@pikachu JEVISOCEISUCHTEIINE time python threading example.py

]

Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f184Ba.pdf !
Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1048.pdf !

Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1048ez.pdf !
Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1848es.pdf !

Thread 2 finished downloading http://www.i v/pub/irs-pdf/f1848sb.pdf !
python threading_example.py 8,62s user 8,13s system 15% cpu 4,748 total

meow-nofer@pikachu JEVISOEISUENAYEINE N vin threading example.py
meow-nofer@pikachu JEGISOLEISUENATEINE tine python threading example.py

Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1848a.pdf !
Thread 4 finished downloading http://www.irs.gov/pub/irs-pdf/f1848sb.pdf !

Thread 3 finished downloading http://www.irs.gov/pub/irs-pdf/f1048ez.pdf !
Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1040.pdf !
Thread 5 finished downloading http://www.irs.gov/pub/irs-pdf/f1048es.pdf !
python threading_example.py 1,27s user 8,18s system 84% cpu 1,616 total

WEWTE EN(STEN TR ~/Experiments/slurm NN IaM s s
meow-nofer@pikachu JEISTEISUEIIAYEINNE time python threading example.py

Thread 4 finished downloading http://www.irs.gov/pub/irs-pdf/f1048sb.pdf !
Thread 1 finished downloading http://www.irs.gov/pub/irs-pdf/f1848ez.pdf !
Thread 2 finished downloading http://www.irs.gov/pub/irs-pdf/f1840a.pdf !
Thread 3 finished downloading http://www.irs.gov/pub/irs-pdf/f10840.pdf !
Thread 5 finished downloading http://www.irs.gov/pub/irs-pdf/f10848es.pdf !
python threading_example.py 1,31s user 8,89s system 86% cpu 1,617 total
WELPEN CISUE TP ~/Experiments/slurm

1: Alscritty| Thurar

BbiBOA: NOTOK - CICTEMHOE NMOHATNE, B KOTOPOM CUCTEMHbIW Leaynep nepeksioyaeT KOHTEKCThbI
BbINONHEHW. He co3aaBaliTe 60/blUe NOTOKOB, YeM Balle KOAMYeCTBO a4ep npoueccopos. Cuctema He
CMOXET PU3NYeCKN BbINOHATE AaHHbIV 3anpoc. Hanpumep, ecin y Bac 16 saep, TO He CTOUT co34aBath borsee

16 MOTOKOB.

PaccMOTpUM faHHbIV NapameTp:

B npunoxeHun ecTb 60/bLLOE KONNYECTBO MOTOKOB: OCHOBHOW NOTOK 1 fo4YepHue. Bonpoc: 4to genatb, kKoraa

OCHOBHOW MOTOK 3aBepLUWCH, a AOYepHMe eLLle HeT?
EcTb ABa BapuaHTa:
1) JoxXnpgaemca B OCHOBHOM MOTOKe 3aBepLUeHs JoYepHUX;

2) He poxuvaaemcsi 3aBepLUEHNS OYEepPHUX MOTOKOB, MPoBepsi 06paboTaHHOCTbL BCex 3anuceit. Koraa
3aBepLUMACS join B OCHOBHOM MOTOKE, Mbl 3HAaeM, YTO MOJIE3HON PaboThl OT JOUYEPHMX MOTOKOB yXe He byaeT,
NO3TOMY Mbl X NpobrBaem. NMapameTp «daemon» oTBeYaeT MMEHHO 3a 3T0. Mbl MOMeYaeM MOTOKM Kak Te,

KOTOpPble MOXHO I'IpO6I/ITb.

I'Ipmmep NCNonb30BaHUsA 6M6anoTekn Ha concurrent.futures:



)ath.basename
sts.get
raise_for_status

.iter_content

L] r i t E

wub/irs-pdf/f1

oub/irs-pdf/f1
/pub/irs-pdf/f10
v/pub/irs-pdf/f1848

ub/irs-pdf/f1848sb. pd

Npaes Ta e caMasi: He06X0ANMO CO34aTb MOTOKM N KaXA0MY U3 HUX YKazaTb GyHKUMI0. OfHAKO 34eCh Mbl

byAeM NCNoNb30BaTb MEXaHW3M, KOTOPbIV MOX0X Ha MexaHn3M, peanusyowmin thread pool.

CDyHKLI,I/II/I Mo CKkayvnmBaHMKO ¢a|7|n0|3 NAEHTNYHbI N OTZINYAKOTCA JILLb TéM, YTO 34eCb HET 6eCKOHEeYHOro unmKna:

(fname, "wb")

chunk [l resliter content(1824
savefile.write(chunk

UTto genaem: Mbl co3gaem npu nomowym concurrent.futures thread pool. 3To genaetcs Nnpy NomoLLm 06epTKr
«TreadPoolExecutor». B 3ToM pool'e Mbl cO34aeM MakCMMalbHOE KONNYecTBO GUKCMPOBAHHbIX MOTOKOB, NOC/1e
Yyero HauyMHaeM 3aKkMAbIBaTb 3a4aun NPV NMOMOLLM MeToza «submit». Submit Mbl nepesaem dyHKLMIO 1 ee

apryMeHTbl:

oncurrent.futures.ThreadPoolExecutor(max_workers-5)

submit

[

s.as_completed(

result

XUTpoCTb: NCMOo/b30BaTh SubmMit B kauecTBe k/1OYa B C10Bape, rae 3Ha4eHne B cioBape - url, KOTopbil

HY>XHO CKa4aTb.

Korga Mbl npoxoammcs 1 cabMmmntm 3agady B thread pool, 13 cabmumTta Bo3BpaLLaeTcs cneyyianbHbIA TUM

06BbeKTa, KOTOpbIN Ha3biBaeTcs «future».

Future - 570 061€KT, B KOTOPbLIV B byayLleM NpuaeT pesynbTaT.



[lanee Mbl CMOTPUM Ha CMNCOK KIKOUERn N ncrnonb3yem obepTky «as_completed». Mbl xzaem Bo3BpaLleHUs
pe3ynbTaTa XoTs 6bl OAHUM 13 PblovepoB. Kak TONbKO 3TO MPOMCXOANT, Y HAaC MpoOMaTbIBaeTCs UTepaLms

umkna. M3 ncxogHoro ManmnuHra Mol 4octTaem url n BbIBOANM.

A MO>XHO NPOCTO B3ATb NpoLecchbl?

Bonpoc: a MOXHO MPOCTO B3ATb NMPOLecchI?

OTBeT: MOXHO. [10CKOMIbKY Yy Hac ecTb GIL, HaM NpUAETCA NCNONBL30BaTb NPOLECChl, a He MOTOKN. Mbl MOXeM
CNO/b30BaTb BCTPOEHHbIV MeXaH3M onepaurioHHON CUCTeMbI, KOr4a OCHOBHOW NpoLecc nopoxaaet

LOYEepPHUN.

Y Python ecTb CO6CTBEHHbIE BCTPOEHHbIE MOAYN AN PAbOThI C Mpoueccamu (CXOXM C MOAYNAMU ANst paboThbl

C MOTOKaAMM):
e Multiprocessing, rae o6bekToM fABnsieTcst «Process» 1 peanmsaums ouepesmn «Queues;
¢ ProcessPoolExecutor.

B KoZe HaM HyXHO byzeT 3ameHNTb «Tread» Ha «Process» 1 ovepesb Ha «Multiprocessing» n «Queue», a Takxe

«TreadPoolExecutor» Ha «ProcessPoolExecutor».

HtoaHC: B cnyyae 1Cnosib30BaHMS NPOLLECCOB BO3HMKAOT 60/bLUME 3aTPaThl HA NepechInky AaHHbIX U

cepmannsaumnto. Hag atum YXXe BEAETCA pa60Ta.

ECTb MexaHu13M, KOTOpPbI NO3BO/ISET (B YaCcTHOCTY, B Linux) 6onee 3dpdekTnBHO NepesaBaThb AaHHbIE U3
npovecca B npouecc. laHHbIVi MexaHn3Mm Ha3sbiBaeTcs «Shared memory». 3T0 BO3MOXHOCTb, MO3BOSOLLAS

C034aTb B OI'IepaTI/IBHOI\/JI MamMATn O6LLI,I/II‘/JI Kycouek AnAd HeECKOJIbKUX nMpoLeccoB.

B Python ansa Toro, 4tobbl 370 paboTano, B CTaHAAPTHOW 6MbAMOTEKE eCTb MOAY b
«multiprocessing.shared_memory». B TekyLieMm BuAe 3TOT MOAY/b CINLLKOM MPOCTOV 1 No3BonseT
nepecbliaTh AaHHble TOIbKO MPOCTbIX TUMOB. [N cepbe3HbIX MPOAYKTOBbLIX PeLUeHNI Ha CEerOAHALIHUNA AeHb

€ro NcnoJib30BaTb 3aTpPpygHNTE/IbHO.

O3HaKOMUTLCA MOXHO 3/eCh.
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