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O630p anropuUTMoB

ITa KHUra CoAepKHT HHpOopMaIHIo, HeoOX0AMMYIO U1 NOHHMaHU, KiaccH(HKaiuH,
BbIOOPA M peaiH3aliii BaKHBIX a1ropuT™MOB, [ToMuMO 00bsACHEHHA IOMTHKH a/IrOpHT-
MOB, B Heil pacCMaTpPHBAIOTCA CTPYKTYPbI JaHHBIX, Cpe/ibl pa3paloTKH H NPOH3BOJ-
CTBEHHBIE CPE/ibl, MOAXOAALLNE /UIA TEX MM HHBIX KJIaccoB aaroputMosB. Mui cdo-
KYCHpPYeMCs Ha COBPEMEHHBIX aJIrOPHTMaX MallHHHOTO 00y4YeHHs, KOTOpble
oOpeTaioT Bee Oouibiniee 3Ha4venne. Hapsy ¢ Teopueii Mbl paccMOTPHM U [IPAKTHYECKHE
NPUMEPDl HCITOJIb30BAHUA AJTOPHTMOB JUIA PEIIEHHA AKTYAJIbHbBIX MOBCEHEBHBIX
3ajau.

B nepsoit riase jgaetca npejctasieHue od 0CHOBaX aaropursmos, OHa HaunMHaeTcs
¢ pasjiena, NOCBAUEHHOro OCHOBHBIM KOHIEIIMAM, HeOOXOMMbBIM /It TOHUMaHUS
paboThl pasHbIX AAropuTMOB. B aTOM pasjiesie KpaTKo paccKasbiBaeTcs 0 TOM, Kak
JIO/IH HAYAIM HCTIOJIb30BATh AJITOPHUTMBI /LIS MATEMATHYECKO (DOPMYITHPOBKH
onpejaeseHHoro Kiacca 3ajad. Peus takke noiiier o6 orpaHH4eHusX pasjaHuHbIX
anropuT™oB. B caeayiomem pasaene OyayT odbsgcHeHbl cliocoObl NOCTPOEHNS JIOTH-
Ku anroput™a. [Tockonsky B 9T0i KHUre /U1 HANMCAHUSA AJITOPHTMOB HCIIOJIL3YETCS
Python, Mbl 00bSICHUM, KaK HACTPOUTb CPEJLY JUIS 3allyCKa puMepoB. 3atem o0cyimum
pasanyHble criocoObl KOJIMYECTBEHHOIH OlleHKH paboThl AITOPHTMA M CPaBHEHUS
¢ IPYrUMH afiropuTMaMi. B KoHlle r/1aBbl NO3HAKOMHMCS C PAa3JIMYHBIMU criocobaMu
MPOBEPKH KOHKPETHOI peajinaliui airopurMa.

Ecan KpaTKO, TO B AToOl riase PACCMATPHBAKTCA CACAVIOIIHE OCHOBHBIE MOMECHTDI:

® Yrto Takoe anropurM.

@ Ollpﬂ,ﬂ,ﬂ.ﬂﬂ!ﬂ{f_‘ JOrHKH alTropHTMa.
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® Bsesenne s nakerst Python.
® Metoabl paspaboTKH alropHTMOB.
®  AHAJIH3 NPOM3BOANTEIBHOCTH.

e [Iposepka aaropurma.

4TO TAKOE AJITOPUTM

[OBOPSA NPOCTBIM A3BIKOM, AJIFOPHTM — 3T0 HaOOP NPaBWI /IS BLIOJTHEHUS OlIpe/ie-
JIEHHBIX BBIYHCJIEHHI, HAlPaBJIeHHbIX HA pellleHue onpeenerHoii 3ajayn. OH npej-
Ha3HAYeH JIJIsl MOJYYeHHS Pe3yILTATOB [TPH HUCTIOAL30BAHNH JIOOBIX J0MYCTHMBIX
BXOJIHBIX JIAHHLIX B COOTBETCTBUM € TOMHO [PONUCAHHBIMU KoManaamu. CraoBapb
American Heritage naeT Takoe onpejejenue:

«Anzopumm — 3mo KoHeunviti HAGOP OOHOZHAYHBIX UHCMPYKUUI, KOmMopbie npu
3adannom Habope HAUAILHBIX YCAOBULL MOZYM GLINOIHAMBCA 6 3a0anHol nociedo-
sameabHoCmu 0 JOCMUNCEHUS Onpedelennoll el U umelom onpedeaumviti nabop
KOHEYHBLX YCA0BULL».

PaspaboTtka anroputma — 310 co3faiue Habopa MaTeMaTHYeCKHX npasu s ad-
(hekTHBHOIO pellenus peaiibHoI npakTHYeckoil 3agayn. Ha ocnose Takoro nabopa
MPaBHJI MOKHO co3/1aTh OoJiee oiiee MaTeMaTHYeCcKoe pelieHHe, MHOTOKPaTHO Tpi-
MEHMMOE K LIHPOKOMY CIIEKTPY aHAJIOrHYHbIX 3a/1a4.

DTansl an ropuTma

Pasanynble atanel paspaboTKH, pasBepTbiBaHUA M, HAKOHELl, MCIIOJIb30BaHNA AJT0-
PHTMA NPOULTIOCTPHPOBAHLL HA caeayiouieil guarpamme (puc. 1.1).

Kak nokasano Ha inarpaMme, npesxie BCero Hy;KHo c(hpopMyIMpoBaTh 3aj1a4y 1 noj-
poOHo onucaTh HeoOXoAuMbII peayibraT. Kak To/bKo 3a/1a4a 4eTKO 0CTaBIeHa, Mbl
NOAXOJAMM K aTany paspaboTKu.

PH.E]}EIG[JTKH COCTOHT H3 JIBYX 3TAIIOB.

® [Ipoexmuposanue. Ha atom atane pazpabaTeiBaioTcs H JOKYMEHTHPVIOTCA ap-
XHTEKTYpa, JIOTHKa U JieTaln peajunsaimu aaropurma. [Ipu paspaborke airo-
PHTMa Mbl VYMTBIBAEM KaK TOYHOCTh, TAK M NPOU3BOANTENBHOCTD, YacTo aus
peleHs OHOH U TOH JKe 3a/a4i MOXKHO MCH0JIb30BATH /IBA HJIH HECKOJILKO
pasHbIX AJITOPUTMOB. JTall NPOEKTHPOBAHUA — 3TO UTEPATHBHBII Npolecc,
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KOTOPBIiT BKJIIO4aeT B ce0dA cpaBHeHHE PA3IHYHBIX TOTEHIIHAIBHO MPHTOAHBIX
anroputmos. Hekotopbie aaropuTMbl MOTYT laBaTh IPOCThIE U ObICTPBIE pelie-
HHS, HO JleJaloT 310 B yulepd tounocti. JIpyrue MoryT ObiTh 04eHb TOYHBIMMH,
HO HX BBINOJIHEHHE 3aHHMAeT 3Ha4UTeIbHOE BPeMs H3-3a ux ciaokuocti. Oanu
cJ0XHbIe aropuT™bl adexTusnee apyrux. [Ipexae yem caenars BeiOoOp, cie-
JYET THIATENbHO H3YYNTh Bee KoMiipomuccsl, Pazpaborka nanbonee adextus-
HOTO aJiropuT™Ma 0coOeHHO BaxHa IPH pellleHun c10KHoi 3aaayun. [Ipasuibmo
paspaboTanHblii aaropuT™ npuseieT K addekTHBHOMY pelieHHio, criocodHOMY
OJHOBPEMEHHO 00ecneunTh Kak HAJIEKAULYIO [TPOH3BOHTEIbHOCTD, TAK H J10-
CTATOMHYIO CTENeHb TOYHOCTH.

® Koduposanue. PazpaboTaHHblil aIrOPUTM IPEBPALLACTCS B KOMITBIOTEPHYIO 11PO-
rpammy. BaxkHo, uToObl IporpaMMa y4HTBIBAJIA BCIO JIOFHKY H apXHTEKTYPY, Npe-
JIVCMOTPEHHYIO Ha dTare NPoeKTHPOBaHHsL.

MoctaHoBka
3afaum

3man
paspabomku

BXO/ 5 BbIXOA

YCTPORCTBO
\ 7
Bpema auLonHenua
Puc. 1.1

DTalibl IPOEKTHPOBAHUA U KOJHUPOBaAHHA AJITOPUTMA HOCAT HTEPATHBHBII XapaKTep.
PaszpaboTka aaropurma, 0TBe4aiolmero Kak ()yHKINOHANBHBIM, Tak M HedyHKINO-
HaJILHBIM TpeOOBaHUAM, 3aHHMaeT Maccy Bpemenu u yeuwanit. Dyukunonanbubie
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Tpeﬁtmaﬂuﬂ OIpPeaeIsoT TO, KAKHMH JI0JGKHBI ObITD MPaBIIbHBIC BbIXOHLIC JaHHbIE
V1S KoHKpeTHoro Habopa BxoanbiX Aanubix. Hedyhukimnonanshbie TpeboBanns ai-
FOPUTMA B OCHOBHOM KacalOTCA NPON3BOANTEIbHOCTH LIS 3aIaHHOr0 00beMa JIaHHBIX.
[IpoBepKy ajiropHT™Ma H AaHAJIH3 €r0 MPOU3BONUTEILHOCTH MBI 00CY/INM Jlajiee B aToil
raase. [Iposepka A0/KHA NOATBEPAUTD, COOTBETCTBYET JIH AJIFOPUTM €ro (PyHKIHO-
HaIbHBIM TpeboBaHUAM. AHAIH3 POU3BOAHTENBHOCTH — MOATBEPANTH, COOTBET-
CTBYET JIH AJITOPUTM CBOEMY OCHOBHOMY He(hYHKIIHOHATbHOMY TpeDOBaHNIO: IPOU3-
BOAHTEILHOCTH.

[Tocne paspaboTku U peanusaluu Ha BIOPAHHOM A3bIKE NPOrPAMMHUPOBAHUS KOJL
AJITOPHTMA TOTOB K Pa3BepThiBannio. PasBepTeiBaHHe arOpUTMa BKJIIOYaeT B cebs
pa3paboTKy peajibHOIl MPON3BOJACTBEHHOI CPe/ibl, B KOTOPOIl OY/IeT BHINOIHATHCA
koJ. [TpoussoacTeenHas cpeja 10/KHa ObITh CIIPOEKTHPOBAHA B COOTBETCTBHM € 110-
TpeOHOCTAMHU aJropuTMa B JlaHHbIX 1 oOpabortke. Hanpumep, s adpektusHoi
paboThl pacnapa/Uie/INBaeMbIX A/ ITOPHTMOB NOTPedyeTes KIacTep ¢ COOTBETCTBYIONIHM
KOJIMYECTBOM KOMITBIOTEPHBIX V37108, /g anropurmos, Tpebyionmx 6oabmmx oib-
eMOB JIaHHBIX, BO3MOXKHO, oTpebyercs paspabotaTs KoHBeiiep BBO/A IAHHLIX H CTpa-
Ternio UX Kauuposatus u xpanenus. boaee noapobHo npoeKTHpOBaHIe IIPOH3BOJL-
cTBeHHOII cpejibl o0cykaaercs B raasax 13 u 14, Tocae paspaboTku U peannsaimn
POU3BOJACTBEHHOIT CPe/Ibl MPOHCXOANT Pa3BePThIBAHHE AJITOPHTMA, KOTOPBII MPH-
HHMaeT BXOJIHble /laHHble, 00pabaTbiBaeT UX U reHepUPYeT BhIXO/HbIE IaHHble B CO-
OTBETCTBHH ¢ TpeOOBaHHAMM,

OMPEOENIEHUE NTOTUKU ATITOPUTMA

[1pu pazpaboTke airopHT™Ma BOXKHO HAITH pasaHYHbie cIoco0bl €ro IeTaIn3HPOBAaTh.
Ham neoOGxoaumo paspaboTaTh Kak ero JOTHKY, TAK H aDXHTEKTYPY. ITOT Mpoecce
MOKHO CPABHUTD € NOCTPOITKOIT JIOMA: HYAHO CHIPOEKTHPOBATH CTPYKTYPY, NIpesk/ie
yeM hakTHueckn HauuHaTh peaniusainio. /| adexrusiocTi ntepaTtuBHOTO NpoO-
lecca npoekTupoBains HoJiee CI0KHBIX pacipe/ie/IeHHbIX aTOPUTMOB Ba)KHO
peABapHTENbHO IJIAHMPOBATh, KaK MX Joruka Oyaer pacrpejaeiesa 1o Hojam
KJacTepa BO BPeMs BHIIOJIHEHHSA aITOPHTMA. ITOr0 MOKHO JOOHTHCS ¢ IOMOIIbIO
NCeBAOKO/AA H IJIAHOB BHINOJHEHHSA, O KOTOPBIX Mbl [IOFOBOPHM B CJEAVIOLIEM
pasjaene.

[Mcespokopn

Cambiii ipocToii cniocod 3a1aTh JIOTHKY aJrOPHTMa — COCTABHTD BHICOKOYPOBHEBOE
HehopMaIbHOE OIMCAHHE AITOPHTMA, KOTOpoe HasbiBaeTcs ncesdoxodom. [lpexie
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YeM OIHCBIBATH JIOTHKY B MCEB0KO/E, noJie3Ho chopMyIHPOBaTh OCHOBHBIE [HATH
Ha [POCTOM HEJI0BEYECKOM si3blKe. 3aTeM 3TO CJI0BECHOE OIIMCAHHE CTPYKTYPHPYET-
csi 1 npeodpasyeTcs B IICEBA0OKO/, TOYHO OTPAKAIOUIMI JIOFHKY H IOCJIE/10BaTeIbHOCTD
anroput™a. Xopolo HAIHCAHH I MICEBA0KO/ 0JBKeH JOCTaTOMHO NoApoOHO ori-
ChIBaTh AJFOPHTM, JaXe eCJIM TaKas jJeTaJnusains He odf3aresibHa 15 ONHCAHUA
OCHOBHOTO X0/1a paboTel M cTPYKTYpbl astroput™a. Ha puc. 1.2 nokasana nocsienosa-
TEJAbHOCTD IIATOB.

MNocTaHoBKa
3apaun
| | o
OnucaHme Wwaros 5
1 i | =
]
5%
3
o
BXO[ BH'!HLHH!EHI:HDE > BbiXOA
YCTPOWCTBO
. | #
Bpems abinonHeHus
Puc. 1.2

Kak To/IbKO NceB/1oKo/L roToB (CM. CIeVIONHil pasjien), Mbl MOKEM HAIMCATh KOJ|
AJIFOPUTMA, UCTIOJIL3YSA BHIOPAHHBII S3LIK IPOrPAMMHPOBAHNS.

MpakTuyeckuit npumep ncesaokoaa

Huike npejacrasien neeBsoko/1 aropuT™Ma pacipeie/ieHus pecypcos, Ha3blBAEMOro
SRPMP. B knactepHbIX BoIMHCAECHHAX BO3MOKHO MHOKECTBO CHTYaLlHii, KOT/a na-
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pasiesibHbie 3a1a4H HeoOX0IHMO BRITIOJIHHTB Ha Habope JOCTYITHBIX PECYPCOB, B CO-
BOKVITHOCTH Ha3biBaeMbIX nyiom pecypcos. Jlannblii aIropuT™ Ha3HavaeT 3aja4u
pecypcy M cosjlaet MalnnuHr-cet (mapping set ), HazniBaemblii  (omera). [Ipeacras-
JIeHHbII [ICEBA0KO/L OTPAXKAET JIOTHKY U M0CJIe/I0BaTeIbHOCTh AIr0PHTMa, YTo Dosee

noApodHO 00bACHAETCA B CHeAVIONUEM pasjiee.

1:
F §-
-
4:
5:
6:
4
8:
9
18:
11:
12:
13:

BEGIN Mapping Phase

Q={}
k =1
FOREACH TieT
w, = A(4,,Ti)

add {w,,T,} to 0
state _changeTi [STATE 8: Idle/Unmapped] — [STATE 1: Idle/Mapped]
k=k+1
IF (k>q)
k=1
ENDIF
END FOREACH
END Mapping_Phase

Jlagaiite nocTpouHo pazbepem aToT aNropuTM.

1.
2.

Mbl HauMHAEeM MaNNUHT ¢ BbINOJHeHHs anropuTva. Mannuur-cer € nyer.

[lepsoiii pasnen BeiOMpaeTcs B Ka4ecTBe MyJia Pecypcos Ui 3aja4un T, (eM. cTpo-
Ky 3 Kojaa). [leaesoii meaesusuonnwviti peumune ( Television Rating Point, TRPs)
WTEPATHBHO BLI3IBACT AJITOPUTM peamamoudiozo apmpuma ( Rheumatoid Arthritis,
RA) s kaxkoit 3asaum T, ¢ OJJTHUM M3 Pa3/ieioB, BoIOpaHHbIM B KaYecTse 1yJa
pecypcos.

Anroputm RA Bosspamaetr nabop pecypcos, BoIOpaHHBIX /UiA 3agauu T, 1pej-
CTaBJEHHBII MOCPEACTBOM ®, (CM. CTPOKY 3 Kojia).

T, M ©, 100aBAAIOTCA B MAIITHHI-ceT (eM. cTpoky 6 Koja).
Coctosinne T, Mensiercst co STATE @:1dle/Mapping Ha STATE 1:Idle/Mapped
(cm. cTpoky 7 Koja).

OO0paruTe BHHUMaHHE, 4TO /IS I€PBOii HTepaliuyu BeiOpaH nepsbiii pasaen 1 k=1.
Jlns kaxno0ii nocaeayioueil urepalun 3Hadenne k yBeJHYHBaeTcs J10 Tex 1op,
[I0Ka HE JJOCTUTHYTO k>q.

Ecain nepemennas k cranoButes OoJiblie g, oHa cOpacbiBaeTcs B 1 (cM. cTpoku 9
n 10 kona).

ITOT npolecc MOBTOPAETCH 10 TeX Mop, MoKa Kaxk/10ii 3aja4e He OyjieT IPHCBOeH
HabOP HCNOJIb3VEeMBIX PECYPCOB, 4TO OVIeT OTpaKeHo B MallHHI-ceTe, Ha3biBa-
emMom €.
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9. Kak Tonbko 3a1a4e npucBansaeTcsa HabOp pecypcoB Ha aTarie MannMHra, OHa 3a-
IIYCKAETCHA Ha BBITOTHEHHE.

Ucnonb3oBaHne cCHUNNETOB

C pocToM nonyasgpHoOCTH TAKOro MPOCTONO, HO MOIIHOTO A3bIKa MPOrPaMMHUPOBAHHA,
kak Python, npuobperaer nonvasapHocTs U aasTepHATHBHBIN NOX0/1, KOTOPLIIl 3a-
KJIIOMAETCHA B PEeACTABICHHH JIOTHKH AITOPUTMA HEIIOCPEACTBEHHO HA A3bIKE MPo-
rPaMMHPOBaHHsA, HO B HECKOJIBKO yIpouleHHoii Bepcun. Kak u neesaokos, takoii
rparmMenT Koja 0TpazkaeT OCHOBHYIO JIOTHKY U CTPYKTYPY NPe1araeMoro airopurMa
Oes ykasanus nogpoduocteii. MHoraa ero HasbiBaloT chunnemom. B aToii Kuure cHu-
MeThl HCTOJAL3YIOTCA BMECTO IICEB/I0K0/1a Be3jie, /1€ 9TO BO3MOKHO, MOCKOJIBKY OHH
AKOHOMST OAUH Aononauutenbuslil war. Hanpumep, aasaiire paceMorpuMm npoctoit
cuunmer s pyukipu Python, kotopas MeHseT MecTaMH 3HAYEHNSA JIBYX [IEPEMEHHbIX:

define swap(x, y)

buffer = x
X =Yy
y = buffer

OOparnTe BHUMAHKE, YTO CHUIIEThI He BCer/1a MOTYT 3aMEHNTh NICEeBLOKO/L.
B ncepiokozie Ml HHOI/Ia PE3IOMHPYEM MHOTIO CTPOK KOJIa B BHJIE O/IHOI
CTPOKH IICEB/I0KO/1a, OTPaXas JJIOIHKY AIrOPHTMA, IIPH 3TOM HE OTBJICKAACh
Ha M3JIHIIHHE JeTaln.

CGS,D,CIHHE NNAHQAa BbINOJIHEHUA

C noMouibio 1ceBA0Ko/a Wi CHUINETOB He BCer/la BO3MOKHO 3a/1aTh JIOrHKY OoJee
CJA0KHBIX paclpeaeieHHbIX airopuT™MoB. PazpaboTky TakHX airoOpuTMOB MOMKHO
pa3sObUTb Ha ATallbl, BLINTOJHAONHECH B ONPele/IeHHOM nopsjike. Bephas ctpaterus
pasjiesieHus KPYIHOI 3a/1a4M Ha ONTHMAJIbHOE KOJNYECTBO 3TaNoB ¢ J0KHOM
O4epPeIHOCTBIO HMeeT pelialolee 3nadenue A apHeK THBHOro HCIIOJIHEHUA alro-
pHTMA.

Hawm HeoOXoAMMO U IPUMEHHTD 3TY CTPATErHio, N OHOBPEMEHHO MOJIHOCTBIO 0TpPa-
3UTh JIOTHKY M CTPYKTYPY ajaroputMa. I1nan Beinoanenns — oMl U3 crniocoboB je-
TAJTH3AIHH TOr0, KaK aJIFOpHTM ﬁ}'ﬂ,ﬁf pas3aeicH Ha MHOGKCCTBO 3a/a'd. Janava moxer
NpeJAcTaB/ AT coboii conocTasieHns LI IIPE{)GPH:S(}BHH HA, KOTOPbLIE CIPYNIIHPpOBA-
Hbl B OJ10KH, HasbiBaeMble smanamu. Ha caeayiomeii auarpamume (puc. 1.3) nokasau
[U1aH, KOTOpblil co3paercs cpenoii suinoatenus Apache Spark nepen nenonuennem
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AJITOPpHUTMA. B nem ]]ﬂﬂ]‘nﬁﬂﬂ OIMHCBHIBAKOTCA 3a/a41H BPEMEHH BhINMOJIHEHHA, HA KOTO-
phbie G}F,ELE'T pasicaeHo 3aJaHHe, CO3JaHH0e U4 BhllIOJHEHMA HALIETO aJIFOPHTMa.

3tan 11 (nponyweH) 1 , 3tan 12

i

-

Puc. 1.3

ObpaTHTe BHHMaHUE, YTO Ha JIaHHOIT IHarpaMMe npeJcTaBaeHbl IIATh 3a/1a4, KOTOPbie
ObLIM pas/ie/ieHbl Ha /1Ba pa3HbIX atana: aman 11 v aman 12,

BBEOEHWME B BUBJTMOTEKM PYTHON

[Tocne paspaboTKH aAropuTM A0JKeH OBITh PEATH30BaH Ha A3bIKE IPOrPAMMHPOBA-
HHSA B COOTBETCTBHM ¢ 1poekToM. /s aToit kuuru s BeiGpan Python, Tak kak ato
ruOKMil SA3LIK MPOrPAMMHUPOBAHMS ¢ OTKPLITBIM HCXOAHLIM KojgoM. Python taixke
ABJsieTcs 6A30BBIM A3LIKOM Ut MHAPACTPYKTYP 00JauHBIX BHIYHCAEHUIT, IPHOL-
petaomux Bee OoJiee BaykHOe 3HaueHHe, TakuxX Kak Amazon Web Services (AWS),
Microsoft Azure w Google Cloud Platform (GCP).

Odunmansuas gomammnss crpannina Python gocrynua no aapecy https://www.python.
org/. 3a€ech Bbl HA/IETE HHCTPYKIIMH 10 YCTAHOBKE M 110JIE3HOE PYKOBOACTBO JUIA

HAYHHAKUIHX,
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Ecau Bbl panbiie He uenoab3oaan Python, pekomenayem 03HakoMHThCA ¢ 3THM
PYKOBOJCTBOM B LieJisiX camooOpasoBanus. basosoe npeacrasienue o s3bike Python
MOMOKET JIVyllle OHATh KOHUEeNIHH, IIPe/ICTABJIeHHbIe B 3TOI KHUTe,

Yeranosure nocseatiown sepenio Python 3. Ha momenT Hanncanms aro epens 3.7.3,
KOTOPYIO MbI M Oy/ieM HCIIOJIb30BaTD /LIS BBINIOJTHEHHA YVIIPAXKHEHHIT B KHUTE.

bubnuoreku Python

Python — arto s3bik obuero naswayenns. On pazpaboran Takum o6pazoM, 4ToObI
obecrieunTs MUHHMAILHYIO (PVHKIMOHAIBHOCTL, B 3aBncuMocTH oT 1enn uenoss-
sosanusi Python Bam npujercsi ycraHoBHTS JI0NoHUTe I bHbIe Gubanotexkn. Cambiii
npoctoii cnocob — nporpamMa yeranoBkH pip. Caeayonas KkoMania pip veranas-
JIMBAET JIONIOJTHUTEIbHYI0 OnbHoTeKY:

pip install a_package

Yeranopaenubie panee Oubanorekn tlEDﬁXDﬂHMD nepuoaHyvecky DSHUB.-'EHTIJ, 4TOOBI

MMEeTh BO3MOXKHOCTB MCIOJIb30BaTh HOBeH e (DYHKIIMOHAIBHBIE BO3MOXKHOCTH.
O6GHoBICHHE 3a1TycKaeTcs ¢ MoMolibio (hiara upgrade:

pip install a_package --upgrade

Jpyrum aucrpubytusom Python ais vayussix Beramciaennii ssnasercs Anaconda.
Ero moxno sarpyauts no ajapecy https://www.anaconda.com.

B auctpubyruse Anaconda npuMensiercs caeayionias KoManjaa JUIA YCTAHOBKH
HOBBIX DuOAHOTEK:

conda install a_package

Jlns oGnoBaenus cyuectsyounx o6mbanorek aucrpubyrusa Anaconda:

conda update a_package

Cyuiecteyer MHOMKecTBO gocTynHblX Onbanotexk Python. Hekotopsie sBaxknbie 6m6-
JIMOTEKH, HMEIOLIHEe OTHOLIeHHEe K a/IFOPUTMAaM, OlIMCaHbI jlajee.

Skocuctema SciPy

Scientific Python (SciPy) — npousHocHTCA Kak cail nai — 3to rpynna oubanorex
Python, cosnanubix juis nayunoro coobutectsa. Ona coiepKuT MHOKecTBO (hyHKIHil,
BKJII0YAS! IIHPOKUIH CIIEKTP TeHepaToOpoB CJAyYaiHBIX YHCe, PorpaMM JHHeitHoil
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anreOpbl 1 ONTUMH3ATOPOB. SciPy — aT1o KoMILIekcHas 6uOaHOTeKa, U CO BpeMeHeM

CHelNHaIHCThl paspadoTaaTn MHOKECTBO PaclIMPeHnil [UIS ee HaCTPOIKH U JI0TI0JIHe-
HHA B COOTBETCTBHH €O CBOMMH NOTPeOHOCTAMH.

Huxe INPHBEEHBI OCHOBHLIE Ouba HOTEKH, KOTOPBIE ABJNAKTCA YadCThiO ATOH 3KOCH-
CTEMbI:

NumPy. I1pu pabote ¢ anropurMamu TpebyeTces cO3/laH e MHOTOMEPHBIX CTPYKTYP
JIAHHBIX, TAKHUX KaK MacCHBbLI 1 MaTpuibl. NumPy npeiaraer nabop THIIOB AaH-
HbIX /U1 MacCHBOB M MaTPHIL, KOTOPbIe HEOOXOAMMBI JUIA CTATHCTHKHN W aHa/IM3a
pannbix. Hoapobuyio nndopmaiimo o NumPy moxkuo Haitti no agpecy http://
www.numpy.org/.

scikit-learn. 1o pacimpenune 1A MAIIHHHOTO 00YYeHHs ABAAETCH OJIHUM U3
caMbIX nony/asapHeix pacuupennii SciPy. Scikit-learn npejocrasaser mmpokuii
CHEKTP BAXKHBIX AJIFOPUTMOB MalIHHHOTO 00YYeHHA, BKI0YasA KaaccHpHKalnio,
perpeccuio, KiacTepHsalinio U npoeepky Mojeeii. Bol MoxeTe naiitn 6o.1ee noj-
pobuyio undopmaimio o scikit-learn no agpecy http://scikit-leam.org/.

pandas. Bubnmoreka nporpaMMHoro odecnederns ¢ OTKPbITbIM HCXO/IHBIM KOJOM.
Ona coAepKuT CAMKHYIO TaOJIMYHYIO CTPYKTYPY AQHHBIX, KOTOPast LIHPOKO HC-
NOJIb3YeTCA JUIS BBOJIA, BbiBo/Aa H 00paboTkn TabJMYHBIX JAHHBIX B PA3/INYHBIX
aaroputmax. bubanoreka pandas cogepxuT MHOKECTBO NOJAE3HBIX (YHKIMI,
a TakxKe obecnevynBaeT BICOKYIO MPOH3BOAHTEIBHOCTD ¢ XOPOHIMM YPOBHEM
onTumuszaiimu. bosee noapobuyio undopmaimio o pandas MoxHO HaliTH 110 aape-

cy http://pandas.pydata.org/.

Matplotlib. CofepuT HHCTPYMEHTRI JUIsA CO3/IaHNs BIIEMAT/IAIONIHX BH3YATH3aI[HIl.
Jlannbie MOryT ObITh IpeACTaBAEHbl B BHJIE JIMHEIHbIX rpaduKoB, TOYEUHbIX
JHATPaMM, THCTOTPAMM, KPYTOBBIX JiHarpamMm H T. 1. Bosiee noapobnyio undop-
Malio MOKHO HailTH 1o aapecy https://matplotlib.org/.

Seaborn. Cunraercs anasorom nomnyasaproii oubamnorekn ggplot2 s R. Ona ocuo-
sata Ha Matplotlib u npeanaraer Beankonenusiii pacumpenpiii nutepdeiic s
rpaduieckoro otobpaxenns craructuku. I[loapobdbuyio nudopmaiinio MoKHO
HalTH 110 aapecy https://seaborn.pydata.org/.

[Python. YcosepiieHcTBOBaH Hasi HHTEPAKTHBHAS KOHCO/Ib, [IPe/IHA3HAYECHHAS /IS
TOTO, YTO0BI YIIPOCTHTh HANIMCAHHE, TECTUPOBaHKe H 0TJaIKY Koaa Python.

Janyck Python 6 unmepaxmuenom pexcume. ITOT PeKUM NPOrPaMMHUPOBAHIS
rnoJieseH JUist 00yueHHs 1 akcnepuMenTos ¢ kogoM. [Iporpammet va Python moryr
ObITh COXpaHeHbl B TeKcToBOM (hailiie ¢ pacimpenneM .py, 1 310T daiin MoKHO
3aIyCTHTD U3 KOHCOJIN.
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Peanuaauus Python ¢ nomowsio Jupyter Notebook

Eue oiun cniocob 3anycka nporpamm Ha Python — uepes Jupyter Notebook. Jupyter
Notebook npeacrasasier coboii noaszoBarenbckuii nHTepdeiic ansa paspaboTku Ha
ocHoBe Opaysepa. Umenno Jupyter Notebook ucnosnbsyercs ans aemoncrpamnmn
NPUMEPOB Kojia B 3Toi Kuure. BoaMoXHOCTH KOMMEHTHPOBATH U ONUCHIBATDL KOJL
¢ nnoMoubio Tekcra u rpagukn aenaet Jupyter Notebook nieanbHbiM HHCTPYMEHTOM
JUIsE JIEMOHCTPALHK M 00bACHeHHS JTI000r0 A/ITOPHTMA, 4 TAKXKE OTJIHYHBIM HHCTPY-
MEHTOM JUist 00y4eHHUs.

Yto0bl 3anyCTUTL NPOrPpaMMy, BaM HYKHO 3allyCTHTh npoliece Jupyter-notebook,
a 3aTeM OTKPbITb CBOIl 100OMMBIIT Opaysep u nepeiitu 110 ceoliake http://localhost:8888

(puc. 1.4).

:f Jupyter myEXPFARMS_numpy.np_array_basics Last Checkpoint: 03/16/2018 (autosaved)

File Edit Vew Insat Call K Widgets Hedo

B+ 3 @D &+ % M EB C Mukdown | B

Create NumPy array using Python's "array like" data type

numpy amray is drived from numpy.ndarray

In [4]: 1 import numpy as ap

In [2]: 1 print({np._ verslon_ )
1.13.3
In [4]: 1 my list=(-17,0,4,5%,9]

i my_array_from_list = np.array(my_list)
3 my_array_from_list

Out[4]): array([-17, o, 4, 5, 91)

In [5]: 1 my array from list * 10
Out([5]: array([=170, o, 40, 50, 901])
In [13]: my_tuple = (4,=3.45,5+7])

1
2 my_tuple

3 my_array_ from tuple = np.array(my_tuple)
4 my array from tuple

Cut[13): array([ 4.00+0.3, -3.45+0.3, 5.00+7.3))

(ESC + M) for Markdown.

Diff between python and numpy data structures

Puc. 1.4
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Ob6pature Buumanue, uto Jupyter Notebook cocront us psija 610kos, HazsiBaeMbix
AYeUKamu.

METO bl PASPABOTKUN AJITTOPUTMOB

ANropuTM — 3TO MaTeMaTHYeCcKoe pellieHne peaibhoil npodaemst, Ipu paspabotke
M HACTPOIiKe aIropHTMa Mbl JI0JIKHBI 33/1aBaTh cele cJe1yI0lHe BOIPOChL:

® Bonpoc 1. JlacT i1 arOpHTM TOT PE3YALTAT, KOTOPBIH MBI 0JKH/jaem?

® Bonpoc 2. flsaseTtcs au JaHHbIi AIFOPHTM ONTHMAIBHBIM CIIOCOOOM MOJYVYEHHSA
ATOro pesyJikrarTa?

® Bonpoc 3. Kak anropursm Oyzer paborars ¢ Ooabmnmi HabopaMu JJaHHBIX?

BaxHo OLIeHUTh CI0KHOCTD 3a/1a4, NTPeK/ie YeM HCKaThb jist Hee pemenne. [Ipu
pa3paloTKe MOAXOAAILIEr0 PelieHHs M0JIe3HO 0XapaKTepH30BaTh 3ajja4y ¢ TOYKH
3penus ee TpeboBaHnii U caoxHocTi. Kak npaBuio, airopuTMbl MOKHO PasielnTh
Ha CJICIVION{HE THIIBI B 3aBHCHMOCTH OT XapaKTePHCTHK 3a/[au;

®  Anzopummst ¢ UHMEHCUBHBIM UCNOAL30BANHUEM Jantbix. Takue aaropuT™bl
NPeAbABAAIOT OTHOCHTEIbHO NpocThie Tpebosanua K oOpabortke. [Ipumepom
ABJACTCA AJITOPUTM CKATHA, IPUMEHAEMbBIH K orpoMHoMmy daiiny. B Takux
cAyydasx pasmep JaHHbIX 00bIYHO HaMHOTO DoJiblle, YeM 00beM NaMATH ITPo-
1eccopa (0/IHOI HO/IBI WK KJaacTepa), noaromy s addexkrusnoii obpabotTu
JIAHHBIX B COOTBETCTBUH ¢ TPeOOBAHUAMH MOXKeT NoTpeboBaThes HTePaATHBHbII
MOAXO/L.

® Buyucaumenvnoemxue arzopummsl. Takue aJrOpUTMbL [TPeIbSBASIOT 3HAYU-
TejabHble TpeboBanus K oOpaboTke, HO He 3a/1eiicTBYIOT O0abIINX 00bEeMOB
AaunbiX. [Ipumep — anropurs noucka oyens 60abIOro npocToro yucaa. Yrodwl
JNOOUTBCS MAKCHMATBHOI IIPOU3BOANTEILHOCTH, HYXKHO HaiiTH criocol pasaeanTs
anroput™m Ha ¢assl Tak, 4T00bI X0Ts Obl HEKOTOPBIE H3 HUX OBLIM pacnapaJiie-
JIEHBL.

® BuuuciumeibnoeMKue aizopummbl ¢ UHMEHCUBHBIM UCNOAbI0BAHUEM OAHNBIY.
XopouuM npuMepoM 3/1eCh CAYKAT AJTOPUTMBI, HCIIOJIb3YEMbI€ /Ul aHAIN3a
aMoLMil B BuleoTpaHcasuaX. Takue airopuTMel siBasiiorTes Haunbosee pecypceo-
eMKHMH aJITOPUTMaMH H TPeOyIoT THaTe1bHoil pa3padoTKH ¥ pasyMHOro pac-
NpeaesieHus JOCTYIHBIX PECYPCOB.

Yro0bl onpejaeanTb CA0KHOCTE H PECYPCOEMKOCTb 3a/la41, HeoDX0IMMO M3Y4YHTD
MapaMeTphl JIaHHLIX U BRIMHCIEH UL, YeM Mbl U 3aiiMeMcsl B Ce/IVIOLUEeM pasjee.



