MABA 1
Python Kak MHCTpYMeHT UHAHCOBBIX pacyeToB

banku — caMble BBICOKOTEXHOIOTUYHBIE IpefnpuATUA.

Xyzo Banyuzep

f13bIk nporpammupoBaxua Python

Python — 3T0 yHuBepcasbHBIIT A3bIK IPOrPAMMUPOBAHSI BBICOKOTO YPOBHH,
KOTOPBIIT IIMPOKO HMPUMEHsIETCS] B CaMbIX pas3HbIX obmactsax. Ha odunmanbrom
caiite Python (https://www.python.org/doc/essays/blurb) oH XapakTepusyeTcs
CTIeAYIOMINM 00Pa3oM.

Python — 3T0 MHTepIpeTHPYeMbIit, 0OBEKTHO-OPMEHTUPOBAHHBIN, BBICOKOYPOB-
HEBBIJ1 A3BIK MPOTPAMMUPOBAHNA C JMHAMUYIECKON CEMAaHTUKOI. BpicOKOypOoBHE-
BbIe CTPYKTYPBI JAHHBIX B COYETAHNY C IUHAMMIYECKON TUIM3aLeil I JMHAMIYe-
CKMM CBSA3BIBaHMEM JIe/IAI0T €T0 YAOOHBIM MHCTPYMEHTOM OBICTpPOIl pa3paboTKu
IPWIOXKEHMIT, @ TAaKXKe IPUBJICKATENIbHBIM CPEJCTBOM HAIlMCAHMs CLieHapUeB U
SA3BIKOM MHTETPAlVM CYLIECTBYIOIINX KOMIIOHEHTOB. IIpocToll B M3yyeHUM u Ho-
HATHBII CUHTAKCHUC A3bIKa OPMEHTVPOBAH Ha YA0OCTBO YTeHMA KOJa, YTO MO3BO-
JIeT CHU3UTD 3aTPaThl Ha COIPOBOKAEHMe IporpaMM. B Python nmoppep>xuarorcs
MOJY/IY U TIaKeThI, YTO 00JIeryaeT HOBTOPHOE UCIIONb30BAHMA KOfIAa M CIOCOOCTBY-
eT TIOBBILIEHNIO MOAYAbHOCTY NporpaMm. VIHTepnperarop 1 6oraTas CTaHHapT-
Hast 616/11oTeKa A3bIKa CBOOOTHO JOCTYIIHBI KaK B BUJIC MUCXOAHBIX KOJOB, TaK U B
6MHapHOM Bujie JJIA OOJIBIIMHCTBA KOMIIBIOTEPHBIX IIATGOPM M MOTYT CBOOOITHO
PacIpoCTpaHATHCA.

[IpuBeneHHOE OmMMCaHNe KaK Heyb3s JIy4llle IToKasblBaeT, Hoyemy Python cran
OJHVIM U3 CaMbIX IOIY/IAPHBIX A3bIKOB IPOrPaMMMPOBaHNsA. B HaIIM JHM MM IOMb-
3YIOTCA KaK HauMHAOIVe IIPOrPaMMIUCTBI, TaK M IpodeccroHanbHble pa3paboT-
yyky. OH IpUMeHAeTCA Be3jie: B IIKO/IaX, YHMBEPCUTETAX, KPYITHBIX KOMIIAHUAX U
(MHAHCOBBIX YUPEX/ICHMAX, a TAKOKe Ha BeO-caliTax M B HAY4HOI cpefe.
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Cpenu npenmymects Python mo)xHO BBIIeIMTD Criepyomee.

Omxpoimotii UcX00HbLI KOO
Bo/MBIIMHCTBO IPOrpaMMHBIX MHCTPYMeHTOB 1 61bnmnorex Python Haxomut-
Cs1 B CBOOOJHOM [OCTYIIE M PACIIPOCTPAHSIETCS Ha YCIOBYUSIX OTKPBITON JIN-
LIeH3UL.

Mumepnpemupyemocmeo
OTalIoHHOI peanu3anueil cunrtaerca uurepnperarop CPython, npeo6pasy-
FOLINI KO Python B 0AlITOBBIN KO, HEIOCPENCTBEHHO BBINIO/IHAEMbIN KOM-
IIbIOTEPOM.

MynvmunapaduzmenHocmo
Python noppep>xuBaeT cample pasHble CTUIM HPOTPAaMMUPOBAHMA, B 4aCT-
HOCTY 00BbEKTHO-OPYIEHTHPOBAHHBII, UMIIEPaTYBHBIN, QYHKIMOHATBHBIN 1
NIPOLIETY PHBII.

YuueepcanvHocmo
Python mopgxommt [y HanmycaHMA KaK IPOCTBIX VHTEPAKTUBHBIX IIPUJIO-
KEHUII, TaK U C/IOKHBIX MHOTO(QYHKIIVIOHA/IbHBIX IporpamMM. [Ipy sTom oH
IIPEKPACHO CIIPAB/IAETCA C BBIIIOJIHEHMEM KaK HU3KOYPOBHEBBIX CHCTEMHBIX
olepanuif, TaK ¥ BBICOKOYPOBHEBbIX aHAIUTUYECKUX 3a/ay.

Mnozonnamgopmermocmo
Python gocTymnen ms Bcex NOMY/ISAPHBIX ONEPAIVIOHHBIX CUCTEM, TAKUX KaK
Windows, Linux 1 macOS. O mo3Bo/sgeT mucaTh KaK HaCTOJbHbIE, TaK I
BeO-IIPIUIOKEHN A, KOTOPble MOYKHO 3aITyCKaTh KaK B OTPOMHBIX CepBEpPHBIX
K/IacTepax, TaK 11 Ha HeOOMbIINX yCTpoiicTBax Tuia Raspberry Pi.

Junamuueckas munusayus
B Python Tumbl JaHHBIX ONPEEAIOTCA HEIIOCPEACTBEHHO Ha 3Talle BHINONI-
HEHUA, 2 He OOBABIAITCA CTATMYECKN, KaK B OO/NBIINHCTBE KOMIIMINpYe-
MBIX A3BIKOB IIPOTPAMMUPOBaHUA.

IToooeprcka omcmynos 6 Kooe
B or/tmune ot Apyrux si3pIKOB Iporpammuposanus B Python crpykrypa mpo-
rpaMMBbl (IPYIIMPOBKA OIEPATOPOB) 3a[aeTCA OTCTYIAMM, YTO IIO3BOJIAET
He UCII0/Ib30BaTh (PUTYpHbIE CKOOKY, TOUKN C 3aILATON U IPyTUe pasfe/TuTeNi.

Céop mycopa
B Python peannsoBaH aBTOMaTM4YeCKUII MeXaHU3M cO6Opa Mycopa, YTO M3-
0aBAeT MIPOrpaMMIUCTA OT HEOOXOAMMOCTI 3aHMMAThLCS YIpaB/IeHNeM Ia-
MATDIO.
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Tounee Bcero ¢pumocodus As3pika Python nsnoxena B cenyromux 20 momoxe-
HIISIX, M3BeCTHBIX Kak “The Zen of Python”. [t 03HaKOM/IEHNS ¢ HUMM JOCTATOYHO
BBIIIOIHUTB KOMaHAy import this B mo6oit mHTepakTNBHOI 060/m04Ke Python.

In [1]: 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 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!

B IIepeBoje€ Ha pYCCKI/HU/I SA3bIK OHM 3BYyYaT TakK.

Kpacusoe nyuuie, 4eM ypopnmnsoe.
SBHOE nmy41ie, 4eM HesABHOE.
ITpocroe nmy4iie, yeM CIOKHOE.
CnoxxHoe nydlie, 4eM 3alTyTAaHHOE.
ITnockoe nmyd4iue, 4eM BIOKEHHOE.
PaspexxenHoe ny4iie, yeM IJIOTHOE.
UnTaeMOCTb MMeET 3HaYEHME.

Ocobble cy4yan He HAaCTOIBKO 0COObIe, YTOObI HAPYILIATh IPaBUIA.
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o [Ipu 5TOM NPaKTUYHOCTD BayKHee He3yIPeTHOCTI.

e OmmbKy HUKOTIZIA He TO/DKHBI 3aMaTdiBaThC.

o Ecnn He 3aMamunBaloOTCA ABHO.

e Bcrperus AByCMBICIEHHOCTD, OTOPOCH UCKYIIEHVE yTaaTb.

o Jlo/DKeH CYLeCTBOBATb OJVIH — M YKETaTelbHO TOTIBKO OJVIH — OYeBVJHBIN
cr1oco6 cenarp 3T0.

o XOTs OH IOHAYaTy MOXeT OBbITh ¥ He OYEBV/ICH, €C/IU Bbl He TO/I/IaHell.
o Ceilyac nayyile, 4eM HUKOT/A.

e XOT:A HUKOIJA 3a49aCTYIO JIy4YIlle, YeM IIPAMO celdac.

e Ecnu peanmsanuio c10>KHO 0OBbACHUTD — Uies IVIOXA.

o Ecnu peanmmsanuio 1erko 00bACHUTD — Hfjesd, BOSMOXKHO, XOPOIIIA.

o IIpocTpancTBa MMeH — oT/IM4YHas Belp! [laBaiite 6ymeM menaTh ux 6osbie!

Kpatkaa ucropusa Python

HexoTopsle go cux mop cuntaoT Python HOBBIM S3BIKOM, XOTS OH CYILECTBY-
eT y>Ke I0CTaTOYHO JaBHO. Ero paspaboTka Havamach B 80-x rogax XX Beka Ipo-
rpammuctom u3 Hupepnannos I'supo Ban Poccymom. OH pnurenbHoe BpeMs yda-
CTBOBAJI B Pa3BUTUM sA3bIKA Ha IIPaBaX 8e7UKO0YUIHO20 NOMUSHEHHO20 OUKmMamopa
(Benevolent Dictator For Life — BDFL) — moueTHBIil TUTY/I, KOTOPBIl €My Ipu-
csomyio coobmectBo Python. Tonpko B urone 2018 ropa, mocie HeCKOIbKUX Jecs-
TUIeTUI aKTUBHON paboTsl, [Buo BaH Poccym mpuHAN pelleHNe OCTaBUTDb CBOI
novetHblit mocT BDFL 1 cTaTh psoBbIM paspaboTInKoM.

Hipke nmepeunciieHbl OCHOBHBIE Bexut pa3putus Python:

e Python 0.9.0, 1991 rop (nepBbliit penus);
e Python 1.0, 1994 rog;
e Python 2.0, 2000 rog;
e Python 2.6, 2008 ropx;
e Python 3.0, 2008 rop;
e Python 3.1, 2009 rog;
e Python 2.7, 2010 rog;
e Python 3.2, 2011 rog;
e Python 3.3, 2012 rog;
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e Python 3.4, 2014 rog;
e Python 3.5, 2015 rop;
e Python 3.6, 2016 rog;
e Python 3.7, 2018 rog;
e Python 3.8, 2019 rog;

HoBuukoB 4acTo cOuBaer ¢ TOAKy TOT (akT, 4To HaumHasg ¢ 2008 ropa akry-
aZIbHBIMM OCTAIOTCS Cpasy fiBe Bepcyy Python, KoTopble CylIecTBYIOT mapasuienn-
HO. 9TO CBA3aHO C Ha/lM4YMeM OTPOMHOTO KO/IMYECTBA IIPOrPaMM, HallMCaHHBIX Ha
Python 2.6/2.7, xoTopble IIpOJO/IKAIOT aKTUBHO MCIOIb30BaThCA. B TO ke Bpems
HOBBIe NpOeKThl muiryTcss Ha Python 3.6-3.8. IIpumepsl, IpuBOAMMBIE B KHUTE,
OPMEHTUPOBAHbI Ha BEPCUIO 3.7.

Jkocucrema Python

Python — aT0 He TO/NBKO A3BIK MPOrpPaMMUPOBAHNA, HO U Iie/lasi 9KOCUCTEMA,
BK/TIOYAIOIIasA 60JIbIIOe KOMMYECTBO OMOMMOTEK M pas3/INYHbIX IPOrPAMMHBIX MH-
CTPYMeHTOB. VIX He0OX0UMO UMNOopmMuUposams Mo Mepe HeoOXoIMMOCTH (KakK, Ha-
npumep, 6ubMMoTeKy IOCTPOEHN [UarpaMM) VIN 3allyCKaTb B BUJE OTAEIbHOTO
CUCTEMHOTO Ipoliecca (Kak, HallpyMep, MHTePAKTUBHYIO cpery paspaboTku). Orme-
palysg UMIIOPTA JIelaeT MaKeT JOCTYIHBIM B TEKYIeM IIPOCTPAHCTBE VIMEH I B Te-
KyIlleM IIpoliecce MHTepIIpeTaTopa.

B 6asoBerit gucTpubyTus Python y>xe BxopuT 60716111071 HA6OP ITAKETOB U MOLLY-
JIelt, pacMpsIoMX (PYyHKIMOHAIBHOCTD MHTEpIpeTaTopa. ITOT HabOp Ha3bIBaeT-
ca cmanoapmuas 6ubnuomexa Python (https://docs.python.org/3/1ibrary/
index.html). Hanpumep, obuiye MaTeMaTiyecKue BEIYMC/IEHNA He TPeOYIOT MOf-
KTIOUeHNA KaKUX-MMO0 MOAY/Iel, TOTfAa Kak CIeIaaM3MpOBaHHbIE MaTeMaTl-
Jeckye QYHKIVM MMIIOPTUPYIOTCA Yepe3 MOfy/Ib math.

In [2]: 100 * 2.5 + 50
Out[2]: 300.0

In [3]: log(l) O

NameError Traceback (most recent call last)
<ipython-input-3-74f22a2fd43b> in <module>
----> 1 log(1) O

NameError: name 'log' is not defined
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In [4]: import math @

In [5]: math.log(1) @
Out[5]: 0.0

o bes MMIIOpTa COOTBETCTBYIOIIETO MOAY/IA 9Ta CTPOKaA BbI3OBET OIHM6KY.

® Ilocie mMmopra Moayna math mMaTemMaTmyeckye BBIYVIC/IEHNS BBIOTHAIOTCA
KOPPEeKTHO.

Mopnynb math — 9T0 cTaHZAPTHBIN KOMIIOHEHT, JOCTYIIHBII B JII0OOM JIUCTPH-
oytuse Python, HO ecTb MHOXeCTBO APYTUX IAKETOB, KOTOPbIE YCTAaHABIMBAIOTCS
OIIVIOHAJIPHO, ITOC/IE YeTO MPUMEHSIOTCS TaK XKe, KaK 1 CTaHAapTHbIe Moaynu. Ta-
KJie ITaKeThl JOCTYIIHBI Ha CIelMaln3/POBaHHBIX caiiTax B VIHTepHeTe. [l pabo-
TBI C HUMM PEKOMEHJIyeTCs VICIIONb30BaTh MeHe[pKep MakeToB (OH OymeT paccMo-
TPEH B I7IaBe 2), KOTOPBIi TapaHTUPYeT COBMECTUMOCTD BCeX OMOMMOTeK.

IIpuBeneHHbIe IpUMeEPB OPMEHTVPOBAHBI Ha [BE CaMble NOMY/IAPHBIE CPEbL:
IPython (http://ipython.org/) u Jupyter (https://jupyter.org/). IIpoekr
IPython sagymbIBajcsi Kak yaydllleHHas MHTepaKTMBHas obonouka Python, HO
CO BpeMeHeM IIPeBPATU/ICS B uHmezpuposaruyto cpedy paspabomxu (Integrated
Development Environment — IDE) ¢ nopmep>Xkoit Takux CpeficTB, KakK podum-
poBaHMe 1 OT/IafiKa. PacuMpeHHble MHCTPYMEHTBI peflaKTMPOBAHNA KOfja JOCTYII-
HBI Yyepes BHellIHMe pegakTopbl Tuna Vim (http://vim.org), koTopsie MO>XHO MH-
TerprupoBats B [Python.

IPython cymecTBeHHO pacmpseT BO3MOXKHOCTYM CTaH[APTHOV MHTEPAKTUB-
HOVt 060704ky. Cpenyt KIII0YeBbIX JOIOTHEHNII — yIy4IleHHbIe CPefiCTBa pabOThI
C MICTOpMelT KOMAaH/IHOV CTPOKV U TIOJiepXKKa MHCIIeKTUpOBaHuA 06bekToB. Ha-
opuMep, 4TOObI IMPOCMOTpeTh CIpaBKy o ¢yHKiuyu (docstring), mocraTouHo
IpefiBapUTh MIN 3aBEPUINTD ee MM 3HaKOM BoIpoca (fobaB/eHMe ABYX 3HAKOB
BOIIPOCA MI03BOJIUT MOTYYUTDb PACIIMPEHHYIO CIIPABKY).

[Teponauyanpuo IPython mocrasisaics B BYX BapMaHTax: Kak 000/1049Ka U KaK
OpaysepHas Bepcus (Notebook). Ilocnennsst mprobpena HaCTOMBKO OOJIBIIYIO MO-
HY/IIPHOCTD, YTO ObL/Ia BBIJE/IEHa B OT/Ie/IbHBIII MHOTOSI3BIKOBOJI IIPOEKT, IOy 4/B-
it HasBaHue Jupyter. Kak cnenctsue, cpena Jupyter Notebook Hacenyet Bce ca-
Moe nyyiee oT IPython, mononHsAs ee MHOXXeCTBOM pacIIVpeHHBIX MHCTPYMEHTOB,
0COOEHHO B YacT! BU3ya/lIN3al[Uy JaHHBIX.
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Kpyr nonb3oBateneii Python

HenpaswibHo nonarars, 6yaro Python nHTepecen Tonpko npodeccnoHanbHbIM
paspaboTumkaM. ITO YHUBEPCATIbHBIN A3bIK, IPUMEHAEMBIil B CAMBIX Pa3HBIX 00-
JIACTSAX, B TOM 4MC/Ie [/I HAyYHBIX PacueToB.

IIpogpeccuonanvrvie paspabomuuxu Haxopar B Python Bce To, uTo HeobxOAM-
MO I CO3aHVA KPYITHOMACIITaOHbIX mpunoxenuit. B Python noppep>xnatorcs
IPaKTHYECKU BCe OCHOBHBIE ITAPA/IUTMbI IIPOIPaMMIPOBAHNA U UIMEIOTCA CPEfiCTBA
JULA peleHN Mo0bIx 3afad. [Ipodeccronanst yacTo muuryT co6cTBeHHbIe OM6/MMO-
TEKM V1 K/IACChI U II0 MAaKCUMYMY 3a[IeICTBYIOT BeCh CTEK HAyIHbIX IIAKETOB.

Paspabomuuku cneyuanuduposaHHvlx U HAy4HvbIX NPUOKeHUll, KaK IPaBUIo,
aKTVMBHO TOJIb3YIOTCA KOHKPETHBIMM IIaKeTaMy M OMOMMOTeKaMyu, afalTUPYIOT
9KOCHCTEMY NOJ COOCTBEHHBIE 3a/ja4dl U IOCTOSIHHO JOPabaThIBAIOT 1 ONTUMMU3M-
PYIOT co3faBaeMble IporpaMmMbl. OHU TOJONTY 9KCIEPUMEHTUPYIOT B paMKax MH-
TePAaKTUBHBIX CEAHCOB, UCC/IEAYA Y BU3YaTU3UPYs MMEIOLIecs HabOpbl JAHHBIX.

Psdosvie npoepammucmor obpamatorca Kk Python mis pelreHns KOHKpeTHBIX
3ajlay, KOIZja 3apaHee M3BECTHO, YTO MMEIOTCA roToBble Hapabotku. Hampumep,
IPOrpaMMUCT MOXKET ITOCETUTD CTPAHUILY C rajiepeeli BU3yannsaruit 616mmoTeKn
matplotlib, ckommpoBarb oTTyHa roTOBBIN (PparMeHT Kofa M BCTAaBUTD €TI0 B CO0-
CTBEHHBIII IIPOEKT, afalITHPOBAB K YCIIOBYSM 3ajadit. ITO CHIBHO YCKOPSIET Mpo-
1jecc pa3paboTKIL.

EcTb emie ofHa MHOTOYMC/IeHHast KaTeropus nonbp3opareneit Python: Hauunaro-
wjue npozpammucmul. Ha cerogusiuramit fenp Python cran ogHuM u3 cambIx mory-
JIAPHBIX A3BIKOB, C KOTOPOTO HAYMHAIOT M3y4yaTh IIPOrPaMMMPOBaHNE B YHUBEP-
CUTETAX, KOIeJKax U JaKe MKonaX. IIpuumHoONi cmy>XUT mpoCTOi M IMOHATHBIN
CUHTAKCHC A3bIKA, HOCTYIHBIN lake JIA HeCIeLMalNCTOB, a TaKXKe MOAJepxKKa
CaMBbIX Pa3HbIX CTU/IEI IIPOrPAMMIPOBAHUA.

(Tek Hay4YHbIX NAKETOB

CyuiecTByeT LieJIblii HabOp CIelMan3VPOBAHHBIX ITIAKETOB, YCIIOBHO OOBeny-
HsEMBIX B TaK Ha3bIBAeMBIl HAY4Hblil ctneK. PacCMOTPUM OCHOBHbIE KOMIIOHEHTBI
OAHHOTO CTeKa.

NumPy
bubnmmoreka, obecrnednBaomas IMOAJEPKKY MHOTOMEpPHBIX MacCHBOB,
IIpeJHasHAYEHHbIX JI/I1 XpPaHEHNA ONHOPONHBIX U HEOZHOPOJHbIX JTAaHHBIX.
BximoyaeT oNTMMM3MpOBAaHHbBIE (QYHKIVIV/METORbI JiiA PabOTBI C TaKUMMU
MacCUBaMI.
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SciPy
Konnexiyua makeTos, peanusyommx GyHKINMM A1 HAYIHBIX ¥ (PUHAHCOBBIX
pacueToB. B wacTHOCTH, BK/IIOYaeT (PYHKLMY MHTEPHIONALMY KyOUIeCKMX
CIUIAJIHOB ¥ YMC/IEHHOTO MHTETPUPOBAHNA.

matplotlib
O,[U/IH "3 CaMbIX HOHYH}IPHI)IX IIaKE€TOB BMSyaHI/ISaHI/II/I JAaHHDBIX U HOCTPOCHI/IH
KaK JJByXMepHBIX, TaK 1 TPeXMepHBIX AirarpaMm Ha Python.

pandas
OcHoBanHasa Ha NumPy 6mbmmorexa, npegHasHa4eHHasA 1A 00pabOTKM 1
aHa/M3a BPEMEHHDIX PSMIOB U TAOMMYHBIX JAHHBIX. TeCHO MHTErPUPOBAHA C
naketamu matplotlib (Busyammsauns ganubix) n PyTables (xpaneHue u 3a-
Tpy3Ka JaHHBIX).

Scikit-learn
[TonynsApHBI NaKeT MAIIMHHOTO O0y4YeHNs, COflepyKaliuii YHUPUIMPOBaH-
Hble peanusalyl MHOXKeCTBA aJTOPUTMOB, TaKUX KaK Kaaccudukanmsa u
K/IaCTepU3aIU.

PyTables
[MonynsapHas HagcTpoiika i paboTsl ¢ paimamu popmara HDF5. Peanmmnsyer
OITUMM3UPOBAHHbIE ONlepalU JUICKOBOTO BBOfja-BBIBOJIA.

B 3aBMCMMOCTY OT KOHKPETHOII 3a/1auyl MOTYT MOTPeOOBATHCS Y PYyTHe TAKETHl,
KOTOpbIe 3a4aCTYI0 peaqn3yITCs MOBepX OJHOTO M3 BBIIIENePedNCIeHHbIX 6a30-
BBIX IakeTOB. Ho B 11€/I0M KIII0YEBBIMM CTPYKTYPHBIMIU 9/IeMEHTaMM BBICTYNAIOT
knacc ndarray us makera NumPy (rmaBa 4) n kmacc DataFrame us makera pandas
(rmaBa 5).

Ecmu paccmarpuBars Python TombpKo Kak sI3bIK IPOrpaMMUpPOBaHMs, TO HEOO-
XOJVIMO CKa3aTh, YTO €CTh U APYTHe S3bIKM, KOTOPbIe MOTYT COCTABUTh €My KOHKY-
peHIMIO B IIaHe cuHTaKcuca u a¢pdexruBHocTy, HanpuMmep Ruby. Ha oduumans-
HOM cariTe (www. ruby-lang.org) oH xapakTepusyerTcs C/IefyIoLIM 00pasoMm.

III/IHaMI/I‘{eCKI/Iﬁ SA3BIK ITPOTPAaMMMPOBAHNIA C OTKPBITBIM MCXOAHBIM KOJOM, IJIA KO-
TOPOTIO XapaKTEPHBI IIPOCTOTA U BbICOKAsA IIPOU3BOANTEIDHOCTD. O6nanaeT 9JIETAHT-
HBIM CMHTAaKCICOM, 6}Iaroz[ap;1 KOTOPOMY KO IETKO YMTATh I TaK K€ JIETKO INCaThb.

Te, xTo mporpammupoBanyu Ha Python, HaBepHsAKa cormacaTcs ¢ TeM, YTO aHa-
JIOTMYHBIM 00pa3soM MOXKHO OXapaKTepu3oBaTh M 3TOT sA3bIK. Ho 4To oTnmuaer
Python ot xoHkypeHTOB Hanmofo6ue Ruby, Tak 9T0 Ha/MMYMe Hay4HOTO CTeKa, Ora-
rofapsi KOTOPOMY MOXKHO OTKa3aThCA OT CIeI[MaTN3/POBAHHBIX A3bIKOB 1 TTAKETOB
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tuna Matlab u R. Kpome Toro, B 3bIKe 110 YMOTYaHIIO MMeETCs BCe HEOOXOAMMOe,
K IPYMepY, /I ONBITHOTO Be6-pa3paboTuyKa MM CUCTEMHOTO aIMMHICTPATOpa.
K tomy e Python ormmuHO B3auMopeiicTByeT co Crienyanu3upoBaHHbIMY SA3bIKa-
M1 Tuna R, mosTomy Bompoc o6bI9HO He B TOM, BbIOMpath Python mmn Her, a B ToM,
KaKOJl 113 A3bIKOB Pa3paboTKy OyfeT OCHOBHBIM B KOHKPETHOM IIPOEKTe.

TexHonorum B $uHaHCOBOI OTPacAu

[Tonyuus ob1iee mpeacTaBieHne 0 BO3MOXHOCTAX Python, morosopum o ponu
COBpeMEHHBIX TeXHO/IOrMil B puHaHCOBOM aHanu3e. Hac B mepByto odepenp 6yayT
MHTEpPecoBaTh TO, Kakoe BiysAHMe Python okasbiBaeT 1, 4To camoe BaxkHOe, OyHeT
OKa3bIBaTh Ha pa3BUTIE (PUHAHCOBOI NHYCTPUIL.

ITo cyTn, B IpyMeHeHNN NepefoBbIX TEXHONIOIMII B (PMHAHCOBOM OTPACIM HET
HIyero Heo6brdHOro. OTHAKO HeJaBHYE MHHOBALNY, a TAaKXKe 3aKOHO/IaTe/IbHbIe
M3MEHEHNA IPUBEN K TOMY, YTO OaHKM 1 pasindHble pMHAHCOBBIE YUPEKIEHMNA,
HanpuMep XemK-(OH/bI, Bce OOJbIe CTaay IpeBpaIiaTbcs U3 GUHAHCOBBIX I10-
CPeJHMKOB B TeXHOJIOTMYeCK/e KOMIIaHuN. TexHomornyeckas 6asa Hadala paccMa-
TPUBATLCS KaK OJVH U3 K/II0YEBBIX aKTMBOB /I OOJIbIIMHCTBA (PMHAHCOBBIX KOM-
IaHUI 110 BCEMY MUPY, YTO fIaeT KaK IPEeMMyIecTBa, Tak 1 HefocTatku. Cnenyer
pasobparbcs, oYeMy TaK IPOUCXOANUT.

NuBecTuLmu B TEXHONOIUM

banku 1 apyrye GyHaHCOBBIE YUpEKAeHNA 00Pa3yIoT LeyI0 MHAYCTPUIO, KOTO-
pas eXKeroffHo TPATUT OTPOMHBbIE CpeJICTBa Ha IepefioBble TexHomoruy. Cremyromasn
IIVITaTa NTOKA3bIBAeT HE TOJIbKO BaYKHOCTDb TEXHOJIOTNUII /I (PUHAHCOBOII OTpac/,
HO ¥ B&KHOCTDb CaMOJi 3TOiI OTPaC/IM /I TeXHOTIOTMYECKOTO CEKTOPa.

CoracHO aHaIUTUYEeCKVMM [aHHBIM, coOpaHHbIM Kommanueir IDC (International
Data Corporation), k 2021 rogy o6uieMMpoOBble 3aTpaThl (PUHAHCOBOIO CEKTOpa
Ha MHGOPMAIMOHHbIE TEXHOIOTUY BBIPACTYT H0 500 MJIpJ HOJ/I. 1O CPABHEHMIO C
440 mnpp momt. B 2018 roxy.

IDC (nroup 2018 1.)

baHkM 1 (pMHAHCOBbIE YUPEX/IEHNA y>Ke JaBHO BTAHYTHI B TOHKY, HAIIpaBJIeH-
HYIO Ha Ilepexof K 1M poBoIl MOE/IN YIPaBIeHNA.

CornacHo mporxosam B 2017 ropy 6aHKOBCKIME MHBECTUIINI B ITepefJOBbIE TEXHOIO-
ruy B CeBepHOIT AMepHKe JJO/DKHBI COCTaBUTb OKOJIO 19,9 MIpH 0L
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Banku paspabarelBaloT COBpeMeHHbIe MH(OPMAIMOHHbIE CHCTEMbI U HOBBIE TEXHO-
JIOTMYeCKNe pelleHNA C Le/IbI0 HOMTydeHNs KOHKYPeHTHBIX IIPeJMYINecTB Ha ITO0-
6a7IbHOM pBIHKe U IPUBJIEYEHMsI KIMEHTOB, OPMEHTUPOBAHHBIX Ha JMCIIO/Ib30BaHME
OHJTAMH-CTYXX0 11 MOOWIBHBIX IPUIOKeHNit. [I/1s1 I106anbHbIX (PUMHAHCOBO-TEXHO-
JIOTMYeCKNX KOMIIAHUI 3TO NpeKpacHas BO3MOXKHOCTD IPENIOKUATh HOBble UIEN 1
[IPOrpaMMHbIe pelleHNsi 6aHKOBCKOI MHAYCTPUNL.

Statista

TpaHcHanMOHa/IbHbIE OAHKY 3a/]e/ICTBYIOT THICSYM pa3pabOTIMKOB AJIs 06CTy-
JKMBaHUA CYLIECTBYIOIMX CUCTEM M CO3IaHNA HOBBIX. KpyIHbIe MHBECTUIMIOHHBIE
KOMIIAHIY, CTA/IKMBAsCh C POCTOM TE€XHOJIOTMYECKUX TPeOOBaHMI, 3a49aCTyI0 NMe-
10T 61ofpxeT I T-HanpaBieHNsA B HECKO/IBKO MWIIMAPAOB OJIAPOB.

TexHonoruu Kak aBuyLLaa cuna

Pa3BuTHe TEXHONOIMIT CIIOCOOCTBYET BHEAPEHUIO MHHOBAIMII M MTOBBILIEHIIO
a¢pdexTUBHOCTY PUHAHCOBOTO ceKTopa. Kak mpaBmio, mpoekTsl B JaHHOI cdepe
C/IeAYIOT KOHLIETILIMY IIOTHOTO IIepexofia Ha U pOBbIe MO/

3a IIociaegHne HECKOJIbKO JIeT Q)MHaHCOBaH VHIOYCTpHA IIpeTepIiea paanKaabHbIE
TEXHOJIOTUYEeCKe n3MeHeHus. MHorne PYKOBOOAUTENN Tp€6y10T OT CBOMX IT-OTI[G-
JIOB IIOBBIIIATDH S(I)(I)CKTI/IBHOCTI) " BHEJPATHb Ka4€CTBEHHO HOBbIE, THHOBALIVIOHHDbIE
yCiayru, IIpy 3TOM NOAAEP KMBaA CyIIECTBYIOIINE CICTEMbI, HO CHIIKAs 3aTpaThl Ha
X 3KCITyaTalnIo. A Tem BPEMEHEM Ha PbIHOK BCE€ aKTMBHEE BIXOJAT (l)I/IHTGX-CTap-
Tallbl, IIpeajarasa 1o/Ib30BaTE€/IbCKMIE€ CUCTEMDI, paspa60TaHHb1e C HYJIA, @ HE OCHO-
BaHHbIE€ Ha YHAC/I€JOBAaHHDIX PEIIECHNAX.

PwC 19th Annual Global CEO Survey, 2016’

[To6ounbiM 3¢ dexTom moBbieHNs 9PGEeKTUBHOCT CTAHOBUTCS TO, YTO KOH-
KypeHTHbIe TpeyMyLecTBa IPUXOAUTCS UCKATh BO BCe 00jIee CTIOKHBIX PelIeHNSIX.
IT0 HeM36eXHO BJIeyeT 3a cOO0JT POCT PUCKOB Y 3aTPaT, CBA3AHHBIX C COOIOEHM -
eM perynaTopHbIX TpeboBanmit. PuHaHCcOBBI Kpusuc 2007-2008 romos mokasar,
KaKyI0 OITAaCHOCTb MOTYT HeCTU HOBble TexHojoruyu. C aHaJIOTMYHBIMY TeXHOJIO-
TUYEeCKUMY PUCKaMM CTA/IKMBAeTCs U (PMHAHCOBBIN CEKTOP, YTO HAITIA/IHEe BCETO
IPOSIBUIOCH B 0OBasie GOHTOBOrO PbIHKA, KOTOPBIT nMe MecTo B Mae 2010 ropa,
KOIZIa BCJIEZICTBYIE IPYMEHEHsI aBTOMATV3YPOBAHHBIX OMPIKEBBIX CICTEM 00pYIie-
HIe MH/IEKCOB JJOCTUIIO TPU/UIMOHHOTO MacuiTaba. (Bompocsl, cBsizaHHBIE ¢ airo-
PUTMMYECKOI TOProBiIell (PMHAHCOBBIMY MHCTPYMEHTaMM, OYAYT paccMaTpuBaTh-
ca B yactu IV.)

'https://pwc.to/10YT02d.
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TexHonoruu v Kaapbl peLuaot Bee

Kak BuguM, ¢ OZHOI CTOPOHBI, Pa3BUTNE TEXHOJIOIUII BeJleT K CHIDKEHMIO 3a-
TpaT, a C APYTOil — TONBKO IIOCTOSIHHbIE MHBECTULIMY B pa3pabOTKy U BHEJpeHIe
HOBBIX PeIIeHNI MO3BOMAIT (PMHAHCOBBIM KOMIIAaHMAM OOMBATbCA KOHKYPEHT-
HBIX NIPEUMYILECTB U YKPEIUIATh CBOM MO3MIMY Ha pbIHKe. Bo MHOrMx obmactsax
KpPYyIHOMAcIITaOHble MHBECTULMY B TeXHOMTOTUM ¥ KBaMPUIIMPOBAHHBII II€PCO-
HaJI CIY>KaT K/II0YOM K BBDKVMBAHMIO Ha phIHKe. B KadecTBe IpuMepa paccMOTpPUM
PBIHOK aHa/IN3a epUBaTUBOB.

B cpenHeM, ec/ paccMaTpUBAaTh BeCh IIMKJI CYIeCTBOBAHNA IPOrPaMMHOro obecie-
4eHs, GUPMBI, BHEpsIOIMe COOCTBEHHbIE CTPATEerMy BHEOUPIKEBOTO YIIPaB/IeHNA
[lepUBaTMBAMM, JO/DKHBI BIOKUTD OT 25 K0 36 M/IH LOIAPOB TOIBKO Ha CO3[aHIue,
MOZIEP)KKY M y/Iy4llleH/e COOTBETCTBYIOLIEl IPOrpaMMHOI OMOIMOTEKN.

Ao [1]2

ITocTpoeHne NOMHOPYHKIMOHAIBHOI 6MO/INOTeKY aHaI3a IePUBAaTBOB — He
TOJIBKO TPYAOEMKMIl 1 3aTPATHBII [IPOLIECC, /Il HETO ellle U TpeOyeTcs Haamdme
docmamourozo uucna dkcnepmos. K Tomy e camy 3KCIIEpPThI TO/DKHBI pacIiona-
raTb BceMy HeOOXOVMbIMIU TEXHOIOT UMY ¥ IIPOTPAaMMHBIMH CpefcTBaMu. B atom
OTHOIIIEHNY COBpeMeHHas sKkocucTeMa Python BBIIAANT OYeHb NPUBJIEKATEIBHO,
cHab>kas pa3pabOTUNMKOB HAMHOTO 6ojee 3QPEeKTUBHBIMU U JeIIeBbIMU MHCTPY-
MeHTaMI, 4eM, K mpumepy, 10 net Hasaz. (Tema aHanusa feprBaTUBOB paccMaTpu-
BAaeTCsl B 4acTH V, IJje Mbl HaIMIIeM HeOOIbIIYIO, HO JOCTATOYHO 3P PEeKTUBHYIO I
ruOKyio 616MMoTeKy, 3a1eICTBYS TOIBKO CTaHAApTHBIE makeTsl Python.)

Crepyromas qurata Bo3spamaer Hac B 310Xy LTCM — ofgHOro nx KpynHeimmx
XeK-QOH/IOB, MCTOPMS KOTOPOT'O 3aBepLIN/Iach KpaxoM B KoHIle 1990-x.

Mepuyasep Bro>xm1 20 MIIH TO/UL B pa3paboTKy IepeoBOoil KOMIIBIOTEPHOI CHCTe-
MBI U HaHAT KOMaHJy IIepBOKIACCHBIX (JMHAHCOBBIX MHXKEHEPOB M YIIPaBICHI
kommauuest LTCM, oduc kotopoit Haxoauncs B [punynde, mrat KOHHEKTUKYT. ITO
ObUTa c1cTeMa yIpaBaeHNs PUCKaMI IIPOMBILIIEHHOTO MacliTaba.

[Tarrepcon [3]

Te BbIUMC/IMTEIbHBIE MOLITHOCTH, Ha KOTOPble Mepunyssep MOTPaTII MUUINOHBI
JIOT/IAPOB, CETOHS MOXKHO KYIIMTDh BCETO 32 HECKO/IBKO THICSY IOJUIAPOB M I10-
CTYINTB ellje IIPOolIle, APEHI0BAB VX B OHO 113 0OTaYHBIX C/TY>K0 B paMKaxX I'MOKOTro
wiaHa. (O pasBepTbIBaHMM 00/IaYHON MHPPACTPYKTYPHI /LA MHTEPAKTUBHOTO (i-
HAHCOBOT'O aHa/IN3a U pa3paboTKy mpunoxkeHui Ha Python 6yzmeT pacckasbiBaThcs B
raBe 2.) bropkeTsl 100610 TpodeccruoHambHO MHPPACTPYKTYPBI COCTABIIAIOT

2 Cwm. paspien “JlOnONMHUTEIbHBIE PECYPChI. B KOHIE T/IABBL
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OT HeCKO/IbKUX JOJ/IApOB B MecAll. B To ske Bpems camu cucteMbl 6Mp>KeBOil TOp-
roB/y, GMHAHCOBOTO aHAJN3a U YIPABIEHNA PUCKaMM CTA/IN HACTONBKO CIIOXKHBI-
MM, YTO COBPEMEHHBIM KOMIIAHUAM NPUXOAUTCA BHeApATh [T-mHPpacTpyKTYpBHI,
HACUMTBIBAOIINE JIeCATKY ThICAY BBIYVMCIUTENIbHBIX AJep.

B noroHe 3a ckopoCTbl0, NPOU3BOANTENBHOCTBIO M 00bEMaMM AaHHDBIX

Ecnm roBoputh 0 Tex acmekTax (GMHAHCOBBIX BBIYMC/ICHUIT, Ha KOTOPbIE TeX-
HOJIOTMYeCKIie M3MEHEHNsI OKa3bIBAIOT Hambosblilee BIVSIHME, TO 9TO CKOPOCTh
U MHTEHCUBHOCTb (PUMHAHCOBBIX TpaH3akiuit. JIponc [2] ommchiBaeT IOHATHE
¢pnew-mpeiiouHea — TIpoliecca BBICOKOYACTOTHOM OMP)KEBOJI TOPrOBIN, KOTIZa
CHE/IKY COBEPIIAITCA C MAaKCUMaIbHO BO3MOXKHOI CKOPOCTBIO.

C OfHOJI CTOPOHBI, TOBBIIIEHNE JOCTYIIHOCTY OMPXKEBBIX AaHHBIX TpebyeT OT
(bMHAHCOBBIX KOMITAaHUII IPUHATVS PELIeHNU B peaIbHOM BPeMeHN. A ¢ Ipyroit —
BHeJ[PeHle BbICOKOYACTOTHOI TOPTOB/IY IIPUBOAUT K ellle 60/IbIIeMy pOCTy 00be-
MoB aHHbIX. O6a mpolecca UAYT pyKa 06 pyKy, HelpepbIBHO CHIKas BPeMEHHOI
MaciTab GMHAHCOBBIX TPaH3aKLuIL. BriepBble 5Ta TeHAeHLNA ObITa BbIAB/IECHA ellle
flecsITh 7IeT Ha3af.

B 2008 romy ¢onpn Medallion, ocHoBaHHbIT koMnanumelt Renaissance Technologies,
HOJTY4VT HeOBIBATYI0 Map)Xy B pasMepe 80%, cyMeB BOCIIONb30BaTbCsI KpailHell BO-
JIATUIBHOCTBIO PBhIHKA 0O/1arofiapsi CBOMM CBEpPXOBICTPBIM KoMIlboTepam. KpymHeii-
muM 6eHeduimapyeM B TOT rog cTai [IxuM CUMOHC, KOTOPBIIT IIOJIOXWI B KapMaH
CONMUHbIE 2,5 MIIPJ, SO

[Tarrepcon [3]

JlaHHBIE O OMPKEBBIX KOTMPOBKAX OJHOIO MHJIEKCA Ha KOHEI] TOProB, COOpaH-
Hble 3a 30 neT, cogepxarca npumepHo B 7500 sanucax. VIMeHHO Ha 3TUX JJAHHbIX
6a3npyoTCcsa BCe COBpeMeHHbIEe (PMHAHCOBBIE TEOPUH, B YACTHOCTY NopmenvHas
meopus Mapkosuya (Mean-variance Portfolio Theory — MPT), modenv uernoobpa-
306anus kanumanvHolx akmueos (Capital Asset Pricing Model — CAPM) un crmou-
mocmv nod puckom (value-at-risk — VaR).

[l cpaBHeHUA: B OOBIYHBI TOPTOBBIN JIeHb KYpC aKumit kKommanum Apple
(AAPL) B cpenHeM M3MeHsIeTCsI OKOJIO 15 ThIC. pa3 B 4ac, 4TO B /iBa pasa Oosblie,
4yeM KO/IMYeCTBO KOTMPOBOK, COOpaHHBIX 3a ociegHux 30 jeT. AHa/IM3 Takux 00'b-
€MOB JJAHHBIX COIPSKEH C L[eJIBIM PAXOM TPYAHOCTEIL.

Obpabomxka danHvix
CeropHsi y>ke HEIOCTATOYHO 0OPabaThIBATh TONIBKO CBEEHNS O KOTVMPOBKAX
aKLWIiT ¥ fPYruX GMHAHCOBBIX MHCTPYMEHTOB Ha MOMEHT 3aKPBITIs TOPIOB.
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CnMIIKOM MHOTO COOBITHI IPOUCXOANT B TeUEHME KaXX/IOTO TOPTOBOTO JIHS,
a /1A HEKOTOPBIX MHCTPYMEHTOB — 24 yaca B CyTKM 7 JHEN B HEJIEIIO.

Ckopocmb aHanu3sa 0aHHbIX
BupykeBble pelleHMs JO/DKHBI NPVHMMATBCA 3a MVJUIMCEKYH/IBI VI JlaXKe
OpICTpee, a 9TO 03HAYAET, YTO HY>KHBI COOTBETCTBYIOL[ME aHATUTNIECKIIE C-
CTeMbl, CIOCOOHBIE 00pabaThIBATh OTPOMHBIE 0OBEMBI JAHHBIX B PEaIbHOM
BpEMEHI.

Teopemuueckas 6asa
HecmoTps Ha TO 4TO TpagMUI[MOHHbIe GMHAHCOBbBIE TEOPUM HA/IEKN OT Mfeana,
OHI IPOUIIN MCIBITaHMe BpeMeHeM. Ho Korma peub ujjeT o NPUHATUN pe-
HIEHUI B MWIIM- ¥ MUKPOCEKYHIHbIX MHTEPBa/IaX, HaJieXKHbIX TeOPUII II0Ka
ellje HeJOCTaTOYHO.

YKka3aHHbIE TPYSHOCTY MOKHO IIPEOIOJIETh TOIBKO C IIOMOIIbI0O COBPEMEHHBIX
texHojoruii. CaMoe yAMBMUTEIbHOE TO, YTO JJaKe OTCYTCTBUE HA/IeKHBIX (PMHAH-
COBBIX TEOPMII YacTO KOMIIEHCHPYETCSl TEXHOJIOTMYECKVMM IIPeVIMYILeCTBAMI,
IIOCKOJIBKY QJITOPUTMBI BBICOKOYACTOTHOJ TOPTOB/IN 3a/IefICTBYIOT MMKPOCTPYK-
TypHBIe OVIpyKeBble 37IeMeHTHI (IIOTOK 3asABOK, CIIPEbI U T.II.), @ He ONMPAIOTCA Ha
TeopeTNIecKme CYXX/JeHN.

AHanu3 B peanbHOM BpeMeHH

3a nocnegHMe rofibl B GMHAHCOBOI cdepe pe3Ko BO3pOCiIa BAXXHOCTb PUHAHCO-
8020 aHanu3a. ITo MPsIMOe CTIeCTBUE MOBBIIIEHNsI CKOPOCTU 1 IPOV3BOLUTEIb-
HOCTY BBIYMCTIEHWIT, @ TAKKe YBenudeHNs: 06beMoB AaHHbIX. 1o cyTu, peakiyeit
PBIHKa CTaJIO TIOSIB/ICHNE aHA/IN3A B peaIbHOM BpPEeMEHIA.

[Tox ¢uHAHCOBBIM aHA/NMM30M MBI IOHVMMaeM IIpUMEHEHVe COBPEeMEHHBIX TeX-
HOJIOTMIA, IPOTPAaMMHBIX PelIeHNIT U a/ITOPUTMOB /IS TIO/TyYeHMs aHATUTUYECKUX
JQaHHBIX VIU TIPUHATHUS pellleHnil. B KkauecTBe mpuMepa MOYKHO IPUBECTU OL[eH-
Ky TOTO, KaKOe B/IMAHNE Ha IIPOJXN OKKET U3MEHEHe CTOUMMOCTI GaHKOBCKOTO
IPOAYKTA, WIN KPYITHOMACIITaOHYI0 KOPPEeKTUPOBKY KpeanuTHOI onenkn (Credit
Valuation Adjustment — CVA) 1 cTo>XHBIX HOpT(erieit 1epiBaTUBOB KPYIIHOTO
MHBECTULIMOHHOTO 0aHKa.

B 3TOM KOHTeKCTe (PMHAHCOBbIE YUPEKAEHNSI CTATKMBAIOTCS C ABYMSI OCHOBHBI-
MU TPYSHOCTSMI.

Bonvuiue oanmule
Bankam u fpyruM (MHAHCOBBIM KOMIIAaHVMSAM HPUXOAVIOCH MMETb JIeJI0 C
OTPOMHBIMY MacCMBaMI IaHHBIX ellle 1O Hayaja 310XV OOJbIINX JJAHHBIX .
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Kak 6b1 TaM Hu OB1/10, CETOAHS 00bEMBI aHA/TM3UPYEMBIX JAHHBIX HACTOTIBKO
BEJIMKI, YTO TPeOYIOT IOCTOAHHOTO YBEINYEHNA KaK BBIYMC/TUTETbHOI MOIII-
HOCTM KOMIIBIOTEPHBIX CUCTEM, TaK J pasMepa XpaHWINI] JaHHbIX.

Pacuemuvt 6 peanvom epemeru
B mporioM MHBECTUIIIOHHBIE pelleHNs MPYHIMA/IICh Ha OCHOBE TILATe/lb-
HO CIUTAHMPOBAHHBIX CTPATETMil 1 MPOLIECCOB YIPaBIeHMs PUCKaMU. B HbI-
HEIIHIO 310Xy pellleHMs NPUXOAUTCA NPUHMMATh B PealbHOM BpeMeHM.
3ajauy, KOTOpbIe paHblIle PeIIaIich B 0diice Ha IPOTHKEHNM pabodero JHs,
CETOfIHA PelIaloTCs NMPAMO Ha Oupke B IIpoliecce TOProB.

3[1eCb CHOBA IIPOCTIEKMBAETCA CBA3b MEXJY Pa3BUTHEM T€XHOIOTUIL U IPaKTU-
KoJ1 BefteHNA 6m3Heca. C OfHOI CTOPOHBI, CYLIECTBYET IIOCTOSIHHAS IIOTPEOHOCTD
B IIOBBILIEHNY CKOPOCTH ¥ TOYHOCTY aHAJIMTUYECKNX PEIIeHNIT 32 CYET BHEAPEHMA
COBPEMEHHBIX TE€XHOJIOTUIL. A C JPYroil CTOPOHBI, IIOSABJIEHNE HOBBIX TEXHOIOTMI
iellaeT BO3MOKHBIMY HOBbIE aHA/IMTUYECKIE TIOAXO/bI, KOTOPbIE BCEIO HECKOIbKO
JIeT Ha3aJ CYNTANNCh HEBOSMOKHBIMM (VI HEPeanUCTUYHBIMU MCXOMs U3 OI0fI-
JKETHBIX COOOPaXKeHMIt).

OnHoIT M3 KITI0YeBBIX TeHAEHIMII B cdepe PMHAHCOBOTO aHAINM3a CTAIO BHe-
OpeHye MapayIe/IbHbIX APXUTEKTYP MHOTOALEPHBIX BbIYNCICHUI Ha CTOPOHE LIE€H-
TPAJIbHOTO IPOL[ecCcopa ¥ MaCCOBO-IIAPA/IIEIbHBIX aPXUTEKTYP Ha OCHOBe rpadu-
JecKyX nporeccopoB. CoBpeMeHHbIe rpadudecKyie MPOoLeCCOPbI COREPIKAT ThICAIN
BBIYVIC/IUTENIbHBIX AMIEP, YTO 3aCTaB/sAeT IePEeOCMbIC/IMBATD AJITOPUTMBI Iapa-
JNeTIbHBIX BbrumcaeHuit. Ho i Toro 4To6bl 1M3BIeYb MpPEMMYIIeCTBA 13 HOBBIX
anmapaTHbIX IIaTGOPM, TI0/Ib30BaATe/IAM IIPUXOAUTCA OCBAMBATh HOBbIE S3BIKY U
IapaguUrMbl IPOrPaMMIPOBAHNA.

Python ana ¢uHaHcoBbIX pacueToB

B mpepbifylieM pasfene pacCMaTpUBa/lIMCh OCHOBHbIE aCIEKTbl NPUMeHEHU:A
COBPEMEHHBIX TeXHOJIOTWI B PMHAHCOBOII Cpefie:

e CTOMMOCTD TEeXHONIOTMII i1 GVIHAHCOBOI MHIYCTPUY;
e TEXHOJIOTVM KaK JIBVDKYINAs cula 6M3Heca U IHHOBALINIL;

e TEXHOJIOTUN N KBa}II/ICbI/IIH/IpOBaHHI)Ie KagpbI KaK 6apbepb1 JJIA BbIXOJa Ha (1)]/[-
HaHCOBBIN PBIHOK;

e yBeIVMYEH)E CKOPOCTY M VHTEHCUBHOCTY BBIYVCTIEHUII, a Takke 00beMOB
JaHHBIX;

° HCO6XOIU/IMOCTI) AHa/IM3a JaHHbIX B p€a/IbHOM BpEMEHIL.
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B aTom paspiene Bl y3HaeTe 0 TOM, Kak Python momoraer mpeogonesars Bo3uu-
Karouye npo6aemsl. Ho m14 Havama cnegyeT MO3HAKOMUTBLCA C 00IIesA3bIKOBBIMU
MHCTPYMEHTaMM U cMHTaKcucoM Python.

CuHTakcuc Python, npumeHaemblil B HAHCOBBIX BbIYNCIEHUAX

Bo/bIINHCTBO paspabOTYMKOB, KOTOPbIE TOIBKO HAYMHAIOT 3HAKOMUTBCS C MH-
crpymerTtamu Python, nmpumensieMbiMu B QMHAHCOBBIX pacyeTax, HeM30eXXHO CTasl-
KMBAIOTCSI C AITOPUTMUYecKMu npobrmemamn. To ke camoe OyfeT MCIBITBIBATH
y4eHBIil, KOTOPOMY HYXXHO pemnTh arddepeHianbHoe ypaBHeH e, BbIYICINTD
VHTETrpajl WU MPOCTO BU3Yanu3upoBaTh JaHHble. Ha aTOM aTame elje HUKTO He
mymaet 0 OpMaTbHOM IIpoliecce pa3padOTKM, TeCTMPOBAHNM, JOKYMEHTAIUY VN
pa3BepTHIBAHNY TOTOBOTO IPIUIOXKeHMs. Vl MMEHHO 3[jeCh /IO HAUMHAIOT LIeHUTh
Python kak s3bIk mporpammupoBanus. [IpudnHa 3aka04aeTcsi B TOM, YTO CUHTAK-
cuc Python B gocTaTo4YHOI CTeneHN IPUOIVDKEH K MATEMATHYECKOMY CUHTAKCICY,
IPUMEHIEMOMY [/IsI PeLIeHNs HayIHbIX 11 (GMHAHCOBBIX 3a/ad.

B KauecTBe WUTIOCTPALINI MO>KHO B35ITh TI00011 (PMHAHCOBBII aITOPUTM, HAIIPK-
Mep OLIeHKY eBPOIIEeIICKOT0 KOJII-omnoHa MetogoM Monte-Kapro. Ilpenmonoxnm,
npumeHsetcss Mogend biska — Illoynsa — Meprona (Black-Scholes—-Merton —
BSM), B KOTOPOI prCKOBOCTD OMIIVIOHA OIMCBIBAETCS Yepe3 reoMeTpudeckoe 6po-
YHOBCKO€ JBIVDKEHNE.

I[IprmeM crefyroLLyie 3Ha4€HNS TAPAMETPOB:

* HAYa/bHbIN YPOBEHDb MHJEKC], S; = 100;

e cCTpalik-LieHa onuyoHa, K = 105;

* CPOK MCIIOJTHEHMA ONIMOHa, 1'= 1 rop;

o 0e3pucKoBasg KpaTKOCpOYHasA CTaBKa, 1 = 0,05;
* BOJATUIBHOCTD JOXOMHOCTY aKTUBA, o = 0,2.

B mopenn biska — lloynsa — MepToHa ypoBeHb MH/IEKCa IIPY SKCIIMPALIAN OTI-
LIMIOHA IIPEJICTABIAETCA C/IyYaiiHOV BEIMYMHONM, pacCYMTHIBAEMOIL 110 CTIeyIoLeNn
dopmyrte, B KOTOPOIL CTydaiiHas IepeMeHHas Z IMeeT HOpMa/IbHOe pacIipefie/ieHe
BepoATHOCTei (ypaBHeHue 1.1).

Ypasuenue 1.1. Yposenv unoexca npu skcnupauuu onyuona 6 mooenu bnaxa —
Illoynsa — Mepmona

S, =S8, exp r—%aZ T+0Tz
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Hioke nmpuBesieHO a/lrOpMTMMYECKOE ONMCaHME IPOIEAYPhl OLIEHKM OINIMOHA
o Metony Monre-Kapro.

1. O6pasyiite MHOXecTBO I iceBgocnyyarubix uncen z(i), i €{l, 2, ..., I} n3
CTaHIAPTHOTO HOPMA/IbHOTO pacIipele/ieH sl.

2. Berumcnure ypoBeHb MHJIEKCA IPU SKCIMpanuy omuuona S (i) A Bcex 3a-
IlaHHBIX z(i), BOCIIO/Nb30BABIINCEH (POPMYIION 13 ypaBHeHu 1.1.

3. Bprumcnnre BHyTpeHHME CTOMMOCTH IO C/IEYIOIIEMY YPaBHEHUIO:
(i) = max(S, (i)~ K, 0).

4. Ompepenure TeKyIIyI0 CTOMMOCTD OIIMOHA IO MeToxy MonTe-Kapro (ypas-
HeHue 1.2).

Ypasuenue 1.2. Pacuem cmoumocmu eponeiickozo onyuoHa no memooy
Monme-Kapno

] ,
Cy~e TYZhT(z).
1

Crnepyouym sTanioM 6yzieT epeBoj anroputMa Ha s3biK Python. Perenne Bbi-
IJIAANT CIIEAYIOIIM 06pasoM.

In [6]: import math
import numpy as np (1]

In [7]: SO = 100. @

K=105. @
T=10 @
r=0.05 @

sigma = 0.2 (2]
In [8]: I = 100000 @
In [9]: np.random.seed(1000) ©
In [10]: z = np.random.standard_normal(I) @

In [11]: ST = SO * np.exp((r - sigma ** 2 / 2) * T + sigma *

math.sqrt(T) * z) ©

In [12]: hT = np.maximum(ST - K, 0) @
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In [13]: CO = math.exp(-r * T) * np.mean(hT) @

I

jus

[14]: print('CToMmMOCTb eBpOMENCKOro KOJIJ-OMunoHa:
{:5.3f}.".format(co)) ©
CTOMMOCTb €BPOMENCKOro KoJji-onuuoHa: 8.019.

©® OdunaHCOBbBIE pacyeThl B JJaHHOM CTy4ae BBIINOMTHAITCA CPECTBAMM ITaKeTa
NumPy.

®

3agaeM napaMmeTpbl MOJEN.

®

QukcupyeM 3aTpaBOYHOE 3HAUYEHNE I TeHepaTOpa CIy4aliHbIX YMCETL.

©

QopmMupyeM MHOXXECTBO C/IyYailHbIX YMCEl CO CTAaHIAPTHBIM pacIpeferne-
HIIEM BEPOATHOCTM.

Berancnsem LEHY aKTNBa IIpU SKCIIMpalny OIgoHa.
Berancnsaem IIpEMUIO 110 OIILVIOHY.

Ouenka onnyona o metony Monte-Kapo.

©@ O o o

BI)IBOI[I/IM pe3ynbTaT OLIEHKM Ha 9KpaH.

PaCCMOTpI/IM K/IIIOYE€BbI€C MOMEHTDI.

ToHsamHuolil cunmaxcuc
Cunrtaxcuc Python meiicTBMTeNTbHO CXOXK ¢ MaTeMaTM4YeCKMM S3BIKOM, YTO
0COOEHHO 3aMeTHO IPM 3aJJaHVY ITAPAMETPOB MOJIEIIN.

Tpancnayus 3adaqu
Ka>1<;[oe MaTEMATUYIECKOE YpaBHEHNE U Ka)K,IU:If;I mrar aJiropmuTMa mnpencraB-
naerca B koge Python odroti mHCTpyKIIMeIL.

Bexmopusavyus
Opno u3 pocTomHCcTB nakeTa NumPy — KOMITaKTHbBII BEKTOPM30BAHHbIN
CUHTAKCUC, YTO MO3BOJIAET BBHIIOIHNTD, K IIpumepy, 100 000 Borumcienui ¢
TIOMOIIbIO OJTHOV KOMaH/Ibl.

IIpuBeneHHBIN BbINIE KOJ MOXKHO JIETKO BBIIIOJIHUTH B MHTE€PAKTUBHON Cpefe,
takoit kak [Python mmm Jupyter Notebook. Ho eciu xox mmaHupyercs BBIIOTHATD
Ha Pery/IspHOIl OCHOBE, €r0 C/IefiyeT COXPAaHUTb B BUJe MO0y (CleHapysi), Ipef-
CTaBJIALIero co6oit oTHenbHbIN (aitn Python (¢ TexHmM4eckoit TOUKY 3peHNs Ipo-
CTOJ1 TEKCTOBBII JOKYMEHT) C pacIIupeHueM .py. B JTaHHOM ciTydae MORYIb MOXXHO
coxXpaHuTh B daitne bsm_mcs_euro.py (muctunr 1.1).
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JMucmune 1.1. Ouyenka eéponeiickozo Kon-onyuoHa no memooy Monme-Kapno

OyeHka esponelicko2o KOJJ1-0nyuoHa
(modesnb baska — lloynza — MepmoHa)
bsm_mcs_euro.py

Python for Finance, 2nd ed.
(c) Dr. Yves J. Hilpisch

FHORH R R R W™ KRR

import math
import numpy as np

# 3Ha4eHus napamempos

SO = 100. # HayasbHbIl yposeHb UHOeKca

K = 105. # cmpalk-yeHa onyuoHa

T=1.0 # CDOK UCNOJIHeHUSI oNYUOHa

r=0.05 # 6e3puckosas KpamkKoCpoyHas cmaskd

sigma = 0.2 # BosamuibHoCmb
I = 100000 # kosuyecmso 3manos MOOENUPOBAHUSA

# Anzopumm oyeHkKu
z = np.random.standard_normal(I) # zeHepayus ncesdocsy4alHeix Huces

# lleHa akmusa npu 3Kcnupayuu oOnNYUOHA

ST = SO * np.exp((r - 0.5 * sigma ** 2) * T + sigma *

math.sqrt(T) * z)

np.maximum(ST - K, 0) # npemusi N0 ONUUOHY
math.exp(-r * T) * np.mean(hT) # oyexka no memody MoHme-Kapsio

hT
co

# BbiB00 pe3ysibmama
print('CTonmocTb eBponenckoro Koan-onuuoHa: %5.3f." % CO)

JlaHHBIN aJITOPUTMUYECKNII IPYMeEP HAIALHO NEMOHCTPUPYET, HACKOIBKO YHO-
6eH cuHTakcuc Python jy1s BbImoTHeHNA HayYHBIX pacyeToB. OH ITO3BOJIAET JIETKO
IepeiiTy OT IOCTAHOBKY 3aJja4yl ¥ €€ MaTeMaTN4eCKOTr0 ONMCaHuA K IPOrpaMMHOM
peanusauyy. [lopsagok feiicTBUI BbIIIAIUT TaK

o OO6bruHbIif A3BIK. [103BONIACT B yCrMHOM U NUCOMEHHOM 6U0e BHIPa3UTh CYTh
HayYHOII M1 GMHAHCOBOII 3a/IaulL.

e MaremaTnyeckuii A3bIK. [I03BonsgeT MaKCUMajabHO 4YemKO U JIAKOHUYUHO
onucams u cmoaeﬂuposamb abcTpaKTHBIE acIleKThI 33/ja4y, aJITOPUTM ee pe-
LIeHVsI, YMC/IOBbIe ITapaMeTPhl U T.II.
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o Python. I[To3Bonser mexnuuecku cmodenuposamv u peanu3o8ams abCTPaKT-
HbI€ aCIEKThI 3a/Ja4M, AITOPUTM €€ PEIIeHM, YMCIOBbIe TapaMeTPhl 1 T.II.

Matematuyeckue acnekTbl cuHTakcuca Python

Bpsip mu BaM ymacTcs HaiTM APYToil SA3BIK IPOTPaMMMPOBAHMs, Ha-
CTO/IBKO ONM3KMII CMHTAKCUYeCKV K SI3BIKY MaTeMaTyKy, Kak Python.
B 6onpuMHCTBe Cy4aeB MareMaTuyecKue BBIpOXeHUS U (HopMysbl
TpaHcnupyioTcs B Python mo4uTtu B HeM3MeHHOM B/, YTO [ie/aeT ero
HeBepOsATHO 3(pPeKTUBHBIM SI3BIKOM Pa3pabOTKM U HAIMCAHWS IPUTIO-
YKeHWI /151 PUHAHCOBBIX PACYeTOB.

Hepem(o B HPI/IMeHHeMbII‘;I CTE€K A3bIKOB ﬂO6aBHHeTCH quBeprIi[ KOMIIOHEHT:
nces00k00. Ero posib 3aK/io4aeTcs B IPefiCTaBICHNI MaTeMaTHYeCKuX pOopMyIL, je-
JKalllXx B OCHOBE (bl/IHaHCOBI)IX pacueTos, B Hanbosee MOHATHOM 1A HpOI‘paMMHOﬁI
peanmsanum BULIE. ITomumo camoro A/ITOPUTMA, IICEBAOKO[ NO/IKEH YYMTbIBATb
0c06eHHOCTI 06PabOTKM TaHHBIX KOMIIBIOTEPOM.

[TpakTuKa IpMMeHeHNs NCeBIOKOAA BO3HMK/IA BCIEACTBUE OTPOMHOIO Pasyi-
qus MEeXnay (bOpMa}IbeIM MaTeMaTM4Y€CKUM IPEACTAaB/IEHNEM 3aJa4in N €ro OIiN-
caHyeM B OOJIBIIMHCTBE KOMIMIVPYEMbIX S3bIKOB IporpaMmupoBaHusd. O4eHb
YaCTO HAaIlMCAaHHBIM HA TAKUX S3BIKAX KOJ, HaCTONIbKO YCIOXHACTCA I[O6aBHeHI/IeM
006s13aTeIbHBIX TEXHIYECKNUX IEMEHTOB, YTO €r0 3aTPYJHUTEIBHO COOCTABUTD C
JICXOOHbIMY MAaTEMATMYECKMMIU BbIK/IaJKaMII.

K cuactbio, mpu pabote ¢ Python oTmenbHBI Tam cOCTaBlIeHMs ICEBIOKOAA
HE€ HYXXEH, IIOCKOJ/IIbKY CMHTAKCHC A3bIKa IIOYTN aHAa/IOTMY€H A3bIKY MAaTEMAaTUKU, a
YJCTO TeXHIYECKIe JOTIOJTHEHN CBefleHbl K MUHUMYyMY. I aToro B Python npen-
YCMOTPEHO MHO>KECTBO BBICOKOYPOBHEBBIX KOHCTpYKIMit. KoneuHo, y mogo6HOTO
IIOAXOfIa €CTh VI HE[OCTATKY, HO B II€/IOM MOXKHO CKa3aTb, YTO BCSKMIL a3, KOIZa
BO3HUKaeT TakKas HeoOXo#MMocCTh, B Python MoXXHO crieoBaTh CTpOruM Ipoleny-
paM KOAMPOBaHMA, KaK M B JIIOOBIX IPYTUX SA3bIKaX IPOrpaMMUpoOBaHuA. B sTom
cmbicie Python Gepert Bce nydiiiee U3 {BYX MUPOB: 8bICOKOYPOBHEBYI0 AOCMPAK U0
U CIPO2Y10 Peanu3auyuio.

JdPeKTMBHOCTb 1 NPOU3BOANTENbHOCTb Kofa Python

Ecny paccMaTpuBath CUTyanmio Ha BLICOKOM YPOBHe, TO Tpenmyiectsa Python
MO>KHO OLIEHUTD I10 C/Ie[yIOIIMM aCIIEKTaM.

SpgpexmusHocmo
[Tomosxet /1 Python nmomy4uts pesynbraTsl ObICTpee U fielieBe?
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IIpouseooumenvHocmp
[TosBomut u Python goctuyb 60/bIIIero Mpu TeX >ke caMbIX pecypcax (o,
CpefcTBa M T.IL.)?

Kauecmeo
Yro Takoro nmossosnseT genarb Python, yero He MOTyT JaTh ApYyTVIE TEXHOTOIVN?

HaBpH}I JIV1 HAa TaKye€ BOIIPOChI MOJKHO AaTh MCUEPIIbIBAIOII€ OTBETHI, HO BCE JK€
IIpUBENEM PALL AprYMEHTOB.

Boicokas ckopocme ebluucnenuti

O6mnactp, B koTopoit adgdextuBHOCTh Python cTaHoBUTCA 04eBMAHOI, — 3TO
VIHTEPAKTVBHBI aHa/IN3 JNAaHHBIX. VIMEHHO 3/1eCh IPOSAB/AIOTCA IPEUMYIIeCTBa
TaKUX MOIIHBIX MHCTPYMeHTOB, Kak IPython, Jupyter Notebook n mporpamMmHubIx
[MaKeToB Hanopoobue pandas.

PaccMOTpuM CTyfeHTa SKOHOMIYECKOTo (aKynbTeTa, KOTOPBIil IMNIIET ANUIIIOM,
uccrenys uHpekc S&P 500. EMy HeoOXomyuMo IpoaHanM3MpoBaTh 3HAUYEHMS VH-
JileKca 332 HeCKO/IbKO JIeT ¥ TIOMbITaThCA HANTY JOKa3aTe/lbCTBa TOTO, YTO €ro BOJIa-
TUJIBHOCTD, B IIPOTHUBOIIOIIOXHOCTh IPUHSATBIM BO MHOTUX (pHAHCOBBIX MOJE/SAX
IIPe/II0NIOKEHIAM, U3MEHACTCS CO BpEMEHeM, a IOTOMY ee HeJIb3sl BhIpaXkaTh KOH-
CTaHTOI1. Pe3ynbraThl clefyeT IpefcTaBUTh B rpadudyeckoM Bupe. [ peureHus
TAKOJ 3a/Ja4yl HY)KHO BBIIIOTTHUTD C/IeAYIOLIVe TeiCTBI:

e 3arpys3uTb JaHHbIe O 3HaYeHMAX MHAeKca S&P 500 u3 VHTepHeTa;

e BBIYNC/IUTD CPefHEKBAZPaTNIeCKOe OTK/IOHEHMe TorapudMIUIecKoi TOXof-
HOCTM (BOJIATYJIBHOCTH) B TOJJOBOM paspese;

e TOCTpOUTb rpaduky usMeHeHys nHaekca S&P 500 1 BOMaTUIBHOCTIL.

Eme coBceM HelaBHO TaKOTo pofia 3a/lauyl CUMTAINCh HACTONBKO CIOXKHBIMMU,
YTO MX pellleHye ObUIO MOJ CUTY TONbKO IPOQeCcCUOHATbHBIM (PMHAHCOBBIM aHa-
mutukaM. CerofHs ke ¢ Hel JIeTKO CIIPaBUTCS JjaXKe CTY/IeHT SKOHOMIYeCKOro ¢a-
KynbreTa. Hybke IpuBefieH COOTBETCTBYIOIMIT KOJ (Ha CMHTAKCMC MOXKeTe ITOKa
He oOpalaTh BHYUMaHV — MBI BCe [IeTa/IbHO PACCMOTPUM B ITOC/IEAYIOIVX I7IaBaXx).

In [16]: import numpy as np @
import pandas as pd @
from pylab import plt, mpl (2]

In [17]: plt.style.use('seaborn') @
mpl.rcParams['font.family'] = 'serif' @
%matplotlib inline
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In [18]: data = pd.read_csv('../../source/tr_eikon_eod data.csv',
index_col=0, parse_dates=True) ©

data = pd.DataFrame(data['.SPX']) @

data.dropna(inplace=True) @

data.info() ©

<class 'pandas.core.frame.DataFrame'>

DatetimeIndex: 2138 entries, 2010-01-04 to 2018-06-29

Data columns (total 1 columns):

.SPX 2138 non-null float64

dtypes: float64(1)

memory usage: 33.4 KB

In [19]: data['floxogHocts'] = np.log(data / data.shift(1)) @
data[ 'BonatunbHocTb'] =
data[ 'loxoaHocTb'].rolling(252).std() * np.sqrt(252) @

In [20]: data[['.SPX', 'BonatuabHocTb']].plot(subplots=True,
figsize=(10, 6)); ©
©® Jlimnopr nmakeroB NumPy u pandas.
® Vimmnopr 6ubmoreku matplotlib u HacTpoiika cTuis guarpamMm, orobpaska-

eMBIX B cpefie Jupyter.

® Merox pd.read_csv() mosBosnser 3arpysuThb faHuble u3 CSV-daita, xpans-
I[er0Cs1 JIOKJIbHO MJIV Ha CepBepe.

® DopmupoBaHue IOAMHOKECTBA JAHHBIX 1 MCK/TIOUYEHVe HEeUNCIOBBIX 3Hade-
uuit (NaN).
©®© BuiBog MeTanmHdpopMaiuyu 0 BBIOpaHHOM Habope JaHHBIX.

@® Broiuncnenne norapudmMmuecKoit JOXOTHOCTY B BeKTOpr30BaHHON popme (Oe3
IpUMeHEeHVsI LINKIIOB).

@ Omnpepenenue cpefHEToT0BON BOMATVIBHOCT.

@ BI/I3ya}II/ISaHI/I${ ABYX BPEMEHHIX PANIOB.

Pesynbrar JaHHOTO MHTEPAKTUBHOIO CeaHca IpecTaByieH Ha puc. 1.1. IIpocro
MOPA3UTE/IbHO, KaK C TIOMOILbI0 BCETO HECKOIBKUX CTPOK KOJla HaM Y/IaJoCh pe-
IINTH TPU CIOKHBIE 3a7a4y GMHAHCOBOTO aHanM3a: COOpP JAHHBIX, BHIIIOTHEHIE
MOBTOPAIOUINXCA MaTeMaTMYeCKMUX BBIUMCIEHMI ¥ BU3YyanM3alMsa pe3ynbTaToB.
Ob6parute BHMMaHNUe Ha TO, YTO O1arofaps MCIONb30BaHMUIO IakeTa pandas ¢
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BpEMEHHbLIMU pALaMU MOXHO pa6OTaTb IIOYTHM TaK K€ JIETKO, KaK 1 C BEII€CTBECH-
HbIMU 4YMC/IaMN.

—TVSPX
2500

2000
1500

1000

—— BonaTuneHOCTB
0.20

0.15

0.10

B oS oS oS S oSV Ao o 2
Date

Puc. 1.1. Yposuu unoexca S&P 500 u cpedHe20008as1 6071aMUNLHOCHb

Kak mokasbIBaeT JaHHBI IpUMeD, IIPY IPABUIBHOM BbIOOpE MHCTPYMEHTOB U
naketoB Python, nmpemmararommx cooTBeTCTBYyIOMINE BLICOKOYPOBHEBbIE a0CTpPaK-
1y, GUHAHCOBBI AaHAUTHK IIOJTy4aeT BO3MOXKHOCTb CKOHIIEHTPMPOBATbCSA Ha
pelIeHNy KOHKpeTHO IpodeccOHaNTbHO 3a/jaull, @ He Ha TeXHIYeCKIX acIeKTax
IPOTpaMMHO peanusanyiy. ITO MO3BOJISIET aHAIUTUKY ObICTpee pearpoBaTh Ha
M3MEHEeHM I PIHOYHDBIX YC/IOBUI, [le/lasl OLleHKM IPAaKTUUYeCKN B peKMMe PealbHOTO
BPEMEHU U TeM CaMbIM OIepeXkas CBOMX KOHKypeHTOB. Takum obpasom, ysenute-
Hue 3pHexmMuUBHOCHU MOXKET JIETKO JaBaTh KOMMepUYeCKuit 9 eKT.

lMosbiweHue npauseobumeanocmu

Kak npaBuio, KpUTUKY IpU3HAIT, 4To Python o61agaeT NOHATHBIM CHHTaK-
CMCOM, NO3BOJIAINMM IucaTh 3 deKTuBHbIN Kox. OfHAKO IO CBOel Ipupome
9TO MHTEPIIPETUPYEMBIII A3BIK, @ IOTOMY CYLIeCTBYeT Ipenybexenne, 6yaTo Obl
ko Python cimurkom MepieHHBIN /1A BBIIIOTHEHUA TPYAOEMKUX (PVHAHCOBBIX
pacueToB. B onpefienieHHBIX CUTYALMAX 9TO [EVICTBUTENBHO TAK, HO B P€a/IbHOCTHI
BCe 3aBMICUT OT BbIOpaHHOTO nopxosia. Hukro He MemaeT Bam nucathb 3P deKkTus-
Hble TIpyIoXKeHus1! MOXXHO BBIJIE/IUTD TPY CTPATEIMM IHOBBIIIEHMs TPOU3BOLNU-
TETIbHOCTI.
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Houomuvl u napaduemvt npozpamMmuposaHus
Python mosBonseT pemath OfHY 1 Te e 3ajladyl pasHbIMU CIOCOOaMU, KO-
TOpbIE XapaKTepPU3YIOTCA Pa3HON IPOU3BOANUTENBHOCTBIO. BrIOpaB mpaBub-
HBII crioco6 peanmsanuy (T.e. pasyMHO VICIONB3ys CTPYKTYPBI HaHHBIX,
usberas LMKIOB B paMKaX BEeKTOPU3alMM ¥ IPUMEH:AA IaKeThl Haropobue
pandas), MOXHO CyILIeCTBEHHO IOBBICUTb CKOPOCTb THOOBIX (PMHAHCOBBIX
BbIYVICTIEHUIA.

Komnunauyus xooa
CylecTBYIOT CIeIVaIbHbIe TTaKeTbl IOBBIIIEHNS IPON3BOUTETbHOCTH, CO-
fiep>Kalye CKOMIIVMIVPOBAaHHbIE BEPCUU Ba>KHBIX (PYHKIMIT VIV BBITIOJTHS-
IoIMe CTaTHYeCcKylo MM00 AMHAMUYECKyo KoMImiAnuio koga Python, uro
Ha MOPAJOK YCKOPsIeT BBLINOTHEH)Ee BAXXKHBIX (PYHKIUI B CPAaBHEHUM C UM-
cteiM KopioM Python. Cambre momynsapHble makeTsl Takoro poga — Cython u
Numba.

Ilapannenvhovie 6bruucneHUs
MHorue BBIYMCINATENbHbIE HMPOILECChl, 0COOEHHO B (pMHAHCOBOI 067TaCTH,
MOXXHO CYI[eCTBEHHO YCKOPUTH 3a CYeT HApPajIIe/IbHOTO BBIIIOTHEHNS.
B Python 3T0 MOXXHO czie/IaTh O4eHb JIETKO.

Bbl(OKOI’IpOM3BOﬂ,MTeanbIE Bbl4UCIEHUA Ha Python

CaM 1o ce6e Python Henb3st HasBaTh BHICOKOIIPOM3BOAUTEIbHBIM S3bI-
koM. Ho oH mpeBpatmicsa B mpeanbHylo IiatGopMy id JOCTyIA K
IIPOV3BOANUTEIbHBIM TEXHOIOTMAM, 9TO JIETAET €0 CBOETO POJa CBA3Y-
IOIIVM A3BIKOM.

PaccmoTpum mpocToit, HO peanMCTUYHbIN IPUMepP, B KOTOPOM 3aflefICTBYIOTCA
BCE TPU BBIIIEYKa3aHHbIE CTpaTerny (IofpoOHee OHU pacCMAaTPUBAIOTCA B HOCTIe-
AYIOLINX I71aBax). B pyHaHCOBOM aHa/M3e 4acTO BO3HMKACT 3ajiadya OLEHKM CII0XK-
HBIX MaTeMaTN4YeCKUX BbIPaXXeHUII IPYMEHNUTEIbHO K OOJIBIINM YVCTIOBBIM MacCy-
BaM. B Python s aToro ecTb cOOCTBEHHBIE MIHCTPYMEHTBHI.

In [21]: import math
loops = 2500000
a = range(1, loops)
def f(x):
return 3 * math.log(x) + math.cos(x) ** 2
%timeit r = [f(x) for x in a]
1.59 s + 41.2 ms per loop (mean * std. dev. of 7 runs,
1 loop each)
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Kak BupuTe, Ha BeinonHenve pyakuun () 2,5 miH pas3 narepnperaropy Python
norpe6oBanoch npumepHo 1,6 c. Ty sxe camylo 3alayy MOYXHO PeIINTb C IIOMOILIbIO
ONMUMU3UpPo8anHolx (T.e. IPeABAPUTETBHO OTKOMIVIMPOBAHHBIX) (yHKIMII ITa-
Keta NumPy.

In [22]: import numpy as np
a = np.arange(1, loops)
%timeit r = 3 * np.log(a) + np.cos(a) ** 2
87.9 ms + 1.73 ms per loop (mean + std. dev. of 7 runs,
10 loops each)

B pesynbrare BpeMs BBIIIOJIHEHMA KO COKpaTMIOCh fo 88 mc. BmpoueMm, B
Python ecTp cnenuanbHBII NPOTPaMMHBIN ITAKeT [JIA PELIeHNSA TaKUX 3ajjad:
numexpr. OH Komnunupyem Bce BbIpaXKeHIe, YTOOBI JOOUTHCS ellje GOIbIIet, YeM
no3possAeT NumPy, nponsBoguTebHOCT. ITO, B YACTHOCTH, JOCTUTAETCA 33 CUET
IpefjOTBpAlleH)sI XPaHeH)A B TAMATY MHOXKeCTBEHHBIX KOIMil 00beKToB ndarray.

In [23]: import numexpr as ne
ne.set_num_threads(1)
f = '3 * log(a) + cos(a) ** 2'
%timeit r = ne.evaluate(f)
50.6 ms = 4.2 ms per loop (mean * std. dev. of 7 runs,
10 loops each)

JlaHHBI TTOAXO[] TO3BOMIAET COKPATUTD BpeMs 00pabOTKM [IAHHBIX ellle CUTb-
Hee — o 50 Mc. Hapapy ¢ aTuM nakeT numexpr pacrosaraeT CpeficTBaMy paclia-
pa/enMBaHysA BBIUMC/IEHNI, YTO IT03BOJIAET 3a/le/iCTBOBATh MHOXKECTBEHHbIE I10-
TOKU LIeHTPAJIbHOTO Mpolieccopa.

In [24]: ne.set_num_threads(4)
%timeit r = ne.evaluate(f)
22.8 ms + 1.76 ms per loop (mean = std. dev. of 7 runs,
10 loops each)

[Tapaytenusaiys [ONOTHUTEIPHO COKpAlllaeT BpeMs BBINOIHEHMS KOfia [0
23 Mc 3a CcYeT IpUMEHEHMs YeThIpeX HOTOKOB. TakuMm o0OpasoM, IpoBefeHHas
HaMU ONTMMM3ALVA ITO3BOIMJIA ITOBBICUTD IIPOU3BOAUTEIBHOCTD 6ostee yeM B 90
pas. IIpndyem 3T0 cTanmo BO3MOXKHBIM 6e3 M3MeHeHusA 6a30BOro aaroputMa u 6es
3HAHNA A/ITOPUTMOB KOMIIMIALM WV TIapajUle/IbHbIX Bblumcnenuii. Takoro pona
IIPOrpaMMHbIe CPeICTBA JOCTYIIHBI Ha BLICOKOM YPOBHE JIaXKe /7 MOIb30BaTerIell,
He sAB/A0IMXcs akcriepramu B Python. Ho, pasymeeTtcs, Heo6xoayumMo 3HaTh, Kakue
CpefiCTBa eCTb B BallleM paclOPsKEHUN.

PaccMoTpenHbIN IpuMep moka3bIBaeT, uTo Python pacmonaraer nensiM pagoM
CPeJiCTB, IIO3BOJIAIOIMX M3BIeYb MAKCUMYM 13 UMEIOMIMXCs pecypcoB. Tem caMbIM

50 | maea 1

python_book.indb 50 12.03.2021 16:28:22



MBI IIOJTy4aeM 1nosbluieHue npoussooumenvrocmu. IIpyu napauienbHOM MOAXOfiE, B
OT/IMYME OT IOC/IEROBATEILHOTO, 3a TO YK€ CaMO€ BPEMs MOXXHO BBIIIO/THUTD B 6 pa3
Oorblire BBIYMCIEHUIL. ]IS 9TOrO HOCTAaTOYHO YKasaTb MHTEPIPETATOPy Ha HEeoO-
XOAVIMOCTD MICIIO/Ib30BAHNA BCEX TOTOKOB LIEHTPATbHOTO IIPOLIECCOpa, @ He TONBKO
OJIHOTO.

Or NPOTOTUMA K TOTOBOMY NPUNOXKEHNI0

O beKTUBHOCTh MHTEPAKTUBHOTO aHA/MN3a U BBICOKAS CKOPOCTb BBIYMCIIE-
HIIT — JIBa K/II04eBbIX mpenMyiectsa Python. Ho ects u emte ofHO, He 04eBUAHOE
Ha TePBbIIT B3IJISI/| IPENMYILECTBO, KOTOPOE MOXKET MIMETh CTpaTernyecKoe 3Hade-
HYe C TOYKM 3peHNs] PMHAHCOBBIX BBIYMC/IEHNUIL. Peub ueT 0 BOSMOKHOCTI WC-
nonp3oBath Python Ha mpoTsDKeHNN 8ce2o NPoU3800CcBeHHO20 UUKIA, OT CO3TAHNS
IPOTOTHMIIA /1O BBIITYCKA TOTOBOTO IPVU/IOKEHNSL.

[IpakTuKa COBpeMEHHBIX (DMHAHCOBBIX KOMITAHWII [I0 BCEMY MIUPY, KOTZIa Pedb
uzeT o paspaboTKe (GpUHAHCOBBIX MPUIOKEHNUI, 3a4aCTyI0 IOAPAa3yMeBaeT IBYX-
aTamHbIl mporecc. Ha mepBom aTame K paboTe MOAKIIOYAIOTCS CIIENWATNCTD IO
punancosoti mamemamuxe (“KBaHTbI ), OTBeYaOLIe 32 pa3pabOTKy MOJE/N U TeX-
HIYeckoro npororuna. OHM IPeAnoYNTaOT MHCTPyMeHThI Tima Matlab u R, yro6-
Hble st OBICTPOI MHTEPAKTUBHOI pa3paboTku mpunoxennit. Ha janHoit cragnm
BOIIPOCHI MTPOU3BOANTENBHOCTH, CTAOMIBHOCTH, PAa3BePThIBAHUSA MHOPACTPYKTY-
pbl, KOHTPO/ISL HOCTYIA U YIPaBIEHNs BepCUsAMU He MMEIT HPUHIMIINATIBHOTO
3HavYeHVs1. Peub ujeT MNib 0 HOMyIeHNN IPUHININAIBHO PaboTOCIIOCOOHOI MO-
Jie/IN ¥ IPOTOTHUIIA, COOTBETCTBYIOIIErO K/IFOUYEBBIM TPEOOBAHMAM aITOPUTMA MU
UTOTOBOTO MIPUJIOKEHN.

Kak TO/bKO HPOTOTUII TOTOB, B UTPY BCTYIAIOT paspabomuuxu us IT-oraena,
KOTOpbIe OTBEYAIOT 32 IIE€PeBOJ] KOAA MPOTOTUIIA B HAJEKHBIN, YIIPAB/ISIEMbIl U
IPOM3BOANTENBHBIIT NPoU3800cmeeHHbIti k0d. Kak mpaBuio, Ha 9TOM 9Tare Ipoc-
XOZIUT CABUT ITAPAJUTMBI, IOCKOIbKY TPeOOBAHISIM pa3BepThIBAHNS IPOrPAMMHOI
MHPACTPYKTYPBI COOTBETCTBYIOT KOMIWIMpPYeMble s3bIKY, Takue Kak C++ min
Java. Kpome Toro, mpumeHsieTcsi GOpMabHBIl IPOLecC pa3paboTKy ¢ 3a/1eiiCTBO-
BaHMeM Ipo¢eCcCrOHaTbHBIX MHCTPYMEHTOB, CUCTEM YIIPaB/IeHUs BEPCUSIMU U TIP.

OmncaHHBII ABYX3TAHBII TPOLIECC IMEET PSifi IPUHIMIINATBHBIX HeTOCTATKOB.

Huskas agppexmusrocmo
Koz mpoToTniia He MOAJIEXUT IIOBTOPHOMY MCIIOIb30BAHMIO, ¥ /ITOPUTMBI
IPUXOANUTCS Peann30BbIBATh ABAXK/BI, YTO IPUBOANUT K AOMOTHUTEBHBIM
TpaTtaM BpeMeHMI U pecypcoB. Kpome Toro, mpu mepenuceiBaHNN KOfa Mpo-
TOTUIIA MOTYT BO3HUKATD OLIMOKIL.
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Keanugpukayus ucnonnumerneti
CrienmanmicTbl M3 Pa3HbIX OT/IETIOB 00/IA/Ial0T PA3HBIMM HaBBIKAMMU U IIPUMe-
HAIOT pasHble A3BIKYU IJIs paspaboTKM OFHOTO U Toro ke. bojee Toro, oHn
layke BbIPayKaloT CBOU MBICTIY TT0-Pa3HOMY.

YHacnedosanHwlil K00
I[Tony4eHHBIN KOJ| IPUXOAUTCS 0OCTY>XKMBATh Ha PA3HBIX A3bIKAX U IIIAT-

dbopmax.

Python nosBonser ynpocmums Bech UK pa3pabOoTKY, ITIOCKOIbKY OfMNH HAbOp
MHCTPYMEHTOB IIPMMEHSETCS OT EePBbIX MHTEPAKTUBHBIX MOIBITOK HOMYYUTD pa-
60unit MPOTOTHII ¥ KO (PMHATBHOTO BBIITyCKAa Ha/IeKHOTO 1 3G (HEKTUBHOTIO IPO-
U3BOJICTBEHHOTO KOfja. YIPOIIAeTCs He TONbKO B3aMMOJEVICTBYE CIIELNaTNCTOB
U3 pa3HBbIX [ieIapTaMEeHTOB, HO 11 00y4YeHue IIepCOHaa, MOCKOIbKY Ha BCeX Talax
pa3paboTky (UHAHCOBOTO HMPUIOXKEHUS 3a/iefICTBYeTCsl OfMH SI3BIK IIPOrPaMMM-
poBaHuA. YCTpaHAETCA TakkKe Hem3OeXHas M3ObITOYHOCTb ¥ HedPPEeKTHBHOCTD,
CBsI3aHHAs C IPYMeHeHIeM Pa3HBIX TEXHOIOTMIT Ha pasHbIX 9TAllax Ipolecca pas-
pabotku. B memom Python mpepmnaraer coenacosantnyro mextonoezudeckyio cpeoy,
HIPUTOJHYIO Ji/IsI pelieHys Mo0bIX 3a4a4d (MHAHCOBOTO aHaIN3a, pa3paboTky Gu-
HAHCOBBIX IIPUIOXKEHNIT U peannsaliiy aIfOPUTMOB.

(QuHaHcoBble pacyeTbl Ha 0CHOBE AdHHbIX
N UCKYCCTBEHHOTO MHTENJIEKTA

Bce Te coobpakeHnst KacaTenbHO IPUMEHEHNUS TEXHOMOTUI B (PMHAHCOBOIT OT-
paciu, KoTopble ObUIN CPOPMYTNPOBAHBI B TIEPBOM M3[JAHUM KHWUIY, BBILIEIIEM
B 2014 ropy, cnpaseguBel 1 ceitdac. Ho B mocennue ropel B puHaHCcoBOM cdhepe
IPOSIBUINCH JIB€ BOKHeIINe TeHeHINN, KOTOPble HeCyT (yH/JaMeHTaTbHbIe 13-
MEHEHVISL.

(OuHaHcoBbIe CUCTEMDI, ynpasnfaembie JaHHbIMU

Hekoropsle pyHZaMeHTaIbHbIE (PUHAHCOBBIE TEOPUN, HALIPUMED nopmenvHas
meopus Mapxosuya (Modern Portfolio Theory — MPT) u moodenv yenoobpasosa-
Hus kanumanvHolx akmueos (Capital Asset Pricing Model — CAPM), paspabarsl-
Ba/uch euje B cepenuHe XX Beka. OHM HO-TIPEKHEMY OCTAIOTCS KPAaeyrolIbHBIM
KaMHeM 00pa30oBaTe/IbHBIX IIPOTPAMM, 110 KOTOPBIM CTYAEHTBI U3y4al0T S9KOHOMM-
Ky, pMHAHCBI, (PMHAHCOBYIO MHXEHEPUIO I [IeTIOBOE a[MIHUCTpUpoBanue. VI aTo B
OIIpeJie/IeHHOI CTEIIeHN YIMBUTE/IbHO, TaK KaK MX J0Ka3aTelbHas 6a3a JOCTaTOYHO
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CKyZHas, eC/I He CKasaTb OO0JIbllle, a MMeIoIuecs: HaO/IOfIeHNs YacToO BCTYNAT B
IpOTHBOpeYNre C TeM, YTO YTBep)KAaeT Ta mnn nHaA Teopud. C Opyroi CTOpOHSHI,
OHU 00/1aJIaAl0T OYEBMIHOII MOMY/IAPHOCTDIO, IIOCKONIBKY O/IM3KM K HallleMy IIOHM-
MaHMIO TOTO, KaK IOJDKHBI paboTaTh ¢prHaHCOBBIe ppIHKM. [1/110C 9TO BCe-Taku Kpa-
CUBbIe MaTeMaTU4ecKie TeOPUH, IIOCTPOEHHbIEe Ha JOCTATOYHO JIOTMYHBIX, XOTb U
C/IVILIIKOM YTIPOLIEHHBIX, PACCY>K/CHUSX.

Hayunwuii memoo, npuMeHsIeMBIit, K IpUMepy, B pusuKe, 6a3upyeTcs Ha O0aHHDBLX,
coOypaeMbIX B XOfie HaO/IIOeHNIT VI 9KCIIEPYMEHTOB. TOIBKO ITOC/Ie 3TOTO CTPOATCS
eunomesul U meopuu, KOTOpble 3aTeM CHOBA IIPOBEPSAIOTCS Ha JaHHBIX. Eciu Hayd-
HBIII TECT MMOATBEPKAAeT IPEIONI0KeHNS YI€HBIX, TO TUIIOTe3a VI TeOPs HOTDK-
HBIM 00pa3oM opmanusyercs B Bujje AUCCepTaLuy 160 akageMudecKort my6mm-
Karym. Ecim xke TecT He a/ pe3y/bTaToB, TO TUIIOTE3a VN TEOPYS OTBEpPraeTcs,
U y4eHble HAYMHAIOT MICKaTh HOBbIe 0ObACHEHNS, KOTOPbIe He IIPOTUBOPEYUIIN ObI
MIMEIONIMCS TaHHBIM. [I0CKO/bKy 3aKOHBI GU3NKM PyHAMEHTAIbHBI Y He MEHs-
I0TCSI, OTKPBITVIE TOTO VI VMHOTO 3aKOHA IIPUMBOJUT K TOMY, YTO OH CTAHOBUTCS
YacThIO HAIIMX 3HAHWIT 00 OKpY>KalollleM Mype Ha CTONeTHS BIIepe.

dyHaHCOBbIE TEOPUY VCTOPUYECKN IIIV Bpa3pe3 ¢ HAYYHBIM METOJOM. 3aya-
CTYIO UX pa3pabaThIBaM “OT IEYKY Ha OCHOBE yIPOLIEHHBIX MaTeMaTIYeCKIX MO-
Jiesiei C IebI0 TTOVICKA 9IETAaHTHBIX OTBETOB Ha K/II0UeBbIe BOIIPOCH (PHAHCOBOTO
a"Haym3a. OgHO U3 NOMY/IAPHBIX JONMYLIEHUI — IPeANooKeHe 0 HOpMaJlbHOM
pacIpenie/ieHn JOXOTHOCTY (PMHAHCOBBIX MHCTPYMEHTOB M JIMHENHON 3aBUCHU-
MOCTH) MeX/y IPOLIEHTHBIMY CTaBKaMy. Ho IOCKO/IbKY Takoro popia Belly peiKo
HaO/TIOfjal0TCsA Ha (PMHAHCOBBIX PBIHKAX, HE YIMBUTEIbHO, YTO SMIMPUIECKUX JIO-
Ka3aTe/bCTB KPACUBBIX TEOPUIT 3a4acTyI0o HeT. MHorue GpuHaHCOBbIE TEOPUM U MO-
ey cHavaja ObIv cOPMY/IMPOBAHBI U OIVICAHBI B HAYYHBIX U3JAHUSAX U TOJIBKO
BIIOC/IE[ICTBMY OBUIY IIPOBEPEHbI HA pea/IbHbIX IaHHBIX. B onpefeneHHON cTeneHn
3TO CBSI3aHO C TeM, 4TO B 1950-1970-e roxb! (1 gaxke B CIefyloONyie TeCATUICTIS)
VICCTIelOBaTe/MN He pacIiosiaraay TeM 00beMoM (PMHAHCOBBIX JaHHBIX, KOTOPBII ce-
TOIHS €CTh JJaKe Y CTY[EeHTOB-6aKaIaBpoB.

Cutyanms ¢ JOCTYIHOCTbIO (PMHAHCOBBIX AHHBIX PafiMKaIbHO M3MEHMU/IACh B
cepenyHe 1990-X rofi0B, ¥ CeTofH:A 0001 NCCIe0BaTeIb MOXKET HOMTYINUTD JOCTYII
K OTPOMHBIM 00beMaM MCTOPUYECKUX JIAHHBIX, @ TaK)Ke K OMP>KeBBIM [JaHHBIM B
peaJibHOM BpeMeHU Yepe3 IOTOKOBBIE CTYXKObI. DTO JaeT HaM BO3MOXXHOCTD Bep-
HYTbCS K HAyYHOMY METOJY U HayaThb C MCCIEJOBAHNS JAaHHBIX, YTO BCETr/ja JO/DKHO
NIpeAIIeCTBOBATD MOABICHNUIO U e, TUIIOTE3, MOLE/IEN Y CTPATeruil.

Crenyrommii MpoCToil MpYMep IOKa3bIBaeT, HACKOIBKO JIETKO B HAIIV JTHY IIO-
JIy4uUTb /MI00bIe GVHAHCOBbIE TAHHBIE 32 MHTEPECYIOLIVIL IIePIOJ], BPEMeH, VICIIONb-
3ya tonbko Python u mogmicky Ha nporpammHsbii nHTepgeric Eikon (https://
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developers.refinitiv.com/eikon-apis/eikon-data-apis[]). [IpuBenennsii
HIDKe KOJ TIOJTy4aeT CBeJleHNs 0 KoJeOaHuAX Kypca akiuii komnanum Apple B Te-
YeHMe OIHOTO Yaca JIHeBHbIX TOProB. Beero sarpy»kaerca 15 000 sanmceit, BKIoo4as
flaHHbIe 06 o6beMax czienok. CTaHmapTHBIN OupsxeBoil Tukep Apple — AAPL, HO B
knaccudukanum RIC (Reuters Instrument Code) on o603nagaercst kak AAPL.O.

In [26]: import eikon as ek @

In [27]: data = ek.get_timeseries('AAPL.0', fields='*"',
start_date='2018-10-18 16:00:00"',
end_date='2018-10-18 17:00:00"',
interval='tick') @

In [28]: data.info() @
<class 'pandas.core.frame.DataFrame'>
DatetimeIndex: 35350 entries, 2018-10-18 16:00:00.002000 to
2018-10-18 16:59:59.888000
Data columns (total 2 columns):
VALUE 35285 non-null float64
VOLUME 35350 non-null float64
dtypes: float64(2)
memory usage: 828.5 KB

In [29]: data.tail() ©

Out[29]: AAPL.O VALUE VOLUME
Date

2018-10-18 16:59:59.433 217.13 10.0

2018-10-18 16:59:59.433 217.13 12.0

2018-10-18 16:59:59.439 217.13 231.0
2018-10-18 16:59:59.754 217.14 100.0
2018-10-18 16:59:59.888 217.13 100.0

@ [Ina pabotsl ¢ nporpaMMHbIM nHTepdeiicom Eikon tpebyercsa mopmmcka Ha
CITy>K0Y M Halm4ye IIOAK/II0YEHN K cepBepy.

® Ilonyuenne koTupoBoK akuuit Apple (AAPL.O).

© BbIBOJ TOC/IEMHYX IISATH 3aIMMCelt U3 TAOMNI[BI KOTUPOBOK.

[Iporpammusiit naTepderic Eikon nmossonsder momy4nTs JOCTYI He TOTBKO K
CTPYKTYPUPOBAaHHBIM (DMHAHCOBBIM JJaHHBIM, HAalpUMep K MCTOPMYECKON UH-
dbopmManyy 0 CTOMMOCTM aKINIi, HO ¥ K HECTPYKTYPUPOBAHHBIM JaHHBIM, TAKUM
KaK Hosocmu. B cnepyromieM npumepe IOKasaHO, KaK ITOyYUTb MeTaJaHHbIE
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In [
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HeOO0/bIION TOfOOPKM HOBOCTEN U BBIBECTU Ha 9KPaH HavaIbHBIN GparMeHT Ofi-
HOIJI U3 CTaTeil.
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ek.get_news_headlines('R:AAPL.0O Language:LEN',
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2018-06-28 17:31:44.960  NS:WALLST
2018-06-28 17:00:00.000 NS:RTRS

In [32]: story_html = ek.get_news_story(news.iloc[1, 2]) @
In [33]: from bs4 import BeautifulSoup ©
In [34]: story = BeautifulSoup(story_html, 'html5lib').get_text() @

In [35]: print(story[83:958]) @

Jun 28, 2018 For years, investors and Apple AAPL have been
beholden to the iPhone, which is hardly a negative since its
flagship product is largely responsible for turning Apple
into one of the world's biggest companies. But Apple has
slowly pushed into new growth areas, with streaming
television its newest frontier. So let's take a look at what
Apple has planned as it readies itself to compete against the
likes of Netflix NFLX and Amazon AMZN in the battle for the
new age of entertainment. Apple's second-quarter revenues
jumped by 16% to reach $61.14 billion, with iPhone revenues
up 14%. However, iPhone unit sales climbed only 3% and iPhone
revenues accounted for over 62% of total Q2 sales. Apple
knows this is not a sustainable business model, because rare
is the consumer product that can remain in vogue for decades.
This is why Apple has made a big push into news,

@ Ilonyuenne MeTaJaHHBIX HeOOIBIION TOKOOPKI HOBOCTEIL.

® IlonyueHne MOMHOTO TeKCTa OTAeNbHOM cTaTbyu B Bujjle HTML-nokymeHTa.

®

Vmnopt 6mbmmorexkn BeautifulSoup, orBevatomeir 3a cCMHTAKCHYeCKMiT aHa-
mm3 HTML-aitnos.

9 Vi3BneueHue COOEPKMMOTIO CTaTby B TEKCTOBOM BU[IE.

® BriBop Havama CTaThI.

HecMmoTps Ha mpoCTOTY, 3TN IPUMEPHI IEMOHCTPUPYIOT, HACKOIBKO JIETKO C I10-
Moo mmaketoB Python u cry>x6 mopmmcky MOXKHO MOTYYMUTD JOCTYI K CTPYK-
TYpPUPOBaHHBIM M HECTPYKTYPUPOBAHHBIM MCTOPMYECKMM (PMHAHCOBBIM TAHHBIM.
JHorpa Takoro popa nHGopManys ObIBaeT JOCTYIIHA lake OeCIUIaTHO Yepes Top-
rosble mromanky Hanopobue FXCM (6yner paccmarpuBaThbes B I1aBax 14 u 16).
Otkypga 6bl HM IOCTYHAIM HAOOPBI AHHBIX, IOC/IE YCIELUIHOTO VIMIIOPTAa K HUM
MO>KHO IIPYIMEHATD BeChb CIIEKTP aHATUTUYeCKUX MHCTPyMeHTOB Python.
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(OuHaHCoBbIe CUCTEMDI, ynpaenAaemble JaHHbIMK

CoBpeMeHHbIe (VHAHCOBbIE CHCTEMBI YIPAB/IAOTCA JaHHBIMU. [laxe
KPYIHeIIe ¥ caMble IpUOBUIbHBIE XeK-(DOHMBI eal0T aKIeHT Ha
[lAaHHBIX, @ He COOCTBeHHO Ha ¢uHaHcaXx. yYHAHCOBbIE JaHHBIE CTAHO-
BATCs HOCTYIHBIMU BO BCe 0ojiee KPYIHBIX MacIITabax, mpuieM Kak
IUIsI KOMMepYeCKUX K/IMEHTOB, TaK ¥ [IJIs1 PSALOBBIX ITOIb30BaTeIelL.
B cBoro ouepenp, Python siBisiercst si3pikoM BbIOOpa [isi B3auMOZENi-
CTBUSA C COOTBETCTBYIOLIMMY IIPOrPaMMHBIMU MHTepdericaMmn 1 aHa-
M3a MOTy4aeMbIX JaHHBIX.

(OunHaHcoBbIE CUCTEMDBI HA OCHOBE NCKYCCTBEHHOI0 UHTEJUIEKTA

Brnarogaps gocTymHOCTM 60MbIINX 06BEMOB (PMHAHCOBBIX HAHHBIX Yepes Mpo-
rpaMMHBIe MHTepQeiChl CTalo0 BO3MOXKHBIM IIPUMEHATb METOIBI UCKYCCBEHHO20
UHmMeneKma, a TakKXKe MAWUHHO20 U 271y00K020 00y4eHUs Iyl pelieHNs GUHAHCO-
BBIX 3a]1a4, TAKMX KaK, HAIIPUMeD, aITOPUTMIYECKast TOPTOBJISL.

Python — mpeanbHbIl A3BIK /1A 3a7a4 ICKYCCTBEHHOTO VHTEJUIEKTA, K KOTO-
pOMY B IepBYIO O4epefib 0OpalaloTCa MCCIefoBaTe U pa3paboTunku. B atom
CMBIC/Ie (PMHAHCOBAsA OTPAC/Ib MOTyYaeT OIOTHUTEIbHbIE IIPEVMYIIeCTBa, OJIb-
3ysCh VIMEIOIIVMIICS HapabOTKaMM B CAMBIX Pa3HBIX 00/IaCTsX, MHOI/A COBEpIeH-
HO He CBsA3aHHBIX ¢ puHaHCaMu. B kadecTBe mpuMepa MOXXHO B3ATb OTKPBITYIO
HelipoceTeBylo 6ubmoTexy TensorFlow (www. tensorflow.org), paspaboranuyio
I COIIPOBOXKAaeMylo kommanney Google. 9ta ke 61bmMMOTEKA IPUMEHAETCA KOM-
nanueit Alphabet (Bragensuem Google) mist paspaboTky 6eCIMIOTHBIX aBTOMO-
ouneii.

Hecmotps Ha To uto nenu TensorFlow pake KOCBEHHO He CBSI3aHBI C 3ajjada-
MU aBTOMAaTM3VPOBAHHON aJTOPUTMUIECKON OMP)KEBOM TOPrOBIMU, C ITOMOIBIO
TensorFlow Mo)xHO, HampyuMep, NpeAcKas3blBaTb BOJATM/IBHOCTb (PMHAHCOBBIX
PBIHKOB (COOTBETCTBYIOLIVIE IPUMEPbI OYAYT IIpUBeELEHBI B I71aBe 15).

OpnuH U3 caMbIX ITONY/APHBIX IIAKeTOB I MalIMHHOrO oOydyeHus — Scikit-
learn. B crepyromem npumepe yrpolieHHO 0Ka3aHO, KaK IPYMEHATh a/lTOPUTMBI
Knaccudukanmuy s IpefckasaHys TOro, B KAKOM HAIpaBIeHUy OYILyT MEHATbCA
PBIHOYHBIE IIeHBI, 1 KaK Ha OCHOBE 3THX IIPENCKA3aHUI IIOCTPOUTD CTPATETHUIO aJl-
TOpUTMIYECKOi TOprosmu. Bee meranu OynyT oOBACHATHCA B IIaBe 15, mosaToMy
IpUMep iaH B MaKCYMa/TbHO KOMIIAKTHOM Bujie. /i1 Hadaia HeoOX0MO UMIIOp-
TUPOBATD IaHHBIE 11 TOJTOTOBUTh MaCCUB IIPM3HAKOB (HAKOIMTENbHbIE IIOKA3aTeNN
norapu@MmIecKoil JOXOFHOCTU C BEKTOPAMU CMEIeHNIT).

In [36]: import numpy as np
import pandas as pd
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In [37]: data

pd.read_csv('../../source/tr_eikon_eod_data.csv',
index_col=0, parse_dates=True)

data = pd.DataFrame(data['AAPL.0']) @

data[ 'floxoaHocTb'] = np.log(data / data.shift()) ©

data.dropna(inplace=True)

In [38]: lags

I}
(o)

In [39]: cols = []
for lag in range(1, lags + 1):
col = '"lag_{}'.format(lag)
data[col] = np.sign(data['floxogHocts'].shift(lag)) ©
cols.append(col)
data.dropna(inplace=True)

@ IlonyueHne ucTopMIecKUX KOTMPOBOK aKIyii kommanuu Apple (AAPL.0).
® Boruncnenne norapudmMmuecKoii JOXOGHOCTY 32 BeCh IIEPUOL.

©® Ienepuposanme cronbioB o6bexTa DataFrame u sanonHeHNe UX HalpaB/IeH-
HBIMI TI0Ka3aTe/sMu norapudmmyeckon goxogHocty (+1 vwm -1).

Hanee cosmaercs 00beKT MOAeny NI memooa onopHuix éekmopos (Support
Vector Machine — SVM), nmociie 4ero BBIIONHAETCS 00y4eHe MOJIEIN Y CTPOUTCS
nporHos. Ha puc. 1.2 MOXHO YBU[ETH, YTO TOProBasi CTpATerns, OCHOBaHHAs Ha
[O/TyYeHHOM IIPOTHO3€, IPUMEHNTENBHO K aKIsIM KoMIaHuu Apple maet mydmmit
pe3y/ibrar, YeM MHBECTUIMS Ha OCHOBE IPOCTOI JOXOJHOCTI.

In [40]: from sklearn.svm import SVC
In [41]: model = SVC(gamma='scale') @

In [42]: model.fit(data[cols], np.sign(data[ 'foxoaHocTs'])) @

Out[42]: SVC(C=1.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape='ovr', degree=3, gamma='scale',
kernel='rbf', max_1iter=-1, probability=False,
random_state=None, shrinking=True, tol=0.001,
verbose=False)

In [43]: data['MporHoz'] = model.predict(data[cols]) ©

In [44]: data['Ctpaterus'] = data[ 'MporHos'] * data[ 'floxoaHocts'] @
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In [45]: data[['OoxoaHocTb', 'CtpaTerua']].cumsum().apply(np.exp).plot(
figsize=(10, 6)); ©

Cosganne 06beKTa MOJEIA.

®

O6y4eHne Mopie/ Ha OCHOBE VMIMEIOIIMXCS IPU3HAKOB Y PasMeYeHHBIX JaH-
HBIX (C y4eTOM BEKTOPOB HAIIpaBJICHNI).

© [IIpumeneHye oOy4eHHOI MOJENN /sl CO3[JAHMs IIPOTHO30B (B Ipefenax Bbl-
0OpKI), KOTOPbIe CTAHOBSTCS MO3VUIVISIMY TOPTOBOJ CTPATETUI.

9 Beruncnenune )'IOI‘apI/[CbMI/I‘-IeCKOIZ OOXOOHOCTU II0 TOpI‘OBOf/I CTpaTerum C yde-
TOM IIPOTHO3HbIX 3HAYEeHUI U 3TAJIOHHBIX 3HAUEeHUI JOXOOHOCTMN.

©®© Ilocrpoenue rpadmka JOXOLHOCTI TOPrOBOM CTpaTEery, OCHOBAaHHOI Ha ajl-
rOpUTMAax MAIIMHHOTO OOy4eHMs, B CPAaBHEHUU C VHBECTUIVIENl HA OCHOBE
MIPOCTOV JOXOZHOCTIL.

—— JloXOOHOCThH
12 S o T e T

10

A0 %Q\x (LQ{L (LQ@ %Q\b‘ %0\6 %0\6 (LQ(\ %Q\%
Date

Puc. 1.2. [ToxooHocmv mope060ii cmpamezuu, NOLyHeHHOU ¢ NOMOUbIO
An20PUMMOB MAWUHHO20 00YHeHUS, 6 CPABHEHUU C UHBECMULUeT] 8 AKUUU
komnanuu Apple Ha ocnose npocmoti 00xo0Hocmu

KOHC‘{HO, B 3TOM YIIpOIICHHOM IIpMMEpE€ HE YUYUTHIBAIOTCA TpaHCAKIJVIOHHbIC
N3OEPXKKY, a I/[CXOJIHbIﬁI Ha6op JaHHDbIX HE pa3f€/IA€TCa Ha 06yqa101u1/[171 U TeCTOBBIN
Ha60pbl. Tem He MeHee OH HaraAagHo IOKa3bIBA€T, HACKOJ/IbKO JIETKO IIPVMMEHATD aJl-
TOpPUTMbI MAILIMTHHOT'O O6Y‘{CHI/IH K (bI/IHaHCOBI)IM OJAaHHbIM, I1O KpaﬁHeﬁ Me€pe, C TeX-
HUYECKON TOYKU 3peHuA (Ha IIPpAKTUKE IPUIAETCA PELINTD €€ PAJ BaXXHDBIX 38.):[3‘1).
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(OuHaHCoBbIE CUCTEMbI Ha OCHOBE NCKYCCTBEHHOTO UHTEJIEKTA

TexHoMmOrMM MCKYCCTBEHHOTO MHTE/IEKTA BBI3BIBAIOT TaKlue XKe M3Me-
HeHU:A B pMHAHCOBO OTPAC/N, KaK U B PYIUX 06/1acTAxX. [JocTymHOCTD
OTPOMHBIX 00eMOB (PMHAHCOBBIX IaHHBIX Yepe3 IPOrpaMMHbIe MHTEP-
(ericpl CIYy>KNUT KaTa/ln3aTopoM M3MeHeHUIL. basoBble MeTOxbI MCKYyC-
CTBEHHOTO MHTE/VIEKTA, @ TaK)Ke MAIIVHHOIO U IITyOOKOro obyueHms
OyZyT paccMOTpeHBI B I/1aBe 13, a B 1aBax 15 1 16 Mbl Hay4uMCcs IIpu-
MEHATD UX B a/ITOPUTMIYecKoll Toprosye. Ho yunTeiBaiite, 4To IpuMe-
HeHJe VICKYCCTBEHHOTO MHTe/IeKTa B (DMHAHCOBBIX pacyeTax — TeMa
OTHEe/bHON KHUTH.

DuHaHCOBbIE CUCTEMbI HAa OCHOBE MICKYCCTBEHHOT'O MHTE/JIEKTA KaK €CTeCTBEH-
HO€ TIPOJO/DKeHNe (PMHAHCOBBIX CHUCTEM, YIPaBIsAeMbIX JJAHHBIMM, — IIPUBJIEKa-
TelIbHOE HallpaBJIeHNMe KaK JyIs VICC/IeoBaTesIelt, TaK 1 JyIs paspaboTunkoB. B kum-
re OMMChIBAETCsA IPYMEHEHNE 11eJIOTO PsAfja METOAMK MCKYCCTBEHHOTO MHTE/IIeKTa U
MAaIIVHHOTO 0Oy4YeHNs B pas/IMYHbIX KOHTEKCTaX, HO BCe K€ OCHOBHAs TeMa KHUTH,
KaK CIeflyeT 13 ee Ha3BaHMs, — QyHAaMeHTaIbHbIe METObI pabOTHI C PUHAHCOBBI-
MM JaHHBIMU C IIOMOII[bI0 6a30BBIX MHCTPyMeHTOB Python. 9Tu MeTons! nMetoT He
MeHblllee 3Ha4Y€HNe U B CYICTeMaX VICKyCCTBEHHOTO MHTEJIEKTA.

Pe3slome

SIspik mporpammupoBanus Python — B ocobeHHOCTH ero aKocucTeMa — CiIy-
JKUT UJeaIbHON TeXHONIOTMYeCKON 6a3011 111 paspaboTKyu prHAHCOBBIX IPUIOXKe-
HUI, TIPYYeM 3TO KacaeTcs KaK MHAYCTPUU B IIeIOM, TaK U OT/Ie/IbHBIX IIPOEKTOB.
SI3bIKk 06nmajjaet 1e/IbIM PAZOM IIPEUMYIIECTB, CPey KOTOPBIX IIOHATHBIN CUHTAK-
cnc, apdeKTUBHBIE MTOAXOABI K pa3paboTKe NMPUIOXKEHNUI, a TaK)Ke IPUTOTHOCTD
UL paspabOTKM KaK NMPOTOTUIIOB, TAaK M OKOHYATEeJIbHBIX BEPCUIl MPUIOXKEHNI B
paMKax efMHOro INPOM3BOACTBEHHOro LMkaa. Hammume 6GOIbIIOro KommyecTBa
CBOOOJIHO JTOCTYIIHBIX ITAKETOB, 6O/IMOTEeK U (PYHKIVMOHATIBHBIX CPEfCTB II03BOJIA-
eT peliaTh OOBIIMHCTBO 3a/1a4, BOSHUKAKIINX B COBPeMeHHON GUHAHCOBOIT Cpe-
zie. SI3bIK COOTBETCTBYeT BCeM TpeOOBaHMAM, BBIABUTAEMBIM C TOYKY 3PEHNA aHa-
132 JAHHBIX, Pa0OTHI C GONMBIINMU TAHHBIMY, TPOU3BOANUTETBHOCT BHIYMCIEHNIA,
COOTBETCTBMS PETY/IATOPHBIM OTPAHMYEHNAM ¥ TEXHONOTMYECKUM CTaH[apTaM.
Okocucrema Python obpasyer menocTHy0, MOTHOQYHKIMOHANIBHYIO CPefly pas-
PabOTKM MOTHOTO IVK/IA, COOTBETCTBYIOLYIO LIe/IAM JjaXKe KPYITHBIX (pMHAHCOBBIX
OpraHM3aLuil.

Kpowme Toro, Python cran si3bikoM BeIOOpa B cricTeMax MCKYCCTBEHHOTO VIHTE-
JIEKTA, KaK B I[eJIOM, TaK ¥ B YaCTHBIX IIPOEKTaX MALIMHHOTO ¥ I/TyOOKOTr0 00y4eH .
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Takum 06pa3oM, 9TO IIPABIIbHBII A3BIK /IS CO3AAHNSA QMHAHCOBBIX IPUIOKEHNIL,
YIIpaB/IseMbIX JaHHBIMM, @ TAKXKe (PUHAHCOBBIX CICTEM Ha OCHOBE MCKYCCTBEHHOTO
MHTe/IEKTa — JjBa K/IF0UeBbIX HAIIPAB/IEHNs, KOTOPbIe OYAYT OIpeNeNsiTh HepCIeK-
TVUBBI (PVHAHCOBOI OTPAC/IN B 0603pUMOM OyyLIeM.

NlononHutenbHble pecypcbl

B CIeAYIOImNX KHNUrax 6omee I‘}IY6OKO OCBEIIAOTCA TEMBI, IIOBEPXHOCTHO 3aTPO-
HYTbIC B HaHHOf/I Tr/1aBe (B YaCTHOCTU, MHCTPYMCHTDI PythOl’l, AHa/IN3 NEepUBaTNBOB,
MallIlTHHOE€ o6yqume U €T0 IIPUIMEHEHNIE B (bMHaHCOBOM aHaHI/I3e).

o Hilpisch, Yves. Derivatives Analytics with Python (2015, Wiley).

e Lopez de Prado, Marcos. Advances in Financial Machine Learning (2018,
Wiley).

o VanderPlas, Jake. Python Data Science Handbook (2016, O’Reilly).

Yro KacaeTca aIrOpUTMUYIECKON TOPrOB/IY, TO Ha CaliTe aBTOpa KHUTY IIpeJiIa-
raeTcs psj 0Oy4YarlX KypcoB, IOCBALIEHHBIX IpuMeHeHuto Python u psapa gpy-
TUX IIPOTPaMMHBIX MHCTPYMEHTOB B 9TOI OBICTPO pasBUBAIOLIeiics cepe:

e http://pyalgo.tpq.io
e http://certificate.tpq.1o
B rnase LH/ITI/IPOBEUII/ICI) cnenymuu/[e VICTOYHUKMN.

1. Ding, Cubillas. Optimizing the OTC Pricing and Valuation Infrastructure
(2010, Celent).

2. Lewis, Michael. Flash Boys (2014, W. W. Norton & Company).
3. Patterson, Scott. The Quants (2010, Crown Business).
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