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O6 aBTOpax

Bxapat Pamcynnap (Bharath Ramsundar) momyuunn crenenp 6akanaBpa ryMaHUTapHBIX
Y €CTECTBEHHBIX HayK MO 3JIEKTPOTEXHUKE, KOMIBIOTEPHBIM HayKaM U MaTeMaTHKEe B UH-
cturyte bepkinu KanudopHuiickoro yHuBepcuTeTa, ¢ OTJIMYMEM 3aKOHYMJ BBITYCKHOM
KJlace Mo matemaTHke. B HacTosiee BpeMst OH SIBJISIETCSl aCIMPAHTOM B OOJIACTH BBIYKC-
nuTenbHOM TexHuku B CTaHopackoM yHUBepcuTeTe B laboparopuu [lanae. Ero uccne-
noBatelibekas pabota JiexxuT B cepe mpuMeHeHus: ryOoKoro o0y4YeHus: TpU CO3AaHUU
MEIULMHCKUX mpenapatoB. B wactHocTH, bxapar sBisieTcs Begymmm pa3paboTUMKOM
DeepChem.io — makeTa ¢ OTKPbITBIM HUCXOOHBIM KOIOM, OCHOBAaHHOrO Ha OMOIMOTEKe
TensorFlow, koTopblii OpHEeHTHPOBAH Ha AEMOKpPaTH3aLMIO MCIOJIb30BaHUS TITyOOKOro
00yYeHHs TIPU CO3IaHUKM MEIULIMHCKUX MpernapaToB. OH cTUneHauaT acnupantypsl ['ep-
1a, camoil u3oupaTesabHOM acCIMPaHTYpbl B JaHHOKM 00JIaCTH HaYK.

Pe3a Bocar 3ane (Reza Bosagh Zadeh) — ocHoBarens W reHepaibHbIi TUPEKTOP KOM-
nanuu Matroid v agproHKT-Tipodeccop B CtaHdopackoM yHuBepcutere. Ero mpodec-
CHOHaJIbHAsl AEATEeNIbHOCTh JIEKUT B 00JIACTH MALIMHHOTO OOYYEHHsI, BBIYMCIUTENbHOM
M TUCKPETHOHM MPUKJIAAHON MaTeMaTHKH. Pe3a moiay4nn TOKTOPCKYIO CTeNeHb Mo BhIUUC-
JIUTEJILHOM MareMmaTvke moj pykooacTBoM ['yHHapa Kapiiccona B CtaHpopackom
yHuBepcuteTe. Ero Harpane! srmrodarot npemuro KDD Best Paper Award B o6mactu ot-
KpbITHA 3HaHMN B Oazax maHHbBIX W mipemuio Gene Golub Outstanding Thesis Award 3a
BBIJAOLIYIOCS AUIIOMHYIO paboTy. OH paboTai B TEXHUYECKHUX KOHCYJIbTATUBHBIX COBE-
Tax Microsoft u Databricks.

B pamkax cBoero uccnenoanus Pe3a 3aHumalcsi IocTpoeHHEeM MallMHHO-00y4aroInuXcst
aJITOPUTMOB, JISKAIUX B OCHOBE CHUCTeMbl Twitter "kKoro-uurath'", KOTOpas craja mnep-
BbIM TPOIYKTOM C HWCHOJIb30BAHWEM MAIIMHHOTO OOYy4eHHs B 3TOH COLMAIbHOW CeTH.
Pe3a sBnsercs MHULMATOPOM CO3JaHMs JIMHEiHO-anreOpanveckoro nakera B Apache
Spark, u ero paGora Obula BKJIHOYEHA B MPOMBIIIICHHBIC U aKaJeMHUECKHE KIacTepPHbIS
BBIUMCIIATENbHBIE cpe/ibl. B nomoiHeHne k uccnenoBanusM, Pesa pa3paboran u mpenoaa-
eT /IBa Kj1acca ypOBHS JOKTOpaHTYphl B CTOH(OPACKOM YHHUBEpPCHUTETE: pacrpeiesieHHbIe
anroputmbl W ontumuzauus (CME 323) u guckpeTHas maTeMaTHKa U ajJrOPUTMbI
(CME 305).
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NpeoucnoBue

DTa KHHra NMO3HAKOMHUT Bac ¢ (hyHIAMEHTATLHBIMY MPUHIIMIIAMHA MAIIUHHOTO 00YYeHHUs
¢ ucnonb3oBanuveM TensorFlow — HOBOM mporpamMmHoii 6uGnHoTekn komnanun Google
JUTs TyOOKOro o0y4YeHHs, KOTopas 3HauUMTeJIbHO o0JierdyaeT nHXeHepaMm paboTy Mo Mmpo-
eKTUPOBAHHIO M BHEPEHHIO CJIOXHBIX INIyOOKO OO0YYarOLIMXCs apXUTEKTyp. Bbl mo3na-
KOMHUTECh C Te€M, KaK HMCIoJib30BaTh OuOMnoreky TensorFlow mis mocTpoeHust cucrtem,
CMOCOOHBIX OOHAPYKHUBATh OOBEKTHI HA W300PAKEHUAX, TOHUMATh YEJIOBEUESCKH TEKCT
W MpeacKasbiBaTh CBOMCTBA MOTEHIMAIBHBIX JiekapcTB. Kpome Toro, Bbl mojyuurte
MUHTYUTHBHOE TOHMMaHWe Bo3MoxkHocTel TensorFlow kak cvcTeMbl 11t BBIMOJHEHHS
TEH30PHOI0 MCYMCIICHUS M y3HaeTe, KaK UCIOJb30BaTh ee I 3a/1ad4, JekKallux 3a npejie-
JIAaMH TPAJAULIMOHHOMN chepbl MAIIMHHOTO O0Y4eHHUS.

BaxHO 0OTMETUTB, YTO 3Ta KHUTa SBISIETCS OAHOM U3 MEPBbIX KHUT MO ri1ybokoMy oOyue-
HUIO, HATIMCAHHBIX JIJIS MPAKTUKYIOUINX crieranucToB. OHa o0y4aeT QpyHaaMeHTaIbHbIM
MOHATHSM Ha MPAKTHUECKUX NpUMepax W pa3BHBaeT NMOHMMaHHe OCHOB MAIlMHHOTO 00Y-
YEeHHWsl, HAUMHas C HyJeBOro ypoBHs. LleneBas ayauTopus 3TOM KHUTM — MPaKTUKYIOLIHe
pa3paboTUMKK, KOTOPbIE HE MCIBITHIBAIOT NMPOOJIEM ¢ MPOEKTHUPOBAHUEM MPOTrpaMMHbBIX
CHCTEM, HO OTHIOIb HE BCerja CHpaBisioTCs ¢ co3laHueM oOyuarommxcs cuctem. [lo
XOJy W3JIOKEHHUs MBIl JIMIIb H3peAKa OyIdeM HWCIOJb30BaTh DJIEMEHTapHYIO JIMHEHHYIO
anreOpy U MareMaTH4ecKuil aHallu3, HO MPU 3TOM PAacCMOTPUM Bce HeoOXoaumbie QyH-
JaMEeHTaJIbHble MPUHLMIEL. MBI TakKe 0)KMJAeM, YTO Hallla KHWra OKayKeTCsl MOJIE3HOM
IUIsl YYEHBIX U APYTHX CHELMAMCTOB, KOTOPbIE HE MCIIBITHIBAIOT MPO0JIeM C HalMCaHueM
CLIEHapHeB, HO OTHIOJb HE Bcer/ia — C MPOEKTUPOBaHHUEM 00yUaroIIKXCsl alrOPUTMOB.

YcnoBHbIe 0003Ha4YeHUsA, NPUHATbIE B 3TOW KHUre

B kHure ucnonb3yrores ciieayrolue TUrorpadguueckre yCiaoBHbIe 0003HAYCHHS:
¢ ypcusHblll wipughm yKasbiBaeT HOBbIE TEPMUHBI;

4 noJy:KMpHbIH WPUPT CIYKUT A7 BbIIEICHUS] UHTEPHET-apecoB, 3JE€MEHTOB HH-
Tepdelica MporpaMMHBIX MPOILYKTOB;

¢ vonomwpuHHLY: mpydT UCTIONB3YETCs 11 JMCTUHIOB MPOrpaMM, a Takke BHYTpHU ad3ales
JUIs. OTCBUIKU Ha 3JIEMEHTBI IPOrpaMM, TaKKe Kak MepeMeHHbIe i UMeHa (DyHKIWH,
0a3bl ITaHHBIX, TUTIBI IAHHBIX, IEPEMEHHbIE CPe/ibl, THCTPYKLIMHU U KITIOUEBbIE CJIOBA;

¢ rnonysemrnit MoHOuMpMHEEGT wpMdT TTOKA3BIBAET KOMAHABI JTUOO NIPYrod TEKCT, KOTOPHIM
JIOJKEeH OBITh HaleuaTaH HeTllOCPEICTBEHHO MOJIb30BaTeleM;
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¢ KYPCHUBHEL MOHOIMPHMHHED] mprdT MOKA3bIBAET TEKCT, KOTOprﬁ JOJDKCH OBbITH 3aMEHEH Ha
MpeaOoCTaBJICHHBIC MOJIb30BATEIICM 3HAUYCHUA mbo Ha 3HAYCHUs, ONpPEACIAEMbIC KOH-
TEKCTOM.

JaHHbI 2eMeHT 0603HaYaeT obliee 3aMeyaHue.

JlaHHbIi 351leMeHT 0003HauaeT NOJACKa3Ky UM COBET.

JlaHHBIH 3eMeHT 0003HauaeT NpenynpekIeHNe WIN NPEeJoCTepekREHHeE.

Wcnonb3oBaHMe npumepoB nporpaMmm

JlononuuTensHpie MaTepuaibl (MPUMeEPhl KO/a, YIPaXXHEHHUS M T. [I.) AOCTYITHBI JJIs CKa-
yuBaHus 110 aapecy https://github.com/matroid/dlwithtf.

VY Hac ecTh BeO-cTpaHMUA ISl 5TOW KHUTH, TJIe Mbl pa3MellaeM OIe4aTKH, MPUMephl U
n100yI0 IOMONIHUTENbHYIO HH(pOpMaLKio. Bel MokeTe MomyyuTh AOCTYN K 3TOH CTpaHULe
no anpecy http://bit.ly/tensorflowForDeepLearning.

MpusHaTenbHOCTHU

Bxapat OnarogapeH cBoeMy HayyHOMY PYKOBOAMTEJNIO MO TOKTOPCKOM auccepTauuy 3a
TO, YTO OH Jajl eMy BO3MOXKHOCTb paboTaTh HaJ 3TOH KHUIOHM MO HOYaM W B BBIXOJHbIE
IHH, U 0c000 GJiarosapeH cBoel ceMbe 3a UX HEM3MEHHYIO MOJICPIKKY B TEUEHHE BCETO
npotiecca.

Pesa GmarogapeH coobliecTBaM pa3padOTUYUKOB OTKPBITOrO MPOrPaMMHOIO obecrieye-
HHs, Ha KOTOPBIX OCHOBBIBAETCS MOMAABJISAIONIAA YaCTh MPOrPAMMHOIO oOecIeueHus
U WcciieoBanuii B obnacti uHMopmatrku. [IporpaMmHoe obecriedeHre € OTKPBIThIM
HUCXOOHBIM KOIOM SABJISACTCA OI[HOﬁ 3 prﬂHeﬁU.IHX KOHHCHTpaHHﬁ YCJIOBCYECCKHUX
3HAHHWH, KOrga-mnbo CO3JaHHBIX, W 9Ta KHWra Oblia Obl HEBO3MO)KHA O€3 BCEro cooo-
IIECTRA.
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KommeHTapumu nepeBogumka

B ueHTpe BHMMaHMs MaIIMHHOTO caMOOOY4YeHUs M TIyOOKOro caMooOy4eHHs Kak Moj-
obnacteli MHPOPMATUKKU HAXOAATCS aJrOPUTMbI, MOJIEIM M CUCTEMBI, CIIOCOOHBIE 00Y-
yaTbes. OOyyarommascst cucteMa — 3TO CHCTeMa, CIOCOOHas ¢ TeYEHHUEM BPEMEHHU yITy4-
maTh CBOIO paboTy, MCMONB3ys MocTynawllyo uHdopManmio'. B 3apybexHoii cneuma-
JM3UPOBAHHOM JIMTEpaType Mo AaHHOKM TeMe B OTJIMYKE OT PyCCKOTo SA3bIKa JUIs TepeJayun
3HaHWI U MPUOOPETeHUsl 3HAHWI CYLIECTBYIOT OT/IeNIbHbIe TePMUHBI — train (0Oyuumu,
HaTpeHupoBath) U learn (o6yuumucs). IlpuBeaeHHOE HIDKE NIPEIOKEHNE U3 2a6bl 7 Ha-
CTOSILIEeH KHUTH YeTKO 9TO IeMOHCTPUPYET.

Neural Turing machine can be trained end-to-end to learn to perform arbitrary compu-
tations.

HeliponHas mamuna ThroprHTa MOXKET ObITh HATPEHUPOBAHA B CKBO3ZHOM MOPSJIKE,
YTOOBI OOYUYUTHCS MPOU3BOAMTD JTIFOOBIC BHIUMCICHHMS.

Tpenuposka (training) — 3T0 paboTa, KOTOPYIO BBIMOJIHAET HCCIIEA0BATEIb-TIPOSKTH-
POBUIMK Ui TONy4YeHHs paboTaroiieil caMooOydarolieidcss MOIENU WM CHCTEMBI.
B ocHOBe Takoii MOJIE M UK CUCTEMBI JIGKUT O0YYAIOLIHIACA alrOPUTM, KOTOPBIN Mpe-
CTaBJiseT co0OM "He UTO MHOEe, KaK MCKaTeasi MUHMUMYMOB (MJIM MaKCMMYMOB) JJIsl HaJl-
JiexaiuM odpaszom chopmynupoBaHHbix GyHkuuit". Camoobyuenue (learning) — 310
paboTa, KOTOPYIO BBIMOJIHAET aJrOPUTM-YUEHHK, 3TO MPOLecC MPUOOPETEHUSI HOBBIX MU
M3MEHEHHWs W 3aKPerUIeHHs CYHIECTBYIOIMX 3HAHWM, MOBEJIEHUSA, HABBIKOB, LIEHHOCTEM
WM TIPEANOYTEeHUIA .

Hraxk, pycckumii TepmuH "oOydeHue" HeceT B cebe JBYCMBICICHHOCTh, TIOTOMY YTO TOJ
HUM MOXKET MOApazymMeBaTbcs W Tepenaya 3HaHWH, W mosydeHue 3HaHuid. C apyroi
CTOPOHBI, MOSIBJICHHE TepMHHA learning B J000M BUIE MOApasyMeBaeT UCKIOYUTEBHO
BTOpOe — pPaboTy, BBIMONHAEMYIO OOYYaloLMMCs alllOPUTMOM, T.e€. camoobyuenue,
3ayuusanue aJrOPUTMOM BecoB M mapameTpoB. [loaToMy B oTiiMuMe OT pycCKOTo Tep-
MHUHa "MalllMHHOe 00yueHHue", KOTOPbIi MOKET 03HAYaTh U TPEHUPOBKY MAIllMH, U CHO-
COOHOCTh MaIlMH O0y4aThCs, B CBOEW OCHOBE aHTIMiicKkuii TepMuH machine learning
0003HauaeT UMEHHO MauUHHoe npuobpemeHue 3SHaHuil.

[To 3Tomy moBoAy ciemyeT 0cob0 OTMETUTH cliefyromuii MmoMeHT. C Havana 1960-x mo
cepenunbl 1980-x rogoB B xomy OblT TepMuH "oOydatomuecs mammHbl". [IpobiemaTtuka
00yyaroluMXcss W CaMOINPOU3BOASAIIMXCS MallMH M3y4ajiach B pabotax A. Teropunra
"MookeT nu MamrHa MeIciUTh?", 1960 r. (oOy4atomuecs mamunel), K. Illennona "Pa6o-
THl MO Teopud MHPopManud M KuOepHeTHke" (CaMOBOCIPOW3BOMASINMECS MAIIUHbI),
H. Bunepa, "KuOepHeTrka, uiu ynpapieHUe W CBA3b B KMBOTHOM M MatnuHe" (1961),
H. Hunbcona "OOyuatouiuecs mamuibl" (1974) u 5. 3. Lpinkuna "OcHOBbI TeOpun 00y-
garomuxcs cucreMm" (1970).

! Cm. https://ru.wikipedia.org/wiki/O6yuaromasicsi_cucrema, a TaKKe
https://bigenc.ru/mathematics/text/1810335. — Ilpum. nep.

2 Cwm. http://www.basicknowledge101.com/subjects/learningstyles.html#diy. — ITpun. nep.
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B cyxom ocrartke, anrnuiickuii TepMuH machine learning Gosnee TodHO mepemaeTcs Tep-
MUHOM "Mawiunnoe camoobyuenue"” unu "mexnonocusn obyyarowuxcs mawun". Intepec-
HBIHA (aKT: B MCMAHCKOM s3bIKE OH MepeBOJIUTCs Kak aprendizaje automatico, T. . aBTo-
MaTHYeCKOe caMmooOyUeHHeE.

B HacrosiieM nepeBoje Aajiee 3a OCHOBY MPHUHAT 3apyOexHbIN MOAXO0/, KOTOPbIM HEU3-
0eXKHO 3acTaBWJI IOAKOPPEKTUPOBATH TEPMUHOJIOIHIO. BOT HECKOIBKO TaKUX KOPPEKTH-
poBok. CoOTBeTCTBYIOIIME 00JAaCTH WHPOPMATHKK MEPEeBEACHbl KaK MAauiunHOe CaMO-
obyuenue v 2n1yooxoe camoodbyuenue. [IpuMeHsieMble B 9TUX 00JIACTAX aJTOPUTMBI, MO/ie-
JU W CHUCTeMbI TepeBelieHbl KaK oOyuanwuecs, MauunHo-ooyuaowuecs u 2nyboko
obyuaiowuecs. To ecTh akIEHT JieJaeTcsl He Ha KiacCU(HUKALMKU alrOPUTMa B COOTBETCT-
BYIOIIIEl MepapXuH, a Ha ero xapakTepHoM cBoicTBe. Jlanee, MeTOIbI, KOTOpBIE peau-
3YIOTCS B 00yUarolUXCs aJlrOPUTMAax, MepeBeCHbl Kak Menoobl camoobyuenus (cp. Me-
Tonbl 00yueHust). Kak M3BeCcTHO, 3TH METO/BI AENATCS HA TP LIKMpokue kateropuu. Cre-
nys mpuHumiy OpuTBbl OKkama, OHH TepeBeleHbl KaK METOJAbl KOHTPOJUPYEMOIo
camoo0y4eHus (cp. oOyUueHre ¢ yUuTesieM), MeTO/Ibl HEKOHTPOJIMPYEMOro caMoO0yUeHHs
(cp. obyyeHune 6e3 yuuTesis) U METOABI CAMOOOYUYECHHUS ¢ MAaKCUMH3ALIUel MOoAKperieHus
(cp. obyuenue ¢ noakperuieHreM). [locraenHuii TepMUH 00YCIOBIEH 0COOEHHOCTBIO Jie-
JKalllero B ero OCHOBE ajiroputMa — "Y4YHUThCS MAKCUMU3UPOBATh HEKOE TIOHSTHE BO3HA-
rpaxaeHus ", Mojy4aeMoro 3a npaBuibHoe AeiicTBue’. Cpean MHOTHX TUIeprapamMeTpoB,
KOTOpbIe TIO3BOJIAIOT HACTpouUTh pabory oOyuarolierocs anropurma, umeercs rate of
learing, KOTOpbIF MepeBEIEH Kak ckopocmb 3ayuusanus (cp. TeMIT O0yUeHUsI).

MUcxooHbin Koa

[lepeBoa kHUrK cHaOXeH MOSICHEHUSMHM U CCHIJTKAMH, pa3MEUIeHHbIMH B cHOcKkax. [laH-
Has KHUra JOeMCTBUTENbHO SIBJISETCS TOJIE3HBIM pecypcoM M3 paspsiga "Bce, UTO BaM
HY’KHO 3HaTh O TJIyOOKOM caMo00y4eHHH" Ha MPOoQecCHOHAIEHOM YPOBHE.

DnemeHTapHas KofoBas 0a3a KHUrW npotectupoBaHa B cpene Windows 10. Ilpu Ttectu-
POBaHMM MCXOJHOTO Koza 3a OcHOBY B3aT Python Bepcum 3.6.4 (Bpems mepeBojga —
anpenb 2018 r.).

B 5Toil KHUT'e UCTOJIB3YIOTCS OGUOIMOTEKH tensorflow, numpy, matplotlib, scikit-learn W
deepchem (https://deepchem.io). B oObiuHbIX ycaousax 6ubanoreku Python MoxxHO cka-
YyaTh M YCTAaHOBUTH U3 Kartaynora 6ubnuorek Python pypi (https://pypi.python.org/) npu
MOMOIIYM MeHekepa MakeToB pip. OHaKo ciemyet ydectb, uto B OC Windows st pa-
00Tl HEKOTOPBIX OMOIMOTEK, B YACTHOCTH scipy, scikit-learn W scikit-image, TpeOyeT-
cs, 4roObl B cucTeMme Oblia ycraHoBjieHa Oubnuoreka Numpy+MKL. Bbubanoreka
Numpy+MKL npusizana k 6ubanorexe Intel® Math Kernel Library n Bkmouaer B cBoit
coctaB HeoOXoAuMble nuHamu4deckue Oubroreku (DLL) B karanore numpy.core. bub-
muoteky Numpy+MKL crenyer ckavare u3 xpanwiuiia whl-gaiiios Ha BeO-cTpanuile
Kpuctoda INonbka u3 JlabopaTopun nunamuku duyopeciiennnn KanudopHuiickoro yHu-
Bepcuteta B r. Mpsaiin (http://www.lfd.uci.edu/~gohlke/pythonlibs/) u yctanosuts npu

3 Cwm. https://en.wikipedia.org/wiki/Reinforcement_learning. — ITpum. nep.
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MOMOIIM MEHe/Kepa MaKkeToB pip kak whl (cooTBeTcTByrOWmas mpoleaypa yCTaHOBKH
naketoB B opmate WHL onucana nanee). Hanpumep, mis 64-pa3psaHoii orepaiioH-
Hoii cuctembl Windows u cpenbl Python 3.6 komanna OyeT Takoi:

pip install numpy-1.14.2+mkl-cp36-cp36m-win amd64.whl

Crout Take OTMETHTh, YTO 3TH OCOOEHHOCTH ycTaHOBKM He oTHocsaTces k OC Linux
u Mac OS X.

NMpoTokon yctaHOBKKM OMGnuoTek

Janiee mpemjiaraeTcst CMCOK KOMaHJ YCTaHOBKK OMOJMOTEK, CKauyaHHBIX C XPaHWIMLIA
whl-¢aiinos.

python -m pip install --upgrade pip
pip install numpy-1.14.2+mkl-cp36-cp36m-win amd64.whl
pip install scikit learn-0.19.1-cp36-cp36m-win amd64.whl

bubnnoreku tensorflow U matplotlib YCTAHABIMBAIOTCSA CTaHAAPTHBIM 06pa301vl:

pip install tensorflow
pip install matplotlib

MpumeyaHue

B 3aBucumocTu ot 6a3oBoit OC, Bepcuii s3bika Python u Bepcuii mporpaMMHBIX
O6uOnMoTeK ycTaHaBIMBaeMble Bamu Bepcuu whil-haiiioB MOryT oTinuyaTbes OT
MpUBEACHHBIX BBILIE, [JIe MOKa3aHbl nocienHre Ha mail 2018 r. Bepcum ans
64-pazpsanoit OC Windows u Python 3.6.4.

YctaHoBKa 6ubnuotek Python us whl-cpannos

bubnuoreku mis Python MoxxHo pa3pabatbiBaTh He TObKO Ha uucToM Python. JloBossHO
4yacTto OubaMoTeku nporpammupytorcs Ha C (quHamMuyeckde OUOJMOTEKM), M JJI HUX
numercs obeptka Python, vnu ke 6ubnnoreka nuuercs Ha Python, HO mist onTuMU3a-
UMM Y3KUX MecT 4acTh kojaa nuiercs Ha C. Takue OMONMOTEKH MOTY4arOTCs OYEHb
OBbICTPBIMH, OJJHAKO OMOJIMOTEKH ¢ BKparuieHusiMH koaa Ha C mporpammucty Ha Python
TsDKeJIee YCTAaHOBUTH BBHIY OaHAJTbHOTO OTCYTCTBHSI COOTBETCTBYIOIIMX 3HAHWH JTMOO
HEOOXOAUMBIX KOMIIOHEHTOB U HAacTpoeKk B paboueii cpene (B ocobeHHocTr B Windows).
Jlns peleHus onucaHHBIX NpoOJieM pa3paboTaH creuualibHbii dopmaT (daitisl ¢ pac-
upendeM whl) st pacnpocTpaHeHus OMOIMOTEK, KOTOPBI CONEPIKUT 3apaHee CKOM-
NUJIMPOBAHHYIO BepcHIo OMOIMOTEKH co BceMH ee 3aBrcumocTsamu. @opmat WHL noa-
JepKuBaeTcst BceMu ocHOBHbIMU miaTdopmamu (Mac OS X, Linux, Windows).

VcTaHOBKa MPOM3BOJKUTCS C TIOMOLIBIO MEeHepKepa OGubanoTek pip. B oTauyne ot o6biu-
HOM YCTQHOBKM KOMAaHIOM pip install <mus GuGmrorers>, BMECTO MMEHH OUOIMOTEKH
yKasbiBaeTcs MmyTh K Whl-aiiny: pip install <myre x whl-gasury>. Hampumep,

pip install C:\temp\scipy-1.0.1-cp36-cp36m-win amd64.whl
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OTkpoiiTe OKHO KOMAaHIOM CTPOKH U TIPU MOMOIIUA KOMaHbI cd TIEPEHINTE B KaTAJIOT, TIe
pa3merien Bam whi-chaiin. Ilpocro ckonmpyiite Tyna Bawm whl-daiin. B atom ciyuae
TIOJTHBIN MYTh YKa3bIBaTh He MoHagooutcs. Hampumep,

pip install scipy-1.0.1-cp36-cp36m-win amd64.whl

[Tpu BBIGOpPE OMONMMOTEKHU BaXKHO, YTOOBI Pa3psHOCTh YCTAHABIMBACMOU OWUOIMOTEKH
U pa3psaHOCTh HHTeprperaTopa coBnagand. [lonb3oBarenn Windows moryt Opath
whl-¢aiinel ¢ BebO-caiita Kpucroda ['onbka. bubnmorekn TaMm MocTOSHHO OOHOBJISIOTCS,
Y B apXHBE COJEPKaTCs BCe, KAKHUE TOJIBKO MOTYT MOHAJOOMTHCH.
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NMABA 1

BBeaeHue
B rmybokoe camooby4yeHune

I'ny6okoe camMooOyueHHe MPOW3BENO PEBOJIOLHUIO B TEXHONIOrnYeckoi unayctpuu. Co-
BpeMeHHbIﬁ MAaIlIMHHBIN nepeBo], MOMCKOBBLIE CUCTEMbI 1 KOMIIBIOTEPHBIE ITOMOIIHUKH
padoTalOT Ha OCHOBE INyOOKOro caMooOy4eHus. DTa TeHAEHLMsA OyaeT TONbKO MPoaoJ-
JKaThes MO Mepe TOro, Kak riybokoe camooOydeHue OyJeT pacnpocTpaHsiThes Ha pobo-
TOTEXHUKY, (hapMalleBTUYECKUE TMpernapaThl, SHEPreTUKY U JIpyrue odjacTd COBpEMEH-
HBIX TexHosioruii. [y cnenmanucTa B 0071acTH pa3paboTKH MPOrpaMMHOro obecrieveH s
nprodpeTeHre NMPaKTHUECKUX HABBIKOB B cepe riryboKkoro camMooOyueHus ObICTpO cTa-
HOBHTCS MEPBOCTENEHHON HEOOXOIUMOCTBIO.

B sT0ii rmaBe Mbl TO3HAKOMHUM Bac ¢ UCTOpPHUEH riybokoro camooOyueHHs U ¢ ero Oonee
LIMPOKUM BJIMSHUEM Ha McCJeNoBaTelIbCKue M JelioBble coobiectBa. Jlanee mbl pac-
CMOTPUM HECKOJIbKO CaMbIX 3HAMEHMTHIX MPHIIOKEHUH TyOokoro camooOyueHus. OHu
OyayT BKIIIOYATh KaK BBIJAIOIIMECS MalIMHHO-00Y4YaloUIrecss apXUTeKTYpbl, Tak U (QyH-
JaMeHTallbHble TIyOOKO o0ydaroluecs MPUMHUTHBEL. B KOHIlE MBI MpeacTaBUM KpaTKuit
0030p HamnpaBJIeHUH, MO KOTOPBIM MOWJET pa3BUTHE ITyOOKOr0 caMOOOyUeHHsl B TeUeHHe
MOCJEeIYIOLMX HECKOJIBKMX JIET, MOCJe Yero B CIAEOYIOLIMX HECKOJbKMX IlaBaxX Mbl MO-
rpy3umcs B TensorFlow.

MawwnHHOe camooOby4yeHune
"nutaetca” nHdpopmaTMKon

I[O HEJABHETO0 BPEMEHU 6yﬂy1une HWHXXCHEPLI-IIPOrpaMMHUCTLI NToceUlaivu JICKUHUU B CIIC-
LMAJTM3UPOBAHHBIX YUEOHBIX 3aBEIEHUSX, YUTOObI U3YUHUTh psil 0a30BbIX aJrOpUTMOB (I0-
UCK B Tpadax, COpTUPOBKY, 3aMpockl K 6a3am JaHHBIX U T. A.). [lo okoHYaHuu y4eObl 3TH
MH)KEeHEepbl PUMEHSIIH MOJTyYeHHbIe 3HaHUs B KOHKpeTHo# pabote. [loxaistomas yactb
COBpeMeHHOM LIM(GPOBO SKOHOMHUKH MOCTPOCHA Ha CIIOXKHBIX LIENMOYKax 0a30BbIX aliro-
PUTMOB, KPOIIOTJIMBO CKJI€CHHBIX MOKOJECHHUAMHN MHIKECHEPOB. M GonbIas yacTh STUX CHC-
TeM He MpUCHocoOlieHa K aaanTtauud. Bee koH(Urypauyu v nepeHacTpOMKH JIOJIKHBI
BBITIOJTHATBCA BbICOKOKBa.HI/I(bI/ILII/IpOBaHHbIMI/I HWHXXEHEPAMH, YTO ACIa€T TaKUE CUCTEMbI
XPYIKHAMHU.

MaivHHoe camMooOydeHue oOelaeT W3MEHUTh 00JIaCTh pa3pabOTKH MPOrpaMMHOIO
obecrieyeHus, TIO3BOJIsIi CHUCTEMaM JMHAMHMYECKU aJanTupoBaThesi. PasBepHyTble
MaIIMHHO-00yYaroLKecs: CUCTEMbI CIIOCOOHBI 00yUYaThCs HKeJlaeMOMY TMOBEICHUIO U3 0a3
JaHHBIX C MpuMepaMu. KpoMe TOro, Takue CUHCTEMbI MOTYT PETYJISIPHO TPEHHPOBATHCS 11O
Mepe TOCTYIUIEHHs HOBBIX AaHHBIX. OUeHb CII0KHBIE MPOrpaMMHbIE CHCTEMBI, IPUBOTH-
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Mble B ABM)KEHME MALIMHHBIM caMOoOyueHHeM, CIIOCOOHBI KapAMHAIBHO U3MEHUTb CBOE
noBeieHHe 0e3 CyLIEeCTBeHHbIX MOAU(UKALMI MPOrpaMMHOIO KoJa (TOJNbKO B TPEHUPO-
BOYHBIX JJAHHBIX). DTa TEHIEHLU, CKOpee BCETo, JIMIIb YCKOPUTCA M0 Mepe YIPOIEeHUs
Y BHEJIPEHUS CPEACTB MAIIMHHOTO CAaMOOOY1EHHUSI.

B xoze u3mMeHeHus JIMHUI MOBEICHUS POrPaAMMHBIX CUCTEM MEHSIIOTCSI M POJIM MHIKEHe-
pOB-TiporpaMMKCTOB. B HekoTOpoM poze 3Ta TpaHchopmalys OyJeT aHalnoruyHa TpaHc-
(opmannu, mocienoBapuiell 3a pa3BUTHEM S3bIKOB NporpamMMmupoBaHus. [lepBbie KoM-
NBIOTEPBl THIATENILHO MPOrpaMMHUpPOBATUCH. [IpoBo/ia OOBETUHSIUCH B CIIOKHYIO B3au-
MOCBSI3aHHYIO CeTh. 3aTeM ObUTM NpUAyMaHbl MeppOoKapThl, MO3BOJMBIIME CO31aBaTh
HOBBIE MPOrpaMMbl Oe3 anmapaTHBIX U3MEHeHHH B KomrbtoTepax. [locne smoxu nepgo-
KapT MOSBUJIMCH TepBbie sA3bIKK accemOnepa. [loToM s3biku Ooliee BBICOKOTO YPOBHS,
takue kak Fortran uim Lisp. [ocneayronime ypoBHH pa3paboTKH cO3/1aBaiM A3bIKH OYEHb
BBICOKOTO YpPOBHsI, Takue kak Python, co CIOXKHBIMH SKOCHCTEMaMH TpEIBAPUTEIILHO
3anporpaMMHUpPOBaHHBIX aropuTMoB. CoBpeMeHHas MH(pOopMaTHKa BO MHOTOM YK€ OITH-
paeTcs Ha aBTOreHepUpyeMblii porpaMMHbIii ko1 CoBpeMeHHbIe pa3paboTYMKU MPUITO-
JKEHUH MCTONB3YI0T WHCTpYMEHThl, HanpuMmep Android Studio, anst aBTroreHepauuu
OoubLIel YacTH MPOrpaMMHOTO KOJia, KOTOPBIH OHU XoTesu Obl co3aTh. Takum oGpazom,
KaXkas roclielytomas BojlHa YNpOUIeHUs paciuupsuia cdepy HMHQOpMaTHKH, CHUXKas
Oapbepsl A1 AOCTYyTIA.

MainmHHOoe camoo0y4eHre oOelaeT CHU3UTh Oaphephl eile OoJblle; MPOrpaMMHUCTHI
CKOPO CMOTYT MEHSTh MOBEIeHWE CHCTEM IMyTeM M3MEHEHHUs] TPEHHPOBOUHBIX TaHHbIX,
BO3MOXHO, Oe3 HamucaHus koaa. Ha cTopoHe mosib3oBaTesisi CUCTEMBI, MOCTPOSHHBIE Ha
MOHUMAaHWM €CTECTBEHHOIrO f3biKa, Takue kak Alexa w Siri, njamyT HemporpamMmucTam
BO3MOXXHOCTb BBITIOJHATh CJI0XHBIE BRIYKMCIIEHUS. boiee TOro, CUCTEMbI CO BCTPOESHHBIM
MAaIIUHHBIM CaMOOOY4YeHHEM, BEPOSTHO, CTaHyT Oosiee ycmouuugpimu K omubkam. Crio-
COOHOCTh MHOTOKPATHO TPEHUPOBATh MOZEJM OyAeT 03Ha4aTh, YTO KOAOBbIE 0a3bl MOT'YT
COKpaTHUThCS, a YAOOCTBO COMPOBOXIEHHS MOBBICHTCS. MHBIMHU CllOBaMH, MalIMHHOE
camMooOy4eHre, Cyas MO BCEeMy, TMOJIHOCTBIO MEPEBECUT POJIb WHIKEHEPOB-MPOrpam-
MUCTOB. CeroHsIIHNUE MPOrPaMMUCTBI JOJDKHBI TOHUMAaTh, KAKUM 00pa3oM MallliHHO-
oOyyaroluecs CHCTEMBI y4aTcsi, U 3HaTh KJacChl ONIMOOK, KOTOPbIE BO3HUKAIOT B OOBIY-
HBIX MaIlUHHO-00y4YaroIuxcs cucteMax. Kpome toro, M Hy>kKHO OyAeT MOHATH 1adIio-
HbI MPOEKTUPOBAHUS, JIe)KAIMEe B OCHOBE MAIIMHHO-00YUarOINXCS CUCTEM (CHITLHO pas-
HAIUXCS N0 CTHIIO U (hOpMe OT KITACCHUYECKHX IAOJOHOB MPOEKTUPOBAHUS MPOrpaMM-
HoOro obecnieueHus). M uM HykHO OyJeT B TOCTATOYHOM Mepe pa3dupaThesi B TEH30PHOM
UCUUCIICHUH, YTOOBI MIOHUMATh, MOYEMY CIIOKHAS TIyOOKas apXUTEKTypa MOXKET BECTH
ce0sl HEeHajJIeKaIIMM 00pa3oM BO BpeMs camooOydeHusi. He OynmeT mpeymeHblieHHEM
CKa3aTh, YTO MOHUMaHHE (TEOPUH UM MPAKTHKH) MAIIMHHOTO caMOOOy4YeHUs1 cTaHeT QyH-
JAMEHTAJIbHBIM HAaBBIKOM, KOTOPBIM KaXKJbli KOMIBIOTEPHBIA yUEHBI U UHXKEHEp-Tpo-
FPaMMUCT JIOJDKEH OyJIeT MPUOOPECTH B TEUSHHE CIIEAYIOIIETO JECITHIIETHS.

Jlanee B 3TOH riaBe Mbl MPOBEAEM HKCKYPCHIO MO OCHOBAM COBPEMEHHOTO TTyOOKOTO
camooOy4eHus. B ocTanbHBIX T7laBax 3TOW KHUTM Mbl Oojiee MOAPOOHO PaccMOTPUM
TEMbI, KOTOPbIE 371eCh TOJIBKO 3aTPOHEM.
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ny6oko obyyarowmecs npuMUTUBDLI

BoNbUIMHCTBO TITyOOKHUX apXUTEKTYpP CTPOSATCS MyTeM IPYMIUPOBAHUS U MEPerpynmupo-
BaHMs OrPaHUUEHHOTO Habopa apXUTEKTYpHBIX NMPUMHUTHBOB. Takue NMPpUMUTHBBI, OObIY-
HO Ha3bIBaeMble CJIOSIMHU HEMPOHHBIX CEeTeH, SBIAIOTCS OCHOBOIOJIAralOIIUMHU CTPOM-
TeNbHBIMU OJoKamMM Ti1yOoKuX ceTeil. B ocTanbHOM 4acTH 3TOM KHUTM MBI MPEIOCTaBUM
noApoOHbIe BBOJHbIE CBEACHUS O TaKWX ciosiX. OnHAKO B 9TOM pazfelie Mbl JaJUM KpaT-
KUK 0030p 00LIMX MOJyJel, KOTOpble HAXOAATCSA BO MHOTHMX TIIyOOKMX ceTsx. JlaHHbIi
paszen He MpeaHa3HaueH AJIS MOAPOOHOTr0 O3HAKOMIIEHHs ¢ 3TUMHU MoxyisMu. Ckopee,
Mbl CTPEMHUMCSl aKLIEHTHPOBaBaTh Ballle BHUMaHWE Ha CTPOMUTENIbHBIX OJOKaX CIOMKHBIX
riyOOKHX apXHUTEKTYp, YTOOBI MOJOrpeTh Ball uHTepec. MckyccTBo rimybokoro camooly-
YEHMs 3aKJI0YaeTcs B TPyNNUPOBAHWM M MEpEerpyniupoBaHUM TaKWUX MOAYJIEH, U MbI
XOTHM HalpaBWTh Bac MO MPABUJILHOMY MYTH K CIelMalbHbIM 3HAHUSM B 00JaCTH IITy-
OoKkoro caMmooOy4eHusl.

MonHOCBA3HbLIN CIIOM

[TonHocBsI3Has ceTh MpeodpasyeT CUCOK BXOJOB B CIMCOK BBbIXO/0B. Takoe npeobpazo-
BaHKE Ha3bIBACTCS MOIHOCGA3HBIM, TIOCKOJIBKY JIH000e BXOHOE 3HAYEHHUE MOXKET MOBJIH-
ATh Ha J000e BBIXOAHOE 3HaueHWe. Takue ciou OyayT MMEeTh MHOTO 3ay4YMBaeMbIX
napameTpoB, Jaxe Jisi OTHOCUTEIbHO HEOOMBIINX BXOAHBIX JAaHHBIX, HO 3TH CJIOU 00Ja-
JArOT OOJNBIINAM MPEUMYILECTBOM, T. K. OHU JOMYCKAIOT OTCYTCTBUE CTPYKTYPbI BO BXO/-
HBIX JaHHBIX. JTa KOHUEMIUS POUJUTIOCTpUpOBaHa Ha puc. 1.1.
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Puc. 1.1. NMonHocBA3HLIN cnoii. Bxogswme cTpenkn NpesCcTaBnsoT BXOAHbIE faHHble,
a ucxogaLme CTpenk — BbIXOLHbIE faHHble. TonwmuHa B3anMOoCBs3aHHbIX TIMHWAN
npegcraensieT coboil BeNMMUnHy 3ayyeHHbix BecoB. [ToNHOCBA3HbI Cnoi npeobpasyeT BXOAHbIE faHHble
B BbIXOAHbIE MOCPELCTBOM 3ay4EHHOro npasuna
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