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AHHOTaAIMUSA

Llenb 3TOi KHUI'M — MAaKCUMAJIBHO OBICTPO HAYYHUTHCS IIPUMEHSTh
Heilpocetn (HC) pns pemienus 3amad. Bel HayuuTech: co3aBaTh
n obydars HC; oOpaOareiBath n300paxkeHusi, TU(PPH M TEKCTHI;
BcrpanBath HC B peanpHoe npusioxenue yepe3 REST API; BoiOuparts
apxurektypy HC: uucio cioeB, HEMpPOHOB, (PYHKIIMUA aKTUBALUU,
ONTUMU3ATOPbl, KO3((PULHUEHTBl CKOPOCTH OOyueHus, (yHKLIUU
omoKy, 3moxu, 6arun; padorarh ¢ HC Ha OCHOBE MHOTOCIOWHOTO
NepLEeNTPOHA, CBEPTOYHBIMU U PEKYPPEHTHBIMHU; 1 Jaxe caenats HC
6e3 ML-6ubmotek Ha unctom C#!
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1 I'me mo:xHO moyuntbest AlI?

Yrox. Tenepsp, Koraa MacCUBHbBIM JOXO OT U3JaHUS KHUT (3TO
ele He capkas3M) cliesiasl M30BITOYHON paboTy B HaiiMe (a BOT U
OH), IIPUCTYIAIO KO 2-My 3Taly AUKATAI-TPaHC(OpMAaLUN.

[Tocoseryiite, rae jyuitie noyuutbest Al, ML, HelipoHHbIM ce-
TsM, oOpadoTtke BigData, AR/VR, KOMIBIOTEpHOMY 3pEHUIO U
BceMy TakoMy. CaMOCTOATENBHO U3y4aTh TeMy Hea((EKTUBHO
— OBICTPO BBITOpAI0, CTAHOBUTCSI CKYYHO, HYKEH HaJICMOTPILUK
C IUIETKOM.

WaTepecyloT mpakThueckue 3HaHUA. YTOOBI TOCHe Kypca
ymeTb nucath npuioxenus Buaa PRISM nimm MSQRD. Hy nin
KOTOpPBIE CMOTYT OTJIMYMTh KOLIKY OT COOAKH, HalMcaTh HOBYIO
IIYTKY WM MPe/ICKa3aTh Kypc $ Ha HeJemo Bepe.

B mo6om ciydae UHTepecHBI TPOEKThl, OCHOBAaHHbBIE Ha JIeT-
KO JJOCTYITHBIX OOJIBIIIMX JAHHBIX. DTO IaHHBIE B IMYHOM CMapT-
(pone (3BoHKM, MUKPODOH, reono3uiiysi, kamepa), Ha csoeM [1K
((paittel, movTa, UHTEPECH ), IHTEpHET (BUKM, KapThl, AHEKAOTHI,
10Ty0, coticetu?), MaccoBas JuTtepatypa. Kakue eiie oTKpbIThie
ourgara ecrb?

YTO TOYHO HE MHTEPECHO — AEJIaTh MPOEKT, 3aTOYECHHBIN MO/



nanHbie unu APl onpeneneHHON KoMmaHud. JTO TEJIEKOMBI,
OaHKH, JIOTUCTUKA, Mara3uHbl, THTEPHET-XOJJIMHTY WU COIICe-
TH.

burpnara y HuX, KOHEUHO, €CTh, HO:

1) ®ur onu UM HoAeIATCS (€CIIA 3TO BOOOIIE 3aKOHHO — BhI-
JlaBaTh HAPYXy JaHHbIE, J1aXxe 00e3IMYCHHbBIC).

2) ®ur oHW YTO-TO y TeOs KymaT. Kak-To He MPUHATO 3TO
3nech. Jla 1 6usHec-cMmbicia B 3ToM HeT. [Ipore Tymo ykpacTb
HapaOOTKH, C/IeaTh CBOW BEJIOCHIIE/] WM MAKCUMYM IPeIJIo-
KUTh padoTy KoMaH ie. Jlaxe B cydae yCrenrHoro mujioTa ¢ Kop-
noparyeii 3To JOBOJIbHO c1abasi eperoBopHasi MO3UIIMs — KOrja
JaHHBIE Y KOMIIAHWH, a Yy TeOs JIUIb OOyYeHHas Ha UX OCHOBE
HEeUpoceTh (AUITOpUT™M 0OPaOOTKU JAHHBIX) W MPOBEICHHBINA Ka-
craeB. OHu 6e3 TeOst KUTh CMOTYT, a Thl 0€3 HUX HET.

EcTh KOHEYHO Ke¥iC — 3HaTh, UTO HYKHO OOJIBIIION KOMITAaHUH,
cIesaTh 9TO Ha CTOPOHE U POAATh HapaOOTKM KoMmaHuu. BoOyk
TOBOPUJI, YTO OH TaK CleJlaJl MEXaHU3M PacClO3HABaHUS JIIOJen
Ha (potkax u nmpogan 3to VK/OK. VM 310 HYXHO 4TOOBI aBTO-
MaTUYECKH TIraTh JIOEH. DTO MOBBIIIAET BOBJIEUEHHE I03€POB 1
BpeMs 3aBUCaHMA Ha cante. Ho 9TO CKONIBb3KMYM MyTh:

1) HesicHO, 4TO HY’KHO KOpHaM.

2) He paxT, 4TO OHM IIPAMO Cceiuac He JEal0oT TaKylo ITYKY.

3) He dakr, 4To 3Ty IITYKY CMOXElIb CAEATh ThI.

4) He ¢axr, 4to rotoBO€ perieHre Kynut Kopi. OHu To0sT



TSHYTb BpeMs (MPUXOIUTE Yepe3 Tojl, Ha CErojIHsI Bce OI0KEThI
OCBOEHBI).

Hymato, o gensram y I'puropus nomayumsocs tak. Komanaa 5
ven, 3I1 4 teic $/mec, nenats Takyio mTyky ~10 mec. Cebecron-
moctb 200 Thic $. [IpoaaTh Kopriopaiuu ¢ mpemuei 3-5x MOKXHO
3a 0.6-1 M $.

Kakue kypcel 1o data science 1 HEHPOHHBIM CETSIM HaryIJinj
Y PaccMarpuBalo:

1) MamwvnHOe oOy4eHue u aHau3 aHHbIX — SIHaexkc, MOTU,
Kypcepa, 5500 py6/mec, 250 gacos.

2) Data science — SkillFactory, 120 Tbic py0, 12 mec.

3) Data scientist — Hetonorus, 200 TbiC py0, 8 Mec.

4) Beenenue B manHHoe odyuenue — Anzaekc, BIID, Kyp-
cepa, 6ecruiaTHo, 35 JacoB.

5) Introduction to Machine Learning — Google, 6ecriiatHo,
15 yvacos.

https://developers.google.com/machine-learning/crash-
course

6) Bam Bapuant?

Mecsua 4 Hazag HauMHAI MPOXOoauTh Kypc #5 ot 'y, HO
yepe3 2 Hepenm Opocuil. Bee-taku, MHE HyeH KTO-TO, KTO OyaeT
NIMHATh ¥ MOTHBUPOBATH MPOJIOKATH OOyUeHHE.


https://developers.google.com/machine-learning/crash-course
https://developers.google.com/machine-learning/crash-course

Yro nocoseryere?



Kakou Kypc no Al BbibpaTb?

33% 1) Anpekc, MOTU, Kypcepa,
5500py6/mec, 2504

0% 2) SkillFactory, 120TbIc py6, 12 Mec
0% 3) Hetonorus, 200Tbic py6, 8 Mec

33% 4) Anpekc, BLUJ, Kypcepa,
6ecnnaTtHo, 354

33% 5) 'yrn, 6ecnnaTHo, 154

0% 6) Baw BapuaHT (HanuwuTe B
KOMMEHTapWsiX)



Hcrounuk ¢doto


https://ru.m.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:AI-ML-DL.png
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Uctouynuk ¢oto


https://commons.wikimedia.org/wiki/File:Artificial_neural_network_image_recognition.png

Input, Microphone Cutput, speakers Input, Camera

An example of A.l. systems integration using message protocols
and blackboard systems such as OpenAlR and Psyclone
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Hcrouynuk goro
Taxxe, CM. https://en.wikipedia.org/wiki/
Applications_of _artificial intelligence

Silicon Alley Insider /\/\/‘ Chart of the Day
Hype Cycle For Emerging Technologies

Technology llﬂ“‘d T!wlﬂl of Siope of Enlight _Pﬁ.eau_’ of

Trigger

Years to mainstream adoption:

obsolote
Olessthan2years © 2to5years @ 5to10years A more than 10 years @ before plateau
Source: Garmer (July 2009)

Hcrouynuk ¢oto


https://en.wikipedia.org/wiki/File:Ai_integration.jpg
https://en.wikipedia.org/wiki/Applications_of_artificial_intelligence
https://en.wikipedia.org/wiki/Applications_of_artificial_intelligence
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Gartner_Hype_Cycle_for_Emerging_Technologies.gif

2 BenuypHas aHAJMTHKA
Al-npoeKkTOB

Hacuer BbiOopa kypca mo Al (cm. npeapiaymuii oct). [lpu
BBIOOpE TeMbl y4eOHOro MpPOEKTa, AyMai0, CTOMT OPHUEHTHPO-
BaThCsl HA Al-ITPOEKTHI, NOIYYMBIINE NHBECTULIMM B TIOCIIEIHEE
Bpemsi. Huxe nocnennue Al-npoextst @PUU, YC, 500 Startups
u TechStars.

T.k. manbine OygeT JIOHTPUA M MHOTO OMMCAaHUN MPOEKTOB,
BBIHECY HAaBEPX MBICJIU HacyeT npoekToB YC:

1) CIIA HoBwii BaBuion. B mocnennem Habope Summer
2019 — 175 xomnanuii 27 crpan. CIIA, EBpona, Azus, JlaTAwm,
naxe Adgpuka. Poccuu HeT, HO ecTh YKkpanHa. Hukakux apyrux
IIEHTPOB CTapTaIloB KaKk-OyATO HET.

2) Unest 6patb 7% 3a $120K ot 175 noreHIMaNbHO MPOPHIB-
HBIX KOMIIAaHUIA KasK/ble TOJIr0Aa MOKET ObITh HEBEPOSITHO TIPU-
ObLTbHOW. YHMCTO MO CTaTUCTHKE 3-5 €AMHOPOTrOB Y HUX MOINY-
yutcst. [Toxoxe, y YC HetT HUKakuX mpodsiem co coopom $$$ Ha
(punancupoBanue ouepenHoro Habopa dponaa. Bozmoxuo B PO
C BEHUypOM Ipo0JieMa He B PbIHKE, HEJJOCTaTKe MHBECTOPaX, M0-
JIMTUKE U JIp, & TYIO MPOCTO HET CTONBKO JIOAeH-TIpeANpUHIMA-
TeJIel KTO XOUeT CJeJlaTh CBOM ITPOEKT.

3) INoxoxe, BeHuyp B Poccun B riryookoit x. 11 vs 175 crap-



taroB (PPUU vs YC) B nocnequem Habope. MHOro craprarnos
B0 OPUNU — yHbuIBIE JIOKATBbHBIE IPOEKTH O3 monera (aHTa-
31M, KOTOPbIE HUKOT/IA HE BBIMIYT HA BHEIIIHUI PHIHOK U HE CTa-
HyT equHoporamMu. Onnaiid ['MUBII/L, TIoMoIHUK B UCTIOIHEHU T
149-973 no 6e30macHOCTH JaHHBIX, 000PYIOBAHUE JIJISI COISTHBIX
nemiep :-( 3auem 310 BooOIIIEe?

4) Ouensb kpyTbie NpoeKThl Y C ¢ MUJUTMOHHOW BBIPYYKOM, MO~
HSTHON OM3HEC-MOJeNblo, He O0sTCsA cnaykaTh pyku. MHorue
MIPOEKTHI /17151 Y3KOW ayAUTOPUU — MUTPAHThI-aUTULITHUKY, BEHE-
CYy3JIblLIbl, HAPKOMAHBI, KEHILIWHBI, CEKC-(PETUILINCTBI, TUKH.

5) B YC kiaccHble onrcaHusi MpoeKToB. B ojHOM ab3arie no-
HECEHa CYTb, [JIaBHbIe LIU(Pbl, KOMaH/1a, IePCIEKTUBbL. MOXHO
3a yac MPOYMTATh OMKUCAHUE BceX 175 mpoeKkToB B HAOOpe U MpH-
HATh UHBECTULIMOHHOE PEIICHHUE.

6) Al He BommeOHas mwtionsa. Bo mHorux mpoektax Al yrmo-
MSHYTa TOJIBKO ISl TAJIOUKU. Bech numec B Xopollem yaoBJie-
TBOPEHUU PEAILHOTO CIpoca, OM3HEeC-MOJIENU U TIePCIIEKTUBAX
(pacrymivie TpeH b, B3PHIBHOM POCT KAKOW-JIMOO XapaKTEePUCTHU-
ku 1-10 ThIC pa3).

7) I'naBHoe B crapranax YC — 6a0s10, a He KpacuBasi ujes uin
XalmoBbIT HAOOp TexHoJorui. Kienth TaHYMKY yMelT MHOTHE,
BAKHO OCO3HAHHO U K MECTY UX KJICUTb.

8) binH, kakue onu KpyThie! IIpoeKTsI 1o mpogaxe Mapuxya-
HBI UEPE3 JPOHBI, CO3/IaHUE HOBBIX JIeKapcTB, VR 115 Xupypros,
3anuchk nHpo B JJHK, 3amyck opOUTAIBHBIX CITyTHUKOB — JIETKO.
Haunranmuce, TBapu, 7K1ons BepHa, Hukakux Topmo3oB! [Toxony



Wnon Mack Tam ellie He camblil yIOPOTBIH :-)
Ntak, AI-TpoeKTHl BEAYIIMX aKCEIePaTOPOB.

1) ®PUU Hadop #19, 3 Oxkrs10ps 2019 (11 npoekToB):
https://www.iidf .ru/media/articles/accelerator/19-nabor-
akseleratora/

Leveli.ng (Ka3anp) — Al-cepBuc yist aBToMaTu3aiuu padboThl
C OT3bIBAMHU IT0JIb30Baresiel B MHTepHeTe. CepBruC aBTOMaTnye-
CKM 00pabaTeiBaeT, reHepupyeT U MyOIMKYeT OTBETHI Ha OT3bIBbI
TI0 pa3HbIM CLIEHAPUAM: HUBEJIMPOBAHUE HETATUBA, HEUTPAINA3a-
1151 OT3bIBA, padOTa C MOCTOSTHHBIMU KJIMEHTAMHU.

2) ®PUU Ha6op #18, 1 Uionsa 2019 (19 npoekTo.):
https://www.iidf.ru/media/articles/accelerator/v-18-nabor-
akseleratora/

Clover Group (MockBa) — pa3paOOTUMK pelrieHuid B 00JIacTh
MIPOTHO3HOTO OOCITY)KUBaHUS JIsl TIPOMBIITUIEHHBIX MPEINpHsi-
THIA C MPUMEHEHUEM TEXHOJIOTWI UCKYCCTBEHHOTO MHTEJUIEKTa,
MAITUHHOTO OOYYEHUS U MPESTUKTUBHON aHAJTMTUKH.

FoxTail (Pocto-Ha-/loHy) — oHmnaiH-miargopma s Gop-
MHUPOBaHUsl U YIPABJIEHUs PACIpeesIeHHOM KOMaHION pa3pa-
60Tku. 3akazunku [T-ycayr u ayTcopcMHTOBbIe KOMITAaHUU OJ1a-


https://www.iidf.ru/media/articles/accelerator/19-nabor-akseleratora/
https://www.iidf.ru/media/articles/accelerator/19-nabor-akseleratora/
https://www.iidf.ru/media/articles/accelerator/v-18-nabor-akseleratora/
https://www.iidf.ru/media/articles/accelerator/v-18-nabor-akseleratora/

rogapsi YMHOMY MOMCKY, OCHOBaHHOMY Ha big data u machine
learning, cMOTyT OBICTPO HAXOOWTH TMOIXOMSAIIMX TPOBEPEHHBIX
CIIELIMAIUCTOB, a C IOMOIIBI0O MHCTPYMEHTOB COBMECTHOM pado-
Thl YIIPABJISATH IPOEKTOM.

Music Scan (MockBa) — cepBuC, UCTIONb3Ysl TexHooruu Big
Data, nomoraer npaBoo0sagaTessiM IpeceKkaTb HelerajlbHOe UC-
NOJIb30BAHKE ayAUO-IIPOU3BE/IEHNH, YBEJIUYMBATh pa3Mep BO3-
HarpaskJIeHW# 3a UCTOJIb30BaHNE KOHTEHTA U CUCTEMHO BBICTpA-
UBaTh CTPATErvio MPOABUKEHUS MMPOU3BEACHUI HA MYy3bIKaJIb-
HOM DbIHKE.

Nudoodor (Yda) — tenedoHHbid podOT, KOTOPOro He OTIIU-
YHUTh OT 4yesoBeka. MTH(POOOT MOKET OTBeYaTh HA BXOJSIIUE U
JieJIaTh UCXOJISIIIUE 3BOHKH, IMOJTHOCTBIO PACIIO3HAET YesioBeue-
CKYIO pe4b 1 Ha OCHOBAaHHWE AUAJIora NpUuHUMAET pelieHue o clie-
JyIOIeM JIEHCTBUE.

3) YC Summer 2019 Batch (175 companies):
https://blog.ycombinator.com/yc-summer-2019-batch-stats/
https://techcrunch.com/2019/08/19/all-84-startups-from-y-
combinators-s19-demo-day-1/
https://techcrunch.com/2019/08/20/here-are-the-82-startups

Intersect Labs: Intersect Labs is building CoreML for
enterprise, letting its customers easily build machine learning


https://blog.ycombinator.com/yc-summer-2019-batch-stats/
https://techcrunch.com/2019/08/19/all-84-startups-from-y-combinators-s19-demo-day-1/
https://techcrunch.com/2019/08/19/all-84-startups-from-y-combinators-s19-demo-day-1/
https://techcrunch.com/2019/08/20/here-are-the-82-startups-that-launched-on-day-2-of-ycs-s19-demo-days/

models to help make sense of their historical data and deliver
insights without having to hire data scientists. The monthly
subscription is aiming to deliver a product that doesn’t require
much technical knowledge. “If you can use a spreadsheet, you
can use Intersect Labs.”

Traces: As privacy-conscious consumers speak up against the
proliferation of facial recognition tech, there’s still a clear need
for a product that enables smart camera tracking for customers.
Traces is building computer vision tracking tech that relies on
cues other than facial structure like clothing and size to help
customers integrate less invasive tracking tech. It was built by
former Ring engineers.

Soteris: Soteris is a startup building machine learning software
for insurance pricing. Within six months of their pilot, they
already have two insurers under contract, giving them $500K in
guaranteed annual revenue.

Well Principled: This is an Al-driven management consultant
that says it wants to “replace MBAs with software.” Companies
spend $200 billion on management consultants every year. Well
Principled wants to replace that expensive and cumbersome
system with its tech that has culled growth and revenue learnings
from academic research and turned it into enterprise software.
The company wants to eliminate the need for outside consultants



by integrating its software into the daily operations of businesses
as they launch new products. Well Principled is advised and
invested in by early Palantir leaders, and claims $840,000 ARR
from its first Fortune 200 customer.

Dashblock: Dashbloack creates APIs from any web page using
machine learning. Drop in a URL, select the data you want from
a page, and it will figure out how to automatically extract it
and provide it via API. It has have more than 1,500 users since
launching two weeks ago.

EARTH AI: This full stack Al-powered mining exploration
company built a technology to predict the location of un-mined
rare metals. EARTH AT’s mission is to improve the efficiency
of mineral exploration to provide enough metals and minerals
for current and future generations. The company predicts where
metals may exist, actually mines the ore and then sells it. The
team credits themselves with discovering the world’s first Al-
predicted mineral deposit, and says it has also secured the rights
to $18 billion worth of ore.

Holy Grail: Holy Grail says it has built a cheaper and faster
way to manufacture batteries. The company is using Al to find
the next generation of batteries at what it claims is 1,000x faster
and hundreds of million dollars cheaper than traditional R&D
processes. Holy Grail’s software designs batteries and predicts



their performance — then manufactures them using a robot it
built. Traditional R&D relies on trial and error and spreadsheets,
and this company thinks it can harness Al to “do something good
for the world while also making money.”

Zenith: This company is building a new virtual world that
blends AI, VR and its backend tech to immerse users in new
lives online. Zenith, which raised $120,000 on Kickstarter in one
week, is the first cross platform world to exist on VR desktop
and console. Essentially every screen you own is a window into
their world. The company plans to monetize by taking cuts of
every item bought or sold on their platform, like property and
clothing. The founders have worked at Google and Unity, and
co-produced with Oculus.

Lofty AI: Lofty Al is building what they claim to be the
first reliable method for tracking neighborhood demand to help
real estate investors make more informed investment decisions.
Lofty Al recommends properties to investors and if the investors
decide to purchase, they enter into a contract that gives them
20% of the profit. However, if the value of a property goes down,
Lofty says they will cover all of the investor’s losses.

Treble.ai: This is a customer support platform that lets
companies get feedback from wusers through SMS and
WhatsApp. The company describes itself as similar to Qualtrics



and Zendesk, but with one big difference: Qualtrics and Zendesk
were built for desktop web and email. Treble is built for mobile-
first, chat-based communication. Treble says there are 100,000
companies that serve their users through mobile apps, and it
wants to be the startup that manages their customer support. The
startup scored Colombian logistics unicorn Rappi as their largest
customer, and is seeing $16,000 in MRR.

Symplex: The team at Symplex is developing an Al-based
doctor that can diagnose you using your smartphone. The startup
says they’ve signed up 15 doctors in the first few weeks, with a
goal of expanding into a $2.6 billion market. Here’s how it works:
First, you tell Symplex how you’re feeling, then, the company’s
machine learning algorithm gauges your condition and provides
a detailed initial diagnosis, which is then stored and saved.

Percept.Al: This startup is creating an Al support agent that
immediately resolves common customer support tickets. Other
solutions can take over three weeks of onboarding, quality is
often insufficient and the Als only end up resolving between
10-30% of tickets. Percept.Al says their tech could work to
identify 1.2 billion support tickets that go outstanding. They say
they can immediately resolve up to 50% of tickets without human
intervention, what it describes as an exciting $22 billion market.

4) 500 Startups, Batch #25, JULY 22, 2019:



https://500.co/meet-the-startups-of-batch-25/
https://500.co/latest-ai-applications-from-500s-batch-25/
https://500.co/startups/

Chemtech: An Al-product for manufacturing plant
automatization

Curie: A camera-based Al shopping assistant

EINO: An Al platform that produces meaningful predictive
and historical insights on localized population movement and
their intention in urban areas for enterprise business users

Heartex: Helping companies quickly build Al products and
features

InnerTrends: A data science service for SaaS that uncovers
deep insights in customer onboarding, retention, and engagement
without the need of data scientists

LucidAct Health: An AI assistant for nurses and case
managers to help them know what to do faster and eliminate
errors

RestAR: 3D capturing and product visualization for e-
commerce using Al with any mobile device

Visionful: Connecting smart cities and autonomous vehicles
leveraging Al and computer vision to provide full automation for
parking and traffic monitoring

5) TechStars, nunayctpun AI/ML u Analytics:
https://www.techstars.com/companies-in-program/



https://500.co/meet-the-startups-of-batch-25/
https://500.co/latest-ai-applications-from-500s-batch-25/
https://500.co/startups/
https://www.techstars.com/companies-in-program/

Asgard.ai: We think any sales intelligence solutions with a
broad scope might want to acquire us as they have difficulties to
distinguish from one to another. They would typically buy our
signal detection engine. Currently, we are able to detect 32 kinds
of signals. Our goal is to improve it so it can track more specific
buying signals for every new customer. And even maybe to design
a product that lets the customer easily set up a very relevant signal
by giving feedback/interacting on the platform.

FLOD: FLOD develops a multi-sensor based learning
algorithm for structural maintenance detection and prediction.

Heuristech: Heuristech is about dealing with pipeline
maintenance the right way.

Lightmass Dynamics: An application framework that easily
integrates with any software that manipulates n-dimensional data
for real-time simulation or visualization of physical forces.

MorphLL Al: MorphL drastically reduces the amount of
time required to infuse Al into your applications so you can
predict user behaviors, enable personalized digital experiences
and increase product KPIs.

ReelData Al: Al for aquaculture. Delivers real time weight



distributions, feeding analysis, health analysis and growth
analysis.

Revelio Labs: Revelio Labs provides an in-depth view into
the workforces of companies around the world. We leverage
advancements in Al technologies to turn hundreds of millions of
online profiles, resumes, and job postings into clear insights. Our
clients include: corporate strategists, HR, VCs, and investors.

Shipright: Shipright helps software businesses track customer
feedback in one organized place, so they can build outstanding
products.

[Mo-npexxaemMy XTIy coBeTOB Kakoil Al-Kypc BHIOpaTh, OT3bI-
BbI, IPOMOKO/IBI ¥ TIpOY€e (CM. MPEIbIAYIIHNA MTOCT).

Cepuiku:

1) Hosbie 6usnec-momenu Al “The New Business of Al (and
How It’s Different From Traditional Software)”:

https://al6z.com

2) Kakoii craprarn MHe 3aIyCTUTh 3aBTpa?:

https://habr.com/ru/company/mailru/blog/481256/

CyTb cTaTbu:

a) Al 310 NpMHIMNNAILHO HOBBI UHCTPYMEHT, KOTOPBIN M03-
BOJIUT B3JIOMaTh Ky4y PHIHKOB M OM3HecoB. B amxaiin, kKpyTou
UX, KactaeB, METPUKH, IEPPOMaHC MAPKETUHT yKe BCE YMEIOT,



https://a16z.com/2020/02/16/the-new-business-of-ai-and-how-its-different-from-traditional-software/
https://habr.com/ru/company/mailru/blog/481256/

a B Al moka Her.

6) Al oTKpbIBaeT OKHO BO3MOXKHOCTEN aiisi au3panToB. Crie-
Jyloliee OKHO, BO3MOXHO, Oyzet Jyiet uepe3 10-15 (kak paHee
ObLJT MOMEHT JIOTKOMOB WJIM TOTOM TMOSIBJIEHUSI cMapT(hOHOB),
MO3TOMY UMEET CMBIC] CECTb B ITY JIOJKY.

B) Cep npumenennst Al nodura (HET cMbICIa HBITh YTO BCE
XOPOILIKE UJEU YXKE pealn30BaHbl). ITO BCe C(epsl, I1e MHOTO
PYTUHHOH MOBTOPSIONIEHCs padOThl 1 MHOTO padoTHUKOB. Kac-
CHPBI, BOAUTENH, KJIAJOBIIUKY, OyXraiaTepbl, TPeUaephl, KO-
LEHTPbl U Jake TBOpPYECKHUE MPO(eccun — KypHAJIUCTBI, MPO-
IPaMMMUCTHI :grimacing:, My3bIKaHTbhl U XyJo:XHUKHU. [lonmpodo-
BaTh MpUMEHUTH Al, Bcex yBOJIUTH U MiepeBecTH Ha Oe3yCIOBHBbII
6azoBbiii Joxoa. Hy i nosBsaTcst HoBble Tpodeccun — pa3mer-
Ka IAHHBIX JJ1s1 HEMPOCETEU, KOJIOHHUCTBI IK30IUIAHET WJIY YUCTOE
TBOpUYeCTBO. Panbllie TexHosmornu pa3sutusi Al He Mo3BoisIU
3aMEHUTDb YEJIOBEKA, Cceryac yxKe MO3BOJISIOT.
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3 Ilorpy:xenue B U

Wtak, Hauan pazouparbcs ¢ 3tum Bamum WU, JIna Havana
IpoYesl Ha BUKM OCHOBHYIO CTaThio M0 HelipoHHbIM ceTsam (HC)
Yl CBSI3aHHBIE C HEW TEMBI:

https://ru.wikipedia.org/wiki/

WckyccTBeHHasi HEMpPOHHAsl_CETb
https://ru.wikipedia.org/wiki/Ilepuientpon
https://ru.wikipedia.org/wiki/Po3entnart, PpaHk
https://ru.wikipedia.org/wiki/VICKyCCTBEHHBI_HMHTEJIEKT
https://ru.wikipedia.org/wiki/

31Ma_HMCKYCCTBEHHOIO_MHTEJIEKTa

Harmcano 10BOJIbHO CIIOKHBIM SI3BIKOM, € (hopMynamu U ppa-
3aMM BHJA "... OYEBWIHO, YTO HEJMHENHas XapaKTepUCTHKa
HEelpOHAa MOXET ObITh MPOU3BOJBHOM: OT CUTMOHMIAJIBHOW [0
IPOU3BOJILHOIO BOJHOBOI'O MaKeTa WM BEWBJIETa, CUHyca WU
MHOrouseHa". Ara, O4eBUIHO... ISl IOLIEHTOB (pu3MaT By30B!
OcTtpo He XBaTaeT 3HAHMM IO MaTaHy, TeopBepy, AudypaMm U
IPOYMM 3aJpPOTCKUM HULITAKAM JJI1 OYKAPUKOB M SAMLETOJIO-
BbIX. [ yMaHuTapusam, qymaio, 9uTaTh OyIeT COBCEM TSIKKO.

B utore, kak s moHsu padoraer HC.

Honycrtum ects kaptunka 100*100 Touek. HyxHo omnpene-


https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D1%86%D0%B5%D0%BF%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D0%B5%D0%BD%D0%B1%D0%BB%D0%B0%D1%82%D1%82,_%D0%A4%D1%80%D1%8D%D0%BD%D0%BA
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%97%D0%B8%D0%BC%D0%B0_%D0%B8%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B8%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B8%D0%BC%D0%B0_%D0%B8%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B8%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D0%B0

Tk, Kakas mudpa 0..9 Ha Hell n300paxeHa.

Henaem 1-p1il cyoil (CEHCOpHBIA S) — JABYMEPHBIA OMTOBBIN
maccuB 100*100. B kaxayto nosunuio 3anucbkiBaeM O win 1 B
COOTBETCTBHHM C T€M, 3aKpallieHa JIM TOYKa B TOM XkKe MO3UIIH B
(panne.

Henaem 2-oi cioil (acCOMaTUBHBIA A) — TPEXMEPHBIN YKC-
nosou maccuB N*¥100%100. I'ne N — uncino o6pa3oB, KOTOpbIe
JomkHa pacniosHasars Hama HC. B nannom ciydae N=10, T.k.
HaM HYXHO pacrnio3Hath uncia 0..9, 1.e. Bcero 10 udp / odpa-
30B. B kaxayio nozummio [N, i, j| 3amUChIBAEM YHUCIO X B CO-
OTBETCTBUU C TEM, HACKOJIbKO YaCTO BCTpEYaeTCs 3aKpallieHHas
TOYKA B TOM ke no3uuuu i uudpsi 0..9.

Kak nocunrars Xij 11 kaxjaoro oopasa? [Iporonsiem MHOro
(paitno 100*100 rae no-pazHomy 3anucana uudpa 0..9. Eciu
1151 ApBI TOUKA 3aKkparnena mpudasnsieM 1 k Xij, nHaue yoas-
nsem 1.

T.e. nis uudpsl 1, Harpumep, MaTpuiia OyAeT Takasi, YTo O
KpassM OyayT CUJIPHO OTpHIIaTeJIbHBbIE 3HAUCHUs. A B TIOJIOCKE
rocepeiHe Bce OoJiee MOIOKUTEIbHbIE.

W nakowne, aenaem 3uii ciiou (pearupyoumii R) — onHomep-
HBII YKrCI0BOM MaccuB pasMmepHocty N. [Ipu nocryriennn kap-



TUHKU 151 pactio3HaBaHusi HC cuntaeT yucio coBnageHui To-
JeK IS Kakaoro u3 o0pa3oB 0..9. T.e. 1s Kaxk 101 TOYKU CMOT-
pUM, eCJT OHa 3aKpallieHa, TO B o3uirio R[n] npubdasisem 3Ha-
yeHue u3 2ro cios Aln, i, j].

B utore monmyvaem [yist Kax1oro arajjoHHoro oopasa 0..9 ¢u-
HaJIBHYIO OLIEHKY R[n], KOoTOpast roBOPUT HACKOJIBKO KapTHUHKA
MOX0%ka Ha 3TU o0pasbl. 17151 ynoOcTBa, 3TU GaJIbl MOKHO HOP-
MaJIM30BaTh U MOIYYUTh, HAIIPUMEP, YTO HA "'8" KapTHUHKA ITOXO-
’ka ¢ BeposATHOCTHIO 85%, a Ha "3" ¢ BeposTHOCTBIO 60% U Tak
nasnee. MoXXHO HACTPOUTD BBIXOJI TPETHETO CJIOST, YTOOBI OH JIaBaJl
TOJIBKO OJIHO 3HAYEHHE — YKCIIO C MAKCUMAJIbHOM MOJIy4YE€HHON
BEPOATHOCTBIO B CIIy4ae €CiM 3Ta BeposaTHOCTh >80%. A ecim
BEPOATHOCTb MEHBIIIE, TO CUATATh YTO LI pa HE PACIIO3HAHA.

Bor B npuHiune u Be€. Kerary, ata mryka ¢ 3-ms c1osiMH Ha-
3bIBaeTcs nepuentpoH. OH cuuTaeTcs NPOCTENIINM, T.K. y HETO
TOJIBKO OJIMH BHYTPEHHUU A-CJION.

Moxno caenatb HC ¢ HeCKOIbKUMU BHYTPEHHUMH A-CIIO-
avu. Hanpumep, onuH A-Clioll pacrio3HaeT OT/EIbHO JIallbl,
XBOCT, MOPIY M IIEPCTh COOaK. A 201 A-cioii oyb3yeTcst 1M u
3HAET, KaKue JIarbl U APyrue MPUIUHAABI Y ONpeIeieHHbIX T0-
pon codak.

W mepBbIil clioii pacnio3HaeT OyKBbI, 2-0i CJioBa U3 OYyKB,



a 3uii IOHMMAET, MOJYYEHHBIN TEeKCT cnaM UM HeT. [lmoc 2-
oW cjoM BiMsAeT Ha 1biid. Hanpumep, B aHIIMIACKOM SI3BIKE €CTh
apTukJib the u ecnm ecth cnoBo U3 3x OykB u nepsbie 2 — "th",
TO 3l C/IOW HEHABA3YMBO COBETYET 2-MY CJIOI0, UTO 3-s1 OyKBa
"e". 1o pexyppentHbie HC.

B peanpHOCTM cuMTalOTCA HE "YMCIO MOMNAJAHUMA TOYKU U
YMHOXEHUE Ha BeCOBOW KOI(PUIIMEHT", a XUTpasi MaTemMaru-
yecKasl Marvsi: CMrMouiajibHasi (PyHKIIMsl, METO/ IPAJUEHTHOrO
CITyCKa, METO/I OOPAaTHOTO paclpOCTpaHEHHsI OIMOKU U TpoYast
HEUKCTb.

YT0 13 3TOrO BCErO CIIEAYET:

1) st mpuemnemoro kadectBa HC HyXHO oOydaTh TMTaHT-
CKUM KOJINYECTBOM JIaHHBIX.

2) obyyaiorniue JaHHbIe TOKHBI ObITh Pa3MEYEHHBIMHU, T.€.
YeJIOBEK JOJIKEH OTCMOTPETD BCe 3TH (paiiibl ¢ N300pakeHUIMH,
HarpuMep, CoOaK U yKa3aThb, UTO 3TO MIMEHHO co0aKa, a He KOIII-
Ka.

3) nuist 0O0y4eHust Hy’KHbI O'POMHBIE BEIYMCIIUTENIbHBIE pECYP-
Chl Ha MAPCUHT JAHHBIX, TOACUET KOI(P(PUIIMEHTOB U JIp.

4) UCXOIHBIE JAaHHBIE HY)KHO HOPMAJIM30BaTh — IIPU Pacro-
3HABaHWU TEKCTa U3 rpadpuueckoro (paiia pe3arb TEKCT Ha CIOBA
1 OYKBBI, TOBOpPAYMBaTh N300pakeHKe, YTOOB OHO OBLIO Oe3 Ha-
KJIOHA, YBEJIMUMBATh WM YMEHbIIIATh, CAEIaTh MOHOX POMHBIM,
yOupath IIyMbl U JIp.



S) mukn obyuernuss HC HyKHO NOBTOPSATH C pa3HBIMHU Ha-
CTporiKamu (pa3Mep MaTpHil, TOPOrOBbIe BEPOSITHOCTH), YTOOBI
noxyuuts Jyuinyto HC.

6) uto xopoio — 00yunth HC MOXHO OfMH pa3 HA MOIIIHO-
crax UT-ruranrta tTuna 'y, a noias30BaThCs pe3yIbTaTaMu CMO-
I'yT BCE.

7) anroput™ pacrio3HaBaHusi 0Opa30B aHAJIOTMYHO padoTaer
JUIsl BCEX JPYTUX BUJIOB PAClIO3HABAHUS U IPE/ICKA3AHUS — PEUH,
crama, OyayIiero Kypca akiyii, MporHo3a Morofpl, caMoyIpaB-
JII€MBIE aBTO U JP.

7) 6onbioit Munyc — HC, B-OCHOBHOM, MOT'YT pelarh BCEro
2 OCHOBHBIX KJIacca 3a/1ay:

a) pacro3HaBaHUE — OTHECTU OOBEKT K M3BECTHOMY KJIaccCy,
T.€. CKa3arh, 4TO Ha (pOTO uMcio 1 niam 2, TaHK MM KOpPOBA.

0) KJ1acTepu3aIlnIo — €CJU KJIaCCOB OOBEKTOB HET, TO CO31aTh
9TU KJIACChl, T.€. U3 MWJUIMOHOB (POTOK LK(pP CrpynnupoBaTh
€IMHUYKY B OJTMH KJIACC, IBOMKM B APYrOu U T.J.

B BUKY XOPOITIO ONTMCAHBI 3TAITBI PENIeHUsT 33,124 P IIOMOIIIN
HC:

1) COop nanHbIX 1)1 OOyUYEHUS,

2) IloaroroBka u HOpMaIM3alKs JaHHBIX;

3) BeiOop Tononoruu ceTu;

4) DxcnepuMeHTabHBIN OA00p XapaKTePUCTUK CETH;

5) DkcnepruMeHTabHBIN TOA00P MapaMeTpoB OOyUEHHS;

6) CoOCcTBEHHO OOyUeHMe;



7) IIpoBepka aieKBaTHOCTU OOYy4EHUST;

8) KoppekTrpoBka mapameTpoB, OKOHUATEIbHOE 00yUYeHHE;

9) BepOasmzanus cetu C LIeNblo AabHEHIIEro UCIosb30Ba-
HUSL.

Kopoue, nukakum MU 3pecy He naxuer. Capa KonHop mMo-
KeT CraTh CIIOKOMHO M TIPUETCS e MPUAyMaTh APYTYIO JIETeH/Ty
nosiBJieHus1 BHeOpauHoro pebeHka. Kcratu, B KakoM-TO CMbICTe
TepmuHaTop BriosiHe cebe OMOIercKui crokeT. MaJlbuuK, poK-
JeHHbI He B Opake. OH Oymynmid Koposib mupa. [losiBuics ot
Apxanrena u Csatoro [lyxa, BO3HUKIIMX U3 HUOTKYyAa. OH BIOJ-
He Obl yMep 3a HaIlld TPeXu, HO Ha 3Ty PoJib MOABEPHYJICS CTa-
pvHa ApHU BO 201 U MOCJEIYIOIIMX YaCTSIX.

A myTenecTBUil BO BpEMEHHU, K COXaJIEHUIO, HET, T.K. TO Ty-
no Hapymaet 3akoH JlomoHocoBa-JlaByasbe. I3 HUUero He mMo-
JKET MOSBUTBCS UTO-TO. A XKaJb, 51 TAK XOTEN MPOKATUTHCS BEP-
XOM Ha Tpuueparonce! 910 kpome Toro pakra, Y10 HEBO3MOK-
HO TOYHO BBISICHUTb MECTOMNOJIOXKEHHE IJIAHETHI B ITPOIILIOM, T.€.
[P MyTEIeCTBUU Jaxke B MUHYC HEJeJII0 Mbl OKaXkeMcsl B KOcC-
Moce.

Kpowme Toro HC ne paBubl U emie u notomy, uto HC moryt
Pa3IUIUTh OOBEKTHI, HO HE MOTYT MOHSATH UX CYTh, T.€. Mpoliecca
MbllieHns He rpoucxonurt. T.e. HC no uHTesiekTy Ha ypoBHE
Toctepa. Kak ciencTsue, mamvHa He ClIOCOOHA OCO3HATH ceOst



OTJIEJIHOW JINYHOCTBIO U HAYATh BHITWJIMBATH KOHKYPUPYIOIIHE
Bujibl. Ho 310 yke tumioc st Hac. XOTs 9BOJIONMY B OOIIEM-TO,
TUIeBaTh, KTO OYyJIET Ha BEpIIIMHE MUINEBOM TIETIOYKH.

[o cytu HC 310 *)ecTko 3a1anHbIi anroput™. Eciiv mporsatsb
Jyepe3 Hee OUH U TOT kK& HaOOp JaHHBIX, pe3yJbTar OyleT Ha
100% w3BecTeH. A TaMm rie ecTh aJITOPUTM HET pa3yMa, T.K. pa-
3yM T'MOKUI M MHOTJA MPOTUBOPEYAIUi MTPaBUIaM U OXKHJae-
Moii Beirozie. Kto u3 Hac He caausics urpath B I epoeB HakaHyHe
9K3aMeHa B YHUBEpE WM He CheJall TOPT 3a0uB Ha TUeTy?

Kak BbIsicHMIIOCH, pazouapoBanue B W cranpaptHas miry-
ka. HazwiBaercs "3uma MN". 910 nepropl, KOrjaa 4ejaoBeuyeCcTBO
pasouapoBbiBasioch B VI (M3-3a 3aBBIIEHHBIX OKUAAHUM), CO-
Kpalaarch O0KeThI, PyIIHINCh Kapbephl U CHUKAJICS Ha TOJIbI
untepec k MN. Camas uzBectnas 3uma UM — B 1969 r Hauanace
TocJie Toro, Kak ogHorpynmHuk dpanka Posenonarra (u3o0pe-
Taress nepuentpona) MapsuH MUHCKMM JOKa3ayl MPUHLMIIN-
aJIbHYI0 HEBO3MOXHOCTb PEIIEHMS] MHOIMX KJIACCOB 3aay Iep-
LENTPOHAMU. A TaKke M0Cje MHOTOUMCIEHHBIX ITPOBAJIOB MPO-
€KTOB /JIsI BOEHHBIX IO MAalllMHHOMY NepeBOy (MIHOBEHHO-
My INIEPEBOAlY CEKPETHBIX NEPETOBOPOB PYCCKUX ), ABBTOHOMHOMY
TaHKY, pacro3HaBaHusl Ha (poTo OpOHETEXHUKH, Kpaxy Lisp-ma-
HIMH (emle ofHa ByHAepBaduisg He onpaBiaBllas OXKUJAHUN) U
zp.



Ha, a mpuayman neprentpon ®psnk PosenOnar. Hamn ge-
soBek. Ero eBpenckasi cembsi O4eHb CBOEBPEMEHHO CBAJIWJIA B
CIIA u3 CCCP/YkpauHbl Kak pa3 B rofibl Mexy 1 1 2-oit MUpO-
BbIMU BOMHaMU. Xopoiuast UHTyuLHs. CTaa n3BECTHBIM yUEHBIM
B obnactu I, mpodeccopom u 3Be3101 KopHeckoro yHusep-
cutera. MccnenoBan MO3r, BKJIIOYAsi TAKUE CIIOPHBIE OMBITHI HA
MBIIIIAX, Kak 00y4YeHHUe MBIIIeH HaBbIKaM, 3aTeM MepepadoTKy UX
MO3IOB B MUKCEPE U BBOJ ITOU KHUJIKOCTU B MO3I APYTMM MbI-
1aM, a y TeX BHE3aITHO MOSIBJISUIMCh HABBIKY MPOIILIBIX MBIIIEH.
Mosr crpanHas mTyKa.

VYmMep B 43 rofa oueHb CTpaHHON CMEPTHIO TIOCIIe KOpaOJIeKpy-
1IeHua cBoe AxTel B YecanukckoMm 3aimse B 1971 r. Hazerocn,
9TO BCe-Taku ObLIa Oreparus o cMeHe JmaHoctu ot LIPY u on
KWJT JJOJITO U CYACTIIMBO PadOTasi B CEKPETHOM JIAOOpAaTOpUM U
MPUIYMbIBAsI BCSIKUE UHTEPECHBIE ITYKU. XOTh 51 U HE BEPIO B
MHUPOBBIE 3arOBOPbl. MUpPOM MpaBUT sIBHAS Jaka, a HE TalHas
JIoKa.

Kpynssiii Henoctatrok HC — oHu He MoryT nipejickazaThb Oyy-
111ee Ha OCHOBE MPOIILIOrO €C/IU IaHHbIE U3 ITPOIIIOrO HE Koppe-
mupyioT ¢ Oyaymum. Hanpumep oHM He criOCOOHBI yragarh re-
peJIoM TpeHJa U IpejcKa3aTh Kype Jojlapa Ha 3aBTpa. Takxke,
MoxkHO ckopMuth HC X0Th Musunaps 3HakoB uncna Pi, HO Ha nx
ocHoBe HC He cmoxeT npenckasars cienyoliyio uudgpy. Brpo-
YeM, HUKTO U3 XOMO CalIMEHC TO TOXE C/AEIATh HE B COCTOSTHUU.



CcpUIKM:
1) MammnHOoe oOydenue as ymopei: https://vas3k.ru/blog/

machine _learning/
2) Pycckoe natacaeHC KOMMBIOHUTH: https://ods.ai

S-anemeHThl
(ceHcopbl,
peLenTopbl)

A-3nemMeHThl R-anemeHTsl
(accoumaTueHbIE) {pearupyowme)

Uctounuk ¢oto


https://vas3k.ru/blog/machine_learning/
https://vas3k.ru/blog/machine_learning/
https://ods.ai
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Perceptron-ru.svg

4 Pacno3HaBaHue
mudp 0e3 HerpoceTeil

[Iponomxkato uzyuars HefipoHHsle cetu (HC). Ecnu Bam Henn-
TepecHbl TexHudeckue neraim HC (Hy, BOpyr), a B OCTe MIle-
T€ TOJIbKO CMEXYEUKHU, IPOMOTANTE TEKCT A0 cepeauHbl ((ppa3bl
"Tynoi komm''), TaM Tapa ad3aleB JJis1 F'yMaHUTapHeB.

Wtak, mpouuTal eie napy crareil. MHOroe nposiCHUI0Ch, HO
Bonpockl octayuch. CurmougHas dpyHkuus f(x) = 1/(1+e”-x).
Io ormcanwmio cTpamHas Berb! A 1o (akTy — IpocTo rnmpeodpa-
30Batesb JaHHBIX. YTOOBI 3HaYeHUs oT [-#..+#] mpeoOpazoBarh
B [0..1].

HelipoH cMerieHust — TOT ke MpeoO0pa3oBaTesib, YUTOOBI CIBH-
HYTb (PYHKIMIO (IIOJTy4YEHHBIE 3HAYEHUS) BJIEBO WJIM BIIPABO I10
ocu x. T.e. u3 nuanasona [0..1] nepentn, HapuMep, B Mara3oH

[3..4].

Ho rnaBHOe, s mo-IpexHeEMy He NMOHMMAI0 Kak Ha (pusnye-
CKOM YpOBHE yCTpOeH Iporiecc o0ydeHus u pacrno3Hasanust HC.

Pa6ory HC o6bruno omnuceiBator Tak. Ectb HC ¢ 3ms cro-
SIMM: BXOJIHBIM, CPEIHUM U BbIXOAHbIM. [IpricBaniBaeMm Helpo-



HaM CpeJIHEero cJios ciy4vaiHble Beca. [logaem Ha BXOqHOM CII0M
oOpaszerr 11t oOyuenus. HakmampiBaeM KaxIylo TOYKY BXOTHO-
ro n300pakeHns1 Ha BXOAHOM cioil. Eciiu Ha HelipoHe BXOTHOTO
CJIOSI €CTh CUTHAJI, YMHOKaeM ero Ha BeC CBSI3aHHOTO HEeWpOoHa
U3 2-TO CJIoSl U TepeiaeM Ha 3-Mid BHIXOAHOM clioil. BbixogHoM
CJION CyMMUPYET MPUIIEAIINE CUTHAIBI CO 2-TO CJIOSI ¥ IPOITyC-
KaeT ero yepe3 (PyHKIIMIO aKTUBAIMHU (Ty CAMYIO0 CHTMOM/1Y ) UTO-
ObI MpeoOpazoBath currai B [0..1].

ITo curnany O nim 1 HC roBopur Ha ¢poTo KoOImIKa win Ta-
ku codaka. Ecim HC ommoOnace, BeIUUCIsIEM "METOIOM I'pajiu-
€HTHOTO CIycKa' Kakue Beca JOJKHBI ObITh Y HEHPOHOB 2-TO
CJI0s1, YTOOBI MUHUMH3UPOBATh OIMMOKY. MeHsieM Beca Helpo-
HOB uepe3 '"Metoy oOpaTHOro pacnpocrpanerus ommoku'. ITo-
naem Ha Bxon HC Bce 6onbine nanueix, HC yuutcs, MyTKu My-
TATCA, omOKa ymeHbiaercss 1 HC Bc€ sydlne pacno3Haer 1aH-
HBIE.

Bpone noHsTHO, HO uto KoHKpeTHO? Kak caenats HC ¢ ny-
n51? Kak oHa HayyuTCs pacrio3HaBaTh n300paxenue? 3auem pac-
CTaBJISITh CJIy4yailHble Beca HEMPOHOB (IIPUHOCUTH I1IyM B CUCTE-
My) B Ha4ajie oOy4eHus1? 3auemM MEeHSTh Beca HEHPOHOB Ha Kax-
10 utepauuu yepe3 rpaaueHTHbId ciyck? Pazse HC He Oyner
NiepeHacTpanBaThCs KAXKIbI pa3 U 3allOMUHATh TIOCIIETHUI 00-
pazen? Kak meTogom oOpaTHOTO pacripoCTpaHeH! s OIIUOKH Me-
HSAThH Beca BCEX HEUPOHOB TaK, YTOOBI OOITasi BEPOSITHOCTh pac-



no3HaBanust HC yBenmunBasiach noce Kaxjaou urepauuu? Paz-
BE BO3MOXHO yYMEHBIIIaTh BBIXOAHYIO OIMMOKY f_error(x) ecnu
OHA 3aBUCHUT OT Ky4M MapameTpoB X 1...Xn, a caMmu mapaMeTpbl X
HE JIOJKHBI BJMSATH APYT Ha Jpyra?

B o6mmem, s He noHstn kak co3aath HC ¢ Hyns. [Tostomy pe-
VT CAENATh MTPOMEXKYTOUHOE rpyOoe pellieHre UCXOS U3 TOTO,
YTO SICHO Ha JJaHHbII MOMEHT.

B 4ynecHOM HOBOM MUpE 1aTacacHC M HEMPOHHBIX CETEU €CTh
cBOM aHasior npocreuiero npuioxenuss HelloWorld, kak 3to
npuHsATO B octanbHoM UT. 3aiaya cocTouT B TOM, YTOOBI HATIH-
caTtb [porpaMmy, KOTopasi pacro3Haet pyKonucHsle nudpsi 0..9.
Bcero-to.

4 yx ObUIO pelut B3ATh TETPaab B KJIETOUKY, HAIKCATh MO
CTpaHMYKe KX Ao 1Py, OTCKAHUPOBATH U CO3/IaTh TAKMM 00-
pazom HaOOp JaHHBIX Ui pacno3HaBaHus. Ho TyT OTKpbLT 1uis
ceOs1 mpeKpacHbIil caiT kaggle.com ¢ Kydelt OecIiaTHBIX JaTa-
ceToB, KOHKypcamu U datascience-kyaecHuniamu. OTTyna ckayan
*.csv natacer MNIST ¢ 60+10 Tbic pykomnucHbIx 1udp B pas-
mepe 28x28 Toyek COOpaHHBIX U3 CKAHOB KOHTPOJIBHBIX PadOT
AMEpPUKAHCKUX HIKOJIbHUKOB.

PeanuzoBan npocrtori anroput™m. Haszean ero "meron Bepo-
sTHOCTHOro HakoruieHus". La méthode de I'accumulation de



probabilité (fr). Ha Bcsikuii cimyuaii 3a0bi0 Ha3BaHUE, BAPYT JOK-
TOPCKYIO €I1I€ [0 HeW 3allMILIATh.

CyTb B TOM, 4TOOBI B peXrmMe 00yUeHHS 11 KaKI0U bl
IPOCYMMHPOBATH Beca KaxXJJ0M TOUKH ee N300pakeHH s 17151 BCeX
TpeHUPOBOUHBIX 00pa3oB. [locne Tpenuporku HC y Hac OymyT
10 matpuir 28x28 ¢ Becamu Kax a0l Touku i udp 0..9.

B pexume pacrio3HaBaHMS TOfIaeM Ha BXOJ CKaH 1UQpPbl U
onpezesisieM nepecedenus ¢ Mmarputamu nudp 0..9. Eciu touka
3aKpallieHa B oOpasle U MaTpulie, CYMMHUPYEM BEC U3 MaTPHIIBL.
Ecnu B 06pasiie Touka 3aKpailieHa, a B MaTpHIle HeT, BBIYUTaeM
mrpacdpHble OYKU. DTO 3aIIUTAa OT Kelca "3aKpackM BCIo 00J1aCTh
YEepHBIM U nosyuuM mudpy 8". Marpuiia ¢ MaKCUMaJIbHOU CyM-
MOM cuuTaercs pacro3HaHHou 1udgpou 0..9.

B o6111iem 10110 00BSACHATD, a KOZA MOy YHJIOCh BCETO HUYETO
~100 crpok. Cm. KOJ B CKpYUHaX U CCBUIKY B KOHIIE.

MO3XHO yydInuTh anropuT™. Eciiv Touka He rorasa B riepe-
ceueHune, HaXOOUTh OJNIMKAMIIyI0 U JOOABJISITh €e BeC C HEKUM
k03(ppurmenToM. MoKHO AenaTs n300pakeHrst YepHO-OeTbIMU
(ceituac cepoe). [1pu coBnaieHNy TOUYEK YMHOXATh e BEC Ha BeC
U3 MaTPHIIBI U .

Ho naxe ¢ ucxomHsiMu YCJIOBUSAMM TIOTYYUJIOCH OOBOJIBHO



Herioxo. HC koppekTtHo onpeaennio udgpy B 5S7% cityuaeB
NIPY TPEHUPOBKE S THIC M300paKEHUIA M STHIC IS TECTA.

[IpaBia Ha BUMKM MUUIYT, €Clv NpaBuiibHO noctpouth HC,
MOXHO N0oOUThCST 99.8% KOppeKTHO pacrmo3HaHHBIX 1udp. Ha
KPUBOU KO3€ K ThIOPUHTY HE MOIbEIEIIb.

B of6mem, Hago komate Temy Jaibiie. ECTb MHCTpyMEHTHI
ooyuenust HC 6onee Bbicokoro nopsiaka — Google/TensorFlow,
Microsoft/Azure, Amazon/AWS, Aupekc/DSVM. I'ne HyxHO
3a/1aTh TOJBKO JTAHHBIE W TapameTpbl OOy4YeHHsS U MOXHO HC-
nonb3oBath HC He 3Has Kakue anroputmel B Heil padoratot. Ho
BCE-TaKH XO4Y 3HaTh YTO Y 9TOW ITYKH IMOJ KanotoM. be3 atoro
NIeroro TyITOYHMKA HE HATMIIEIIh ¥ B TEXKPAaHU HE MO IEIIb.

Kak s cka3zau Bblllle, OCHOBHas1 poOJieMa B TOM, YTO s He T0-
Humaio kak HC nomkna pabotats "mo-Hacrosiemy". Yro Gecur
— naxe cozaaren HC, toit sxe DeepBlue (moouna Kacnaposa B
maxmarax) wim AlphaGo (pasrpomuia yemnuona mupa o I'O)
HE MOT'YT BHATHO OOBSICHUTD, Kak padoTaer ux HC u nouyemy oHa
crienaia onpeaeaeHHbIN X0/,

Emie cmelHee ¢ MOSBUBIIMMMUCS TOCTIEIHEE BPEeMs WHTE-
JIEKTYaJIbHBIMM TOJIOCOBBIMH/YAT MOMOLHUKaMU — CupH, Aju-
coit 1 Onerom. Ha xkanoOy KIMEHTKH, 4TO el He yJaeTcsl BOUTH
B MO0 OaHK 1Mo OTrevarky nasbiia, Oner mocoBeToBalI OTpe3arh



€l HaJIbIIbI.

Jlon, kek. A uro B utore? ABtopsl Oiera He CMOIJIA OOBSIC-
HUTb €r0 KpoBOXaaHOCThb. Tuna, Oner ele yuuTcs, IOTOM CTa-
Her ymHee. MImxo, s3to He NU, a mpocto nepedop Pppas, yactu
KOTOPBIX HCITOJIb30BAJIUCH B IOX0KEM KOHTEKCTE, a OJ1er TyIo ux
CKJIEWJT B IPUMEPHO OCMBICJIEHHYIO (Dpa3y. ITO HE UHTEILIEKTY-
QJIbHBII TOMOIIHYK, a OyJutuT reHeparop. [1o passurtuio Oner
He ymen ot ELIZA, Bunen takyro nmporpaMMmy MOAAEPKHUBAIO-
HIyI0 pa3roBop c uesnoBekoM erle B 1996 r (coznana B 1966 r!).

ITO Ke aIrOpuTM U Tynour komrl! Yto emy aajiv, TO OH U TO-
cuntai. B T Het oTBera "4 KHOMOYKY HaxKajaa v BCE MPOIAJO,
HE 3HAI0 4TO Npowusouuio". Beerna ectb KOHKpeTHas NMPUYHMHA
y BCEro M BCErja ecTh OTBET Ha MOCTaBJIEHHbI Bonpoc. Moxer
TPYZHO INOJIyYUTb OTBET, HO OH BCET/IA €CTh.

MaremaTuka — TOYHasl HayKa, HE TO YTO TH Ballld T'yMaHU-
TapHbIE COIUIN:

— I'eorpacust — GeccmbiciieHHOE 3ayYMBaHUE CITUCKA CTPaH U
CTOJTHLI.

— Wcropus — 3a3yOpuBanue criicka (pakToB M CO3HATETIHOE
UCKaKeHUe 3TUX (DaKTOB B YrOJy TEKYIEel MOBECTKE.

— Jluteparypa — U3y4eHrue KOHTEHTA, HATUCAHHOTO AJIKOT OJIU-
KaMu, caMOyOUHIIaMU M ETIPECCUBHBIMUA UHTEJJIMTEHTAMU, HE
HalleJIIMX CBOETO MECTA B KU3HU U pehIeKCUPYIOLIUX HAJ] IPO-



OJ1eMamM¥ JAaBHO YTPATUBIIUX aKTYaJlIbHOCTb.

— ¥ TIpoure HeAOoHayKu (MemuiHa/Ovomnorus, (gutocodus,
TICUXOJIOTHSI M, MOE JTIOOMMOE — €CTeCTBO3HAHME ! HUKOT/Ia He M0-
HUMaJI, 4TO 3TO TAKOE U 3aUeM 3TO B IIIKOJIE).

He 6010ch OCKOPOUTH TYMaHUTAPUEB STHM MOCTOM, OHU €TO
He MPOYTYT, T.K. CTOSIT Ha CBOOOHOM Kacce.

Co cBOE# CTOPOHBI MPU3HAIOCH, YTO HECMOTPSI HA TEXHHUYE-
CKoe 00pa3oBaHMe, He MOHUMAI0 Kak padoTaloT MHOTHE BpOjie
Obl 97IeMEHTapHbIE BEIIH.

OcobeHHO MI0XO B IIKOJe HaM AaBaiu ¢usuky. [Iperoa Obut
2x-MeTpoBbIi 60Kcep-eBpeit. [loxoxke OH MPOCTO 3aMelna CBOIO
KEeHy, TOXKe yuuTens (pU3MKH, HO caM COBEPIIEHHO He JIIOOWI,
He MOHUMAJI ¥ He YMeJI MIHTePECHO OObsICHATH CBOM mpeameTt. Ho
COOOIIUTH €My Cell TPUCKOPOHBIN (DAKT KENAIONIUX He HAIILIOC.

A ernie roBOpAT eBpeu KpyThl B pusuke. B yHuBepe, npapja,
s C/1aJ ee Ha BBICHIMI Oal U TOJBKO 3a CYET ITOrO MOCTYIUI Ha
oromxet. Tyno 3a3y0puit (hpopMysIbl © MOMEHTAJIBHO Bee 3a0bLT Ha
CIEIYOIIUI IeHb. A BOT MATEMAaTHKy M OCOOEHHO XMMUIO HaM
JIaBaJI HEOXKUJAHHO XOPOIIIO JIJISI TIOUTHU CETbCKOM IITKOJTBI.

Urak, TOII-12 HeNOHATHBIX JIs1 MEeHs Belen. [{j1s Toro, KTo
IIJIOXO 3HAET (PU3UKY, MU TOJIOH YyHEC.



1) DnextpuyecTBo. [IBIPKU U 3JEKTPOHBI, KOTOPBIE MOI3YT B
pa3Hble CTOPOHBI B 3aBUCUMOCTH OT Pa3HOCTH NnoTeHuuanos. Hy
(purns xe nonHast! Kak 310 nocMOTpeTh B MUKPOCKOI ?

2) KongeHcaropsl. 3apsKeHHBIA aKKyMyJIaTop Tecibl Becur
KaK IMyCTOM, HO JJBUTAET aBTO HA COTHU KWJIOMETPOB. Uyro xe!

3) I'paBuTaiss ¥ 3aKOH BCEMMPHOrO TsAroreHus. Kumpaerib
SI0JIOKO BBEPX M OHO IMpU3eMIIsieTcsl Te0e Ha TOJIOBY. A €Clu ero
KUHYTb C 1-0l KOCMUYECKON CKOPOCThIO 8 KM/CEK, OHO YUJIET Ha
CTaIIMIOHAPHYIO OPOUTY BOKPYT IJIAHETHI M OYAET KPYTUTHCS TaM
oueHb j0aro. A ¢ 11.2km/cek s050k0 nokuHeT 1uianety (16.7 —
Conneunyio cuctemy). Ho 61mH, mouemy BeecTBO MpUTITUBa-
et npyroe BemectBo? [loyemy soen TSHET APYT K Apyry?

4) I'paButaniis Ha MUKpOypoBHE. Ilouemy 31eKTpoH KpyTHUT-
Cs BOKPYT $/Ipa Y HE YJIETaeT K YepTsiM?

5) Kputnueckas macca u siaepHas peakuus. [Touemy ecnu
OBICTPO M CUJIBHO ckaTh Beero S0 Kkr ypana-235 Oyner 6abax u
BBIJIEJISIETCS] SHEPrUsl, KOTOpasi COXKKET LENbI ropon? A eciu
CKaTh BCETO Ha KUJIOrPaMM MEHBIIIE I He TaK ObICTPO, TO HU-
yero He Oynet?

6) [IpeoOpazoBaHe XMMUUYECKUX JIEMEHTOB. Pa3 aeMeHThI



HACTOJIBKO CUJIBHO OTJIMYAIOTCSI BCErO0 OT OJHOTO JIEKTPOHA Ha
opbuTe si/Ipa, IOYeMy HeJb3sl CIyTh Mapy JEKTPOHOB ¥ CBUHEIT
npeBpatuTh B 30510107 [ToueMy BOOOIIE UIYyT XUMHYECKUE pe-
akimu? H2+02= H20 u sHeprus. Kak BelecTBo npeBpariaer-
cs B 3Hepruo 1 HaoOopoT? KoHIenys cMelBaHus BEIIeCTB
sICHa, a BOT MpeoOpa3oBaHue BECbMa TyMaHHO.

7) Kak ¢oToHBI MOT'YT niepeJjaBaTh SHEPTUIO U CBET, HE UMes
Macchol? Kak 4to-To MokeT He mmeTh Macchl? Ecim macca = 0, To
3TOro 4ero-to HeT. Tak BuKy!

8) Hy, c HEBO3MOKHOCTBIO IOCTPOEHHU S JIeTaTeNIbHBIX arnapa-
TOB TsIKeJiee BO3/yXa Bpojie pa3oopasicsl.

9) OTO (obmias Teopusi oTHOCUTENbHOCTH). [louemy cKo-
POCTh YaCTHII FJT KOCMUYECKOTO KOpabiisi He MOKeT ObITh OBICT-
pee 300 teic km/cek? [Touemy pa3mepsl IPeAMETOB YMEHBILIAIOT-
cs1 oT yBenm4eHust ckopoctu? [Mouemy Onu3Hen bl (KOCMOHABT U
HEeyJauHUK Ha 3emJie) ctapeloT no-pasHomy? [louemy s sme-
MEHTapHON YacTHUIIbl MOXHO OMPEJE/IUTh MOJOKEHUE U UM-
MyJIbC, HO He 00a mapameTpa cpasy?

10) KopriyckysspHO-BOTHOBOM Ayayiu3M. Bot 310 coBepiuen-
HO HapKoMaHcKas Belllb! CBeT OHOBPEMEHHO HaOOp 4acTull 1
BosnHa. [1py nepenave sHeprum 310 YaCTULIBL, @ IPU MTPOXOKIE-
HUM 4epe3 JU(PPaKLMOHHYIO PelIeTKy (pacyecKy) yXke BOJIHA.



Haxe oguH HenenuMmblid () pOTOH, Mpoleanvii yepe3 peleTKy
¢ 2Ma oTBepcTuAMHU THIA pacmeruisercs (!!!) n ocrasiser cinen
3a KaXJI0W U3 ILeJeH, T.e. CTAHOBUTCSI BOJTHOA.

11) Bonbiioi B3peiB. Ara, IpsiM U3 TOUYKU C HYJIEBBIM PaJu-
yCOM M OEeCKOHEYHOW Maccoi Bce 0a0axHyJo U pasiieTacTcsl B
OEeCKOHEUHOM BCEJIEHHOM.

12) Ilpoucxoxnaenve xku3Hu. M3 HEKUBOIO CO34AIOCH KHU-
Boe?! Jlaxe konHuenuus Bora Oosee ornyHa (eciiv BHIHECTH 3a
CKOOKH BOITPOC MPOUCXOXAEHUS caMoro bora).

W Bo3Bpainasich k Hayke DataScience. Kak s1 noHsii, riaBHoe
B Hel — manHble. Her data — HeT science.

Ccbuiku:

1) Moi1 koo  HeWpoceTH  paclo3HAOIIEd  PyKO-
nucHele  1dpsl (49  Kb):  https://drive.google.com/file/
d/1g10wp6PLOPE6_ChbJoe8palLDviRczHPR

https://github.com/berlicon/SimpleNeuralNetwork MNIST

2) MNIST database B yno6Hom ¢opmare *.csv:

https://www.kaggle.com/oddrationale/mnist-in-csv

3) MNIST database ncxonHbie JaHHBIE:

http://yann.lecun.com/exdb/mnist/

https://en.wikipedia.org/wiki/MNIST database

4) https://en.wikipedia.org/wiki/



https://drive.google.com/file/d/1g1Owp6PLOPE6_ChbJoe8paLDviRczHPR/view?usp=sharing
https://drive.google.com/file/d/1g1Owp6PLOPE6_ChbJoe8paLDviRczHPR/view?usp=sharing
https://github.com/berlicon/SimpleNeuralNetworkMNIST
https://www.kaggle.com/oddrationale/mnist-in-csv
http://yann.lecun.com/exdb/mnist/
https://en.wikipedia.org/wiki/MNIST_database
https://en.wikipedia.org/wiki/List_of_datasets_for_machine-learning_research

List of datasets for machine-learning research
5) 52 paracera AJi1 TPEHUPOBOYHBIX IIPOEKTOB:
https://habr.com/ru/company/edison/blog/480408/
6) Heiiponnbie cetu a1 HaunHaonmx. Yacts 1:
https://habr.com/ru/post/312450/
7) Heiiponnsle cetu 1151 HaunMHaomux. Yacrsp 2:
https://habr.com/ru/post/313216/
8) MammmHHOe oO0y4eHue 115 JTofIen:
https://vas3k.ru/blog/machine learning/
9) https://ru.wikipedia.org/wiki/MeTton_oOpaTHOro_pacrpo-

CTpaHEeHHUs _OIIUOKU
10) https://ru.wikipedia.org/wiki/I"pagueHTHBIN CITyCK
11) https://en.wikipedia.org/wiki/ELIZA

//Program.cs

using System;

using System.Collections.Generic;
using System.Linq;

using System.IO;

using System.Text;

namespace SimpleNeuralNetwork MNIST
{

class Program

{
const int IMAGE_SIZE = 28; //each image 28*28 pixels


https://en.wikipedia.org/wiki/List_of_datasets_for_machine-learning_research
https://habr.com/ru/company/edison/blog/480408/
https://habr.com/ru/post/312450/
https://habr.com/ru/post/313216/
https://vas3k.ru/blog/machine_learning/
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D1%81%D0%BF%D1%83%D1%81%D0%BA
https://en.wikipedia.org/wiki/ELIZA

const int SAMPLE_COUNT = 10; //analyse 10 images —
numbers 0..9

const int TRAIN_ROWS_COUNT = 5000; //first rows to
train;

const int TEST_ROWS_COUNT = 5000; //other rows to test

const int INCORRECT_PENALTY = byte.MaxValue *
TRAIN_ROWS_COUNT; //penalty for incorrect overlap

//const string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv
\mnist_test_200_rows.csv";//43% 100+100

//const string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv
\mnist_test_2000_rows.csv";//53% 1000+1000

/Iconst string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv
\mnist_test_2000_rows.csv'";//56% 1900+100

/[const string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv\mnist_test.csv";//50%
9900+100

//const string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv\mnist_test.csv";//56%
9000+1000

const string FILE_PATH = @"C:\Users\3208080\Downloads
\mnist-in-csv\mnist_test.csv";//57% 5000+5000

/[const string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv\mnist_test.csv";//49%



1000+9000

/Iconst string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv\mnist_test.csv";//41%
10049900

/Iconst string FILE_PATH = @"C:\Users
\3208080\Downloads\mnist-in-csv\mnist_test.csv";//55%
5000+5000 black/white

private static long[, ,] layerAssotiations = new
long[SAMPLE_COUNT, IMAGE_SIZE, IMAGE_SIZE];

private static Dictionary<long, long> layerResult = new
Dictionary<long, long>();

private static long correctResults = 0;

static void Main(string[] args)
{

train();

test();

Console.WriteLine("[IpaBunbHO pacno3Hano {0}% Bapuan-

n

TOB",
100 * correctResults / TEST_ROWS_COUNT);

}

private static void train()



{

Console.WriteLine("Hauasno TpenupoBku HeiipoceTn");

var index = 1;

var TOWS =
File.ReadAllLines(FILE_PATH).Skip(1).Take(TRAIN_ROWS

foreach (var row in rows)

{

Console.WriteLine("Utepatius {0} w3 {1}", index++,
TRAIN_ROWS_COUNT);

var values = row.Split(',");

for (int i = 1; 1 < values.Length; i++)

{

var value = byte.Parse(values[i]); //var value = (values[i] ==
"0"?0:1;

layerAssotiations|

byte.Parse(values[0]),

(i-1)/IMAGE_SIZE,

(i-1) % IMAGE_SIZE]

+= value;

}

}

}

private static void test()

{



Console.WriteLine("Hauasno TectupoBanus HeiipoceTun'");

var index = 1;

var rows = File.ReadAllLines(FILE_PATH).Skip(1 +
TRAIN_ROWS_COUNT).Take(TEST_ROWS_COUNT).ToL.

foreach (var row in rows)

{

Console.WriteLine("Utepauus {0} w3 {1}", index++,
TEST_ROWS_COUNT);

clearResultLayer();

var values = row.Split(',");

for (int 1 = 1; 1 < values.Length; i++)

{

var value = byte.Parse(values[i]);

for (int j = 0; j < SAMPLE_COUNT; j++)
{

if (value > 0)

{

var weight = layer Assotiations|

Js

(i-1)/IMAGE_SIZE,

(i-1) % IMAGE_SIZE];

layerResult[j] += (weight >= 0) ? weight : -
INCORRECT_PENALTY;

}



}
}

calculateStatistics(byte.Parse(values[0]));

}
}

private static void clearResultLayer()

{

layerResult = new Dictionary<long, long>();

for (int1=0;1 < SAMPLE_COUNT; i++) layerResult[i] = 0;
}

private static void calculateStatistics(byte correctNumber)

{

var proposalNumber = layerResult.OrderByDescending(p =>
p.Value).First().Key;

Console.WriteLine("Yucno {0} onpeneneno kak {1} {2}",
correctNumber, proposalNumber,

proposalNumber == correctNumber ? "YCIIEX" : "HEY 1A-
HA";

if (proposalNumber == correctNumber) correctResults++;

}

}

}



OQ~AAmMmMTwrSr~= o
ONA ™I NN b o
S~ M= N\S NS T
X~ Lators
O—=—9 N TV N\ oo
Q- mF VS~
Q~amP e\ 6
QN g0 2
V- A O>w0
ONNOTnI o
DA~ HPMTAHI ~n
N—erTwvmwI
SN OS &~ R
S—AMALINY N
Q—%¥M¥PLS W
O~ MI 939 ¥

799999%914n114

Hcrouynuk ¢oto



https://commons.wikimedia.org/wiki/File:MnistExamples.png

global maximum

local maximum

0 >/\
-2

local minimum

global minimum

-6 - | \ | | | N

0 0.2 0.4 0.6 0.8 1 1.2

Hcrouynuk goro



https://ru.m.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Extrema_example.svg

5 Henpocerb Matt Mazur

Cnenaut, HakoHerl, pabounii mpumep Heripocetn (HC). CHa-
yajga TPOYMTaT Teopuio — OOBbsICHeHHe MexaHuzMa back
propagation U3 pyccKoM BHKHU. Bpone Bce MOHSATHO. 3a Beyep
Hamucan nporpammy s anamusa mudgp 0..9 u3 6azet MNIST.
[Tporpamma 3amyckaeTcsi, Beca OOHOBJISIIOTCS, paboTa KUMUT. Y
J0O0ro MPOrpaMMHKCTa eCTh Bepa B uy10. Yto mporpamma, KOTo-
past KOMITMJTPYETCsI TP TIEPBOM 3aITycKe cpasy cpadoTaeT Kop-
pekTHo. Jla, HO HeT, neBouku. Ha Bbixoae — 10% pacrno3HaHHBIX
uudp. Epynna, kopoue. Kak eciu 6b1 iiugpa onpenesnsiiach Ciy-
YaiiHBIM 00Pa3OM.

Cran pa3ouparbcs. BbIsICHUIOCH, YTO B PYCCKOW BUKHU aJITO-
PUTM OIMCaH CJIOXKHO, HETOYHO, 3aMbUIEHO M HEJJOCTATOYHO TO-
HATHO 7151 peaym3anuu 6e3 PhD B matemartuike:

1) Ilpu uzmenennu BecoB pedep HC ux HyHO yMHOXaTh Ha
K03(ppurent odyyenus. MiHauye, MeToa rpaJueHTHOrO CITycKa
MOJET 3aCTPATH B JIOKAJIBHOM MUHUMYME, TaK U HE I10I1aB B IJIO-
OanpHBI MUHUMYM. HO He cka3aHo, Kak orOuparh 3TOT KO-
(purmieHT.

2) He ckazano, 4to mocje mojacuera AeabT IS U3MEHEHMS
BECOB Ha KaXJIOM CJIoe, OOHOBJISITh Beca pedep HY)KHO OJIUH pa3



IJIA BCEX CJIOEB Cpa3y, 4 HE Cpa3y MOCJIC ITOACUCTa Ka)I(I[Oﬁ ACJIb-
ThbI.

3) s CKpBITHIX CJI0EB B IpaBWJIe TIOACYETA AEJbT CKa3aHo,
YTO HY)KHO YMHOXWTh Ha Beca UCXOIANIMX pedep Ha UX JeiTb-
TBL. 91O He Tak. He nenpThl, a 3 U3 4-X MHOXUTEJIEH B JIEJIBTE.
T.e. U3 IeNbT HYKHO UCKJIIOUUTh CUTHAJI Ha TIPEJBIAYIIEM Yy3IIE.
T.e. ymHoxutsb Ha: (Tj-Oj)*Oj*(1-0Oj), a He Ha (Tj-07)*Oj*(1-
0j)*On, rae n=j-1

4) Huyero He cKa3zaHO MpPO apXUTEKTypy CJIOeB U pedep.
Homxubl 1 oHu ObITh Full-connected [FC] (kaxkaplii y3en co-
€/IMHEH C KaXK/IbIM CJIEIYIOIIMM) U KaK U3MEHUTD aJITOPUTM €CIIU
y Hac He FC-cion.

5) MumyT npo ¢pyukmmio omudku HC, HO HUKaK B (prHAIB-
HBIX pacueTax airOpuTMa ee He MCTIONB3YIOT (XOTS U3 Hee Yepes
MIPOU3BO/IHBIE BBIBOIAT (POPMYIIBI MOACYETA).

6) [ToTHO TymMaHHBIX pa3bsICHEHUH BUAA "HY, TYT OYEBUIHO
— HaJO B35Th YacTHYI0 npou3BogHyo dE/dw". Ara, oueBUIHO.
LenpiMu AHSMU TOJIBKO 3TUM U 3aHUMAIOCh.

7) Het HopmasbHoro npumepa npoctort HC ¢ npocraBieHHbI-
MU YMCIAMH 151 KaKI0TO CUTHAJIA, BEca, y3J1a U pacyeTa Kak 3TO
CUUTAETCS XOTsI ObI HA OTHOW MTEPAITVH.



8) HescHo, HY)KHO 11 HOpMaJIM30BaTh BXOAHBIE CUTHAJIBI (M3
0..255, nHanipumep, nenath yncia B uHtepsaje 0..1).

9) I'oBOpAT, B HAYAJIE HYKHO BBICTABUTH MAJICHBKUE 3HAYEHU
BecoB pedep. HesicHo, Hackonbko Manbie. 0..1 wim 0..0,0017

[TpaBUIBHO TOBOPAT, HYXkKHA CBOsI, MPABOCIaBHASI BUKU 3a 2
muipn pyo!

Hano Ob1 3asuTh Ha BUKU cBO# anroputm padotsl HC ¢ mipu-
MepoMm nofcuera. He 3Hato, mouemy Tak ykacHO OOBSICHSIIOT Ha
pycckoil Buku. Bo3moxHo 310 nuBepcus. T.e. aiMuHBI Bce Ha-
MYCAJIHA MMOHATHO, HO KAKAYI0 HOYb HA CTPAHMILY 3aXOAAT Bparu
OTEYECTBa M3-3a I'PaHUIlbl (M HE TOJbKO) M 3aIlyThIBAIOT OMKCA-
HUE AJITOPUTMA.

Ectb Takasi Teopusi 3aroBopa, uTo B IIKOJIAX ¥ YHUBEPCUTETAX
CCCP cnenmajibHO Tak yKacHO MPENoAAlT aHIIMKUCKUH, YTO-
ObI HApO[ He pa3OeskalICs 1O 3arpaHKIIaM Cpasy TMOCIe BHITYCKA.
depepanbHasi mporpamMma 1o NpOTUBOJEUCTBUIO YTEUKE MO3TOB.
N kak-to Tak. ToBapuin Malop, €ciau s CIy4alHO PacKpbLl
roc. TalHy, MOJIANTe 3HaK.

B urore, 51 caenan Bce OMMOKY M3 BO3MOKHBIX, TIOSTOMY CUH-
Tasicsa mycop. Ilocne ryrnenuss v u3y4eHusi MHOTUX MPUMEPOB



HC, Haiuen, HakoHell, OTVIMYHBIN OPUMEP MPOCTON peasin3alun
HC. C ¢popmynamu ¥ YMCI0BBIM pacuyeToM. Bce MOHATHO, XOTh
Y Ha aHTJIMKACKOM.

Ccbuika: A Step by Step Backpropagation Example by Matt
Mazur

https://mattmazur.com/2015/03/17/a-step-by-step-
backpropagation-example/

Cpenan peanuzanuio 1o cratbe u Byasst! Bee padoraer! Cwm.
KOJI B KOHIIE CTaThU U HAa CKPUHAX.

3amMeTus, YTo KOrja Hy)KHO pa3o0parhCsi B KaKOW-JIMOO aud-
THUIIHOW TeMe, TO Ha aHIJIMACKOM OITMCAHUE JIy4llle U Ha TPETh
KOpoue, YeM pycckuii TeKkcT. Ha-pycckom, 0OBIYHO, OOBSACHSIOT
OT OOIIEro K 4YacTHOMY, T.e. METOIOM JefyKuuu, kak [lepnok
Xonmc 3aBeman. CHauana Jaiot Kyuy (popMmyJ1, a HOTOM LUQPBHI.
31O OYeHb HEYIOOHO, OCOOEHHO IS TeX, Y KOro cjiabo pa3Bu-
TO abcTpakTHOE MblluieHre. Ha aHrimuiickom Hao00poT, 1al0T OT
YacTHOTO K o01iemMy, T.e. MHAYKIMI. CHavata Ha Majibliax cuu-
TalOT HU(PBI, a 3aTEM FOBOPAT Kakue (pOPMYJIbl 32 ITUM CTOSIT U
noyemy (popmyJibl UMEHHO TaKHE.

HapepHo ecTh 1umochl B 000MX Moaxoaax. B aeqykTuBHOM
nozixofie (YCIOBHO, COBETCKOM), €CJIY IKOJIbHUK He BpyOaeTcsi B
TEMY, OH OTBAJIMBAETCS HA YPOKE U Ha HETO HE TPaTAT BpeMs. Te


https://mattmazur.com/2015/03/17/a-step-by-step-backpropagation-example/
https://mattmazur.com/2015/03/17/a-step-by-step-backpropagation-example/

e, KTO MPOIIES Aajibliie, UIYT BO BCSIKUE (pU3MAaThl, CTAHOBSITCS
nepesbMaHaMH, Ye3KaloT MPenofaBaTh MaTaH B AMEPUKAHCKHUE
YHUBEPCUTETHI, MOTy4al0T HOOEIEBKY U OTKAa3bIBAIOTCS OT Hee,
CXOMIAT C YMa ¥ Ye3kKaloT )KuTb Ha3al B KymuvHo u 1.11. B uHayK-
TUBHOM ke TMoAXofe (aMepuKaHCKOM) KpuBasi oOydeHus1 Oosee
noJiorasi, OOJIbIIIe JIOe MOKHO HAyInTh. OMSATH e, ITO MOAXO0-
JWT /1711 SMUTPAHTOB CO CNIA0BIM 3HaHWEM s13bIKa. CHIIBHO TIPO-
KauaThCsl B TEOPHH CJIOKHO, HO OBICTPO OBJIA/IETh MPAKTUIECKH-
MU 3HAHUSIMU BIIOJTHE.

Ectp Takas Oaiika mpo pycckoro nporpammucta B CIIA. On
3aMETWJI, YTO JaHHbIE 3aMKCHIBAIOTCS B OAHY TaOJIMILYy, a TOTOM
npuOaBJISAIOTCS B HEee ke M HYXKHO BbIaTh pe3yabrar. OH nepe-
ncall (PyHKLHMIO U ITPOCTO BbIAAN HapyxKy return x*x; M Bce Ta-
kue — Bay! 'ennanbHblid pycckuid npugyman POPMVYITY ! Xora
CMEX CMEXOM, HO 3HAKOMOTI'O IIPOrpaMMHUCTa C PyKaMU OTOPBaJIX
B Kakyw-1o KOHTOpY B CIIA, KOrga emy 1ainu npocTyro 3a1aqy
HAWTH 3JIEMEHT MAcCHBa 10 YCJIOBHIO, a OH TaKoHW "0a, Tak 3TO
K€ 3a/1a4a Ha COPTUPOBKY rpada mno teopeme Takou to!", mpu-
MEHUJI aJITOPUTM U Byalld. A HE CTajl UCaTh CBOW BEJIOCUIIE],
qyro OYEHDb uenntca 8 UT.

Vpa! 3aHOBO TOHSII, YTO Takoe MPOM3BOAHAS U OOPATHBIN
MPOLIECC — UHTEIPUPOBAHUE (BOCCTAHOBJIEHUE (DYHKLIMHU 1O €€
MPOU3BOHOM). ['eOMEeTprUYEcKrid CMBICT TTPOU3BOIHON — TaH-
T€HC yIJIa HAKJIOHA KacaTeJabHOM K rpaduKy (PyHKIMHU B 33/1aH-



Hou Touke. T.e. Mepa "KpyTusHbl" rpadrika (pyHKIUHU, HACKOJIb-
KO OBICTpO OHa ycKopsietcs. Tak Bce mpocto! Bee atu:

Jlist mpousBoHOM: (x2)"' = 2X, T.€. CTENeHb X" CTAHOBUTCS
MHOKHTEJIEM U CTENEHb YMEHbIaeTcs Ha 1.

s uaterpana: d(x*2)= (x"3)/3, 1.e. u"rerpan f(x) — aro
HAWTH Takoe 3HaYeHHe (PyHKLMH, IPOU3BOJHAS KOTOPOM PaBHA
Halle (HaleMy poaMMOMY UHTETpaty)

a Jig b CJIOKHBIX pysk1MI BOOOI1IE
yyma:  https://ru.wikipedia.org/wiki/IIpousBonHas_yHKIIHM-
n#Tabvia_1pon3BOIHBIX

DTa Kak Mo TeJIMKY Korjaa ropopsAr "B mocnenHuid kBaprai
YMEHBIIIUCh TEMITbI CHUKEHHS POCTa BBIBOJIA KalKTAaJIa 3arpa-
HUIy'". YTOOBI MOHATH, YTO CKa3aJI JUKTOP, HAJIO BCETO-TO, B3SITh
Sy10 IPOU3BOIHYIO OT JEHEKHOIO MOTOKA.

Hapno xonate panseiie. Henats ananus 0..9 s MNIST. g
npoctoro mpumepa Tekyumid kox OK, HO BooOmie, BbIOpat
TUIOXYIO aPXUTEKTYPY CTPYKTYphI JaHHBIX. HeynoO6HO OOHOBIIATH
Ky4y MacCHBOB.


https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8#%D0%A2%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D0%B0_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8#%D0%A2%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D0%B0_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D1%85

Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
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PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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