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1 I'ne moxxH0 nmoyyurbcs AI?

Yrosx. Terepsp, Korma NacCUBHBII 0XO0/ OT U3JaHKsI KHUT (3TO ellle He capKa3M) czieiai n30bl-
TOYHOI padoTy B HaliMe (2 BOT U OH), IPUCTYTIAI0 KO 2-MYy 3Taly IUIKUTAI-TpaHChOpMAalIUK.

[Mocoseryiite, rae ayumie noyuntbest Al, ML, HeiipoHHBIM ceTsiM, oOpabotke BigData, AR/
VR, KOMITBIOTEpHOMY 3pEHUIO U BceMy TakoMy. CaMOCTOATENIbHO U3y4aTh TeMy HE3((EKTUBHO —
OBICTPO BBIFOPAI0, CTAHOBUTCS CKYYHO, HY’)KEH HaJICMOTPILUK C IIJIETKOM.

WHTepecyoT npakTiyeckue 3HaHus. YToOBI Mocsie Kypca yMeTh NHCaTh MPUIOKEHUsT BUIA
PRISM nmm MSQRD. Hy mitit KOTopble CMOTYT OTJMYUTD KOILIKY OT COOaKHM, HAIMCATh HOBYIO IIIYTKY
WM TIpe/ICKa3aTh Kypc $ Ha Hesielmo Brepel.

B moboM ciyvae WHTEpecHbI MPOEKThI, OCHOBAHHBIE HA JIETKO JIOCTYITHBIX OOJIBIIMX JaH-
HBIX. DTO JaHHBIE B IMYHOM cMapT(OHE (3BOHKU, MUKPO(DOH, Teono3unus, kamepa), Ha ceoem [1K
(cpaitniel, mouta, uHTEpechl), IHTepHET (BUKU, KapThl, aHEKJOTHI, I0TYO, coliceTu?), MaccoBasi JIuTe-
parypa. Kakue erie oTKpbiThie OUriaTa ecth?

YT0 TOUYHO He HUHTEPECHO — eJIaTh ITPOCKT, 3aTOYEHHBIN 104, JaHHBbIE NI API OHpCI[CJ'ICHHOfI
KOMITaHUU. ITO TEJICKOMBI, 6aHKI/I, JIOTUCTHUKA, MAra3uHbl, THTCPHET-XOJIAUHI'A UJIN COLICCTH.

Burpara y HUX, KOHEYHO, €CTh, HO:

1) ®ur onn UMK mozeNATCs (eCiik 3TO BOOOIIE 3aKOHHO — BbIaBaTh HAPYXKY JaHHbIE, TaKe
00€e3/IMYEHHEIE).

2) ®ur oHH YTO-TO y TeOst KynaT. Kak-To He MPUHSTO 3TO 3/1ech. Jla 1 OM3HEC-CMBICTIA B TOM
HeT. [Ipoiie Tyno ykpacTb HapaOOTKH, CIIeIaTh CBOM BETOCHIIE]] MITK MAKCUMYM TPEIOKHUTh paboTy
koManzie. Jlaxke B cilydae yCIEelmHOro muoTa ¢ KOpIoparyer 3To I0BOJBHO cliadast TieperoBopHas
MO3UIINS — KOT/Ia JJaHHBIE Y KOMITAHWH, a y TeOst JIUIIIb 00yJYeHHAs Ha UX OCHOBE HEMPOCETD (AJITOPUTM
00paOOTKH JIaHHBIX) M TIPOBEIeHHBIN KacTaeB. OHu O6e3 TeOs )KUTh CMOTYT, a Thl Oe3 HUX HeT.

EcTbh KOHEYHO KeliC — 3HaTh, YTO HYKHO OOJIbIION KOMITAHUM, CIEJIaTh 3TO HA CTOPOHE U MpO-
AaTh HapaOOTKU KommaHuK. BoOyk roBopuJI, 4TO OH Tak clie1ajl MEXaHU3M Pacro3HaBaHMs JIIoeH Ha
¢dotkax u npogain 3o VK/OK. VIm 310 HyKHO YTOOBI aBTOMAaTUYECKH TITaTh JIOICH. DTO MOBHIIIAET
BOBJIEYEHHE 103€pOB U BpeMs 3aBUcaHus Ha caiite. Ho 3T0 CKONb3KUiA MyTh:

1) HesicHo, 4TO HY’)KHO KOpHam.

2) He ¢akT, 4To OHM NpsAMO ceryac He AEJAT TaKylo IITYKY.

3) He (paxT, 4TO 3Ty IITYKY CMOXEID CAEIATh THI.

4) He dakr, uyto roToBOE perieHre Kynmut Kopr. OHHU JII0OAT TSHYTh BpeMsl (TPUXOIUTe Yepes
TOJ1, HA CETOHSI BCe OIOIKEThl OCBOCHBDI).

Hymato, o aenbram y I'puropust nonyunsiocs Tak. Komanaa 5 ven, 311 4 teic $/Mec, nenathb
Takyio mTyKy ~10 mec. Cebecroumoctb 200 thic $. [IpogaTe KopHoparyu ¢ npemuen 3-5X MOXHO
3a 0.6-1 M= $.

Kaxue kypcol 1o data science u HEHpPOHHBIM CETSIM HAryIJIijl M paccMaTpuBalo:

1) MammnHoe oOydeHue u aHanu3 JaHHbX — Snneke, MOTU, Kypeepa, 5500 pyo/mec, 250
YacoB.

2) Data science — SkillFactory, 120 Tbic py0, 12 Mec.
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3) Data scientist — Hetonorus, 200 Tbic py0, 8 mec.

4) Beenenue B MammmHHoe oOyuenue — SIunekc, BIID, Kypcepa, 6ecriatHo, 35 Jacos.
5) Introduction to Machine Learning — Google, 6ecrinatao, 15 yacos.
https://developers.google.com/machine-learning/crash-course

6) Bai BapuanT?

Mecsia 4 Ha3zaj HaUMHA POXOAWTH Kypc #5 ot ['yri, Ho yepe3 2 Henenmu Opocui. Bee-takwy,
MHE HYXeH KTO-TO, KTO OyJeT MMHATh U MOTUBUPOBATh IPOAOIKATh OOyUYEeHHeE.

UYro nocoseryete?


https://developers.google.com/machine-learning/crash-course
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Kakoi 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) Anpgekc, BLUS, Kypcepa,
6ecnnaTtHo, 354

33% 5) ['yrn, 6ecnnaTHo, 154

0% 6) Baw BapuaHT (HanuwunTe B
KOMMEHTapusX)
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Ucrounuk poto


https://ru.m.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:AI-ML-DL.png
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https://commons.wikimedia.org/wiki/File:Artificial_neural_network_image_recognition.png
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Input, Microphone Cutput, speakers

An example of A.l. systems integration using message protocols
and blackboard systems such as OpenAlR and Psyclone
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Hcrounuk oo
Tax:xe, cM. https://en.wikipedia.ore/wiki/Applications of artificial intelligence

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

Years to mainstream adoption:

Olessthan 2years © 21lo5years @ 5to10wears A morethan 10 years & before plateau
Source: Gartner (Juby 2009)

Uctounuk poto
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2 BenuypHas aHaautuka Al-mpoekToB

Hacuer BbiOopa kypca o Al (cm. npenpiaymmii oct). [Tpu BeiOope TemMbl y4eOHOro MpoeKTa,
AyMalo, CTOUT OPUEHTHPOBAThCS Ha Al-NpOeKThl, NOMYUYMBIIME UHBECTULMM B IOC/IEIHEE BPEMS.
Huxe nocnegune Al-mpoextst ®PUU, YC, 500 Startups u TechStars.

T.K. nasnplie 6yaeT JOHTPUA ¥ MHOTO OITMCAHUIA TPOEKTOB, BBIHECY HABEPX MBICJIHM HACYET MPO-
exToB YC:

1) CHIA HoBblii Baunon. B nocneanem Habope Summer 2019 — 175 komnanuii 27 crpas.
CIIA, Espona, A3us, JlatAm, naxe Adpuka. Poccun Her, HO ectb YkpanHa. Hukakux apyrux ueH-
TPOB CTapTaIloB Kak-Oy/TO HET.

2) Unest 6patb 7% 3a $120K ot 175 noTeHIMAIBHO MPOPHIBHBIX KOMITAHUI KaX/Ible TTOJIroaa
MOXET ObITh HEBEPOSATHO MPUObUIBHON. UYMCTO MO cTaTUCTUKE 3-5 eJMHOPOroB y HUX MOJYUUTCS.
[Moxoxe, y YC HeT HUKakux mpodiem co coopom $$$ Ha pmHaHCHpOBaHME ovepeqHOro Habopa
donga. BozamoxHo B PP ¢ BeHuypoMm npodiema He B pbIHKE, HEIOCTATKE MHBECTOPAX, MOJIUTHKE U
AP, a TYIO ITPOCTO HET CTOJIBKO JIIOAEU-ITPEATIPUHAMATENEN KTO XOUET CIEJIaTh CBOU MPOEKT.

3) Iloxoxe, BeHuyp B Poccun B riry6okoit k. 11 vs 175 crapranos (PPUU vs YC) B nocneHeM
Habope. MHoro crapranoB Bo PPV — yHbuIbIE JTOKaTIbHBIE IPOEKTHI O€3 1moseta (haHTa3uu, KOTOpble
HUKOI/Ia HE BBIMIYT HAa BHELIIHUI PHIHOK U He cTaHyT equHoporaMu. Onnain 'MB//, TlomoinHuk B
ucnonHeHuu 149-®3 no 6e30macHOCTH JaHHBIX, 000PYIOBaHUE ISl COMSIHBIX Memiep :-( 3aueM 3To
BoOOIIE?

4) Ouenp KpyTble MPoeKTH YC ¢ MUJUTMOHHOW BBIPYYKOM, TIOHATHOH OM3HEC-MOZEINbIO, He
00ATCA UCAuKaTh pyKU. MHOTME MPOEKTHI AJ15 y3KOM ayTUTOPUN — MUT PAHTHI-aUTUITHUKH, BEHECY-
JIbLIbI, HAPKOMAHBI, KEHILMHBI, CEKC-(PETUILUCTBI, TUKU.

5) B YC kiaccHble onmcanust IpoeKToB. B ogHOM ab3arie ioHeceHa CyTh, IJIaBHBIE IHQPHI,
KOMaH[1a, epcreKkTiBbl. MOXXHO 3a yac MpOUYUTaTh ONucaHue Bcex 175 MpoekToB B HAOOpe U Npu-
HATb UHBECTULIMOHHOE PELICHUE.

6) Al He BommeOHas mimonst. Bo MHorux nmpoektax Al ynomsiHyTa TOJNBKO 1151 rajiouku. Bech
IIIMEC B XOPOILIIEM YIIOBJIETBOPEHHHU PEabHOTO CIIpOoca, ON3HEC-MOJIEH U MEPCTIEKTUBAX (pacTyiye
TPEH[Ibl, B3PBIBHOW POCT KaKOH-1100 XapakrepucTiku 1-10 Thic pas).

7) I'naBnoe B crapranax YC — 6a0710, a He KpacuBasi ujiesl Wi XaloBblii HAOOP TEXHOJIOTHUI.
KnenTp TaHUMKH yMEIOT MHOTHE, BaXKHO OCO3HAHHO U K MECTY UX KJIEUTb.

8) biun, kakue onu KpyTbie! ITpoeKTHI 0 poake MapuxyaHsl 4Yepe3 APOHBI, CO3JaHAE HOBBIX
nekapcTB, VR ais xupypros, 3anuck nHgo B JJTHK, 3amyck opOuTanbHbIX CIyTHUKOB — Jierko. Hauu-
Taymch, TBapy, JKions BepHa, Hukakux Topmo3oB! IToxony Mion Mack Tam elie He caMblid yIiopo-
THIH :-)

Wrtak, AI-NpoeKThl BEAyIMX aKCeJIepaTopoB.

1) ®PUU Hatop #19, 3 Okrsa6ps 2019 (11 npoekToB):
https://www.iidf .ru/media/articles/accelerator/19-nabor-akseleratora/

Leveli.ng (Ka3zanp) — Al-cepBuc /i1 aBTOMaTH3aluy pabOThl ¢ OT3BIBAMHU TIOJIb30BaTENEH B
uHTepHeTe. CepBHC aBTOMAaTUYECKH 00padaThiBaeT, FeHepupyeT U MyOJIMKYeT OTBETHI Ha OT3BIBBI IO
Pa3HBIM CLIEHApUsM: HUBEJIMPOBAaHME HEraThBa, HEWTpalu3alisl OT3bIBa, padOTa C MOCTOSIHHBIMU
KJIMEHTaMHU.

2) ®PUU nadop #18, 1 Uionsa 2019 (19 npoekTtoB.):
12
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https://www.iidf .ru/media/articles/accelerator/v-18-nabor-akseleratora/

Clover Group (MockBa) — pa3paOOTUHK pelieHui B 001aCTH IPOTHO3HOTO OOCITY ) KUBAHUS [T
IMPOMBIIIJICHHBIX HPCHHPI/IHTI/Iﬁ C IPUMEHCHUEM TEXHOJIOTUN HNCKYCCTBECHHOI'O MHTEJIJICKTA, MAllIUH-
HOro OOy4eHHsI U TIPEIUKTUBHON aHAJTUTUKY.

FoxTail (PocroB-Ha-/loHy) — oHuaiiH-1u1aTpopma AJis1 popMUpPOBaHUS U yIIpaBJIEHUs pacipe-
JeEHHOW KOMaHAoW pa3paboTku. 3aka3uuku [T-ycayr u ayTcOpcHHIOBblE KOMITAaHUU OJaromapst
YMHOMY IIOHMCKY, OCHOBaHHOMY Ha big data m machine learning, cMoryT ObICTPO HAXOOUTh TIOIXO-
ASIIUX TPOBEPEHHBIX CIIEIMATICTOB, a C TIOMOIIBI0 HHCTPYMEHTOB COBMECTHOM paOOTHI YIIPaBIsTh
MIPOEKTOM.

Music Scan (MockBa) — cepBHC, HCHIONB3Ys TexHosmornu Big Data, moMoraer nmpaBoooiana-
TEJISIM TIPEceKaTh HeNerajibHOe MCIIONb30BAHUE ayIMO-TIPOU3BEICHUH, YBEIMUMBATh pa3Mep BO3HA-
Fpa)KIICHI/Iﬁ 3a UCIIOJIb30BAHUE KOHTCHTA U CUCTEMHO BBLICTPAWMBATL CTPATETUIO ITPOABUKCHUA ITPONU3-
Be)IeHI/Iﬁ Ha MY3bIKaJIbHOM PbIHKE.

Nudoodor (Yba) — TenedoHHbIl poOOT, KOTOPOTO HE OTJMUYUTH OT yesioBeka. MH¢oOoT Moxer
OTBEYaTh Ha BXOJAIIUE U Je/IaTh UCXOISIIKE 3BOHKH, MTOJTHOCTHIO PACIIO3HACT YEIOBEYECKYIO peub U
Ha OCHOBaHHUE JIMAJIOra IPUHUMAET PEeIlIeHUe O CIAYIONIEM NeHCTBYE.

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 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.
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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 AI’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 Al, 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 users
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
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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 Al 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, ungycrpun AI/ML u Analytics:
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 AI: 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
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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.

[No-npesxHeMy K1y COBETOB Kakoil Al-Kypc BbIOpaTh, OT3BIBBI, IIPOMOKOIBI U Tpouee (CM.
MpeabLIy NI TOCT).

Ccblku:

1) Hoeble OmsHec-momenmu Al “The New Business of Al (and How It’s Different From
Traditional Software)”:

https://al6z.com

2) Kakoii crapran MHe 3armycTUTh 3aBTpa’:

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

CyTb cTaThu:

a) Al 3T0 MPUHIIUITHAIBHO HOBBIM MHCTPYMEHT, KOTOPBIH MO3BOJIUT B3JIOMATh Ky4y PHIHKOB U
ousHecoB. B amxkaiin, kpyroir UX, KactieB, METpUKH, NeppOMaHC MapKETHHT YK€ BCEe YMEIOT, a B
Al noka Her.

0) Al OTKpBIBaeT OKHO BO3MOXHOCTeM Jijis1 qu3pantoB. Clieyioniee OKHO, BOZMOXKHO, OyleT
net yepe3 10-15 (kak paHee ObLJT MOMEHT IOTKOMOB WJTU TIOTOM TOSIBJICHUS] CMapT(OHOB), TOITOMY
MMEET CMBICII CECThb B 3TY JIOAKY.

B) Cdep npumenenusi Al nodura (HET cMbIC/Ia HBITh YTO BCE XOPOILIUE UJEU yXke peau-
30BaHbl). DTO Bce cepsl, e MHOTO PYTUHHOW MOBTOPSIOMICHCS paOOTHl 1 MHOTO PaOOTHUKOB.
Kaccupebl, BomuTesu, KJIaJ0BIIUKA, OyXraJITepbl, TPEHIephl, KOJUI-IIEHTPHI U JIaXe TBOPUECKUE TIPO-
eccun — KypHAIUCTHI, IPOrPAMMHUCTBI :grimacing:, My3bIKaHTHI M XyT0KHHUKH. [TorpoOoBaTh mpu-
MeHHUTh Al, Bcex yBOIUTH U TIepeBeCTH Ha Oe3yCIIOBHBIM 0a30BbIi 10x0n. Hy Uv mosBATCS HOBBIC
npoeccun — pa3sMeTKa JaHHBIX ISl HEMPOCETeH, KOJIOHUCTHI 9K30IUIAHET WM YUCTOE TBOPYECTBO.
Paubiie TexHonoruu pazeutust Al He MO3BOJISAIM 3aMEHUTH YeJIOBeKa, cefvac yxke Mmo3BOJISIOT.
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3 Ilorpy:xenue B U

Wrak, Hauan pazouparbes ¢ tum Banmm M. 111 Havana npovesn Ha BAKU OCHOBHYIO CTaThIO
1o HerpoHHbIM ceTaM (HC) u cBsA3aHHbIE ¢ HEW TEMBI:

https://ru.wikipedia.org/wiki/VIcKkyccTBeHHass HEWpOHHAs CETh

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

https://ru.wikipedia.org/wiki/Po3enonarr, ®PpsHK

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

https://ru.wikipedia.org/wiki/3nma_HMCKYCCTBEHHOI'O WHTEJIJIEKTA

HarucaHo JOBOJNBHO CIIOXKHBIM SI3BIKOM, C (popMynamu U ppa3zamu BUJa "... OYEBUIHO, YTO
HEJIMHENHAsl XapaKTepUCTHKA HEMPOHA MOXKET OBITh MPOM3BOJIBHOM: OT CUTMOMAAIBHON 10 TIPOU3-
BOJIbHOT'O BOJIHOBOT'O [TAKETa UJIM BEWBJIeTa, CHHYCA UJIM MHOTOYJIeHa" . Ara, OUeBUIHO. .. AJIs JOLIEH-
TOB (pr3Mar By30B! OcTpo He XBaTaeT 3HAHUI1 [10 MaTaHy, TeOpBEpY, AUPypaM U IPOYUM 3aJPOTCKUM
HUIITSKAM JJI51 OYKAPUKOB U SALEroNoBbIX. ['yMaHUTapHsIM, yMalo, YUTaTh OyET COBCEM TSIKKO.

B wurore, kak s nonsin padoraer HC.

Honycrum ects kaptunka 100*100 Touek. HyxHo onpenennts, kakasi nudpa 0..9 Ha Helt n300-
pakeHa.

Henaem 1-blii cro¥ (ceHCOpHBIH S) — nByMepHbIN OuToBbIi Maccus 100*100. B kaxayio nosu-
1uio 3anuceiBaeM O win 1 B COOTBETCTBUM C TEM, 3aKpallleHa JIM TOYKa B TOU ke MO3ULUU B (halliie.

Henaem 2-ou cinom (acconatuBHBIN A) — TpexmepHbid unciaoBor MaccuB N*100*100. I'ne N —
YKCII0 00pa3oB, KOTOpHIE JIoJKHA pacrio3HaBath Hama HC. B nannoMm cirydae N=10, T.K. HAM HYKHO
pacrio3Hats yncaa 0..9, T.e. Bcero 10 mudp / odpasos. B kaxmyio nmosummo [N, i, j] 3anuceiBaem
YKCJIO X B COOTBETCTBUHU C TEM, HACKOJIBKO YaCTO BCTPEeYaeTcsl 3aKpallieHHasi TOUKa B TOM e MO3ULNU
st cpst 0..9.

Kax nocuurars Xij n1s kaxjaoro oopasa? [Iporonsem MHoro daitioB 100*100 rae no-pasHomy
3anmcana 1udpa 0..9. Ecim s nmdpel Touka 3akpaineHa mpudasiseM 1 k Xij, nHade yoasisiem 1.

T.e. i uudpsl 1, Hanpumep, MaTpuLa OyAeT Takas, 4To 1o KpasiM OyIyT CUJIbHO OTpULIATEb-
Hble 3HaueHus1. A B NIOJIOCKE MOcepeIMHe Bce 0oJiee MOJIOKUTENbHbIE.

W nakoHen, nenaem 3uii ciou (pearupyoommi R) — oqHOMEpHbIN YHCIOBOM MacCUB pa3MEPHO-
cru N. IIpu nocryriennu kaprunku ais pacnosHasanus HC curraer unciio coBnaieHuid ToUeK A1
Kaxzaoro u3 oopasos 0..9. T.e. i KakI0i TOUKM CMOTPUM, €CJI OHA 3aKpalleHa, TO B TO3ULIHUI0
R[n] npubasnsiem 3HaueHue u3 2ro ciost Aln, i, j].

B urore nomyuyaem ais Kaxaoro sranoHHoro odpasa 0..9 ¢puHambHy0 onieHKy R[n], kotopas
TOBOPHT HACKOJIbKO KapTHHKA IOX0Xa Ha 3TH 00pasbl. [11s1 ynoOcTBa, 3TH 6ayuibl MOKHO HOpMAJIH-
30BaTh U NOJIyYUTh, HAITPUMED, UTO Ha "8" KapTHHKa MOXO0Xka C BEPOATHOCTHIO 85%, a Ha "3" ¢ BEpo-
ATHOCTBI0 60% ¥ Tak Jajee. MOXXHO HACTPOUTH BBIXOJ TPETHETO CII0sI, YTOOBI OH JaBajl TOJIBKO OJHO
3HAUEHUE — YMCJIO ¢ MAKCUMAJIbHOHM MOJyYE€HHOU BEPOSATHOCTHIO B Cllyyae €ClIM 3Ta BEPOSTHOCTb
>80%. A ecnu BEpOATHOCTb MEHBIIIE, TO CUMTATh YTO LM(ppa HE PACIO3HAHA.
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Bort B npunnune u Bcé. Kerary, sta mryka ¢ 3-Ms c10sMu HasbiBaeTcs nepuenTpoH. OH cuu-
TaeTcsl MPOCTEUIIINM, T.K. Y HETO TOJIBKO OJVH BHYTPEHHUI A-CIION.

MozxHno cnenath HC ¢ HeckonbkuMu BHYTpeHHUMH A-ciosimu. Hanpumep, onqua A-ciolt pac-
MO3HAET OTJEJIBHO JIalbl, XBOCT, MOPAY U IIEepCcTh cobak. A 200 A-cioi mosb3yercss 1M U 3Haer,
KaKue JIallbl ¥ Jpyrre MPUINHIABI Y OIpee/IeHHBIX TTOPOJI COOAK.

Wnu nepBbIid cliod pacrio3HaeT OyKBBI, 2-0i cjioBa U3 OYKB, a 3Wil OHUMAET, TIOTyYeHHBIN
TEeKCT craM uin HeT. [lmoc 2-0i1 ciioit Biusiet Ha 1biid. Hanprmep, B aHIVIMIICKOM SI3bIKE €CTh apTUKJIb
the 1 ecim ecTh cl1oBO U3 3X OyKB U nepBbie 2 — "th", To 3uii cJ10i1 HEHaBA3UMBO COBETYET 2-MY CIIOIO,
yro 3-s1 OykBa "e". D10 pekyppenTHsie HC.

B peanbHOCTH cuMTalOTCS HE "YMCIIO MOMNAJAHUIA TOYKM U YMHOXEHHUE Ha BECOBOW KO3(phu-
LMEHT", a XUTpasi MaTeMaTU4ecKas Marusi: CUrMouiaibHas (PyHKIMS, METO TPaJUEeHTHOIO CIycKa,
MEeTOo/1 OOPAaTHOTO PacIpOCTPAaHEHHsI OIUOKY U ITPoYasi HEUHCTb.

YTO 13 3TOro BCEro CIEeAyeT:

1) nns mpremniemoro kadectBa HC Hy)XHO 00y4yaTh FTMTAHTCKAM KOJIMYECTBOM JAAaHHBIX.

2) oOyyaroiye JIaHHbIE JIOJKHBI OBITh Pa3MEUEHHBIMH, T.€. YeJIOBEK JOIKEH OTCMOTPETh BCE
9TU (pailiibl ¢ N300pAKEHUSIMU, HAITPUMEDP, COOAK M yKa3aTh, YTO ITO UMEHHO co0aKa, a He KOIIIKa.

3) st 06y4yeHus1 Hy’KHbI OrPOMHBIE BEIYMCIIUTENBHBIE PECYPChl HA TAPCHHT JAHHBIX, TOCYET
K03(PULIMEHTOB U Ap.

4) UCXOIHBbIE ITaHHBIE HY)KHO HOPMAJIM30BATh — IIPU PACTIO3HABAHUM TEKCTa U3 IpauyecKoro
(baiina pe3ars TEKCT Ha CJI0Ba U OYKBBI, TOBOPAYMBATh M300pakeHHe, YTOOB OHO ObLIO Oe3 HAKJIOHA,
yBEJIMYMBATh WIN YMEHbIIIATh, CAEIATh MOHOXPOMHBIM, yOUPaTh ITyMbI U JIp.

5) k1 o6yuyenrst HC Hy)KHO MOBTOPSATH C pa3HBIMHU HACTPOMKAMU (pa3mMep MaTpuil, [IOporo-
BBIE BEPOSITHOCTH), YTOOBI MOTy4uTs Jiyurnyio HC.

6) uto xopomo — 00yunts HC mMoxHO oguH pa3 Ha MomrHocTsx UT-ruranta tuna 'yri, a
TOJIb30BATHCS Pe3y/IbTaTaMH CMOTYT BCe.

7) aNropuT™ pacrio3HaBaHusl 0OPa30B aHAJOTMYHO padoTaeT s BCeX APYTMX BHUIOB Pacro-
3HABaHUS U MPEACKA3aHUs — peur, criama, OyayIlero Kypca akiui, IporHo3a Mmoropl, CaMoyIpaB-
JIsieMble aBTO U JIp.

7) 6omnbioit MuHyc — HC, B-OCHOBHOM, MOTYT peliaTh BCero 2 OCHOBHBIX KJlacca 3a/1a4:

a) pacro3HaBaHUE — OTHECTU OOBEKT K M3BECTHOMY KJIACCy, T.€. CKa3aTb, YTO Ha (hOTO YKCIIO
1 v 2, TaHK WX KOPOBA.

0) KJIacTepu3aIMIO — €CJIU KJIaCCOB OOBEKTOB HET, TO CO3JaTh ITU KJIACCH, T.€. U3 MUJJIMOHOB
oTok mdp crpynnupoBars €JUHUYKY B OIMH KJIACC, JBOWKU B JPYroi U T.[.

B BHKM XOpOIIIO OMUCAHBI 3TaMbl peeHus 3a1a4 npu nomory HC:
1) Co0p maHHBIX AJ1s1 O0yUeHNS;

2) IloaroroBka ¥ HOpMAJIM3ALMSA JaHHbIX;

3) Beibop Tomnonoruu ceTu;

4) DkcnepuMeHTATbHBIH MOA00P XapaKTePUCTUK CETH;

5) DKCrepuMeHTAIBHBIA TOIO0p MapaMeTpoB 0O0yUYEHUST;

6) CobcTBeHHO 00yYeHHeE;

7) IlpoBepka aileKBaTHOCTH OOyUYEHUSI;

8) KoppekTupoBka napameTpoB, OKOHYaTeIbHOE 00y4YeHHe;

9) BepOasmzanusi ceTu ¢ 1eJTbio TaTbHEUIIero NCIOMb30BaHMS.
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Kopoue, Hukakum MU 31ech He naxHet. Capa KoHHOp MOKET criaTh CIIOKOMHO U IPUIETCS e
MpUAYyMAaTh JPYTyIo JereH 1y NMosiBieHus BHeOpauHoro pedeHka. Keraru, B kakoM-To cMeicie Tepmu-
HATOp BHOJIHE ceOe OMOeNcKuid cloxkeT. MaslbuuK, poXIeHHbI He B Opake. OH Oyaynmid KOposb
mupa. [TosBuscs ot Apxanrena u Cesroro Jlyxa, BO3HMKIIMX U3 HUOTKyAa. OH BIonHe Obl ymep 3a
HAllli TPEXH, HO Ha 3Ty poJib OABEPHYJICS CTapuHa APHU BO 200 M MOCIEAYIOIIMX YaCTSX.

A myTemecTBUil BO BpEMEHH, K COXKAJIECHUIO, HET, T.K. 3TO TYIO HapymiaeT 3akoH JIoMOHO-
coBa-JlaByasbe. V13 HMUEro HE MOKET MOSABUTBCS YTO-TO. A *KaJlb, 1 TAK XOTEJ ITPOKATUTHCSA BEPXOM
Ha Tpuueparorice! 1o Kpome Toro (pakra, YT0 HEBO3MOKHO TOYHO BBISICHUTh MECTOIOJIOKEHHE I1J1a-
HETHI B IIPOILJIOM, T.€. IPU MyTEeLIeCTBUM aXe B MUHYC HEJIEJI0 MBI OKaeMcsl B KOCMOCE.

Kpome toro HC ne pasubl UM eme u nmotomy, uto HC MOryT pasimuuth OOBEKTHI, HO HE
MOTYT HIOHSITh UX CYTb, T.€. ITporiecca MbliieHus He npoucxonut. T.e. HC o uHTeekTy Ha ypoBHe
Toctepa. Kak ciiefictBue, MarmHa He CriocoOHa 0CO3HaTh ce0s OTAEIBHOM JIMUHOCTBIO ¥ HAYaTh BBITIH-
JMBaTh KOHKypHpyloiye Biuasl. Ho 310 yxke mmoc 11st Hac. XOTs 9BOJIOIKU B OOIIEM-TO, TUIEBATh,
KTO OylIeT Ha BepIIMHE MHIIEBOH IETTOYKH.

Mo cytu HC 310 )XecTKo 3agaHHbIi anroputM. Eciu mporHats yepe3 Hee OfMH | TOT ke Habop
JOaHHBIX, pe3yabrar OyaerT Ha 100% wu3BecTeH. A Tam Tje ecTh arOPUTM HET pa3yma, T.K. pa3yMm
rUOKMIA ¥ MHOTIa MPOTUBOPEYAIIIUI IpaBUyIaM U OKKJaeMou Beirozie. KTo u3 Hac He caiuiicst urparhb
B ['epoeB HakaHyHe 9K3aMeHa B YHHBEPE WM He Cheall TOPT 3a0uB Ha IueTy?

Kak BoisicHunock, pazouapoBanue B MW cranpaprHas mryka. HaswsiBaercsa "3uma MN". Dto
MIEpUO/Ibl, KOI/Ia YeJIOBEYECTBO pa3ovapoBbiBasioch B VMM (13-3a 3aBbIILIEHHBIX OKUJAHUN), COKpalla-
JIMCh OIOIKETHI, PYIIMINCh Kapbepbl U CHIXKaJCsA Ha roasl nHTepec kK M. Camas u3BecTHas 3uma
NN - B 1969 r Hauanack mocsie Toro, Kak oqHorpymnmHuk ®psnka Po3enonarra (n3odperarens nep-
uentpoHa) MapBuH MUHCKUI 10Ka3a1 IPUHLMIINAIBHYI0 HEBO3MOKHOCTb PEILEHNs] MHOTUX KJlac-
COB 3ajJjauy NepUenTpOHaMU. A TakkKe IOC/Ie MHOTOUMCJIEHHBIX MPOBAJIOB MPOEKTOB ISl BOEHHBIX
[0 MAllIMHHOMY NepeBOy (MTHOBEHHOMY NEpEBO/Y CEKPETHBIX NEPErOBOPOB PYCCKMX), aBTOHOM-
HOMY TaHKY, pacrio3HaBaHus1 Ha (hoTo OpOHETEeXHUKH, Kpaxy Lisp-mammH (emie ogHa ByHaepBadis
HE ONpaBAaBLIAs OKUAAHUIL) U JIp.

Ha, a mpuayman neprientpoH ®pank Posentnar. Hamr yenoBek. Ero eBpelickas cembsi O4eHb
cBoeBpeMeHHO cBamwiia B CIIHA u3 CCCP/Ykpaunbl Kak pa3 B oAbl Mexay 1 ¥ 2-0il MUPOBBIMU
BoitHamu. Xoporiast uHTyurus. Ctaj u3BeCTHbIM yueHbIM B oOnactu MU, npodeccopom 1 3Be3mon
Kopnesuickoro ynusepcutera. MccnepoBasl MO3r, BKJIIOYAsi TAKME CIIOPHBIE OIBITHI HA MBIIIAX, Kak
oOyueHuUe MBIl HaBbIKaM, 3aTeM TepepadOTKy MX MO3TOB B MUKCEPE 1 BBOJI 3TOH KMUIKOCTHA B MO3T
APYIrvuM MbIlIaM, a y T€X BHE3AITHO MOABIAIUCh HABBIKU ITPOIIJIBIX Mbller. Mosr CTpaHHas IITYyKa.

VYmep B 43 rofa o4eHb CTPaHHOW CMEPTHIO TOCTIe KopallieKpylieHus CBoel sIXThl B Yecarnmk-
ckoM 3asuBe B 1971 r. Hagelock, 310 Bce-Taku OblTa oreparivsi o cMeHe JMIHOCcTH oT LIPY 1 oH xuit
JOJTO M CYACTIIMBO paboTasi B CEKPETHOM JTabOpaTopuy ¥ MPUAyMbIBAsI BCSKUE UHTEPECHBIE IITYKH.
XOTb 51 M HE BEPIO B MUPOBBIE 3aroBOpbl. MUPOM NpaBUT sIBHAs JIaxka, a HE TalHas JIOXKA.

Kpynseiit Henoctatok HC — oHu He MOryT mpejickasaTh Oyayiliee Ha OCHOBE MPOIILIOTO eCIIH
JaHHbIE W3 MPOIILJIOro He KOppenupyloT ¢ OyaynmM. Hanpumep oHM He CrIOCOOHBI YraiaTh MepesioMm
TpeH[Ia 1 MpecKa3aTh Kypc NoIapa Ha 3aBTpa. Taksxke, MoxHO ckopMuTbh HC X0Th MUJUTHAP/ 3HAKOB
yucna Pi, Ho Ha ux ocHoBe HC He cMmoxkeT npejckasarh cienyionyo 1udpy. Bnpoyem, HUKTO U3
XOMO CaImMeHC 3TO TOXKe C/IeNIaTh HE B COCTOSIHUM.
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CCBUIKH:

1) MammnaHoe oOy4enue s moaen: https://vas3k.ru/blog/machine learning/
2) Pycckoe patacaeHc KOMMBIOHUTHU: https://ods.ai

S-3anemeHThl
(oo A-anemeHThl R-anemeHTel
4 (accouMaTUBHLIE) (pearvpyome)
peuenTopsl)

Uctounuk poto
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4 Pacno3naBanne nudpp 0e3 HeipoceTei

ITponomxkato nzyuars HeliponHsle cetr (HC). Eciim Bam HemHTepecHbl TexHnveckue aertanm HC
(Hy, BOpPYT), a B IIOCTE MIIETE TOJIBKO CMEXYEUKH, IPOMOTANTE TEKCT A0 cepeauHbl (ppas3sl "Tynou
kommn'"), TaM Mapa ad3aneB 151 TyMaHUTapUEB.

Wrak, npounTan ee napy crareid. MHOroe nposiCHWJIOCh, HO BOIPOCH! OCTaIuch. CUrMoniHas
dynkms f(x) = 1/(1+e”-x). [To onmcanmio crpamHas Bemb! A 1o hakTy — mpocTo npeodpazoBaTelib
naHHbIX. YTOOBI 3HaYeHUs OT [-#..+#] nmpeoOpasosars B [0..1].

HelipoH cMelnieHust — TOT ke npeodpa3oBaresib, 4TOObI CABUHYTH (DYHKITHIO (TIOJTyYeHHbIE 3Ha-
YEeHM$1) BJIEBO WJIM BIIPABO 1O ocH X. T.e. n3 auanazona [0..1] nepeiity, Hanpumep, B quanasoH [3..4].

Ho rnaBHoe, 51 no-npexHeMy He MOHMMalo Kak Ha (PU3MYECKOM YPOBHE YCTPOEH MpoLiecc 00y-
yeHus 1 pacnozHaBanus HC.

Pa6ory HC o6bryno ommceiBator Tak. Ecte HC ¢ 3Ms ciosiMu: BXOJHBIM, CPEIHIM U BBIXO[I-
HbIM. [IprcBanBaeM HelpoHaM CpetHero ciosi caydaiiHble Beca. [lomaem Ha BXOQHOM ciioii oOpasert
s o0yueHus. HakiagpiBaeM Kak/Iyl0 TOUKY BXOIHOTO M300pakeHusl Ha BXOAHOH cioil. Ecim Ha
HelpOHe BXOIHOIO CJIOSl €CTh CUTHAJI, YMHOXKAE€M €ro Ha BEC CBA3aHHOIO HEHpOHa U3 2-ro Cllosl U
repeiaeM Ha 3-Mi BBIXOJHOM CJIOU. BBIXOHOM CJIOM CyMMMpYET NPUILEAIINE CUTHAJIBI CO 2-TO CJI0A
U MIPOITYCKaeT ero yepe3 (PyHKIMIO aKTHBAIMH (Ty CaMyl0 CUTMOMY) YTOOBI TPeoOpa3oBaTh CUTHAI
B [0..1].

Mo curnany O mm 1 HC roBopur Ha ¢oto kommka i taku codaka. Ecim HC ommbnace,
BBIUMCIISIEM ""METOIOM TPaJUeHTHOro CIycKa" Kakue Beca OJKHBI ObITh Y HEMPOHOB 2-TO CIIOf,
YT0OBI MUHUMHU3UPOBaTh OIMMOKY. MeHsieM Beca HepOHOB 4epe3 "MeTon 0OpaTHOro pachpocTpa-
HeHust ommOku". [Togaem Ha Bxon HC Bce Gonbinie nanHbix, HC yuuTcs, MyTKM MyTATCS, OIIMOKa
ymenblaercss 1 HC BcE sydine pacno3HaeT 1aHHbIE.

Bpone noHaATHO, HO uTo KOHKpeTHO? Kak cnemare HC ¢ Hyna? Kak oHa HayuuTcs pacro3Ha-
BaTh M300paxkeHre? 3a4eM pacCTaBiIsATh CIydyaiiHble Beca HeHPOHOB (TIPUHOCUTS IIIYM B CHCTEMY) B
Havase oOyueHus1? 3aueM MEeHsITh Beca HeHPOHOB Ha KaX/I0M UTEpaliK Yepe3 rPaJUeHTHBINA CITyCK ?
Pazse HC He OyzneT nepeHacTpanBaThCs KaXABIH pa3 v 3aIOMHUHATh TIocietHui oopaszen? Kak merto-
JI0M 0OpaTHOTO PacIpOCTPaHEHU s OIIMOKM MEHSITh Beca BCEX HEHPOHOB TaK, YTOOBI 0OIIast BEpOSIT-
HocTb pacniozHaBaHusa HC yBennuumBanach nocie kaxjaon urepauuu? Pa3se BO3MOXHO yMEHbILIATh
BBIXOJHYIO OIIMOKY f_error(x) eciii OHa 3aBHCHT OT Ky4d MapamMeTpoB X1...Xn, a caMu rmapameTpsl
X He JOJKHBI BJIMATH JIpyT Ha Jpyra?

B o6mewMm, s He noHs kak co3gate HC ¢ Hyns. IToatomy pemmn cpenath MpOMEKyTOYHOE
rpy0oe pelieHre UCXOAsl U3 TOTO, UTO SICHO HA JAHHBIA MOMEHT.

B uynecHOM HOBOM MUpe aTacaeHC U HEWPOHHBIX CETEl eCTh CBOU aHAJIOT MPOCTEUIIero Mpu-
noxenusi HelloWorld, kak ato npunsito B octanboMm UT. 3agaua cocTout B TOM, 4TOOBI HAMKCATh
MporpaMmy, KoTopast pacro3HaeT pykonucHsie 1udpst 0..9. Beero-to.

4l yx OBLIO pemmt B3SITh TeTPab B KJIETOUKY, HAIMCATh MO CTPAHIYKE KAk IyIo Py, OTCKa-
HHUPOBATh U CO3/1aTh TAKUM 0Opa3oM HaOOp JAAHHBIX JUIs pacno3HaBaHus. Ho TyT OTKpbUT uist ceOst
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MpeKpacHblid cailT kaggle.com ¢ Kyuei OecIulaTHBIX aTaceToB, KOHKypcamu U datascience-KyJaecHH-
namu. Otryna ckayan *.csv naracer MNIST ¢ 60+10 Toic pykonucHbIx 1idp B pazmepe 28x28 Touek
COOpaHHBIX U3 CKAHOB KOHTPOJIbHBIX PAOOT aMepPUKAHCKUX HIKOJITBHUKOB.

PeanuzoBan mpocroit anroputMm. HaszBan ero "meron BeposiTHOCTHOro HakorvieHus". La
méthode de 1'accumulation de probabilité (fr). Ha Bcsikuit cmyvait 3a0bi0 Ha3BaHUE, BAPYT JAOKTOP-
CKYIO €ellle 10 Hel 3alllUIIaTh.

CyTb B TOM, 4TOOBI B pexkrmMe 00ydeHHUs ISl Kaxk 0 1upbl MPOCYMMHUPOBATh Beca KakIon
TOYKU ee N300pakeHus JIs BceX TPeHUPOBOUYHBIX 00pa3oB. [Tocne TpernpoBku HC y Hac Oymyt 10
Matpull 28x28 ¢ Becamu Kaxkaol Touku ajist uudp 0..9.

B pexume pacniozHaBaHMsI TIogaeM Ha BXOJ CKaH LU(PHI U ONpeesisieM IepeceyeHus ¢ Mar-
putiamu mucp 0..9. Ecnu Touka 3akparieHa B oOpasiie 1 MaTpyile, CYMMHUPYEM BeC U3 MaTPHIIbL.
Ecnmu B oOpasiie Touka 3aKpaliieHa, a B MaTpHile HeT, BHIYUTaeM ITpadHple OYKU. DTO 3aIuTa OT
Kelica "3aKkpachM BCIO 00JIaCTh YepHBIM U TIomyuuM 1udpy 8". Marpuiia ¢ MaKCUMaJbHON CyMMOW
cuuTaercst pacrno3HaHHou 1udpoi 0..9.

B o01em 101ro 00bsICHATS, a Kozia MoMyyrioch Bcero Hu4ero ~100 crpok. CM. Koj B CKprUHaX
U CCBUIKY B KOHIIE.

MosxHO yny4muTh anroput™. Eciv Touka He nonana B nepeceyeHne, HaXOIUThb ONVKANIIYIo 1
N00aBJIATH €€ BeC C HeKNM Ko3(ppurieHToM. MOXHO /ienaTh M300pakeHus YepHO-OesibiMU (ceiuac
cepoe). [Ipu coBnajieHnn TOUEK YMHOXKATh ¢ BEC Ha BEC U3 MATPHUIIbI U JIp.

Ho paxe ¢ MCXOAHBIMU YCIIOBUSIMH TTOJTY4YHJIOCH J0BOJbHO Heruioxo. HC koppekTHO omnpese-
o uudpy B 57% ciydaeB pu TPEHUPOBKE S5 THIC M300pakeHU W STHIC 115 TeCTa.

[IpaBia Ha BUKM MUIIYT, €U MPaBUiIbHO nocTpouTth HC, MOxHO 106uThCst 99.8% KOPPEKTHO
pacnio3HaHHbIX 1Mpp. Ha kpuBoii ko3e Kk ThIOpMHTY HE NMOABEIEIIb.

B oOmiem, Hajgo komaTh Temy aanbiie. Ecte wHCcTpyMeHTH 0Oydyenuss HC Oomee Bbico-
koro nopsiika — Google/TensorFlow, Microsoft/Azure, Amazon/AWS, Aunekc/DSVM. I'ne HyxHO
3a7aTh TOJILKO JJaHHBIE U MapamMeTpbl 0OyueHUs U MOXKHO ucroib3oBath HC He 3Has Kakue airo-
puUTMBI B Hell padoTaioT. Ho Bce-Taku Xody 3HaTh YTO y 3TOM MITYKH MO KarotoM. be3 atoro neroro
AyOAOYHHUKA HE HAIMUIIECHIb U B TEXKPAaHY HE ITONaAClb.

Kak s ckazan Bblllie, OCHOBHasI IpodeMa B TOM, 4To 51 He moHuMaio kak HC momkHa pado-
Tath "Mo-HactosmeMy'. Yto 6ecut — naxe coznareru HC, Toit e DeepBlue (moouna Kacaposa B
mraxmarax) wim AlphaGo (pasrpommia yemnuona Mupa no ['O) He MOryT BHATHO OOBSCHUTD, Kak
padoraet ux HC u mouemy oHa cjienana onpeaesieHHbINA XOI.

Eme cmeriHee ¢ MOSIBUBIIUMUCS TIOCTICAHEE BPeMsl MHTEUICKTYaJIbHBIMUA TOJIOCOBBIMU/YAT
nomontHrKamu — Cupu, Ascont u Onerom. Ha xanoOy KJIMEHTKH, UTO e He yaaeTcst BOUTH B MOO
OaHK 10 OoTIevarky najbia, Oyer mocoBeToBas OTPe3aTh el MasbIbl.

Jlon, kek. A 4drto B utore? ABtopsl OJiera He CMOTJI OOBSICHUTD €0 KPOBOXKATHOCTD. THIIa,
Oner emie yunrcsi, IOTOM ctaHeT ymHee. Mimxo, ato He I, a mpocto nepedop ppas, yacTu KOTOPBIX
UCTIONb30BAJIMCh B TIOXOXKEM KOHTEKcTe, a OJier Tylo MX CKJIEW B IPUMEPHO OCMBICIIEHHYIO (ppa3y.
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ITO He MHTEJUIEKTYaJbHBIA MOMOIHUK, a OymmmmT reHeparop. [lo pasButuio Oner He yimien ot
ELIZA, Buaen Takyio nporpaMmy HOJIEPKUBAIOILYI0 pa3roBop ¢ 4ejaoBekoM eliie B 1996 r (co3nana
B 1966 1!).

9710 Xe aMroput™m U Tynou komi! Yro emy ganu, To oH u nocuutan. B UT Her orBera "s
KHOIIOYKY Hakajia M BCe MPOoIMaio, He 3Hal0 4To mpousonuio”. Beerna ecth KOHKpeTHAs IPUYMHA Y
BCEro U BCerja ecTh OTBET Ha MOCTABJIEHHBIN BOMPOC. MOXeT TPYy/IHO MOMy4UuTh OTBET, HO OH BCeraa
€CTb.

Maremaruka — TOUYHast HayKa, He TO YTO 3TH Ballld TYMaHUTAPHBIE COTLIN:

— I'eorpacdust — GeccMBICTIEHHOE 3ayUYMBAHUE CIUCKA CTPaH U CTOJIHII.

— Wcropus — 3a3yOprBaHme CIiucka (DakToB M CO3HATENIBHOE UCKAXKEHHE STHX (PAKTOB B YTOLY
TEKYILEH ITOBECTKE.

— Jluteparypa — u3yueHre KOHTEHTA, HAMCAHHOTO AJIKOTOJIMKAMM, CaMOYOUHIIaMH 1 JieTipec-
CUBHBIMH MHTEJUTUTEHTaMU, HE HaIlIeIIIMX CBOETO MECTa B JKM3HU U peIIeKCHPYIOIMX Hajl Ipoode-
MaMH JIABHO YTPATHBIIHNX aKTYaJIbHOCTb.

— ¥ TIpovre HeIoHayKH (MequiuHa/Ouonorus, punocodus, IMCUXOIOTUS U, MOe JTI0OUMoe —
€CTeCTBO3HaHUE! HUKOTIa He IOHMMAJI, YTO 3TO TAKOE U 3aYE€M 3TO B IIIKOJIE).

He 6010ch OCKOPOUTH T'YMaHUTApUEB STUM TIOCTOM, OHH €r0 He TIPOUTYT, T.K. CTOST Ha CBOOO/I-
HOM Kacce.

Co cBOeii CTOPOHBI IPU3HAIOCH, YTO HECMOTPSI Ha TEXHUUECKOE 00pa30BaHue, He IIOHUMAI0 KakK
padoTaT MHOTHE Bpojie Obl JIeMEHTAPHBIE BEIIIH.

OcobeHHO TJI0X0 B IIKOJTE HaM jaaBayi (pusuKy. [Iperog ObLT 2X-MeTpOBbIA OOKCEp-eBpeil.
[Toxose OH MPOCTO 3aMelIal CBOIO KEHY, TOXe yuuTess (pU3MKu, HO caM COBEPILIEHHO He JIIoOuI,
HE TIOHUMAJI U HE YMeJl MHTEPECHO OOBSICHATh cBOM npeamMer. Ho coobmuTs eMy ceil puckopOHbIN
(pakT kenaronyx He HAUIOCH.

A elnie TOBOpST eBper KpyThl B (pusuke. B yHuBepe, npapia, s cAad ee Ha BBICIINEA Oal U
TOJILKO 32 CYET ITOro MOCTYNI Ha OrojkeT. Tymo 3a3yOpuit (popMysIbl 1 MOMEHTATIBHO BCE 3a0bLT
Ha CJICAYIOIINH eHb. A BOT MaTeMaTUKy U OCOOEHHO XMMUIO HaM JaBaIi HEOKHMIAHHO XOPOIIO s
MOYTH CEJTbCKOM IIKOJBI.

Urak, TOII-12 HenoHSTHBIX Jy1s1 MeHs Belei. [IJ1st Toro, KTo mioxo 3HaeT (pu3UKy, MUp TOJIOH
yyJiec.

1) DnekTpudecTBo. [IBIPKHU U JIEKTPOHBI, KOTOPBIE MOJI3YT B Pa3Hble CTOPOHBI B 3aBUCMOCTH
oT pa3HocTH noteHmanoB. Hy durns xe nonHas! Kak 310 nocMoTpers B MUKPOCKOTT?

2) Konpnencaropsl. 3apsKeHHBIN aKKyMy/IATOp Tecabsl BECUT Kak IMyCTOM, HO IBUTaeT aBTO Ha
COTHU KUJIOMeTpoB. Yyno xe!

3) 'paBuTarys 1 3aKkOH BCEMUPHOTO TsATOoTeHus1. Kumaens s010K0 BBEpX U OHO PU3EMIISETCS
TeOe Ha rojioBy. A €cii ero KUHYTh C 1-0il KOCMHUYECKOW CKOPOCTBIO 8 KM/CeK, OHO YHIET Ha CTa-
[IMOHAPHYIO OpPOUTY BOKPYT TUIAHETH U OyJeT KPYTUThCS TaM O4YeHb 0iro. A ¢ 11.2Kkm/cek s010K0
nokuHeT 1ianety (16.7 — ConHeunyio cuctemy). Ho O5uH, mouemy BeIecTBO MPUTATUBAET JIPyroe
BeniectBo? [loueMy smoniet TAHET Apyr K apyry?
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4) I'paBuTanyss Ha MUKpoypoBHe. [loueMy 3/IeKTpOH KpyTUTCS BOKPYT SiApa U HE yJeTaeT K
yeptam?

5) Kpurrueckast Macca u siiepHast peakiust. [lodemy ecim ObICTPO M CHITBHO CKaThb Bcero S0
Kr ypaHa-235 OyzneTr 6a0ax ¥ BbIIEISIETCS] SHEPrusi, KOTopask COXKET eJblid ropoA? A eciy cKaTh
BCEro Ha KMJIOTPaMM MEHBIIIe WJIM He TaK OBICTPO, TO HUYero He Oyner?

6) IIpeoOpazoBaHre XMMHUECKUX JIEMEHTOB. Pa3 351eMeHThl HACTOJIBKO CUJIBHO OTIMYAI0TCS
BCErO OT OJIHOTO JIEKTPOHA Ha OPOUTE si/Ipa, MoYeMy HeJlb3sl CAyTh Mapy JIEKTPOHOB M CBUHEII Tpe-
Bpatuth B 30510107 [loyemy BooOIe uayt xumudeckue peakimn? H2+02= H20 u sueprus. Kak
BEIIIECTBO MPEBPAIACTCS B SHEPrUi0 M Hao060poT? KoHuenwms cMenMBaHus BEIIECTB SICHA, & BOT
npeoOpa3oBaHNe BECbMa TYMaHHO.

7) Kak ¢oToHBl MOTYT niepesiaBaTh SHEPIUIO U CBET, HEe UMest Macchl? Kak 4To-T0 MOXkeT He
umeTh Maccol? Eciin macca = 0, To 3Toro 4yero-to Het. Tak BUKy!

8) Hy, ¢ HeBOBMOXKHOCTBIO TIOCTPOCHUS JIETATEIBHBIX aNNAPATOB TSIKENee BO3/IyXa Bpojie pa3o-
Opavicsl.

9) OTO (o6rmmast Teoprst OTHOCHTENLHOCTH). [loueMy CKOpOCTh YacTHI] WA KOCMHYECKOTO
kopaOiist He MoxkeT ObITh ObicTpee 300 Thic kKM/cek? TTouemy pa3mepsl MPeJMETOB YMEHBIIAIOTCS OT
yBenmdeHusi ckopoctu? [louemy Onu3Henbl (KOCMOHABT M HEYIQUHUK Ha 3eMJiie) CTapeloT Mo-pas-
Homy? [loyeMy 1St 3JIleMEHTApHON YaCTUIIBI MOXKHO ONPEENTUTh MOJIOKEHNE UM UMITYJIbC, HO He
o0a mapamerpa cpazy?

10) KopnyckynsipHo-BoiHOBOM yanu3M. BoT 310 coBepiiieHHO HapkoMmaHcKasi Beilb! CBer
OZIHOBpEeMeHHO Habop vacTui] ¥ BonHa. [Ipu nepenaye SHEPruu 3TO YACTHIIBI, & TIPH MPOXOKACHUN
yepe3 TUPpakIMOHHYIO pelIeTKy (pacdyecky) yxke BosnHa. axke onun Henenumbiid (!) pOTOH, mpo-
HIEAIINI Yepes3 pelieTKy ¢ 2Ms OTBepcTUsMHU Tura pacuiervisercs (!!!) u ocrapiser ciep 3a KaxIou
U3 IIEJEN, T.€. CTAHOBUTCS BOJIHOU.

11) Bonbioii B3pbIB. Ara, IpsiM U3 TOYKHU C HYJIEBBIM PAAUyCOM M OECKOHEYHOW Maccoy Bce
6abaxHyJI0 U pa3jieTaercs B OSCKOHEUHO! BCeJIeHHOM.

12) TpoucxoxaeHue xu3Hu. M3 HexuBoro co3nanock xkupoe?! [laxe konuenmus bora 6omnee
JIOrnYHA (eCJTM BBIHECTH 32 CKOOKH BOIIPOC MTPOUCXOKAEHUS caMoro bora).

W BozBpamiascek k Hayke DataScience. Kak s noHsi, riaBHoe B Heil — 1anHble. Het data — Her
science.

CcbUIKH:

1) Moii kom Heiipocetn pacnio3Hawomei pykornucHoele 1ugpel (49 Kb):  https:/
drive.google.com/file/d/1g1 Owp6PLOPE6_ChbJoe8palLDviRczHPR

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

2) MNIST database B ymo6HOM chopmate *.csv:

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

3) MNIST database ncxomguble JaHHEIE:

http://yann.lecun.com/exdb/mnist/
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https://en.wikipedia.org/wiki/MNIST database

4) https://en.wikipedia.org/wiki/List_of datasets_for machine-learning_research

5) 52 paracera AJ11 TPEHUPOBOYHBIX MPOEKTOB:
https://habr.com/ru/company/edison/blog/480408/

6) Heiiponnslie cetu ais HaunHaommx. Yacts 1:

https://habr.com/ru/post/312450/

7) Heiiponnslie cetu ajisi HaunHawommx. Yactsb 2:

https://habr.com/ru/post/313216/
8) MammHHoe oOy4eHue 1is JIIofIel:
https://vas3k.ru/blog/machine learning/

9) https://ru.wikipedia.org/wiki/MeTon_00paTHOrO_pacpOoCTPaHEHUS OUIUOKH

10) https://ru.wikipedia.org/wiki/I'paqueHTHBIN CITYCK

11) https://en.wikipedia.org/wiki/ELIZA

//Program.cs

using System;

using System.Collections.Generic;
using System.Ling;

using System.IO;

using System.Text;

namespace SimpleNeuralNetwork MNIST
{

class Program

{

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

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
\mnist_test_200_rows.csv";//43% 100+100

//const string FILE_PATH =
\mnist_test_2000_rows.csv";//53% 1000+1000

//const string FILE_PATH =
\mnist_test_2000_rows.csv";//56% 1900+100

//const string FILE_PATH
\mnist_test.csv";//50% 9900+100

//const string FILE_PATH =
\mnist_test.csv";//56% 9000+1000

const string FILE_PATH =
\mnist_test.csv";//57% 5000+5000

//const string FILE_PATH =
\mnist_test.csv";//49% 1000+9000

//const string FILE_PATH =
\mnist_test.csv";//41% 100+9900

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv

@"C:\Users\3208080\Downloads\mnist-in-csv
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//const 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("IIpaBuibHo pacnio3Hano {0} % BapuaHTOB",
100 * correctResults / TEST _ROWS_COUNT);

}

private static void train()

{

Console.WriteLine("Hauasno TpeHupoBKU HelipoceTu");

var index = 1;

var rows =
File.ReadAllLines(FILE_PATH).Skip(1).Take(TRAIN_ROWS_COUNT).ToList();

foreach (var row in rows)

{

Console.WriteLine("Uteparus {0} u3z {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") 70 : 1;
layer Assotiations|

byte.Parse(values[0]),

i-1)/IMAGE_SIZE,

i-1) % IMAGE_SIZE]

+= value;

}

}

}

private static void test()

{

Console.WriteLine("Hauaso tectupoBanus HeiipoceTH'");

var index = 1;

var TOWS = File.ReadAllLines(FILE_PATH).Skip(1 +
TRAIN_ROWS_COUNT).Take(TEST_ROWS_COUNT).ToList();

foreach (var row in rows)

{
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Console.WriteLine("Utepatus {0} uz {1}", index++, TEST_ROWS_COUNT);
clearResultLayer();

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

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

{

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

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

if (value > 0)

{

var weight = layerAssotiations[

)

(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 (int i = 0; 1 < SAMPLE_COUNT; i++) layerResult[i] = O;
}

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" : "HEYJAYA");
if (proposalNumber == correctNumber) correctResults++;

}
}
}
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5 HeiipoceTs Matt Mazur

Cnenan, HakoHen, padounii mpumep Heiipocetr (HC). CHauasia nmpodnTan Teopuio — 0ObsICHe-
HUe MexaHu3Ma back propagation U3 pycckod BUKHM. Bpone Bce MOHATHO. 3a Beuep Hammcall Ipo-
rpammMy Ui aHanmza ugp 0..9 uz 6a3el MNIST. IIporpamma 3amyckaercsi, Beca OOHOBJISIOTCS,
pabota KurmuT. Y mo0oro mporpaMMHcTa ecTh Bepa B 4ygo. Yto mporpaMma, Kotopasi KOMIAIUPY-
eTcsl TIpU TIEPBOM 3aIlycKe cpasy cpaboTaeT KoppekTHo. [a, Ho Het, neBouku. Ha Bbixome — 10%
pacrio3HaHHbIX 1Mdp. EpyHna, kopoue. Kak ecrmm 6v1 nudpa onpenensiach CydaiiHbIM 0Opa3oM.

Cran pa36I/IpaTI>CH. BBIHCHI/IHOCL, 4YTO B pYCCKOfI BUKH aJITOPUTM OITUCAH CJIO)KHO, HETOYHO,
3aMbUICHO 1 HEAOCTATOYHO ITOHATHO UIA pe€an3alu 6e3 PhD B MmatemaTuke:

1) ITpu u3menennn BecoB pedep HC ux HykHO yMHOXaTh Ha K03 punmenT odyuenus. Muaue,
METOJ1 I'PaIMEHTHOTO CITyCKa MOXKET 3aCTPATh B JIOKAJIBHOM MUHUMYME, TaK U He TMOMaB B INI00AJIbHBIN
MuHUMYM. Ho He ckazaHo, Kak mogouparth 3TOT KOI(PPULIMEHT.

2) He ckazaHo, 4T0 nocne nojacyeTa AebT JJ1s U3MEHEHU A BeCOB Ha KaXKI0M CJIo€, OOHOBJIATH
BECa pe6ep HYXKHO OOWH pa3 I BCEX CJIIOEB Cpa3y, a HE Cpa3y NOCJIE€ TOACUYCTA Ka)I(JIOﬁ JEJIbThI.

3) JIs CKpBITHIX CJIOEB B MpaBWJIE MOJCYETA JEJIbT CKA3aHO, YTO HY’)KHO YMHOXWTb Ha Beca
UCXOJAIMX pedep Ha UX JAesbThl. D10 He Tak. He aenbThl, a 3 u3 4-x MHOXuUTeNeH B genbTe. T.e. u3
JEeJbT HYKHO UCKJIIOYUTh CUTHAJI Ha NpeasiayeM yaie. T.e. ymHoxuts Ha: (Tj-0))*Oj*(1-0j), a e
Ha (Tj-0Oj)*Oj*(1-Oj)*On, roe n=j-1

4) Huvero He cka3aHO PO apxXUTEKTypy cioeB u pedep. ok i oHu ObiTh Full-connected
[FC] (kaxapIil y3€J1 COEIMHEH C KaXKAbIM CJIENYIOIMM) U KaK U3MEHUTh aJITOPUTM €C/IM Y Hac He

FC-cron.

5) INumyt npo ¢pysHkuuo ommokn HC, HO HUKaK B (pMHAJIBHBIX pacueTax ajJropuTMa ee He
UCIIONB3YIOT (XOTS U3 Hee Yepe3 POU3BOJHbIE BHIBOLAT (hOPMYJIbI [IO/ICUETA).

6) [ToHO TyMaHHBIX Pa3bsICHEHUH BUIA "HY, TYT OYEBUIHO — HAJIO B3AITh YACTHYIO ITPOU3BO/-
Hylo dE/dw". Ara, oueBuaHO. LlenbIMu THAMU TOJIBKO 3TUM U 3aHUMAIOCh.

7) Her HopmasbHOro npumepa npoctoil HC ¢ nmpoctaBieHHbIMU YMCIaMU 1Sl KQXKA0TO CHT-
HaJla, Beca, y3/la U pacyera Kak 9TO CUMTAeTCsl XOTsI Obl Ha OHOM UTEpaIvu.

8) HescHo, HyKHO JI1 HOpMaJIM30BaTh BXOAHBIE cUrHaUIBI (13 0..255, HanpuMep, eJiaTh yucia
B uHTepBaie 0..1).

9) T'oBopsAT, B Hauajie HY)XHO BBICTABUTh MaJICHbKHE 3HAa4YeHUs BecoB pebdep. HescHo,
Hackonbko Manble. 0..1 mm 0..0,0017?

ITpaBrIbHO rOBOPAT, HY)KHA CBOs1, PaBOCJIaBHAsA BUKM 3a 2 MJIpJ pyo!

Hano 6b1 3a5mnTh Ha BUKM cBoO# anroputm padotsl HC ¢ nprmepom noacuera. He 3Hato, mouemy
TaK yXacHO OOBSICHSIIOT Ha PYCCKOM BUKH. Bo3MoxHO 310 muBepcus. T.e. aaMuHBI Bce Hammcanu
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MOHATHO, HO KaXYI0 HOYb Ha CTPaHULY 3aXO4AT Bparu OT€4eCTBa M3-3a I'paHULIbI (I/I HE TOJIBKO) u
3allyTBIBAIOT OIIMCAHUEC aJITOPpUTMA.

Ectb Takas teopus 3aroBopa, uto B mkosax u yausepcurerax CCCP crienyasibHO Tak yKacHO
MPETIOAAI0T AHTIMUCKUI, YTOOBI HAPOJI He pa3dekasics 1Mo 3arpaHuiiaM cpa3y Mociie Bhimycka. Pefe-
paJibHas porpamMmma Io MpOTUBOAEHCTBUIO yTeuke Mo3roB. M kak-to Tak. ToBapuil maiiop, ecinu
s CJTy4aillHO PacKpbLI roc. TaiHy, NMOJaNTe 3HAK.

B wurore, 51 caenan Bce OmMMOKM M3 BOBMOXHBIX, MIO3TOMY cunTasicsi mycop. Ilocrne ryrienus u
u3ydenusi MHorux npuMmepoB HC, Haitien, HakoHell, oTIMYHbIN npumep nipoctoit peamzarii HC. C
opMynamu ¥ YMCIOBBIM pacueToM. Bce MOHATHO, XOTh M Ha aHIJIMHACKOM.

Ccenika: A Step by Step Backpropagation Example by Matt Mazur
https://mattmazur.com/2015/03/17/a-step-by-step-backpropagation-example/

Crenan peanu3saruio 1o cratbe U Byassi! Bece pabotaer! Cm. Ko B KOHIIE CTaThM M HA CKPUHAX.

3amMeTus1, 9TO KOrja HyXKHO pa3o0paThCsi B KAKOW-TMOO alTHIHOW TeMe, TO Ha aHTJIMHACKOM
OIMCAHKE JIydllle U Ha TPETh KOpOYe, YeM PYCCKUU TeKcT. Ha-pycckom, 0OBIYHO, OOBACHSIOT OT
o0IIero K 4acTHOMY, T.e. MeTofoM Aeaykimu, Kak Iepnok Xonme 3aBeman. CHavasma AaioT Kydy
dbopmyi, a motom 1udpel. ITO OUeHH HEYIOOHO, OCOOSHHO IS TeX, Y KOro c/1ad0 pa3BUTO aOCTPAKT-
Hoe MblluieHre. Ha anrmiickom Hao00poT, AAI0T OT YaCTHOTO K o0uieMy, T.e. uHayKiuo. CHavyasa
Ha MaJIbI[aX CUUTAIOT IM(PHI, a 3aTeM TOBOPST Kakue (pOpMYJIbl 32 STUM CTOST U NoveMy (hOpMYIIbI
HUMEHHO TaKue.

HagepHo ecTb mmock! B 060ux nogxonax. B neaykruBHoM nogxose (YCI0BHO, COBETCKOM), €CITH
IIKOJIHUK He BpyOaeTcsi B TeMy, OH OTBAJIMBAETCS HA YpOKE M Ha HEero He TparsaT Bpems. Te ke,
KTO IPOILIEN AAJIbIIE, UAYT BO BCAKUE (PU3MAThl, CTAHOBSITCS NE€pEIbMaHaMu, ye3KaloT IpenojiaBarb
MaTaH B aMEpUKAHCKHE YHUBEPCUTETHI, MOTYyYa0T HOOEIEBKY M OTKA3bIBAIOTCS OT Hee, CXOIAT C yMa
Y ye3KaloT KUTh Ha3a] B KymunHo u T.11. B MTHAYKTUBHOM e rojxoze (aMepruKkaHCKOM) KpuBast 00y-
yeHus Oosiee mosorasi, OoJbIIe JIoIe MOKHO HayuuTh. OMSTh ke, 3TO MOAXOANUT IJIs SMUTPAHTOB
co c1a0bIM 3HaHUEM s13bIKa. CHIIBHO IIPOKAYaThCsl B TEOPUM CJIOKHO, HO OBICTPO OBJIAJETh MTPAKTU-
YECKMMU 3HAaHUSIMU BIIOJIHE.

Ectb Takas 6aiika ipo pycckoro nporpammucta B CIIIA. OH 3ameTn1, 9T0 JaHHBIEC 3aITUChIBA-
I0TCSI B O/IHY TaOJHMILy, a TOTOM IPUOABIISIOTCS B HEe ke U HY’KHO BblIaTh pe3ynbTar. OH nepenucat
(pyHK1IMIO ¥ TTPOCTO BBIJAIT HApykKy return x*x; M Bce Takue — Bay! I'eHuasibHbIi pyCCKUil TpUIyMal
OOPMVIIY! Xors cMex cMexoM, HO 3HAaKOMOIO MPOrpaMMMCTa C PyKaMH OTOPBajM B KaKylO-TO
koHTOpy B CIIIA, Korma eMy gajiv MpoCTyIo 3a/1a4y HAaWTH JIEMEHT MacCUBa MO YCJIOBUIO, & OH TaKOU
"Oa, Tak TO ke 3a/a4a Ha COPTHUPOBKY rpaca 1o Teopeme Takou To!", MpUMEHWIT AJITOPUTM U ByaJisl.
A He craiy nucathb cBo Bejiocurien, uto OYEHD nenurca B UT.

Vpa! 3aHOBO MOHSI, YTO TAKOE MIPOM3BOAHAS M OOPATHBIN MIPOIIECC — MHTErpUpOBaHKe (BOC-
CTaHOBJIEHHE (DYHKIIMU IO €€ IPOU3BOAHOI). ['eoMeTpruiecknii CMBICI IPOU3BOIHOM — TAHTEHC YIJIa
HaKJIOHa KacareJibHOM K rpaduKy (PyHKUMM B 3aaHHOI Touke. T.e. Mepa "KpyTusHbl" rpacduka
(byHK1IMH, HACKOJIBKO OBICTPO OHa ycKopsieTcsl. Tak Bce mpocto! Bee atu:

It mpousBoHOM: (XxA2)' = 2X, T.e. cTeneHb "X" CTAaHOBUTCS MHOXKUTEJIEM U CTETIeHb YMEHb-
maercs Ha 1.
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s unterpana: d(x*2)= (x3)/3, T.e. unrerpan f(x) — 370 HalTH Takoe 3HaYeHue (PyHKIUH,
MPOU3BOAHASI KOTOPOU paBHA Halllel (HaleMy poAMMOMY WHTErpaty)
a Ui CIOXHBIX (PyHKIME BooOme uyma: https://ru.wikipedia.org/wiki/IIpousBoiHa-
a_yHkimn#Tadnuiia_Tponu3BOIHBIX

Ora Kak M0 TeJUKy Koraa ropopAt "B mocneqHuii KBapTaia yMEHBIIWINCh TEMITbl CHUKEHUS
pocTa BbIBOJA KanuTasia 3arpaHuily’. YtoObl MOHSATH, YTO CKa3asl JUKTOP, HAJJ0 BCErO-TO, B3SITh 5YI0
IIPOU3BOJHYIO OT JIEHEKHOIO MOTOKA.

Hano konats gansine. Jenats ananus 0..9 s MNIST. [Ins npoctoro npumMepa TeKyIuil Kox

OK, Ho BOOOI11e, BHIOPAJ TUIOXYIO APXUTEKTYPY CTPYKTYPHI JaHHBIX. HeynoOHO OOHOBISATE Kydy Mac-
CHBOB.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[TpouuTaiitTe 3Ty KHUTY LIEIMKOM, KYIHB IIOJHYIO JIeraabHYI0 Bepcuio Ha JIutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,

WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.

34


https://www.litres.ru/pages/biblio_book/?art=53604467

	1 Где можно поучиться AI?
	2 Венчурная аналитика AI-проектов
	3 Погружение в ИИ
	4 Распознавание цифр без нейросетей
	5 Нейросеть Matt Mazur
	Конец ознакомительного фрагмента.

