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Yto O6CY)KI[EUII/I Ha HpOIHJIOfI JICKITUMU: "propaedeutics” of machine

learning

"propaedeutics” - (nponeaesBTMka B MeAMUMHE 3aKMOYEHWE O CYLWHOCTM 3abonesaHusi) 3TO0 TepMuH,
0603HavaLWNN BBOAHbIN KYpPC, CUCTEMATUYECKM N3NOXKEHHLIN B 3nieMeHTapHon ( nerko obbsacHumon) copme. B
HalleM crny4ae 9TO BblBOA O TOM, 4YTO

MCTUHHOCTb  pe3ynbTatoB Nobbix dopManbHbiX METOAOB OCHOBaHa Ha  HEemnpoTUBOPEYMBOCTU
ncnonb3lyemon akcnomatukn. CoBpeMeHHasi akcmomaTka MallMHHOro 0Oy4YeHusi OCHOBaHa Ha peLueHun
obpaTHbIX CTaTUCTUYECKMX 3adad (3agad peTpocuHTesa), a 3TM 3a4ayv He WUMEeKT €AMHCTBEHHOrO
peLleHns

[MoaTomMy ANa AOCTMXKEHUS NPaKTUYEeCKN 3HAaYMMOro pesynbtaTta C UCNofb30BaHNMEM METOLOB MAaLUMHHOMO
00y4yeHunst NpMMEHATCA MeToAbl ONTUMM3aLUN, B YACTHOCTU, FPagUEHTHble MeToAbl NMOUCKa Ny4dlnX C
TOYKM 3pEeHUa BbIDPAHHOIO KpUTEPUA MNapaMeTpoB (BECOB) HEWPOHHbLIX CeTeN — WHCTPYMEHTasIbHbIX
CpeacTB Noucka peLleHus.

OpHako, y TakMx MeToAoB 00yyeHusi oOHapyXeHO psd «NpUHUMNUAnbHbIX» HeAoCcTaTkoB (B 4aCTHOCTW,
kaTacTpodpmyeckoe «3aTyxaHue» WM «B3PbIBHOM pPOCTE» rpaguMeHTa B MpoLecce HacTPOWKU napameTpoB
npu «obpaTHOM pacnpoCTpaHeHWM OLNOKM), MOITOMY OAHAa M3 aKTyanbHbIX 3afdad - caenatb MeToabl
oby4eHus robust, TO €CTb MOBLICUTb UX «YCTOMYMBOCTb» K BRUSIHUIO HECYLLECTBEHHbIX (hakTopoB. 3TO
MOXHO caenaTb, €CNU «MOMOSMIHUTb» MeToAbl MAalUMHHOIO OOy4YeHUs HOBbIMW CpeacTBamMu, KOTOpble
YYUTLIBAIOT:

e TpPUYNHHO-CNeACTBEeHHble CBA3N MeXOy BXOOHbIMU nNapamMeTpaMu (I'IepeMeHHbIMI/I)
e TOnosiorn4eckmne NHBapunaHThbl O6pa6aTbIBaeMbIX CTPYKTYP OaHHbIX
a Takxe

e CyObLEKTMBHbIA Te3aypyc cucTeMbl 0BydYeHUst ( HanpumMep, pa3MepHOCTb BbIXOAHOMO CIosi HEMPOHOB
ncnonb3dyemoint MHC), xapakTepusyowmin «paspeLlatoLLyto crocobHoCcTb» cuctembl. K coxaneHuio, B
npolecce paboTbl 3Ty TOYHOCTL MOKa YBENUYNUTL He yaaeTcs.




Sources describing current "machine learning" problems

The essence of the problem is that the gradient of the target function
In the first layers of the neural network is the product of the gradients
of all subsequent layers of the network.

e The case for hybrid artificial intelligence. By Ben Dickson -
March 4, 2020

e The Book of Why: Exploring the missing piece of artificial
intelligence By Ben Dickson -

December 9, 2019

[Toyemy MalLMHHOMY OOYy4YeHMIo C TPyaOM OaeTcHd NPUYNHHO-
cnegcTBeHHas CBA3b?
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HaHOMI/IHaHI/Ie: Robust mean - ignores irrelevant factors

e Current machine learning methods seem weak when they are
required to generalize beyond the training distribution, which is what
IS often needed in practice.

e What can we do to take Al to the next level of robust end
effectiveness ?

e Understanding — or involve an ability not only to correlate
(conoctaBnsaTb) and discern (pasnuyaTtb) patterns in complex data
sets, but also has the capacity to address guestions such as

e what, why, when, and how




OyHaMeHTabHas Tpo0IeMa MAaTMHHOTO OOy YEHUS -

«JIPOKIEATHUC» OTOXKICCTBJICHUA
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Objects in training datasets compared to objects in the real world can be very different. No
Mepe TOoro, Kak cpeda B KOTOPOM HaxoauTca OObeKT CTaHoBUTCA Bce ©onee CnoXHOW,
NPaKTUYECKN HEBO3MOXHO C MNOMOLLbID oby4yalwllen BbIOOPKM OXBaTUTb BCE BO3MOXHbIE
cuTyauum TONbKO nocpeacTsomM gobasneHus 6onbLUero KonnyecTsa NpUMepos.



How to solve the information paradox of the identification abstraction (in particular

Linda's paradox)

e [lapagokc JlnHaobl - owwubka, BO3HUKaKLWLASA, Korga npegrnoriaraeTcs, 4To
KOHBIOHKLINSA KOHKPETHLIX YCNoBU boree BepoaTHa, YeMm ogHO obLuiee ycrnosue.

o Wcnonb3ya abcTpakumio BepOATHOCTWU, KOTOpas MpUNMCbiBAeTCA pearibHbIX
oObekTaMm, 4erioBeka UMHTYUTMBHO MOXET MPUCBOUTL  OOSbLUYI0 BEPOATHOCTb
MeHee BeposATHOMY cobbiTuio, Hanpumep P(A&B) > P(A) ?, uvmeem
P(A&B)=P(B|A)*P(A), Ho Bceraa P(A) <1, cnepgosaTtenbHo P(A&B)<P(A)....

OpaHako, - log P(A&B) > -log P(A),
T.€e.
NHdopMaumn B cobbiTn A&B 6onblue, yem B cobbitum A 1(A&B)>I(A)

e Itis the abstraction of identification that "controls" the transition from the
realm of the meaningful, where relations between objective entities are
formed by answering the question "why?", to the realm of the abstract,
where the question "why?" itself has no meaning (the concept of
"abstraction of identification" was introduced by A. A. Markov in 1954).




From the meaningful to the abstract - the problem of "knowledge distillation

e OoHum w3 Haubonee akTyanbHbIX BOMNPOCOB B obnactu
MaLLUNHHOIO 0by4eHus SABNSETCS NHTEPNPETUPYEMOCTb
pes3ynbTaToB, MOMYYEHHbIX C MOMOLLBKD MOAENEN Ha OCHOBE
HENPOHHbIX CETEWN.

e For models based on deep neural networks (DNN), it is quite
difficult to get a clear rationale for decisions made with them.

e [na atoro Tpebyetca anrebpamsauma 3aBUCUMOCTEN MexAay
NpU3HaKkamm BXOOHbIX OaHHbIX U paccMaTpuBaeMbiMUN LiENEBbIMU
Knaccamu, YTO MOXET CYLLECTBEHHO MPOSICHUTb MHTEepnpeTaunto
NOSNTy4EHHbIX PE3ynbTaToB. .




The Model of Explanation as a Result of the "Distillation of

Knowledge

Auctnnnauma - TEXHOSIOrM4yeckunm npouecc pasgerieHna mn paduHMpoBaHUS
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How to .... compress the knowledge

The easiest way to improve the explainability of any machine learning
algorithm's model is to follow the identity abstraction, that is, to train many
different models on the same data, and then average their predictions.

However, simple approach does not scale well
So, making predictions using a ensemble of models may be too
computationally expensive, especially if the individual models are deep

neural nets.

Main question: is it possible to compress the knowledge that embedded
in an ensemble of models, into a single model ?



Analogies that appear in technology and nature

We know that many insects have a specific and very efficient mechanism that is
optimized for extracting energy and information from the environment that are
then use in real time mode for different requirements of traveling, reproduction, or
other life activities.

In analogy, large-scale machine learning system can extract stealth structure
from very large, highly redundant datasets but .... as a rule he such system in
most case it does not need to operate in real time and can use a huge amount of
computation.

However, the stringent latency and computational resources become important
aspects for the practical use of machine learning systems.

That is why we should be willing to train simple models if that makes it easier to
extract internal structure from the available data.....



Resume: Knowledge “Distillation” — specific way to

transfer knowledge from teacher to student

Knowledge distillation is to train a compact neural network using distilled
knowledge extrapolated from a large model or ensemble of models. Using
distilled knowledge, we can efficiently train small and compact models
without seriously compromising the performance of the compact model.
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