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Problem statement for machine learning

Formal problem statement, an analyst has to set

1) an algebraic structure for the dataset from measurements

2) a data generation hypothesis from 1)

)
3) a model, or a mixture from 2)
4) an error function (quality criteria with restrictions) from 2)
)

5) an optimization algorithm from 3) and 4)

The result of the model construction is a Cartesian product

{models x data sets x quality critea}.

Def: Big data rejects the i.i.d. (independent and identically
distributed random variables) data generation hypothesis from 2). It

requests a mixture model.
4/1



HeKTOpr 3a4a4” MallUMHHOTO O6yquMﬂ

» 3ajava OUeHKM NapameTpoB MOAEH,

> 3ajaya Bbibopa NpU3HaAKOB UAN 0OBEKTOB BbIOOPKM,

> 3aja4a BbLIbOPa MOAENN ONTUMASIBHON CAOXHOCTH,

> 3aJa4a NOCTPOEHUs1 1 BbIbOpa CTPYKTYpbl Mogenu,

> 33/1a4a NPOBEPKN FMNOTE3bl NOPOXKAEHUS JaHHbIX.
Mpegnonaraetcs, 4to dyHkunst ownbkn S(w|D, f) 3agana ncxogs
n3

> rUNOTE3bl NOPOXKAEHUS AAHHBIX,

> nubo U3 NpakTUYECKUX COObpakeHuii.
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3afla4a HaxoXAeHUst Hanbosee NpPaBAONOA0DHbIX
napameTpoB

3apana Beibopka D = {(x;,yi)}, i € Z, dyHKums owmbku

Mogenm S n mMogenb — napaMeTpuHeckoe CEMencTBO

dyHkumii f(w, x). Tpebyercs HaiiTu Takue napameTpsl W MOZENN,
KOTOpble Bbl LOCTABNSAAN MUHUMYM (PYHKUMMU OLINOKM

" = i D, f). 1
w* = arg min S(w|D, f) (1)

PyHKums owmnbkn, onpeaeneHHas NoCpeacTBOM NorapndMnyeckoi
yHKuMM npaegonoaobus

S(w) =— In(p(D]w7 f))7

obecneymeaeT MakCUMU3aLUMIO NMPaBAONOLOOUS NapamMeTpos.
MapameTpsbl, HaligeHHbIE MUHUMU3aLMER 3TON DYHKLUNM OWNBOK,
ByayT Ha3bIBaTLCS Hanbosiee NpaBLONOACOHBIMM.
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[MprvMepbl PyHKLMMU OWNDOKY B perpeccut U Kaaccudukaymm

Perpeccus

MvnoTesa nopoxaenus fanubix: y ~ N (f,1).
DyHKuMs owmnbkn:

S(w) = [ly — fII3.

Knaccudukauyus

lvnoTesa nopoxgennsi fanubix: y ~ B(f,1 — f).
PyHKUMS OLNBKN:

Sw) = yilnf(w'x); + (1 - y)In(1 - f(w'x);).

i€eZ
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3asava Bbibopa onTuManbHOro Habopa NpusHakos

» 3apaHa Bbibopka D = {(x;,y;)}, i € Z.

» 3agaHo ciyyvaiiHoe pa3bueHne MHOXECTBO WHAEKCOB
anemeHTOB BbIbopku Z = L LIC.

> MHOXeCTBO HE3aBUCUMBIX MEPEMEHHBIX X = [X1,...,Xj, ..., Xn]
npouHgekcmposaro j € J = {1,..., n}.

> 3afaHo MHOXeECTBO MoAeseii-npeteHaeHToB § = {f(w,x)}.

» Mogenb — napameTpuyeckoe ceMeircTeo
dbyrkumii f(w,x) = u(w'x), rae g — dbyHkuns ceasn (s
cnydae perpeccum i = id, B ciydae knaccudpmkauum
i = Trapowr)

» CrpykTypa mopenu f4 3apgaHa MHoxecTBoM uHgekcos A C T
1 O3HAYaET BKJKOYEHNE NnepeMeHHbIX X 4. VHauve,
NCMOJIb3YIOTCS TOJIbKO MPU3HAKM-CTONbLbI MaTpubl X
C MHAEKCaMM U3 MHoxecTga A.

» 3agaHa dyHKuus owmnbku S.
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3asava Bbibopa onTuManbHOro Habopa NpusHakos

TpebyeTca HaliTn Takoe nogMHoxecTBo nHaekcos A C 7, koTopoe
Bbl [OCTABASNO MUHUMYM PYHKLMM

* = in S(fqlw*, D
A arg;‘nglil7 (f4)w*, De)

Ha pa3bueHun Bbibopku D, onpeaeneHHOM MHOXECTBOM
nugekcos C.

MNpun 3TomM napameTpbl W* MoAenu JOMXKHbI JOCTABAATb MUHUMYM
dyHKUMN

w’ = arg min S(w|Dg, f4)

Ha pa3bneHun BLIOOPKU, ONpeaeseHHOM MHOXeCTBOM L.
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AatxHble

Mpeobpa3oBaHue wikan

o O6J'|aCTb AEATENBHOCTN 3aEMLULNKa, HOMWHaJ/IbHasA LWKaJa
Nominal | Tourism  Banking  Education

John 1 0 0
Thomas 0 1 0
Sara 0 0 1

e ObpasoBaHue 3aemLmKa, OpANHaibHasA LWKana
Ordinal | Primary  Secondary  Higher

John 1 0 0
Thomas 1 1 0
Sara 1 1 1
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3apava

I'pynrmpOBKa NMPU3HAKOB: ONTUMW3aLUNOHHAA 3a4a4a

Mbl UMeeM HavanbHYHO MOLEsb, 3afaHHyo Habopom nmHaekcos A.
[lobaBnuM nonyyeHHble B pe3ynbTaTe rpynnupoBKM MPU3HAKM 1
PaccCMOTPMM YiyulleHne (PyHKLMOHANA KaYvecTBa.

&= 1 2 3 ... ¢, cuncno kateropuii, & € C;
Lol !
Xi= Y Y2 V3 ... 7 || uucno rpynn,yeT.

TpebyeTca HaliTu yHKLMIO
h:C—T.
3afava ONTUMN3aUNKN CTaBUTCS TaK:
h,|T'|) = arg max S(w) 4u;
(1, I71) = arg may (1)

W pELIaeTCsl METOAOM MOJIHOMO Mepebopa UM reHeTNYECKM
aJIropnTMOM.
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Discrete genetic algorithm for grouping

@ There are set of binary vectors {a1,...,ap}, a € {1,..., k}";
® get two vectors ap,aq, p,q € {1,...,P};
© chose random number v € {1,...,n—1};

O split both vectors and change their parts:
!/
lap,1,- -+ 8pus@gutl,---s3qn] — @ p,

’.
lag,1,- -+ 3q,us 3put1,---s3pn] = Ag;
@ choose random numbers 71,...,n¢ € {1,...,n};

O replace values in positions 71, ..., nq of the vectors a’y,,a’ for
random values from {1,..., k};

@ repeat items 2-6 P/2 times;
@ evaluate the obtained models.
Repeat R times; here P, @, R are the parameters of the algorithm

and k is desired number of categories.
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