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Yro 00CyX1aIM Ha IPOILION JICKIIUU

B okpyxatwwem 4enoBeka Mupe ecTb Bewn/obbekTol/npeameThl,
KOTOPbIM MOXXHO COMNOCTaBUTb MbICITUMbIE MOHATUA.

I'Ipe,u,meTbl, O KOTOpbIX nwan HUYEro He MbICITAT WU HEe 3HalkoT
HaxXxodAaATCA 3a I'pﬂHI/ILI,GI?I BO3MOXHOCTEN KX LeneHanpaBJyieHHOro
NCIOoJ1Ib30BaHNA.

[Mpn 3TOM Bewu NO ApYyrylw CTOPOHY rpaHulbl  MbICIIMMOrO Mo
onpeaeneHnto ABNATCA HEMbICTTUMbBIMMU.

Ynopagoounts npeacrtaBneHnst 0 MbICIIMMOUM U HEMBICITMMOW 4acCTAaAX
peanbHOCTU MOXHO NyTeM BBEOAEHUA MOHATUA MHPOpMaLMA, cHuTasa ee
aTpubytoM -5uWb TOW YacTu pearbHOCTW, KOTopad Aansa Joaen
ABMAETCHA MbICITUMON.




MBICTHUMOE - «CHMBOJIBHBIN KOJ (DM3UYECKHM IIPOIECC»

(Y —_— .
-d,bh"_f S g td 4 el NHTennekTyanbHbIN IHCTpymeHT
cy6bekT, «pacwnpoBKn»
D4y 9 setd J s454 | «MOHUMAOLLMN» Kof, Koaa
Kop, (b|/|3|/|quK0rO dunanyeckuit
npouecca «MpOLECce»

ATpUBYTUBHBIN XapakTep NOHATUA «MYy3blka» odeBuaeH. Hu kaxabih Habop YacToT kKonedaHuu
CTPYH MOXHO CBSi3aTb C MOHATMEM MY3blKa, a TONIbKO eCrin cBOMCTBa Habopa konebaHnn CTpyH
WHCTPYMEHTA, OTBEYalOT NponopLmn, NopoXxgaemMon rapmMoHuyecknm psagom. Kaxgomy
MYy3blKallbHOMY MPON3BESEHMIO CONOCTaBNAETCA HEKUMW OUCKPUNTOP — Ha3BaHME U aBTop



[IpoOsieMa CyOBEKTUBHOCTH BEPOSATHOCTHBIX MEP - MAPaJOKC 1

CI)I/IHCTTI/I HNJIN relationship between independence and exchangeability

C TO4YKM 3peHUst CTaTUCTUYECKOro OMUCAHUA CUCTEMbI €€ COCTOSIHUS
MOryT obpasoBbiBaTb CTAaTUCTUYECKN HE3ABUCUMbIE BO BPEMEHU, HO HE
3aMeHdeMble rocriegoBaTesibHOCTU. Y  Takux  rnocregoBaTesibHOM
OAVHaKoBble pacrpeneneHns, Ho pasHble MHPOPMaLNOHHbIE CYLLHOCTH:
Definition: An infinite sequence

Xl 3 XE 1 x:h a

of random variables is said to be exchangeable if for any
X!il:“- X E.Ildlej . Xjﬂ

both have the same joint probability distribution

However, the converse is false—there exist exchangeable random
variables that are not statistically independent, for example the Pdélya
urn model. Questions of interest are the evolution of the urn population
and the sequence of colors of the balls drawn out.



Mogaens ypHbl Jxxopaxa [1oimy,

no chopme

no LBeTy

no pasmepy

B Modenu ypHbl Nonwn
Habntogaemoe
3HayeHue ¢ bonbLuen
BEPOATHOCTbIO DyaeT
HabnaaTbCA CHOBA, a
aKT n3MepeHns BnmsaeT
Ha pesynbraTtbl OyayLwmx
n3mepeHumn



Bonpoc: Kak MOXHO MCMOSb30BaThb MOHATUE

«MH(OopMaLMN» B paMKax

MaTeMaTU4YeCKUX 3aKOHOB, XapakTepHbix Ans (.... QOU3NKK, XUMUu,
Buonornu.... ) KOMMbIOTEPHbIX HAYK ...

IMonpoOyeM mOHATH ( WCTOIB3YS] METOMABI, XapaKTEPHBIC IS «ITaTOJIOTHYECKOM
aHATOMHUU», HO OPUMEHHUTEIBHO K  COBPEMEHHBIM  BBIYMCIUTEIHHBIM
TEXHOJIOTHSM) - KaK HYXHO paccyxaarb 00 wuHdopManuu, 4YTOOBI 3TH
paccyXJ€HUS HUMEIU CMBICI C TOYKHA 3PEHUS] KOMIBIOTEPHBIX HayK, T.€. B
PacCy X IEHUAX UCIOIb30BAIUCH TAKKE MOHATHUS KaK

YHCIIO,
orepanus,

AJITOPUTM ,

BBIUHCIINMAs (PYHKITUS
IIPOLIECCHI BBIYMCIICHUM. . ..

akrowdE



YT0 M3BECTHO O CBSI3U (PU3UKU U HHPOPMALIMHA C TOYKH

3PCHUA Computer science

e Perception (BocrnpuaTue) - obtaining physical signal through sensors or communication channels:
—> reality — perception - data as a signal

e Understanding of the subject or signal (noH1mMaHne) — COOTHECEHMNE NOMNYYEHHbIX AAaHHbIX C KAaKON-NnMbo
CYOBbEKTMBHON KOHLUeNUMen peanbHOCTH:

-> physical signal -> context-dependent reflection operator "signal to data" - words or numbers
or even both

e Matching (cornacosaHue) data with the utility function in use - obtain knowledge concerning signal’
source, value and classes

-> functional programming or synthesis (solve inverse problem) of a logically consistent model,
which is a computational function of perceived (perceptual) data and can be used as arguments (input data)
of the utility function along with the encoded characteristics of the perceptual signals - «dyHKUMOHaNLHOE
nporpammupoBaHue» npupogpl!!! a noyemy He nmnepaTUBHOE NPOrpaMmmpoBaHune ?

e Computer modeling (komnboTEPHOE MOoAenvpoBaHune) of nature is a process that reflects the skill or
ability to use the acquisition of data and models to construct a coherent and consistent “digital picture" of
the environment that is consistent with the primary physical principles. .... cnocobHocTb ncrnonb3oBaTb
nosiydeHne AaHHbIX U MoAeNiv Afi NOCTPOEHUS LIeSTOCTHOM 1 nocnegoBaTensHON "umMgpoBon KapTUHbLI"

OKpyXXatoLLien cpefbl, KoTopas COOTBETCTBYET NePBUYHBbIM (PU3NYECKUM NPUHLMNAM
-> data— ( anropuTtm) algorithm - data

Actual CS problems:
e Fundamental: “data 1-algorithm-data 2-----> ??7? Understanding data 2” .

e Application: extract a subset of the state space of models on which utility (goal oriented) function
achieves maximum .




Nucrpymentapui KH: UmniepatuBHOE /JleKmapaTuBHOE

/OYHKIIMOHAIILHOE MIPOrPAMMUPOBAHUE

o WmnepatuBHOe nporpammupoBaHue (OT aHrn. imperative — npukas,
a3blku C, Fortran, Java) — 9710 napagurma, KOotopasi ornmcbiBaeT npoLecc
BblYMCIIEHMSA B BMAEe Habopa WHCTPYKUMNA, M3MEHSIIOWMX COCTOSIHUE
OaHHbIX TakK, 4ToObl pewaTb 3agadvy (nogsuabl W.M..... npouenypHoe U
OOBEKTHO-OPUEHTUPOBAHHOE MPOrpaMMmMpoOBaHME) .... OT MalUUHbl K
4yenoBeky (>>> 3-4, >>>3*4 )

e [eknapatnBHoe nporpammumpoBaHue (dA3bikm SQL, Prolog)— 3To
napagurma, B KOTOpPOW 3agjaeTtcd cneuudukauma (onucaHue) uenn (4To
XOTUM NONy4YnUTb B pesynbTaTte ) 3adayn, KOTopble He coaepXxaTt
NepeMeEHHbLIX U onepaTopoB MpPUCBaMBaHUA... OT 4YefioBeka K MallunHe
(CREATE TABLE if NOT EXIST staff...)

e @yHKUUOHaNbLHOe nporpamMmmupoBaHne — nporpamMmmmpoBaHMe KOTopoe
NCNOSIb3YeT pe3ynbTaThbl BblYNCIIEHNS PYHKUMW, apryMeHTbl KOTOPbIX €CTb
OaHHble nnu gpyrue pyHkumm (0T PyHKUMKM K PYHKLUUN... YTO-TO nonyyaer
Ha BXO4 W Bcerga 4to-To Bo3BpawlaeT ... const f = (x) => x * Math.sin(1 /
X).

e 3HaK = B (YHKUMOHASbHbIX $A3blkax Ha3blBaeTCs “‘CBA3blBaHME®, 4YTO ecCTb

cneunanbHaa dopma 3anucu QYHKUUA, NUKBMOUPYHOWAa HEeO4HO3HAYHOCTU
TMNa QYHKUMA/3HAYEHNE PYHKLUMN. ..




We need more

Perception flexibility:
Understanding accuracy :
Computer modeling efficiency :




What is flexibility from CS point of view ?

In this context, flexibility means the dynamic relevance
of the data used

Humans ‘
Relevance is the concept of one topic being connected A invorm |
to another topic s

Example: relevance pre-process the inputs data - to
remove those that are deemed irrelevant (cuntatotcs
HeaKTyanbHbIMN).
« Classical statistic deal with algorithmic oriented
process extracting data (explicit knowledge)
for goals like planning, estimation, predictions, L

EtC World
« Modern Machine learning deals with data- /4 !I :

driven black-box model (implicit knowledge) .
 Interpretable surrogate model - merge
statisticians and machine learning aspects .




OyHIaMeHTAIbHAS MTPO0JIEMa — OMUCAHUE «3AKPBITHIX» U

«OTKPBITBIX» (PU3UYECKUX CHUCTEM

« CoBpeMeHHass du3nka OCHOBaHa Ha MOAEMNsX, KOTOpble He Y4UTbIBaloT
npoueccbl MHPOPMALIMOHHOIO B3aMMOAENCTBUSA, a 3HaHWUS BblipaXaloTcsa Yepes
maTemaTundeckme dopmynbl.

« T[loatomy wmogenupoBaHue U3NYECKUX MPOLIECCOB W  MOAEnMpoBaHue
MPOLIECCOB BOCMNPUATUSA pearibHOCTU CYLLECTBEHHO OTNMNYaloTCA.. ..

— OpHa U1 Ta XKe peasibHan cMCTeMA MOXKET « AEMOHCTPUPOBATLY pPasinyHble pUsnYeckme CBOMCTBA B
3aBMCMMOCTM OT PEXMMOB PaboTbl U TOM MHDOPMALLMKN O ee CBOMCTBAX (MPW KaKMX YCIOBUAX CUCTEMA
cnocobHa coBepLlMTb PaboTy, a NPU KaKMX HET ? ) KOTopas AOCTYNHA «BHELWHUM CUCTEMAaM.

Noyemy Tak ?

—  MUmerowanca MHGopMaLMs O CBOMCTBAX CUCTEMbI MEHAET TO, KaK He CUCTEMY BAMAET BHELLHAA cpea.

* [lpyu 3TOM, O0YEBWAHO, 4YTO Mepa UHPOpMmaLUM [ONAKHA OblTb cornacoBaHa C
0bwedn3nYecKMMMN NOHATUAMM, TAKUMU KaK IHEPrUA U SHTPONMUA

* WHdopmauma o cucteme, AOCTYNHAs Habnogatentd HapaBHe C  APYTUMM
OOBEKTUBHbIMU XAaPAKTEPUCTUKAMWN MOMKET BAUATb Ha B3aUMOAENCTBME C APYrMMMU
cucTEMamm:

— B 3aBUCMMOCTM OT MMmetoLenca MHPopmMmaLmmn o cucteme ee, Hanpumep, TM60 MOXKHO NMBO Henb3s
MCNO/1Ib30BaTb A1 «COBepLIEeHNA PaboTbi».

Bonpoc: KaKyto «paboTy» coBepluaeT KOMMbOTEP, MNPOBOAA BblUMCAEHUA ( HA 4To
TPATUTLCA SHEPrua, Koraa YesoBekK Aymaer ? )



3adyeMm HyxHbI MOJIAJIBHBIE norunkm?

caenatb MmMo4YHbIMU N HeaeyCMbleleHHblMU paccyxgeHnd Ha eCtTeCTBEHHOM A3blKe,
BKJTlOHarwoLwme pa3syindHble NOHATUA.

e PaccyxdeHusi ¢ ucronb3oeaHuem 3HaHul 0ormkHbl 6bime JIOTMYHBIMU, m.e.
rnocrie0oeamersibHbIMU, HErpomuesopeyusbiMu U ybeoumeribHbIMU, UHMYUMU8HO
coa/1aco8aHHbIMU C MOHUMaHUEM MPpUYUHHO-C1Ie0CMBEHHbIX c8s13el, ¢ MoHUMaHUeMm
moeo, YTO senssemcsi UCMUHHbBIM 8 PasfuyHbIX obracmsx.

e Hanpumep, HE npotnBopeyart MHTyuUuun:.

e dopmyna K(p A q) = Kp A Kq - ato masmonozaus mogansHon
NOTMMKN 3HAHUN .... O4EBUAOHO, YTO
ecnu 5 3Haro U p, U 4, mo amo 3Ha4um, 4Ymo S 3Haro P U A 3Hak (;
e B noruke 3HaHWi - 4EOHTUYECKOM Nornke 06a3aHHOCTU U 3anpeLLeHns MoryT

ObITb 8bIpaxeHb! ApPyr Yepes gpyra o4eBMaHbIM 0Dpa3oM:

HopMa “rimamume Hanoau obs3ameribHO” AOMKHa OblThb
9KBMBaneHTHa HopMe “He rnamume Hanoau HE pa3peweHo”,




Onepauuy OpoCTEeHIIEH JIOTUKY 3HaHUN

e 0O(q) = F(—Q) “ebinonHeHue Hekomopozo delicmeusi 0b6si3ameribHO — 3Mo Mo
xe
camoe, Ymo 3arnpeuw,eHo e2o HeabIrnosiHeHue”

e F(—q) »0(q) “ecnu HesbinonHeHue Hekomopoeao delicmaus 3anpeuleHo, Mo
€20 8bIrNoJIHeHUe s8rsemcsi 0bsizameribHbIM™

Hanpumep:

e ~(PaanFa) “ebieynusaHue cobaku 6e3 HaMopOHUKa He MOxem 6bimb
o0HospemeHHO U pa3peweHo, U 3anpeuweHo”

e —(0OaA—Pa) “ebieynusaHue kpokoduna 6e3 HamMopOHUKa He Moxem 6bimb
00HospeMeHHO U obsizameribHbIM , A He pa3peweHHbIM”




MOHO JIi TOCTPOUTH BBIYUCIUMYHO (DYHKIIHIO TEHEPALINU

HOBBIX 3HAHUM (AITOPUTMOB) B 00JIAaCTH KOMIBIOTEPHBIX HAYK ?

o Tema coobweHusa ansa 3aHaTna Ne3:

e Kakne npobnembl Teopumn anroputmoB ( computer science) MoryT
pellaTbCHa B pamMKax 4EOHTUYECKOWN NMOTUKN?
NCTOYHUKN
Discursive Input/Output Logic: Deontic Modals, and Computation, rnasa 1

De Finetti's theorem see DE FINETTI'S THEOREM IN CATEGORICAL PROBABILITY
by TOBIAS FRITZ, TOM'A S GONDA, AND PAOLO PERRONE




