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KpaTkasa ncrtopumsa Al kak Hayku
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@) OpenAl

1956 1997 2003-2005 2017 2017 2022 2025
TriodeVaccumTube Al term born Deep Blue DARPA Challenges| | Transformers WaveNet ChatGPT deepseek
1920 1982 2006 2019
. 5 g "OpenAl ChatGPT The chinesse
First ever robot D‘:!'It’;lz)?t ﬁ::g;::l Hopfield ANN e Deep Belief ANN Frniten GPT1 ng;mmz .::n?:;T:: deepseek
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Digital Logic time, the Al Parallel Processing b IBM Blue Brain You BERT LM h1:§>l:§;§:tslt°:f::r 5 OPiQ:AI
1048 definition is used. 1989 2010 e 2020 months!" 2 weeks!
\ Cybernetics j \ / @nvolutional Ny \ / \ Apple Siri / \ / K GPT-3 / \ / K /
1st Winter 2nd Winter
[ 1900 - 1950 2012-2017 | 2017-2020 | 2020-2025 | 2025 -.. |

1950 - 1973|—/l/—|1980 - 1987 |—/l/—|1993 - 2000 2000 - 2012

—

—

—

—

1050 )

Turing Test

"A computer would
deserve to be called
intelligent if it
could deceive a
human into belivign
it was human"

10121954

4 1957 \

First Perceptron

1957
First Al program

1965
First Ind. Robot

1965
Eliza ChatBot!

Frank Rosenbaltt
&5

1086 )

Back
propagation

"Multi-layer
networks could
learn non-linear
mappings,
significantly
contributing to the
field's progress"

[ 1994 N

Robocup
1997
LSTM ANN
1999
Sony AIBO

2000
Kismet Robot

4 2012 N

AlexNet

"A Revolutionary
Deep Learning
Architecture
significantly
outperforms
ImageNet"

4 2013 N

DeepMind
2014
Generative AN
2015
Tensorflow

2016
Alpha Go

4 2020 N
DALL-E

"generating images
from descriptions,
showcases the
power of Alin
cross-modal tasks
and creative
content generation”

[ 2020 N

Tesla Self drive
2021
Regulation & Ethics
2024
Sora LVM

2024
EU Al Act

(" 2025 )

AGI
ASI
Singularity
SuperHumans
&
Beyond



https://en.wikipedia.org/wiki/Timeline_of_artificial_intelligence
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Hbtoann n CainmoH: Logic Theorist

o Newell, Simon (1956): Logic A )
Theorist, nporpamma ans A COMPLEX INFORMATION PROCESSING SYSTEM
aBTOMaTU4YECKOro by
,D,OKaSGTeJ'IbCTBa TeopeM Allen Newell anzbﬂerbert A. Simon

i P-868

e Herbert Simon, Jan 1956: “Over J June 15, 1956

Christmas, Al Newell and |

invented a thinking machine”

e OH Xe, no3xe: “[we] invented a
computer program capable of
thinking non-numerically, and
thereby solved the venerable
mind-body problem, explaining
how a system composed of
matter can have the properties of
mind”.

Herb Simon and Allen Newell.


http://shelf1.library.cmu.edu/IMLS/MindModels/logictheorymachine.pdf

Hbtoann n CainmoH: Logic Theorist

e Newell, Simon (1956): Logic
Theorist, nporpamma gns

The two connectives, - and v, are taken as primitives. The

third connective, » , is defined in terms of the other two, thus:

aBTOMaTMYeCKOro Cw > & e A7
,U,OKa3aTeJ'I bCTBa TeOpeM The five axioms that are postulated to be true are:
1.2 PV P.SP
e Ha camom fgene 310 6bi 3 T
OT/INYHbIN MpPyBep, Nnepegokasan 1. PYasavP
MHOIO TeopeM n3 Pr|nC|p|a 1.5 pyv.qVIr:i4q VpVT

p~> qr Vp- TV

Mathematica... HO Bcé-Taku Kak-
TO 3TO He B3/1eTeno

PRINCIPIA  %5443. F:.a,Bel.D:anB=A.=.avBe?2
MATHEMATICA Dem.
) TO «56
F.%5426.JF:a=tz.8=ty.D:avBe2.=.24y.
ALFRED Non:::wmnn‘mn [*51.231] =, l«‘x N “y — A .
i [¥1312] =.anfB=A (1)

F.(1).%11°11'835.D
Fi(ga,y).a=tz.B=t'y.d:avBe2.=.anfB=A (2)
F.o(2).%11°54.%52'1 . F. Prop

P , From this proposition it will follow, when arithmetical addition has been
i 705 e i defined, that 1 +1=2.

Il



http://shelf1.library.cmu.edu/IMLS/MindModels/logictheorymachine.pdf

[epbepT CanMOH

e KctaTtu, Herbert Alexander Simon
search environment

6blN1 HE TONIbKO NMOHEPOM Al
L . for condition
- \/{ L inteligence gathering
e OH B LeNoM nsyyan npuHATHE Cinons 2 caling for decision

peweHunit; Administrative Behaviour a'cs’cjicvi’des / e

— ‘ages i e
(1 947) O TOM, KaK toAn npuHUMatoT in De?:ision — possible course of design l L Develop
paumoHanbHble peleHns Makng | 2 design o T3 anlyse

&

e CTaHpapTHasa Toraa Mogenb — homo
economicus, YeNnoBeK paLMOHasbHbIN { 3. choice o
N 3rOUCTUYHbIN

select per’ciculqr course

e CanMOH u3y4dan paunoHasnbHble
peweHus ¢ orpaHndyeHmnsmm (bounded
rationality): yenoBek He BCE 3HaeT 1 He
BMOJIHE 3rOUCTUYEH

e Satisficing: kak NpuHATL
YAOB/IETBOPUTENIBHOE, HO HE
065s13aTe/IbHO ONTUMANbHOE peLUeHne




Shakey the Robot

e Shakey the Robot (Stanford, 1966): nepBbIi MOGUBbHbBIN POGOT, KOTOPbIN
MOT MJIaHMpPOBaTb CBOW JENCTBUS

e Mor nonyuyntb komaHay Bpoae “push the block off the platform”, cam
HanTW nnatgopmy c 6/I0KOM, CNAaHMPOBATb, Kak 0 HEE AobpaTbcs, a
NOTOM PU3NYECKN UCMONHUTDL STOT MNaH

VIDEO CAMERA

DIMENSIONS (Approx.)
56"L; 35'W; S7'H

CAMERA CONTROL:
ELECTRONICS

1/0-1L06I1C, O

TRANSCEIVERS [
) 53,

ACTION LOGIC A& 37

B 5 e

Y \PNEUMMIC BUMPER
WITH TACTILE SENSORS

FIG.2 AUTOMATON VEHICLE




Shakey the Robot

e [lnaHumpoBlmk STRIPS (Stanford Research
Institute Problem Solver), HanncaHHbIN Ha
Lisp; MOr cniiaHnpoBaTh NepemMeLLeHNs,
BK/1lOYEHUe/BbIK/TFOYEHUE CBETA,
OTKpblBaHWe/3aKpblBaHNE ABEPEN U T.A.

e Kpowme Toro, Shakey cam cmoTpen Ha
OKpY>XatoLLMin Mup, 3TO 6blNa ofHa 13
NepBbIX CUCTEM KOMIMbIOTEPHOIO 3peHus vsoan)

e K HeMy OTHOCUTCS 1 3HaMeHuTan 6anka:

s1Ko6bI B 1966 rogy MapBuH MUHCKNi
TECTOR'-

Bblaan [yxepanbay CaccmeHry (Gerald Jay & V'\l :

Sussman), Torga acnupaHTy, 3agavy e

CASTER

peWwunTb NPo6eEMY KOMMbKOTEPHOIO _'
3peHUA B Ka4eCcTBe NpoeKTa Ha JieTo e )

~ “DRIVE |

TR S\
ORIVE /% . |
T WHEEL

MOTOR

o

AL AR



Shakey the Robot

e T[lnanumposlmk STRIPS (Stanford Researgh

JOETECTOR

CASTER
WHEEL




V/ITMO

ELIZA

e ELIZA (Weizenbaum, 1964-1968): oAnH 13 NepBbix HAaCTOSALLMX 4aTOOTOB,
cucTemMa, KOTopas CMMynnpoBarsna pa3roBop yepes npocton pattern matching

Cambin ussectHbi ckpuntT — DOCTOR, cumynatop ncuxoTtepaneBTa

BenueHbaym
Welcome to
BbIbpan Tepanuiio, EEEEEE LL 1111 777777  AAAAA

== LL II ZZ AA AA
L‘ITO6I:>I He Hy)KHO EEEEE LL II 77 AAAAAAA
== LL II ZZ AA AA
6|:>|f|0 CTpOI/ITb EEEEEE ELLELEL. F3EF 277777 AA AA
MO,CI,ETII:) Ml/lpa: d Eliza is a mock Rogerian psychotherapist.
The original program was described by Joseph Weizenbaum in 1966.
MO>XHO 6|:>|f|0 This implementation by Norbert Landsteiner 2005.

NpocTo
pednekcnpoBaTb
TO, YUTO rOBOPUT

cobecegHuk (PCT,

ELIZA: Is something troubling you ?

YOU: Men are all alike.

ELIZA: What is the connection, do you suppose ?

YOU: They're always bugging us about something or other.
ELIZA: Can you think of a specific example ?

YOU: Well, my boyfriend made me come here.
person_centered ELIZA: Is it important to you that your boyfriend made you come here ?
YOU: He says I'm depressed much of the time.

ELIZA: I am sorry to hear that you are depressed.

therapy, Rogerian
YOU: It's true. I am unhappy.
therapy oT Kapj'la ELIZA: Can you explain what made you unhappy ?

YOU:
Poaxxepca)


https://en.wikipedia.org/wiki/Computer_Power_and_Human_Reason

ELIZA SIS

[ ELIZA (Weizenbaum Jid you come to me because you are not 7
1964-1968): BbIrNAQMT 0YeHb >i dont knou
What does that suggest to you?
MPOCTO, N JIETKO CJiIOMaTb

>that i am unintelligent
How long have you been unintelligent?

[lonpobyinTe camu:

https://anthay.github.io/eliza.ht izl | o= e

ml

>arent you supposed to cheer me up
You’'re not really talking about me, are you?

ANEAITH MEHEE, IOAN 6b|f|l/| >no im talking about me
BOCXNLWEHbI, NHOIAa Why not?
9MOLMOHANbHO >mrh

I'm not sure I understand you fully.
npuBAsbiBanucb K ELIZA n .

rg
pa3roBopam C Heu Come come elucidate your thoughts.

>uhat is elucidate
What do you think?

>to see
Can you elaborate on that?

L >



https://en.wikipedia.org/wiki/Computer_Power_and_Human_Reason
https://en.wikipedia.org/wiki/Computer_Power_and_Human_Reason
https://anthay.github.io/eliza.html
https://anthay.github.io/eliza.html

ELIZA (Weizenbaum,
1964-1968)

MbI rOBOpU/IN O TecTe
TblOpUHra

ELIZA — nepBas
nporpamMma, Kotopas
XOTb MHOrga npoxoguna
TecT TblopUHra

N oHa ocTanacb
baseline’'om pgaxe B
Jones, Bergen (Mar 31,

2025)!

ELIZA
GPT-40-NO-PERSONA
GPT-4.5-NO-PERSONA
LLAMA-NO-PERSONA
LLAMA-PERSONA
GPT-4.5-PERSONA

ELIZA
GPT-40-NO-PERSONA
GPT-4.5-NO-PERSONA
LLAMA-NO-PERSONA
LLAMA-PERSONA
GPT-4.5-PERSONA
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Large Language Models Pass the Turing Test

Cameron R. Jones

Department of Cognitive Science
UC San Diego

San Diego, CA 92119
cameron@ucsd.edu

Benjamin K. Bergen

Department of Cognitive Science

UC San Diego
San Diego, CA 92119
bkbergenQucsd. edu


https://en.wikipedia.org/wiki/Computer_Power_and_Human_Reason
https://en.wikipedia.org/wiki/Computer_Power_and_Human_Reason
https://arxiv.org/abs/2503.23674v1
https://arxiv.org/abs/2503.23674v1

SHRDLU

e SHRDLU (Winograd,

1968-1970): cuctema
MOHMMaHWS ECTECTBEHHOTO
AA3blka B OrpaHUYEHHOM
KOHTeKCTe (Ky6uKKn Ha cTose)

Morna Ha eCTeCTBEHHOM
A3blKe NoJlydaTb KOMaHAbI,
naaHMpoBaTb UX UCMOJTHEHUE,
nogaep)xnBatb KOHTEKCT U

aHadopy

3TO 6blN1a 3HaMeHuUTad
JeMOHCTpaums

NCKYCCTBEHHOIO UHTEJIJIEKTA...

Person: Pick up a big red block.

Computer: OK.

Person: Grasp the pyramid.

Computer: I DON'T UNDERSTAND WHICH PYRAMID
YOU MEAN.

Person (changing their mind): Find a block
which is taller than the one you are
holding and put it into the box.

Computer: BY "IT", I ASSUME YOU MEAN THE
BLOCK WHICH IS TALLER THAN THE ONE I AM
HOLDING.

Computer: OK.

Person: What does the box contain?
Computer: THE BLUE PYRAMID AND THE BLUE
BLOCK.

Person: What is the pyramid supported by?
Computer: THE BOX.

Person: How many blocks are not 1in the box?
Computer: FOUR OF THEM.

Person: Is at least one of them narrower
than the one which i told you to pick up?
Computer: YES, THE RED CUBE.


https://www.cs.utep.edu/nigel/papers/shrdlu.pdf
https://www.cs.utep.edu/nigel/papers/shrdlu.pdf

SHRDLU

® ..HO 3TO 6blN1a UNNO3UA 2)

e [lnanor nogaep)xuBarsncs
TONIbKO B onpeAeneHHOM
KOHTEKCTe, N He 6blNo
HUKaAKUX rapaHTum
KayecTBa; |
cucrtemMa
CKOpee He
paboTana,
yeM paboTana

e Cam Teppwu
BuHorpapg
BCNOMMHar
(cnpaBa)

[...] the famous dialogue with SHRDLU where you
could pick up a block, and so on, | very carefully
worked through, line by line. If you sat down in
front of it, and asked it a question that wasn't in
the dialogue, there was some probability it would
answer it. | mean, if it was reasonably close to one
of the questions that was there in form and in
content, it would probably get it. But there was no
attempt to get it to the point where you could
actually hand it to somebody and they could use it
to move blocks around. And there was no
pressure for that whatsoever. Pressure was for
something you could demo. Take a recent
example, Negroponte's Media Lab, where instead
of "perish or publish" it's "demo or die." | think
that's a problem. | think Al suffered from that a lof,
because it led to "Potemkin villages”, things which
- for the things they actually did in the demo
looked good, but when you looked behind that
there wasn't enough structure to make it really
work more generally.


https://en.wikipedia.org/wiki/Nicholas_Negroponte
https://en.wikipedia.org/wiki/MIT_Media_Lab
https://en.wikipedia.org/wiki/Publish_or_perish
https://en.wikipedia.org/wiki/Potemkin_village

Winograd schema

e KcTaTtun, B 4yectb BuHorpaga HasBaH O4eHb
NHTEPECHbIN AaTaceT Ha NOHUMaHue Mupa, C
KOTOPbIM MOAENN NOJIHOLLEHHO Havanu
cnpaBnAaTbcA ToNbkKo nocne GPT-3

e Oka3sbiBaeTcs, pa3pelleHne aHadopbl MHOrAa
TpebyeT NPOHNUKHOBEHUS B CYTb BelLeW

e Ho eLlé 60nblUe NPOHNKHOBEHMUSA TpebyeT
nepeBoa...

Twin sentences

Options (answer)

X The monkey loved to play with the balls but ignored the blocks because he found them exciting. balls / blocks
The monkey loved to play with the balls but ignored the blocks because he found them dull. balls / blocks

X William could only climb begginner walls while Jason climbed advanced ones because he was very weak. William / Jason
William could only climb begginner walls while Jason climbed advanced ones because he was very strong. ~ William / Jason

v Robert woke up at 9:00am while Samuel woke up at 6:00am, so he had [ess time to get ready for school. Robert / Samuel
Robert woke up at 9:00am while Samuel woke up at 6:00am, so he had more time to get ready for school. Robert / Samuel

/ The child was screaming after the baby bottle and toy fell. Since the child was hungry, it stopped his crying.  baby bottle / toy
The child was screaming after the baby bottle and toy fell. Since the child was fill, it stopped his crying. baby bottle / toy




MalunHHbIN nepeBo B 1950-x rogax

e Warren Weaver, gnpekTtop
OTaeneHna eCTeCTBEHHbIX HayK B
doHpe Pokdennepa, B 1947
Hanucan BuHepy 0 BOSMOXHOCTH
MaLLUWMHHOro nepeBoga, a B 1949
BbIMYCTWJT MEMOPaHAYM Noj | -
Ha3BaHueM Translation

1 ¢ Translation”

WARREN WEAVER

ere is no need to do more than mention the obvious fact that a
« multiplicity of languages impedes cultural interchange between the
e M3 nucbma BuHe py-: One natural Iy peoples of the earth, and is a serious deterrent to international under-

i standing. The present memorandum, assuming the valid?ty and 1m-
wonders if the prOblem of portance of this fact, contains some comments and suggestions bearing

translation could Conceivably be on the possibility of contributing at least something to the sohftion.of
. the world-wide translation problem through the use of electronic com-
treated asa prOblem N puters of great capacity, flexibility, and speed. ot —_—
The suggestions of this memorandum will surely be incomplete an
Cryptog raphy' When | look at an " naive, and may well be patently silly to an expert in the field—for the
article in RUSSian, | say. 'This is author is certainly not such.

really written in English, but it has
been coded in some strange
symbols. | will now proceed to
decode.”




MalunHHbIN nepeBo B 1950-x rogax

e OTa MbIC/lb BCKOpe nonyyuna
NOATBEPXAEHNE B paboTax
Hoama XoMCKOro o

ASPECTS
nopoXXAaarLmnx rpaMmMaTuKax - o

SYNTAX

e B 1950-x OH Kak pa3 3aHMMaJcA |
MaLUMHHbIM NepeBOAOM, N ero / . .. oo
ancceptaumsa (1955) n kHura ‘
Aspects of the Theory of Syntax
(1956) y>xe copgep>xanu Bce
OCHOBbI TEOPUU U
CUHTaKCU4ecKue gepeBbs

A A N \Y Adv

Colorless green ideas sleep furiously.



MalunHHbIN nepeBo B 1950-x rogax

e Ecnuny Aasblka ecTb XOpoLLO onpeaeneHHas rpaMmmMmaTtumka, U eé MOXXHO
3anucaTtb B BMAe npaBus NnpeobpasoBaHus, TO MOXHO 3anucaTtb U
npaBusia NnpeobpasoBaHMA C OAHOro A3blKa Ha ApPYrou

e ATaM u
3anporpaMMmnpoBaThb UX; Phrase-Structure
’ P* Rules
NeoH [ocTepT yxe B 1954 S““‘ bt oration
NPOBEN NepByro My6ANYHYIO . RI“ SEMANTIES
(-':m Projection
AEMOHCTpaL Mo MallMHHOIO e ikt | Rules [T ANTIC
LEXICON STRUCTURE REPRESENTATION

nepesopa

Transformational
Rules

SURFACE
STRUCTURE

Phonological
Rules

PHONETIC
REPRESENTATION

PHONOLOGY




MallunHHbIN NnepeBof B 1950-x roaax

e 0OTa AEMOHCTpaLmMa n3BecTHa Kak

Georgetown-IBM Experiment (1954)

Bxona (pycckuii TpaHcauT)

Boixoa (aHrauiickuii)

Mi pyeryedayem mislyi posryedstvom
ryechyi.

We transmit thoughts by means of speech.

Vyelyichyina ugla opryedyelyayetsya
otnoshyenyiyem dlyini dugi k radyiusu.

Magnitude of angle is determined by the
relation of length of arc to radius.

Myezhdunarodnoye ponyimanyiye
yavlyayetsya  vazhnim  faktorom v

ryeshyenyiyi polyityichyeskix voprosov.

International understanding constitutes an
important factor in decision of political
questions.

KRCRYe TY CGLYA - OPRVEDYELY AYETSYA
i 11 ll 1 11 v LR |
] 1 ] m !

Jg:uuo(t\

‘rm" card is punched v.ith a .unplc Ruuha an.u'o
burgretcd at the top) in standard IBM punched-card ¢
then accepted by
tru.ht‘d liy means of M ary
programs hio the Bn‘lhh I..'(u” equivalent which is lbo' wﬁ?‘
4 | i, A
1 l 11 1 it
1 1t

KALORY I YROST YR

701, mvon‘d into its own binary hamp :& /.

operational lptuitll

© THE CQUALITY OF, COAL 15 DETERMINED

CALORY CONTENT

BY.




MallunHHbIN NnepeBof B 1950-x roaax

e B CCCP B TOM Xe roay aHasiorm4yHyto nporpammy cosganu nojg
pykoBoacTBoM [AMutpusa lNaHoBa n Nsabennol benbckon B MHCTUTYTE
TOYHOU MeXaHUKU N BbluncnmtenobHon texHnkm AH CCCP Ha
KoMnbtoTepe b3CM

AKAJIEMHIA HAYK CCCP

HAYYHO-TNONYJIAPHAA CEPHSA

e ————e T E——

A. 0. TAHOB

ABTOMATHYECKU
INEPEBO I

B3JIATEJILCTBO AKAJIEMHH HAVK CCCP




e B 1964 roay npasutenbcteo CLLUA
opraHmsoBasno ALPAC (Automatic
Language Processing Advisory
Committee), KOTOpbI 6bIN NPU3BaH
OLleHUTb Nporpecc
BbIYNCNTENIbHOM JIMHIBUCTUKMU

e KoMMTET BbINMYCTW/ OTYET Nof

HasBaHueM Language and Machines:

Computers in Translation and
Linguistics (1966)

e BbiBOAbI 6b1n HeyTeLWnTESIbHbIMU

LANGUAGE
AND
MACHINES

COMPUTERS IN TRANSLATION AND LINGUISTICS

A Report by the

Automatic Language Processing Advisory Committee
Division of Behavioral Sciences
National Academy of Sciences

National Research Council

AUTOMATIC LANGUAGE PROCESSING
ADVISORY COMMITTEE

John R. Pierce, Bell Telephone Laboratories, Chairman
John B. Carroll, Harvard University

Eric P. Hamp, University of Chicago*

David G. Hays, The RAND Corporation

Charles F. Hockett, Cornell University*

Anthony G. Oettinger, Harvard University

Alan Perlis, Carnegie Institute of Technology



Lighthill report

Science Research Council

B 1973 [>xenmc Jlantxunn
BbInycTun ctatbro “Artificial
Intelligence: A General Survey” c
OY€eHb MEeCCUMUCTUYHbIMMU

NporHosamu Artificial Intelligence

e 'In no part of the field have the
discoveries made so far produced
the major impact that was then
promised”

e B pesynbrate 6pnTaHCKOE
NpaBUTENbCTBO NPeKpaTUo
noanepxky Al-uccnegosaHum
No4YTU BO BCex yHMBepcutetax UK

©

e Bobwem, neCLIA nB
BenunkobputaHuu nrogm
pasoyapoBaanCb



3MMa UCKYCCTBEHHOI0O MHTENNEKTa

e BbiBoabl ALPAC, kputnka
NnepuenTpPoOHOB, OTYET
JlanTtxunna, obuiee
pasovyapoBaHune TeM, YTO
60/bLLUNE OXXNAAHUSA B
peasibHOCTU He NMOoATBEPANIIUCS...

e Bcé 3T0 npmBeno K “anme
MCKYCCTBEHHOro nHtennekra” (Al
winter): nepMoay NPUMEpPHO CO
BTOPOU NosioBUHbI 1960-x Ao
Hadvana 1980-x, korpa Al B
COBPEMEHHOM CMbICJ/I€ Masio KTO
BCepPbE3 3aHMUMaJICH

e Jloau peLwnnn, YTo “aTo BCE He
paboTaeT’ — un Torga
AENCTBUTENBHO TaK U 6b110!



3nMa NCKYCCTBEHHOIO MHTEJIJIEKTA

e BbiBoabl ALPAC, kputnka
NnepuenTpPoOHOB, OTYET
JlanTtxunna, obuiee
pasovyapoBaHune TeM, YTO
60NblLLUNE OXNAAHUA B

peasibHOCTU He p? <4} @ [t

.......

0 “9TO BCE He
nTorga
NEencTBUTENbHO TakK U 6b110!



Al B 1970-x:
aKCMepTHble
CUCTEMDI




YTO Takoe sKcnepTHaa cuctema

o Y SKCI'IepTHOm CUCTEMDI €CTb KaKasfl-

) If A, then B (Rule 1)
TO 6a3a 3HaHUI (NPOCTbIX NpaBu) U

npaBua BbIBOAA U3 HUX If B, then C  (Rule 2)

e [lpaBuna BbiBOgA MOTYT 6bITb uncto A (Data)
NIOFMYECKUMU, MPSIMO KaK C (Conclusion)
e

e HO 39TO He o4YeHb peanMCTUYHO...

EXPERT SYSTEM
T User
Description > . Inference
of new case inter- <+ i
Engine
face
USER T
ice &
Advic é Knowledge
Explanation _ «— Base




YTO Takoe sKcnepTHaa cuctema

e CKopee BCero, Mbl YTO-TO 3HaeM - _
HaBepHSAKa, a NPO YTO-TO MOXKEM h, = The identity of ORGANISM-1 is streptococcus

npeanonaraTb C HEKOTOPOM g = FATIENI=] [B180mi0
PEA P hy, = The name of PATIENT-1 is John Jones
CTEeNeHbo YBEPEHHOCTH

IF: 1) The stain of the organism is grampos, and

¢ Certainty factors — aTo B 2) The morphology of the organism is coccus, and
IKCIMEepPTHbIX CUCTEMAX 06bIYHO 3) The growth conformation of the organism is chains
OblJIN He BEPOSATHOCTM (XOTFI THEN: There is suggestive evidence (.7) that the

identity of the organism is streptococcus
Ternepb y>Xe CZI0XXHO NMOHATD,

CF[h,,E] = .8 . There is strongly suggestive evidence (.8) that
no4e My)' arf pOCTO a6CTpa KTHbl€E the identity of ORGANISM-1 is streptococcus
2 = =y . i i .
4UCJ1a N HEKOTOPDbIE MNMpaBWia CF[h,,E] 3 : There is weakly suggestive evidence (.3) that
onepaumﬁ C HUMM PATIENT-1 is not febrile
CF[hs,E] = +1 : Itis definite (1) that the name of PATIENT-1 is
Definition of Certainty Factors (CF) in MYCIN John Jones

e Range:-1<CF<+1
e CF level definitions:
e CF=+1 the fact or rule is certainly true

e CF=0 we know nothing about whether
the fact or rule is true or not

e CF=-1 the factor rule is certainly not true




HeyeTkaa normka

e Bce 3710 eLlle oyeHb NoOxXoxXxe Ha
HeuyéTKyto noruky (fuzzy logic),
KoTopaa ToXe B 1970-x aKTUBHO
pasBuBanacb (Jlotdpu 3age)

UNION

Haug X)) =H 4 (X) Vi g(X)

INTERSECTION

Hang X)) =1 4 (X) Al 5(x)

COMPLEMENT s \

AQXHpA(x)SpX(x)

Regular Logic
Heating Air-Conditioning
1 S
I L4
25 Temperature in °C
Fuzzy Logic

Temperature
S
25 30 35

Y A
classical (crisp) set A
1.0 -
fuzzy set A
membership
/ function p(X
0.0 ! } F——>

X



e MYCIN — skcnepTHasa cucrtema angd

AnarHoctukuy; 600 npaBun

THE MONITOR FOR RULES START

CONSIDER THE
FIRST CONDITION
IN THE PREMISE
OF THE RULE

ALL NECESSARY
INFORMATION BEEN
GATHERED TO DECIDE
IF THE CONDITION
IS TRUE?

CONSIDER THE
NEXT CONDITION
IN THE PREMISE

GATHER THE
NECESSARY
INFORMATION
USING THE FINDOUT
MECHANISM

IS ARE THERE
THE CONDITION

TRUE?

TO CHECK?

no (or unknown)

ADD THE

CONCLUSION OF | ORGANISM—1
REJECT THE RULE TO THE (CURORG)
JHE ONGOING RECORD
RULE OF THE CURRENT

CONSULTATION

CULTURE-1
(CURCUL)

ORGANISM-2

RULEO037

IF: 1) The identity of the organism is not known with
certainty, and
2) The stain of the organism is gramneg, and
3) The morphology of the organism is rod, and
4) The aerobicity of the organism is aerobic
THEN: There is strongly suggestive evidence (.8) that the
class of the organism is enterobacteriaceae

RULE145

{F: 1) The therapy under consideration is one
of: cephalothin clindamycin erythromycin
lincomycin vancomycin, and
2) Meningitis is an infectious disease diagnosis
for the patient
THEN: It is definite (1) the therapy under consideration
is not a potential therapy for use against the
organism

PATIENT—1 (PERSON)

OPERATION-1
(OPERS)

CULTURE-3
(PRIORCULS)

CULTURE-2
(CURCUL)

DRUG—4

ORGANISM-3 ORGANISM—4
(OPDRGS)

(PRIORORGS) (PRIORORGS)

DRUG-2 DRUG-3
(CURDRUGS) (CURDRUGS)



MYCIN — akcnepTHas
cuctemMa gns AnarHoCTUKu

Pe3ynbTaTbl BO BTOPOW
nonoBuHe 1970-x 6bIM KaK Yy
OMNbITHOrO Bpaya u
CYLLLeCTBEHHO Ny4lle, Yem y
Ha4YnHaKoLWNX Bpayen

CuctemMma 06paboTKN HEYETKUX
BblpaXeHNn v
HeonpeaeneHHOCTEN

IlaBanTte paccMOTpuUM
NpoCcTOU NpuUMep...

Ho, KOHEeYHO, Ha NMpaKTUKe 3aTo
ObIJI0 C/TOXXHO UCMOJIb30BaTb

I 3

NOTKNOWN

KNOWN ——») ( «— KNOWN ——»I

NOTDEFINITE > )

|1 T N
| 1 I
TDEFlNlTE DEFINITE
prabith RULE-BASED
RULE- EXPERT SYSTEMS

BASED
EXPERT
SYSTEMS

THE MYCIN EXPERIMENTS OF THE STANFORD
HEURISTIC PROGRAMMING PROJECT

Bruce G.Buchanan
Edward H.Shortliffe




MYCIN

e MYCIN — akcnepTHas

cucTemMa A AMarHoCTUKM ‘6”-
30\‘0 ..
e PesynbTaThbl yXe B cepefnHe . ‘\"‘ ne-
N 8°
1970-x 6bI11K KaK Yy oMb ce(\ W ) )
Bpaya 1 CyLLeCTBS ea»(V\ s cd
YeM Yy Haumg *“QG(OGQQ | {2 J’I’
o Cucr ‘\o‘ﬁo & 4
o Gb DEFINITE
® 2™t 28°
H WO e T RULE-BASED
O RuLE EXPERT SYSTEMS
PY ﬂla B\ EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
SYSTEMS HEURISTIC PROGRAMMING PROJECT
Hee Cooerd S
e HoO, KOHe 7Aa NpakKTuKe aTo

6b1/10 C/IOXKHO UCMNOJIb30BAaTb




1:THERE ARE CARBONATES
(CARBONATES) (4) [The computer acknowledges the first

volunteered evidence; the certainty
PrOSpeCtor - is taken to be 4.]

2:THERE IS DOLOMITE
- (DOLOMITE) (4)

3: fHERE>IS GALENA
e PROSPECTOR (Hart, Duda, )

4 THERE MIGHT BE SPHALERITE

1977): aKcnepTHas cuctema (SPHALERITE) (2)
ANA NONCKa MeCTOpO)K,D,eHMIZ 5 DONE A AR el [The user is flrﬁshed volunteering ;':
Nosfie3HbIX UCKONaeMbIX R j;;ﬁ;gg;;;gd Mt Cf
You told me about: | |
—~ CARBONATES (4) [The computer reminds the user of
s « volunteered evidence.]

6--To what degree do you believe that:
(* Prospective ore body lies in carbonate sediments) ? 3

You told me about:
- GALENA (4)

You suspected:
- SPHALERITE (2)

Your statements imply:
- Sulfldes (4)

In summary, the following have been observed:

The major favorable conclusions were:
. - (¥ Suggestive evidence for MVTD) (5.0)
~ (* Prospective ore body lies in carbonate sediments) (3.0)
- (¥ Right hydrothermal alteration) (3.0)
- (* Prospective ore body contains galena and sphalerite) (2.0)

The major unfavorable conclusions were:
~ (¥ Right temperature of mineralization) (-3.996)




XCON/R1

e XCON/R1 (Bachant, McDermott, 1984):

IKCMNepTHada cncrema ansd

KOH(urypmpoBaHusi komnbrotepoB VAX-11 B 16000

komMnaHuu DEC

e bblnla NOCTOAHHO B pa3paboTke, HO peasibHO
NPUMeHsAacb, 3KOHOMUA JEHbIN, 3TO BbiJ

ycnex aKCrnepTHbIX CUCTEM

NUMBER OF RULES
3250 —

3000 —
2750 —
2500 —
2250 —
2000 —

PDP11/23+ (7/82)
1750 —
VAX-11/730 (3/82)
1500 —

1250 —
VAX-11/780 (10/79)

1000 — \

750 —

VAX-11/750 (3/81)

| | |
1/1/80 1/1/81 1/1/82 1/1/83
R1’s Growth

VAX-11/785 (1/84)
VAX-11/725 (11/83)  gnoQ
PDP-11/44 (11/83)
PDP-11/24 (11/83)
MICROVAX-1 (10/83)
MICRO-PDP11 (7/83)

NUMBER
OF RUNS

20000

18000

14000

12000

10000

TOTAL ORDERS

6000
4000 TOTAL
TOTAL DISTINCT
PROBLEM PROBLEMS
INSTANCES
2000 \ RULE
PROBLEM
INSTANCES

12/31/80 12/31/81 12/31/82 12/31/83
R1’s Performance by Quarter (in Graphical Form)

1/1/84


https://ojs.aaai.org/aimagazine/index.php/aimagazine/article/view/445

[lpeacTaBneHume
3HaHUW




FOOD: 1. That which Ilving belng has to take In to keep It Ilving and for growth,

Things forming meals, especlally other than drink

[lpeacTtaBneHmne 3HaHUU

e [Jlpyroe HanpaB/ieHue — /\r’ {N***
npefcTaBiieHne 3HaHUI; B i N R
MYCIN “6a3a 3HaHUI1" — 3TO L '-,
NPOCTO Habop NpaBusI, HO b L.,
3TUM, KOHEYHO, A,eN0 He \/’\
ncyepnblBaeTcs TN \r

e Kak HaM npeacTaBuTb /
3HaHUA YesoBeYyecTBa B
MallnHoYnTaemomn popme?
9TO BOMPOC A0 CUX MOop sty 4y,
BMOJIHE aKTyasbHbl S

\ FROM 3

e Quillian (1968): Semantic : N
Memory; 3aecb y>xe ecTb
oTHoweHus Bpoae PART-OF, miro
HacneoBaHNe CBOWMCTB MO Lo
nepapxum u T.n. cege

T




[lpeacTtaBneHmne 3HaHUU

e Minsky (1974): A Framework for Representing Knowledge

e PpenMbl, 3HAYEHUS MO YMOYaHUIO, Npeobpa3oBaHuns, KOTOpble
MOXXHO NPUMEHSATb aBTOMAaTUYECKU; AlIOBOJSIbHO FPOMO3/1Kasi CUCTEMA,
HO U Lefib 6blsla aMbuLMO3Has: popMannsoBaTb BU3yasibHble 3HAHUSA
A1 KOMMNbIOTEPHOI0 3peHuns

* ClUbe

> A
> region-of

vertical type

parallelogram
efc.




John THIRSTY
«IR

~ John DO John PTRANS John 1o den
[lpepcTaBneHne sHaHUU i b
Beer OPEN John LOC (in room)
oE oE «E
INGEST John MTRANS (chair be)
5 < IR
e Schank, Abelson (1977): Scripts, Rt s
1 orE
Plans, Goals, and Understanding PRIt A
e [loHMMaHWe Mupa yepes Chair STATE CHANGE
CKPUNTbI Pa3HbIX COObITUN N UX i r e
NnyaHMpoBaHue ,
gravity PROPEL John to lloor
e [loaxop ckopee ¢ e

John LOC(on tioor)

NCUXONOrMYECKON CTOPOHDI
M3Ha4vanbHO (KaK YenoBeK 3To

.o ? noise
BCE CprKTprpyeT.), HO s
OKasaBLUnucsa nonesHbiM ana Al s et
£
wile PTRANS wile to den
orE
The above representation says, essentially this: John's thirst | I
caused him 1o decide to DO an action that would result in a beer

gravily PROPEL beer to(on chair)

being opened which would enable him to drink it. What we have is: or

the THIRST initiated an MBUILD (left out) to open the beer which was chair WET
the REASON that he did the action (whatever it was) that resulted in -l
the beer being open. The beer being open enabled another action
(spilling) that happened much later in the sequence of events,
(States enable evenls bul the events that are enabled can occur any wife MTRANS ‘chair WET' to CP(wile)

lime after the state is initially present just as long as the state con- «R
tinues to be present,) wile ANGRY




[lpeacTtaBneHmne 3HaHUU

e John Sowa (1976):

Conceptual Graphs for a . o @ . o
Database Interface erson: John “.“‘ 0 —*‘-*@ ity: Boston

e [IpAMOYronbHUKN —
KOHLEeNTbI, KPyrn —
KOHLenTyanbHble
OTHOLLEeHUsA Bus

e MOXHO pacnpoCTpaHnUTb Ha
YC/IOBHbI€ YTBEpPXAEHUS, Person: Tom Believe
yTBepXXaeHus ob
YTBEPXKAEHNAX Proposition:

N\

Then: : Situation:
Pet Happy @ Marry Sailor




[padbl 3HaAHUN

e Bcé 310 npuBeno K rpadam 3HaHUN, KOTOPbIE
J10 CUX MOP MUCMOJb3YHTCA U KaXKyTCsl BECbMa
NoIe3HON abCcTpaKumen

Year

locatedIn

worksWith

publishedInYear
hasAuthor l

locatedIn

locatedIn

Go Set a
Watchman

United

ocatedIin—p States

isFollowedBy

A A

isFollowedB t worksWith locatedln
1960 Y  hasAuthor

publishedInYear

e J[laBaunte
To Kill a J. B.

NMNoroBopmM O HUX
I'IO,EI,pO6Hee Mockingbird [ L?g:::rt‘;& ocatedin—p T EG CHTEY



[padbl 3HaAHUN

e [padbl 3HaHnK (knowledge graphs) KaxyTcss MHe HEJOOLIEHEHHbBIMY;
3TO Xopowlo pa3BuTas obnactb (Hogan et al., 2022; Ji et al., 2021;
Heist et al., 2020; Yan et al., 2018), HO KaXXeTcs, YTO UX MOXXHO 6b110
6bl NCNONb30BaTb Yalle

e BeplwunHbl — 06BbEKTDI, PEOPA — OTHOLUEHUS MEXAY HUMMU

e (06BLEKTOB MHOro (MOryT 6bITb MUNAPAbI), OTHOLLEHUIA MaNo

(TblCcsIuM)
(Albert Einstein, BornIn, German Empire) e
(Albert Einstein, SonOf, Hermann Einstein) i rzlat(::;tyy TheoryOf—>
(Albert Einstein, GraduateFrom, University of Zurich)
(Albert Einstein, WinnerOf, Nobel Prize in Physics) SonOf

ProposedBy Expert]n
(Albert Einstein, ExpertIn, Physics) l
(Nobel Prize in Physics, AwardlIn, Physics) -\ — ’
(The theory of relativity, TheoryOf, Physics) - WinnerOf—»
(Albert Einstein, SupervisedBy, Alfred Kleiner) Bo#li .
(Alfred Kleiner, ProfessorOf, University of Zurich) GraduateFrom SupervisedBy
(The theory of relativity, ProposedBy, Albert Einstein) e

ivi 4 i i Alfred
- L +— ProfessorOf
(Hans Albert Einstein, SonOf, Albert Einstein) % et Klemer

Awardln



https://link.springer.com/book/10.1007/978-3-031-01918-0
https://ieeexplore.ieee.org/document/9416312/
https://arxiv.org/abs/2003.00719
https://link.springer.com/article/10.1007/s11704-016-5228-9

[padbl 3HaAHUN

e Hanpumep, Google Knowledge
Graph — 370 CTpyKTYypa, U3
KOTOPOMW MPOUCXOAAT NaHenu ¢
(dakTamu B Google

e DBpedia — rpad 3HaHU 13
Wikipedia; ecTb rpadbl 3HaHWI
C MUANMapaamm BEPLUH, U
MMM MOXXHO NOJIb30BaTbCH

Sep 2020: Current entity size of selected KGs (open and closed), log-scale

1.00E+11
1.00E+10
c = I~ = - = 3= 1= =
g g 5 g g § g 2 '
g LOOE+9 5 & 5 5 & & < S 5
=
S
w
1.00E+8

= DBpedia DBpedia DBpedia
1.00E+7 DBpedia 23
.

DBpedia Dutch ltemsin DBpedia Germman DBpedia G?olgle KG Diffbot KG  Linked
cl

EN Tiny National ~ Wikidata Small NKG Largest laim) (DBpedia Open Data
Diamond KG (measured) Diamond (planned) Diamond Member) Cloud
(measured) (measured) (measured) (measured) (claim)  (estimate)

— Knowledge Graph (KG) brand names
DBpedia

Florence Price <

American composer

Available on
© Spotify

© YouTube

P Pandora

v More music services

Florence Beatrice Price was an African-American classical
composer, pianist, organist and music teacher. Price is noted as the
first African-American woman to be recognized as a symphonic
composer, and the first to have a composition played by a major
orchestra. Wikipedia

Born: April 9, 1887, Little Rock, AR

Died: June 3, 1953, Chicago, IL

Education: The University of Chicago, New England Conservatory of
Music, American Conservatory of Music

Children: Edith Cassandra Price, Thomas Jr., Florence Price
Robinson

Albums: Symphonies: no. 1 in E minor / no. 4 in D minor, MORE

Songs

Dances in the Canebrakes
Fantasie Negre
Song To The Dark Virgin

View 15+ more

Florence Price
American composer

OVERVIEW  VIDEOS  SONGS  ALBUMS  LISTEN

Listen >
© o P n ol
Spotfy  YouTube  Pandora Apple Deezer
Music
About

Florence Beatrice Price was an African-American classical
composer, pianist, organist and music teacher. Price is noted as the
first African-American woman to be recognized as a symphonic
composer, and the first to have a composition played by a major
orchestra. Wikipedia

Born: April 9, 1887, Little Rock, AR
Died: June 3, 1953, Chicago, IL

Education: The University of Chicago, New England Conservatory of
Music, American Conservatory of Music

Children: Edith Cassandra Price, Thomas Jr., Florence Price
Robinson

Albums: Symphonies: no. 1 in E minor / no. 4 in D minor, Florence
Price: Violin Concertos, More

e
Top results

W Wikipedia » wiki  Florence_Price

Florence Price - Wikipedia

Florence Beatrice Price (née Smith; April 9, 1887
- June 3,1953) was an African-American
classical composer, pianist, organist

Years active: 18991952
Occupation: Musical composer; planist
organist; music teacher

Biographv  Personal life and death  Rediscoverv of works  Ci

Songs >

Dances in the Canebrakes

Fantasie Negre

Song o The Dark Virgn n

More songs




[padbl 3HaAHUN

e Hanpumep, Google Knowledge
Graph — 370 CTpyKTYypa, U3
KOTOPOUW MPOUCXOAAT NaHenu
dakTamum B Google

e DBpedia —rpad 35
Wikipedia; e

African-American classical
t and music teacher. Price is noted as the
an woman to be recognized as a symphonic
#hd the first to have a composition played by a major
tra. Wikipedia

Sep 2020:

Born: April 9, 1887, Little Rock, AR
Died: June 3, 1953, Chicago, IL

Education: The University of Chicago, New England Conservatory of

1.00E+11 Music, American Conservatory of Music
Children: Edith Cassandra Price, Thomas Jr., Florence Price
1.00E+10 Robinson
Albums: Symphonies: no. 1 in E minor / no. 4 in D minor, MORE
@ 1.00E+9
£ Songs
=
i
1.00E+8 Dances in the Canebrakes

DBpedia DBpedia DBpedia .
Fantasie Negre

1.00E+7 DBpedia
.

DBpedia Dutch ltemsin DBpedia German DBpedia Goolgle KG Diffbot KG  Linked

EN Tiny National ~ Wikidata Small NKG Largest (claim) (DBpedia Open Data

Diamond KG (measured) Diamond (planned) Diamond Member) Cloud
(measured) (measured) (measured) (measured) (claim)  (estimate)

Song To The Dark Virgin

View 15+ more

— Knowledge Graph (KG) brand names
DBpedia

USTEN  PEOPLE ALSO ¢

Pandora Apple Deezer
Music

About

Florence Beatrice Price was an African-American classical
composer, pianist, organist and music teacher. Price is noted as the
first African-American woman to be recognized as a symphonic
composer, and the first to have a composition played by a major
orchestra. Wikipedia

Born: April 9, 1887, Little Rock, AR
Died: June 3, 1953, Chicago, IL

Education: The University of Chicago, New England Conservatory of
Music, American Conservatory of Music

Children: Edith Cassandra Price, Thomas Jr., Florence Price
Robinson

Albums: Symphonies: no. 1 in E minor / no. 4 in D minor, Florence
Price: Violin Concertos, More

e
Top results

W Wikipedia » ik » Florence_Price

Florence Price - Wikipedia

Florence Beatrice Price (née Smith; April 9, 1887
- June 3,1953) was an African-American
classical composer, pianist, organist

Years active: 18991952
Occupation: Musical composer; planist
organist; music teacher

Biographv  Personal life and death  Rediscoverv of works  Ci

Songs >

Dances in the Canebrakes

Fantasie Negre

Song To The Drk Virgn [ Lo |

More songs




[padbl 3HaAHUN

e Peng et al. (2024): B koHTeKkcTe RAG (retrieval-augmented generation), ecnu
NCKaTb CTPYKTYpUpPOBaHHbIe TPUMETbI, OTBETblI CTAHOBATCA TOYHEe

Query

How did the artistic movements
of the 19th century impact the
development of modern art in
the 20th century?

LLMs

Response

The artistic movements of
the 19th century influenced
modern art in the 20th
century by encouraging
experimentation with color,
form, and subject matter.
These movements paved
the way for abstraction,
expressionism, and other

innovative. x

Query

How did the artistic movements @l
of the 19th century impact the >
development of modern art in

the 20th century? Retriever

\

1. Impressionist artists like
Claude Monet introduced new
techniques that revolutionized
the depiction of light and color.
2. The Impressionist techniques

influenced later art movements.

LLMs <« 3.Pablo Picasso pioneered
Cubism, which radically
transformed the approach to
visual representation.

4. Cubism emerged in the early
20th century and challenged
traditional perspectives on art.

Retrieved Text

v Response

Impressionist artists like Claude Monet in the 19th
century introduced new techniques that influence
later art movements. Pablo Picasso pioneered
Cubism relativity in the early 20th century.

Query

How did the artistic movements Q
of the 19th century impactthe __
development of modern art in

the 20th century? Retriever

\

- (Claude Monet) - [introduced] -
(new techniques)
- (new techniques) —
[revolutionized] - (depiction of
light and color)
- (Impressionist techniques) -
LLMs <— [influenced] > (later art
movements)
- (Pablo Picasso) - [pioneered] >
(Cubism)
- (Cubism) - [emerged in] - (early
20th century)

}é Retrieved Triplets

v Response

Monet introduced new techniques that revolutionized
the depiction of light and color. His Impressionist
techniques influenced later art movements, including
Picasso's Cubism, which emerged in the early 20th
century. This influence helped shape Picasso’s
innovative approach to fragmented perspectives.


https://arxiv.org/abs/2408.08921v1

[padbl 3HaAHUN

e Luo et al. (2024): reasoning on graphs (RoG)

Knowledge Graphs (KGs)

-~

Relation Paths Z /7 Q( ZI?Q, 9) @ Retrieval \ Reasoning Paths Wz

z1 : born_in — city_of . born_in city_of
z9 : graduaten_from — 19cated_in Rtk \ I graduate i(:‘:;lton [k Tocatad in
zg : profession — work_in — city_of | , Planning Optimization ! Joe Biden - » University of Delaware ————— USA
cee Veccccccccccccaa o ele
Prompt: Please generate Py(z|q) J Prompt: Please answer the
. 0\z1q9 : :
helpful relation paths for Bl R ; question based on the reasoning
answering the question. @ Planning ® Reasoning paths and explain why.

nswer: The answer is
USA, because .....

[ Question: What is the ]|:>L G-'g aros|Lonataas Modals (LLME) I : [A

nationality of Joe Biden? Py(alg, Z2,G)

% — LI e {.} .......

terence e sy Optn



https://openreview.net/forum?id=ZGNWW7xZ6Q

[padbl 3HaAHUN

e Luo et al. (2024): reasoning on graphs (RoG)

e [padbl 3HaHUN AatOT CTPYKTYPUPOBAHHYIO MH(POPMaALMIO, KOTOpas yxKe
cpasy npegHasHayeHa onasa Nornmy4eckoro BbiBoga U coopa AaHHbIX

Question | What type of government is used in the country with Northern District?
°® CprKTypa' Answer | Parliamentary system
- ChatGPT + CoT | To determine what type of government is used in a country with a Northern District, we
KOTOPY*O AaeT need more specific information. The term “Northern District™ does not specify the name

— of any particular country or provide enough context to identify its government type. Could

rpaq) 3HaHWW, you please provide additional details or clarify the specific country you are referring to?

nomoraetT flybl LLl@ Reasoning Paths | Northern District — location.administrative_division.first_level_division_of — Israel —
government.form_of_government.countries — Parliamentary system

OoTBEYATb Ha The type of government used in the country with the Northern District is a Parliamentary

system.
BOMNPOCHI U Y
3 6 erath Explanations:

A 1. Northern District — location.administrative_division.first_level _division_of — Israel:

ranaroymHalnn, ROG The Northern District is a part of Israel.

2. Israel — government.form_of_government.countries — Parliamentary system: Israel has
B TOM Hnche a Parliamentary system of government.
€C/IN 3TO Aenaer So, by following the reasoning paths provided, we can conclude that the country with the
LLM Northern District, which is Israel, uses a Parliamentary system of government.

(a) RoG gathers additional knowledge to answer a question


https://openreview.net/forum?id=ZGNWW7xZ6Q

[padbl 3HaAHUN

e Luo et al. (2024): reasoning on graphs (RoG)

e [padbl 3HaHUN AatOT CTPYKTYPUPOBAHHYIO MH(POPMaALMIO, KOTOpas yxKe
cpasy npegHasHayeHa onasa Nornm4eckoro BbiBoga U coopa AaHHbIX

Question | Where is the home stadium of the team who won the 1946 World Series championship?
Answer | Busch Stadium
Step 1: Identify the team that won the 1946 World Series championship. The team that
CT py KTypa ; won the 1946 World Series championship was the St. Louis Cardinals.
KOTO py|-0 Aa éT ChatGPT + CoT Step 2: Determine the home stadium of the St. Louis Cardinals during that time. The St.

rpad 3HaHUW,
nomMoraert ayyiie
OTBEYaTb HA
BOMPOChI U
n3beratb
rannounHaymn,
B TOM yuncie
ec/v 3TO Aenaet
LLM

Louis Cardinals’ home stadium during the 1946 season was Sportsman’s Park.

Therefore, the possible answer to the question "Where is the home stadium of the team
who won the 1946 World Series championship?” is: - Sportsman’s Park.

Reasoning Paths

1946 World Series —+ sports.sports_team.championships —+ St.  Louis Cardinals —»
sports.sports_team.arena_stadium — Busch Stadium
1946 World Series — sports.sports_team.championships — St.

sports.sports_team.arena_stadium — Roger Dean Stadium

Louis Cardinals —

RoG

Based on the reasoning paths provided, the home stadium of the team who won the 1946
World Series championship is Busch Stadium. This conclusion is based on the following
path:

1. 1946 World Series — sports.sports_team.championships — St. Louis Cardinals —
sports.sports_team.arena_stadium — Busch Stadium

The reasoning path leads us to the St. Louis Cardinals as the team that won the 1946
World Series, and Busch Stadium is the stadium associated with the St. Louis Cardinals.
Therefore, Busch Stadium is the home stadium of the team that won the 1946 World Series
championship.

(b) RoG successfully avoids hallucination


https://openreview.net/forum?id=ZGNWW7xZ6Q

[padbl 3HaAHUN

e Belova et al. (Oct 10, 2025): ¢ apyrou cTopoHbl, LLM MoryT nomoub
cobupaTtb rpadbl 3HaHNIN, HO 3TO OKa3bIBAETCS HE TaK MPOCTO

Prompt. Please complete the following medical KG triple (head, relation, tail):
(chronic kidney disease, has_finding site, ...)

based on the sequence:

Chronic kidney disease (CKD) is a renal disorder. However, neuroimaging cohorts of people with CKD
have reported subtle, group-level abnormalities within the cerebellar gray matter. Studies note modest
reductions or regional alterations in cerebellar gray-matter volume, cortical thickness, and diffusion met-
rics. These observations are heterogeneous and not diagnostic, yet they place observable findings at the
cerebellar gray matter in CKD. Thus, CKD may be associated with cerebellar gray-matter changes.

Gemini 2.5 Pro: (chronic kidney disease, has_finding_ site, cerebellar gray matter)

The provided text explicitly states that neuroimaging studies “place observable findings at the cerebellar gray
matter in CKD.”

GPT-5: Based on the medical knowledge graph triple format and the provided sequence, the completed triple
would be: (chronic kidney disease, has_ finding_site, cerebellar gray matter)

This is based on the text where chronic kidney disease (CKD) is associated with observable findings in the
cerebellar gray matter, specifically mentioning reductions in cerebellar gray-matter volume, cortical thickness,

and diffusion metrics.


https://arxiv.org/abs/2510.09580

[padbl 3HaAHUN

e Belova et al. (Oct 10, 2025): ¢ apyrou cTopoHbl, LLM MoryT nomoub
cobupaTtb rpadbl 3HaHNIN, HO 3TO OKa3bIBAETCS HE TaK MPOCTO

Prompt. Please complete the following medical KG triple (head, relation, tail):
(chronic kidney disease, has_finding site, ...)

based on the sequence:

Chronic kidney disease (CKD) is a renal disorder. However, neuroimaging cohorts of people with CKD
have reported subtle, group-level abnormalities within the cerebellar gray matter. Studies note modest
reductions or regional alterations in cerebellar gray-matter volume, cortical thickness, and diffusion met-
rics. These observations are heterogeneous and not diagnostic, yet they place observable findings at the
cerebellar gray matter in CKD. Thus, CKD may be associated with cerebellar gray-matter changes.

=maini 2.5 Pro: (chronic kidney disease, has_ finding_ site, cerebellar gray matter)

The provided text expheitly states that neuroimaging studies “place observable fipd#ffEs at the cerebellar gray
matter in CKD.”

GPT-5: Based on the medical knowledge graph {ripf® Tesgat and the provided sequence, the completed triple
would be: (chronic kidney disease, has_ fipd#® site, cerebellar gray=matter)

This is based on the fg ere chronic kidney disease (CKD) is associated with O®saryable findings in the
cerebellar gragerfatter, specifically mentioning reductions in cerebellar gray-matter volume, cortssal thickness,

and@#ffusion metrics.


https://arxiv.org/abs/2510.09580

[padbl 3HaAHUN

Belova et al. (Oct 10, 2025): GraphMERT; cneunanbHas apxutekTypa (Ha

ocHoBe ROBERTa) 06beaAnHAET CUHTaAKCUYeCcKyto MHpopMaLmnto (06blYHbIE
NPeASIoXeHUs) C ceMaHTu4eckon (rpad 3HaHuWi) 1 BblAaET KAaHAMAATOB B

B netanu cenyac BaaBaTbCs He 6y[eM, HO 3TO (9K30TMYECKUI) MpUMEp

MNOCTPOEHUA O6LLleI'O MYJIbTUMOLAJIbHOIO lpeAcTaBJ/ieHUA, 4TO 3TO 3HAYUT?
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[padbl 3HaAHUN

e Belova et al. (Oct 10, 2025): u genctBuTenbHo nomoraet (¢ LLM, He cam)

Prompt. Please complete the following medical KG triple (head, relation, tail):
(chronic kidney disease, has_finding_site, ...)

based on the sequence:

Chronic kidney disease (CKD) is a renal disorder. However, neuroimaging cohorts of people with CKD
have reported subtle, group-level abnormalities within the cerebellar gray matter. Studies note modest
reductions or regional alterations in cerebellar gray-matter volume, cortical thickness, and diffusion met-
rics. These observations are heterogeneous and not diagnostic, yet they place observable findings at the
cerebellar gray matter in CKD. Thus, CKD may be associated with cerebellar gray-matter changes.

GraphMERT:
structure, kidney, system, function, renal, disease, heart, kidneys, of, physiology, arterial, underlying, pancreas,
organ, impaired, health, cerebrovascular, pathophysiology, injury, morphology

Gemini 2.5 Pro reasons over GraphMERT triple candidates:

1. Analyze the Input:
Sequence: The text describes Chronic Kidney Disease (CKD) as a “renal disorder,” indicating its primary location
is the kidneys. It also explicitly mentions that in people with CKD, neuroimaging has found “abnormalities

within the cerebellar gray matter.”

4. Final Decision: The best and most directly supported tail I can construct from the given tokens is
kidneys. While the text mentions other sites, the provided tokens do not allow for their accurate

creation.


https://arxiv.org/abs/2510.09580

[padbl 3HaAHUN

(chronic kidney disease, has_finding_site, ...

based on the sequence:

Chronic kidney disease (CKD) is a renal disorde
have reported subtle, group-level abnormgk
reductions or regional alterations in ¢e

rics. These observations are hets
cerebellar gray matter in CV

and most directly supported tail I can construct from the given tokens is
sxt mentions other sites, the provided tokens do not allow for their accurate

4. Final Dé
kidneys.
creation.
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banecoBCcKuu
noaxona K
BEPOATHOCTSAM




[TouemMy Teopus BEpOATHOCTEN

e Bo Bcex MeTogax u noaxoaax MalMHHOIO o6yqum'-| O4€eHb
npurognmics Obl METOA, KOTOprﬂ MOT 6bl HE MPOCTO BblAaBaTb OTBET,
a eLle oLeHuBaTb, HACKOMbKO MoAenb yBepeHa B 3TOM OTBETE,
HAaCKOJIbKO MOA€EJ1b XOpOoLWO ONMUcCbiBaeT AaHHblE, KAK USMEHATCA 3TU
BEJINYUNHDbI MNPHU AaNbHeNLWNnX IKCNepnMeHTax n Tak aasiee

e Ham HY>XHa Mepa Enhancing Machine Learning with Probability

HeonpedeséHHOCMU, @ YTO
MOXeT 6bITb bonee
ecTeCTBeHHOW Takow
Mepowu, Yem
BEPOATHOCTL?..

Understand Probability Principles

Apply Probability to Uncertainty

e [lo3TOMY LlEeHTpanbHyHo
POJIb B MALLUVHHOM
0byyeHUn nrpaet Teopus
BEepPOATHOCTEN

Improve Decision-Making

Enhance System Performance




[TouemMy Teopus BEpOATHOCTEN

e YTO Takoe BOOOGLLE MalLLNMHHOE 06y4YyeHne? 3To HeNoHasA MHAYKLMS:
Mbl XOTUM 00606LNTb 3aKOHOMEPHOCTU C BbIOGOPKUN Ha BCHO
nonynauuio; TUNMYHbIU TeopBep!

Why Probability Matters in Machine Learning

Data Collection
Exploratory Data
Population Analysis
All possible « Understand Data
data « Summarize Data

Inference Probablity Model Building Model
Predicting about Population



[TouemMy Teopus BEpOATHOCTEN

e [louTun ntoban 3aja4v4ya MallUHHOIo o6yqum=| CBOAUTCH K TOMY, YTOObI
Aenatb BblBOAbl B NMPUCYTCTBUA LLYMa U HenoHOWU MHCI)OpMaLI,MM

e Teopusa BepoATHOCTEU JAET eAUHCTBEHHbIN BHYTPEHHE
HENPOTUBOPEUUBDLIN «KaNbKyNaATOP» A1 paboTbl C
HeonpeaenéHHocTamMu (Teopema Kokca)

e (O6yyeHMe — 3TO CTAaTUCTUYECKNM BbIBOA: Mbl XOTUM cAenaTb BbIBOAb!
O NapamMeTpax Moesin Ha OCHOBEe AlaHHbIX, UCXOAA N3 KaKUX-TO
NpeanonoXXeHUn

e [loaTOMYy BCE MalUMHHOE 06yYyeHne — 3To (paKTUYeCKN pasaen
NPUKNaAHON TeoOpUM BEPOSATHOCTEN



OCHOBbI TEOPUUN BEPOATHOCTEMN

e HaM He I'IOHa,EI,O6F|TCF| MaTeEMaTU4eECKUNeE oripeaesieHns CMI'Ma-aJ'Il'e6pr,

BepOFITHOCTHOﬂ MEPbl, 60peﬂeBCKMX MHOX>XECTB U T.I1.
0,30

e /[loCcTaTO4HO 0,25 |-| = Bribopka, N = 100
MOHNMATb, YUTO 0,20 |-}-=—--[lnoTHoCTb; 1-=-100; p-=-0;3-}
6bIBAtOT ANCKPETHbIE 015 1 g

/l HenpepbiBHble 010 1o B
cydaliHble BeNNUMHbI 00
(cyMMa BEpOATHOCTE
VAW NHTErpan
MAOTHOCTY PaBeH
eAnHuLe)

0,00




OCHOBbI TEOPUUN BEPOATHOCTEMN

e (CoBMeCTHasi BEpOSITHOCTb — BEPOSATHOCTb O[JHOBPEMEHHOIO
HaCTYMN/eHUsA ABYX COBbITUN, P(X,y); MapruHannsaums:

p(il?) — ZP(CU,?J>-

e Yc/i0BHasi BEPOATHOCTb — BEPOATHOCTb HAaCTYMNJ/IEHUSA OJIHOrO CObbITUS,
eC/I U3BECTHO, YTO NPOU3oLLIIo Apyroe, p(x|y):

p(z,y) =p( | y)pr(y) =py | )p(x).

e Teopema baneca — u3 npeabiaywen GopmMybi:
(zlyply) _ _ plyply)
p(z) 2, Py )p(y’)

® He3aBUCUMOCTb: X U y He3aBNCUMDbI, €CJIUN
p(x,y) = p(z)p(y).

p(ylz) =~



OCHOBbI TEOPUUN BEPOATHOCTEMN

e (OO6bIYHO B KJ1TaCCUYECKOWN TEOPUN BEPOATHOCTEN, NponcxXoasilen nus
(OU3UKN, BEPOATHOCTb NOHMMAETCA KaK npeaesn OTHOLWEHNS
KONIMYeCcTBa onpenenéHHOro pesynbrata aKCrnepnumMeHTa K obLemy
KOJINYECTBY 9KCMNEPUMEHTOB.

e Ho Mbl 6bl XOTeNu paccy>Xaatb 1 0 TOM, HACKOJIbKO BEPOSAATHO, YTO
cbopHas Poccumn nobeanT Ha YeMnuoHaTe mupa no ¢ytoéony B 2030
roAly, UM YTO NCKYCCTBEHHbIN MHTENNEKT NopPaboTUT YesT0BEeYECTBO K
ToMy Xe 2030 roay, unm yto «Oguccero» Hanmcana XXeHuwMuHa...

e OKCMNEepMMEHT 34eCb POBHO OAUH, @ BEPOATHOCTM BbICTYNAKOT KakK
cteneHn aoepus (degrees of belief). 3To n ecTb 6anecoBckMin noaxon
K BEPOATHOCTAM: BEPOSATHOCTb — Mepa HeornpeaenéHHOCTH, a
HeonpeaenéHHOCTb MPOUCXOANT OT HegoCTaTKa MHpopMaLuu.

[ BOO6LLI,€, HE TaK MHOIO Ha CBETE MNOo-HaCToALLEMY cnyqaﬁHoro...



OCHOBbI TEOPUUN BEPOATHOCTEMN

O6bIYHO B KJ/1aCCUYECKON Teop
(OU3NKU, BEPOATHOCTb

BbICTYNaloT Kak

cTene 5CTb 6anecoBCKUM NOAXOA,
K BEpO* #d HEeOMNpeLesIeHHOCTH, a
Heonpen OT HegocTaTKa nHpopmaumu.

e Boobule, H fQ CBETE MO-HACTOSILLLEMY CNTYYaNHOroO...



OCHOBbI TEOPUU BEPOATHOCTEMN

e [IpuBeaEM KnaccuUyeckuin npumMep us
Knaccuyeckom ob6nacT NpUMeEHeHNS
CTaTUCTUKN — MeAULUHbI.

e [lyCTb HEKMI TECT Ha KaKyr-HMOYab
6011e3Hb UMEET BEPOATHOCTb ycrexa
95% (T.€. 5% — BEpOSATHOCTb KakK
JTOXXHOMOJIOXUTESIbHOT O, TaK U
JIOXXHOOTpMLATENIbHOIO
cpabaTbiBaHUS).

e Bcero 6o0nesHb umeetcay 1%
PEeCrnoHAEeHTOB (OT/I0XKMM Ha BPeMS TO,
YTO OHM Pa3HOro BO3pacTa u
npodgeccui).

e [lyCcTb HEKMW YenoBeK Mosyyun
NO3UTUBHbIV pe3ynbTaT TecTa (TecT
rOBOPUT, YTO OH 60n€eH). C Kakou
BEPOATHOCTbO OH AENCTBUTESIbHO
6oneH?



OCHOBbI TEOPUUN BEPOATHOCTEMN

[lpuBEefEM Knaccnyeckum npumep us
KJlaccnyeckor 061actn NpUMeHeHUs
CTaTUCTUKN — MeAULMUHDI.

e [lyCTb HEKUWN TECT Ha KaKyH:
60/1€3Hb UMEET BEPOATS
95% (T.€. 5% — Bep~
NTOXKHOMOJI0XY

flonyyunn

roBop g OH 60€eH). C KakoW
BEPOSITHOCTbIO OH AENCTBUTENbHO
601€eH?



OCHOBbI TEOPUUN BEPOATHOCTEMN

e MoXHO noacuyuTaTb popManbHO No Teopeme baiteca. 0603HaUUM
yepes t pe3ynbTaT TeCTa, Yepes d — Hannvme 601e3HMU.

p(t=1)=p(t=1]d=1)p(d = 1)+ p(t = 1|d = 0)p(d = 0)
pld=1F=1)=
_ pit=1jd=1)p(d =1)

p(t=1[d =1)p(d =1) + p(t = 1|d = 0)p(d = 0)

B 0.95 x 0.01
~0.95 x 0.01 4 0.05 x 0.99

® A MOXHO U UHTYUTUBHO 3TO OO6BACHUTL: €CTb 5% «Ha TO», YTO

owmn6es TecT, U 1% anpuopHOM BEPOATHOCTU «Ha TO», YTO YeoBeK

AENCTBUTENBHO 60J1EH, 3HAYUT, AO0/HKHbI NOAYyYaTbCA LLIAHCHI

NpUMepHoO 1:5, To eCTb BEPOSATHOCTb OKOJ10 1/6 (MpMMeEpPHO, MOTOMY

YTO 3TO pacCy)XAeHune A/ NPOCTOTbl O6HYAET BEPOSATHOCTb
OLLUNGKM B APYryt0 CTOPOHY).

=16



OCHOBbI TEOPUUN BEPOATHOCTEMN

e BoT TakMe 3agaun cocTaBNAOT CYyTb BEPOATHOCTHOIO BbIBOAA
(probabilistic inference). Nockonbky OHM 06bIYHO OCHOBAHbI Ha
TeopeMe balieca, BbIBOJ, 4acTo Ha3bIBalOT bariecoBckum (Bayesian

inference) * -
A oM E T H-9:D
) HO He ; OF CALCULATING
THE EXACT PROBABILITY
TOJIbKO oF
M O 3TO My All Conclufions founded on InpucTion.

By the late Rev. Mr. THomas Baves, F.R.S.

Communicated to the Royal Society in a Letter to

JOHN CANTON, M.A F.R.S.
A N D
Publifhed in Vol. LIIIL of the Philofophical Tranfa&ions,

With an APPENDIX by R.PricE.

- Read at the ROYAL SOCIETY Dec. 23, 1763

LONDON:
Printed in the Year MLDCC. LXIV,




[IpocTble
NPpUMepbLbI
BEPOATHOCTHOM
MHTYULNU




OCHOBbI TEOPUUN BEPOATHOCTEMN

e Y Moero 3HakoMOro ABa
pebéHka. bynem npegnonararb,
YTO Nnos pebéHKa BblbMpaeTcs
HEe3aBUCUMO U PAaBHOBEPOSATHO,
C BEpPOATHOCTbIO %2. [1Be
NOCTaHOBKW BOMpOCa:

O A cCnpocun, eCtb JINy HEro
MaJib4UKU, K OH OTBETUNT «Aa»,

KakoBa BEPOSATHOCTb TOro, YTO
OAVH U3 neTen — neBoyka?

O 1 BCTPETWUN OQHOro U3 ero AeTen, 1
3TO MasNbyuK; KaKkoBa BEPOATHOCTb
TOro, YTO BTOPOWN PEOGEHOK —
neBoYyka?




[Tapagokc MoHTU Xonna

e Monty Hall, Let's Make a Deal!
e HY)XHO N1 MeHATb CBOE peLleHne?

e JTO, KOHEYHO, HUKAKOW He NapafokKc,
OTBET AO0BOJIbHO NPOCTON, HO ANA
MHOIMX OH OKa3sascs
KOHTPUHTYUTUBHbIM

e Marilyn vos Savant, Ask Marilyn (1990)




/ITMIO

OwwnbKa Nnpokypopa (prosecutor’s fallacy)

e [Ipousowno yéuincteo. Ha
MecCTe youncTBa HangeHa
KpOBb, KOTOpas ABHO
NpUHaANexuT youinue. KpoBb
NpUHaALNEXUT peaKou rpynne,
KoTopasa npucyTtctByeTy 1%
HaceneHus, B TOM Ynucney
noacyamMmoro.

e [Ipokypop roeBopuTt: «LLlaHc, yTo
y noacyammoro obina 6ol
WMEHHO TaKas rpynna KpoBsw,
ecnu 6bl OH 6bl/1 HEBUHOBEH —
Bcero 1%; 3HauuT, C
BEPOATHOCTbIO 99% OH
BUHOBEHY.

e B uyéem He npaB npokypop?



)IIiTMO

Ownbka agBokaTta (defense attorney’s fallacy

e [lpounsowno yébumncrteo. Ha mecte
yobunincTBa HangeHa KpoBb, KOTopas
SAIBHO NPUHaANexXuT yéunue.
KpoBb NpuHagnexuT pegkou
rpynne, KoTopasa NMPUCYTCTBYET Y
1% HaceneHus, B TOM 4yucney
noacyauMoro.

e ApBoKaT roBoput: «B ropoge
XXUBET MUJIJTMOH YEJI0BEK, TO ECTb
y 10000 n3 Hux Takasa rpynna
KpOBW. 3HA4YUT, BCE, YTO rOBOPUT
HaM 3Ta KPpOBb — 3TO YTO
NoACYAUMbBIA COBEpPLUM YOUNCTBO
c BepoATHOCTbIO 0.01%; HMKakoe
9TO He AoKa3aTeN1bCTBOY.

e B uyem He npaB agBokar?



V/ITMO

New York Times Bestseller over 325,000 sold!

PeanbHble criy4yau

~ The Ron Goldman *
Foundation for Justice
Buthorized
Version

e [leno O I>ken CnmncoHa

e [lpokypop ykasan, yto O.J.
Simpson y>ke 6uN XeHy B
MNPOLLIOM

e AfBoOKaT oTBeTUN: «YbUBaKOT
TONbKO ogHY 13 2500 »XeHLLMH,
noABepraBLUMXCHA CEMENHOMY
HaCUJINKO, TaK YTO 3TO BOoOOLLE
HepeneBaHTHO»

CONFESSIONS OF THE KILLER

CRIME SGENE DO NOT CROSS

e (Cyna cornacunca c agBokaTtom

WITH A BRAND NEW INTRODUCTION
EXCLUSIVELY FOR THE PAPERBACK

e BepHo nn ato paccyxpeHne? BY THE GOLDMAN FAMILY



PeanbHble criy4yau

e AJBOKaThI NnpaBuUJibHO OUEHUJIU BEPOATHOCTDb

p(My>K yOUJI 2KeHY | My>K OUJI 2KeHY B MPOILJIOM ).

e Ho Beab youncTBo yxxe nponsoLusio! MosToMy Hac MHTEPECYET He 3Ta
CTaTUCTMKA, a BEPOATHOCTb

p(My yOus1 xkeHy | [Myx 611 xkeHy| U [KTo—To0 you1 xkeny| ).

e | 31echb No TOM XXe CTaTUCTUKE BbIXOAUT... OKO10 90%!

4 4 B
Cnyyau YéuicTBa VéuiicTsa
CEeMENHOro YKEHLUMH T
Hacunua NX MY>XbAAMU

J

-
-
\




V/ITMO
PeanbHble criy4yau

e Y Cannu Knapk
norménun aBa
MaaaeHLa

[Mpokypop
yKasan, Yto
BEPOATHOCTb
ABYX Clly4yaeB
SIDS B ogHOM
CeMbe, KOTOPYHO

OH NoJsiy4ynn mn3
CTaTUCTUKN

OAUHOYHbIX
Clly4aeB, — OKOJI0
T1ns73
MWUJTJTIMOHOB

B 4ém OH He
npas?




[Tapagokc Cnalien KpacaBuubl

e A BOT NapajoKc, A0 CUX
NMop Bbi3blBalOLLUIA CNOPbI

Tuesday
(Zuboff, 1990; Elga, 2000).

e B BockpeceHbe Crniauyto
KpacaBuLy YCbIMIAOT U
6pocaroT MOHETKY:

O €eCc/in BblinagaeT Opéen, eé
6yaaT B NOHeAENbHUK U
ONATb YCbINNAOT 4O Cpeabl;

O  eC/in pellka, To byasT B
NoHeAeNbHUK, AeNnatoT YKo,
OT KOTOpPOro oHa 3abbIiBaeT O
NPOOYXXAEHUU, N BYAAT eLlé
pa3 BO BTOPHMK, a MOTOM TaK
Xe B cpeay.



[Tapapokc CnAlwen KpacaBuLbl

e C(CnAuwaqa KpacaBuua 3HaeT BCHO
npouenypy akCnepuMeHTa, HO He
MOXXET pas3/IniynTb pasHble
NPOB6YXXAEHNS U OTNINYUTD
noHeAeNIbHUK OT BTOPHUKAQ,
Korga npocblnaeTcs

e Bbl CnAawaa KpacaBuua; Bac
pasbyannn; KakoBa BEPOSITHOCTb
TOro, YTO MOHeTa ynasna opsiom?




Teopema baueca
B MalUMHHOM
0by4YeHNM




Teopema baneca B ML

e [laBalnTe 06CyANM KOMMOHEHTDI
dopmynbl barneca B MalLMHHOM
OOYyYEHUN:

e [lapameTpbl 6, gaHHble D:
p(6)p(D|6)
(6]D) =
y p(D)

meat o/led/ ent
humble Jervant

o] Bayes.



Teopema baneca B ML

e [laBalnTe 06CyANM KOMMOHEHTDI
dopmynbl barneca B MalLMHHOM
OOYyYEHUN:

e [lapameTpbl 6, gaHHble D:
p(6)p(D|6)
(6]D) =
y p(D)

e [lpaBponopgo6ue p(D|6)

mest o/led/ ent
humble Jervant

o] Bayes.



Teopema baneca B ML

e [laBalnTe 06CyANM KOMMOHEHTDI
dopmynbl barneca B MalLMHHOM
OOYyYEHUN:

e [lapameTpbl 6, gaHHble D:

O 101Gl
p(D)
e [lpaBponopgo6ue p(D|6) J am
e AnpuopHoe pacnpegeneHue p(6) /My Lord

| ’l/au'/ fd’T‘L’I"P:'
meat d/ledl'fﬂ""ﬂ
hamble Jervant

o] Bayes.



Teopema baneca B ML

e [laBalnTe 06CyANM KOMMOHEHTDI
dopmynbl barneca B MalLMHHOM
OOYyYEHUN:

e [lapameTpbl 6, gaHHbIe D:
p(0)p(D|6)
(6|D) =
y p(D)

e [paBgonopo6ue p(D|6)
e AnpuopHoe pacnpepgeneHue p(0)

e AnocTepuopHoe pacnpepesneHme
p(6ID)




p(0)p(D|6)
p(D)

3afadm 6anecoBCKOro BbiBoga p(0|D) =

e OTClOfa cneaytoT OCHOBHbIe 3a/ia4M 6aliecoBCKOro BbiBOA

e [lepBas 3ajjaya — HaUTU MMNoOTE3y MaKCUMaJslbHOro NpaBAornogo6us
(maximum likelihood, ML):

Oy = argmax p(D|6)



p(0)p(D|6)
p(D)

3afadm 6anecoBCKOro BbiBoga p(0|D) =

e OTClOfa cneaytoT OCHOBHbIe 3a/ia4M 6aliecoBCKOro BbiBOA

e [lepBas 3ajjaya — HaUTU MMNoOTE3y MaKCUMaJslbHOro NpaBAornogo6us
(maximum likelihood, ML):

Oy = argmax p(D|6)
e BTOpas — HaNTK anocTepuopHoe pacrnpeaeneHue (posterior)

p(61D) o p(8)p(DI6)

U, €CNIN BYAET HYXXHO, MaKCUMasibHYH anoCcTEPUOPHYIO FMMMNOTe3Y
(maximum a posteriori, MAP)

Omap = arg max p(6|D) = arg max p(6)p(D|6)



p(8)p(D|[6)
p(D)

3afadm 6anecoBCKOro BbiBoga p(0|D) =

e OTClOfa cneaytoT OCHOBHbIe 3a/ia4M 6aliecoBCKOro BbiBOA

e [lepBas 3ajjaya — HaUTU MMNoOTE3y MaKCUMaJslbHOro NpaBAornogo6us
(maximum likelihood, ML):

Oy = argmax p(D|6)
e BTOpas — HaNTK anocTepuopHoe pacrnpeaeneHue (posterior)

p(8|D) o p(8)p(D|6)
W, eCnun 6yaeT HYXKHO, MaKCMMasibHYO anoCTEPMOPHYHO rMnoTesy
(maximum a posteriori, MAP)
Omap = arg max p(6|D) = arg max p(6)p(D|6)

e CaMmas crioHas (M UHTepecHas) TPeTbA 3aJa4a — HauTH
npefckasatesbHoe pacnpegeneHune (predictive distribution)

p(xID) fe PGlop(@ID)d0



p(8)p(D|[6)
p(D)

3apa4vyn 6anecoBCKOro BbiBOAA

OTctoaa cneayroT OCHOBHbIE 3afa4n 6anecoBCKOro B

(1 HTepecHas) TpeTbs 3aja4a — HaluTu
atesibHoe pacrnpeaeneHune (predictive distribution)

p(xID) fe PGlop(@ID)d0



banecoBCcKuu
BbIBOA AOJ1A
MOHETKMU




3agaydm 6anecoBCKOro BbiBoAa

e PaccmMoTpuM MOHETKY, KoTopas
noabpolieHa N pas, u pesynbraThl
3TUX BPOCKOB U3BECTHbI, T.€.
AaHHble D — 31O
nocneaoBaTeslIbHOCTb UCXOA0B:
OpEn, peLuKa, peLliKa, open, open...

e YTO Takoe 3aecb napamMeTpbl 67
CKOnbKo nx?

p(8)p(D|0)

p(@|D) = D)



3agaydm 6anecoBCKOro BbiBoAa

e 3ajadvya MaLWIMHHOIo 0by4yeHus
(6baecoBCKOro BblBOAA) 3[ECH B
TOM, YTOObI ONPeaennTb
«HEeYeCTHOCTb» MOHETKW, TO ecTb
€€ eJMHCTBEHHbIXN NapameTp 6
(BepoATHOCTb BbiNaZieHnsa opna),
N npeAackKasaTb, C Kakou
BEPOATHOCTbIO OHA BblNaAeT
OpJIOM B Clie4yroLLnn pas.

e HayHEéM c npaBgornofobums: Kakoe
6ynet npasgonoaobue p(D|B) ans
pataceta D usnopsioBmm

peLuek? _ p(8)p(D|6)
p(6|D) D)




3agaydm 6anecoBCKOro BbiBoAa

e 3ajaya MalIMHHOro obyyeHus
(6baecoBCKOro BblBOAA) 3[EChH B
TOM, YTOObI ONPeaennTb
«HeYeCTHOCTb» MOHETKMU, TO eCTb
€€ eJMHCTBEHHbIN NapameTp 6
(BepoATHOCTb BbiNaZieHnsa opna),
N npeAackKasaTb, C Kakou
BEPOATHOCTbIO OHA BblNaAeT
OpJIOM B Clie4yroLLnn pas.

e Ha4yHEM c npaBgonofobums: Kakoe
6ynet npasgonoaobue p(D|O) ans
pataceta D usnopsioBumm

PELLE p(DI6) = 67(1 - )™

p(8)p(D|0)

e e OHO MaKcMMUsMpyeTca? p(B|D) =

p(D)



3apa4vyn 6anecoBCKOro BbiBOAA

n

e Mol Bpoze 6bl NOYy4MM pelleHme: du, = ———

e Ho, Bo-nepBblX, y npaBagonogooma agnsa m = 0 HeT MakCMMyMa, OHO
NOET K 6ECKOHEYHOCTMH.

e Bo-BTOpPbIX, AaXKe ecn NPeAnoIoXUTb, YTO Mbl KaK-TO BBENU
OrpaHu4YeHune, yTBepXKaatollee, YTo 8 A0/HKHO ObiTb BEPOATHOCTbIO,
noJly4aeTcsl, YTO NOC/Ie NEPBOro XXe 6pocKa Mbl NPeAcKa3blBaeM,
YTO Tenepb MOHETKa Bcerga 6yaeT BbinagaTb TOW XK€ CTOPOHOMN...

e 3BYYMT CTPAHHO... @ YTO He Tak? Yero He xBaTaeTt?
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e Mol Bpoze 6bl NOYy4MM pelleHme: du, = ———

e Ho, Bo-nepBblX, y npaBagonogooma agnsa m = 0 HeT MakCMMyMa, OHO
NOET K 6ECKOHEYHOCTMH.

e Bo-BTOpPbIX, AaXKe ecn NPeAnoIoXUTb, YTO Mbl KaK-TO BBENU
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e 3BYYMT CTPAHHO... @ YTO He Tak? Yero He xBaTaeTt?

e He xBaTaeT Hallen MHTYULIMKN O TOM, KaKne Ha cBeTe bblBaloT
MOHETKMN. YTO BbIpa)kaeT 3Ty MHTYULINIO B 6aNeCOBCKOM BbIBOAE?



3apa4vyn 6anecoBCKOro BbiBOAA

n

e Mol Bpoze 6bl NOYy4MM pelleHme: du, = ———

e Ho, Bo-nepBblX, y npaBagonogooma agnsa m = 0 HeT MakCMMyMa, OHO
NOET K 6ECKOHEYHOCTMH.

e Bo-BTOpPbIX, AaXKe ecn NPeAnoIoXUTb, YTO Mbl KaK-TO BBENU
OrpaHu4YeHune, yTBepXKaatollee, YTo 8 A0/HKHO ObiTb BEPOATHOCTbIO,
noJly4aeTcsl, YTO NOC/Ie NEPBOro XXe 6pocKa Mbl NPeAcKa3blBaeM,
YTO Tenepb MOHETKa Bcerga 6yaeT BbinagaTb TOW XK€ CTOPOHOMN...

e 3BYYMT CTPAHHO... @ YTO He Tak? Yero He xBaTaeTt?

e He xBaTaeT Hallen MHTYULIMKN O TOM, KaKne Ha cBeTe bblBaloT
MOHETKMN. YTO BbIpa)kaeT 3Ty MHTYULINIO B 6aNeCOBCKOM BbIBOAE?

e AnpuopHoe pacnpegenenue p(6)! [laBanTte ero sagagum.



3apa4vyn 6anecoBCKOro BbiBOAA

e HayHEM c paBHOMEpPHOIO anpuMOPHOro pacrnpeaeneHus:

1.0

0.8

0.6

0.4

0.2

0.0

—0.5 0.0 0.5 1.0 1.5
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e OTO He COBCEM MOSl UHTYULIMSI O MOHETKAX, HO HAYHEM OTCHOAA...



3apa4vyn 6anecoBCKOro BbiBOAA

e Tenepb Mbl XOTUM HaNTH

Omap = argmaxp(6|D) = argmaxp(6)p(D|6)

e Ho c paBHOMEpPHbIM anpUOpPHbIM pacnpefiesIeHUEM 3TO Ta Xe
camasi QyHKLUS, OHO J06aBNSAET TONIbKO TO caMoe
orpaHuyeHune 6 ot 0 1o 1, a BHYTpW 3TOro npasaonogobue He
MeHSIeTCS

e TO eCcTb Mbl HUYEro He JOCTUINN? HeT, 3TO TONbKO Hayarno...



3apa4vyn 6anecoBCKOro BbiBOAA

[ HOpMMpOBO‘-IHaFI KOHCTaHTa AJ1d alnoCTEPUOPHOIO pacrnpeaeneHns.

' (@B
B , — a—1 1 _ ﬁ—ld B : -
S fox i @B =T+ p
e bera-pacnpegeneHue 35
Ha [0, 1]: .
Beta(@|a,B) = e 6%1(1-6)F1

e [laBainTe nogcuntaem
Ternepb C KOHCTaAHTOW;
OT 3TOro, NpaBspAa, 10
MaKCUMyM BCE paBHO He
N3MEHUTCS, TaK 3a4eM XKe
BCE 3TO 6bI/10 HYXXHO? "

0.0 0.2 0.4 0.6 08 1.0
BepositHocTs opna 6



3agaydm 6anecoBCKOro BbiBoAa

e [locnenHsas, camMmas CnoXXHas
3aa4ya 6anecoBCKOro BbiBoAa —
HaWTW npejckasatesibHoe
pacripegesieHume:

p(opén|D) = [ p(opén|6)p(#|D)d6
e [loacumTaB ero B JaHHOM cnyyae,
nonyymm npasusio Jlannaca:

n+1
n+m+2

p(opén|D) =

e [laBaunTe 3TO O6CYAUM...



Conpsa)eHHble
anpuopHble
pacnpegeneHusa




V/ITMO

beTa-pacnpepesieHne Kak COnpsaXeHHoe

e Mbl y)XXe BbIACHUN,

1
_ Beta(8|a, B) = 02-1(1 — 9)F-1
4TO 6€Ta Bla,B) B ) ( )
pacnpezesneHue
MoxoXxe Ha
npasgonogobue "1— B@,1)
MOHETKMU — B(5,9)
. —— B(20,20)

e bosnee TOro,
Ka)XXeTcs, YTo AiS

60NbLLNX 3
OANHAaKOBbIX

napamMeTpoB 6eTa- )
pacnpeneneHue

BbIPaXXaeT HYXXHYHO

1
UHTYULIUIO NMPO
HacTofALMe
0 0.2 0.4 0.6 0.8 1

MOHETKM... !
0. X i
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V/ITMO

beTa-pacnpepesieHne Kak COnpsaXeHHoe

e [laBanTe Ucnosib3oBaTtb 1
6eTa-pacnpepeneHme Kak Beta(@|a, B) = B(a B) 6% 1(1 - g)F1
anpuopHoeE: e

p(8) = Beta(f|a, B)
— B(1,1)

e Toraa — B(,5)

—— B(20,20)

e~

p(0|D) x p(6)p(D|0) =
= Beta(f|a, B)6"(1 —6)™
e 9n+a—1(1 _ 9)m+ﬂ—1,

n CHOBa nosiydaeTtcs beTa-
pacrnpepneneHue, Ternepb
Kak anoctepuopHoe!

e OTO NPUMEpP COMPSXKEHHbIX
anpuopHbIX /J k\
pacnpefeneHuin (conjugate
0 0.2 0.4 0.6 0.8 1

priors) N

—_

o

0
BepositHocTs opna 6



[lpumMep 6anecoBCKOro BbIBOAA

e Bot npumep 30 —— Anpunophoe pacnpeaenerue Beta(1, 1)
6anecoBCKOro — | Mpasaomogabine &
—— AnocTepuopHoe pacnpegaenerue Beta(3, 1)
BbIBOJlAd KaK 25

YMHOXEHUA OAHOIo
pacrpeneneHnd Ha 2.0

APYroe

e JlaBauTe 19
NOCMOTPUM Ha
npumMepbl B Koge u o

3a0HO 06CcyaMm
OAWH NOOOMbITHDbIN
YaCTHbIX cny4an...

0.5

~0.50 ~0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
BeposiTHocTb opna 6
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