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KpaTkaa uctopusa Al
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time, the Al
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Al timeline (MCTOYHUK)

1st Winter

[ 1900 - 1950

—

2nd Winter

1950-1973FJ1,41980-1987}~1/—41993-2ooo| 2000 - 2012

a

@) OpenAl
1997 2003-2005 2017 2017 2025
Deep Blue DARPA Challenges| | Transformers WaveNet ChatGPT deepseek
2006 2019 "OpenAl ChatGPT The chinesse
s Dl Deep Belief ANN Artertisn GPT-1 became the fastest deepseek
e 2008 an 2020 . P
2 it i ication in pen.
Kasparov." IBM Blue Brain — 2EHILY hi:t}:ﬁly?utst after 2 in
2010 ! 2020 months!" 2 weeks!
N\ R e
2012-2017 | 2017-2020 | 2020-2025 | 2025 -.. |

—

1950 )

Turing Test

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

Alan Turing, PhD
1912-1954

4 1957 \

First Perceptron

1957
First Al program

1965
First Ind. Robot

1965
Eliza ChatBot!

Frank Rosgnbaltt
) LB

i #E

jﬁniy

1086 )

Back
propagation

"Multi-layer
networks could
learn non-linear

mappings,

significantly
contributing to the
field's progress"

4 1994 N

Robocup
1997
LSTM ANN
1999
Sony AIBO

2000
Kismet Robot

4 2012 )
AlexNet

"A Revolutionary
Deep Learning
Architecture
significantly
outperforms
ImageNet"

—

(2013 )

DeepMind
2014
Generative AN
2015
Tensorflow

2016
Alpha Go

(2020 )

DALL-E

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

(2020 )

Tesla Self drive
2021
Regulation & Ethics
2024
Sora LVM

2024
EU Al Act

(42025 )

AGI
ASI
Singularity
SuperHumans
&
Beyond



https://en.wikipedia.org/wiki/Timeline_of_artificial_intelligence
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Hproann u CanmoH: Logic Theorist

e Newell, Simon (1956): Logic Theorist, | \

THE LOGIC THEORY MACHINE
A COMPLEX INFORMATION PROCESSING SYSTEM

nporpamMma and aBToMmatTn4eCkKoro

b
nokasaTtenibCTBa Teopem 4

Allen Newell and Herbert A. Simon
e Herbert Simon, Jan 1956: “Over ~ P-868

Christmas, Al Newell and | invented a ’ June 15, 1956
thinking machine” |

e OH Xxe, 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”.

Photograph courtesy, Carnegie Mellon University.

Herb Simon and Allen Newell.


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

Hproann u CanmoH: Logic Theorist

e Newell, Simon (1956): Logic Theorist,
nporpamma anga aBToMaTn4eckoro

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

third connective, 3 , is defined in terms of the other two, thus:

JokKa3aTebCTBa TEOPEM 1.01 P+a =yer PV Q
The five axioms that are postulated to be true are:
e Ha camom gene 31o Obl/1 OTINYHbIN 3.5 PV PP
npyBep, nepefokasasn 60/bLuUyo 1.3 B % B
. .. . .. 1.4 pPVQaQ-2qQVvep
vacTb Principia Mathematica... Ho Bcé- | I
TAKN KAK-TO 3TO He B3/1eTeno 1.6 p» aar VP TVA

PRINCIPIA ¥0443. F: o, Bel.d:anB=A.=.avBe2

MATHEMATICA Thatta.
- TO 56
T F.%5426.DF:a=tz.8=1y.D:avBe2.=.24y.
ALFRED Non:‘:wunnnsm [*51.231] = . L‘x n L‘y = A .
dinih [*13.12] z.an,B=A (1)

F.(1).%1111'85.D
(g2, y).a=tz.8=1t'y.d:av Be?2.
F.(2).%11'54.%52'1.DF. Prop

From this proposition it will follow, when arithmetical addition has been
A’Tl:‘l‘l:l:::.nlﬁvzrllll (1eﬁned, tl'at 1 + 1 - 2‘

i)

.anfB=A (2)



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

FEPGEPT CaﬁMOH search environment
|/]For con&{mn

) 1cql|in9 for decision

J

P

Kctatu, Herbert Alexander Simon Simon's 3
activities /
Obl/1 HE TONbKO NMoHepom Al

{ L inteligence gathering

1 invent

Stages -
OH B Le/IOM N3yyan NPUHATHE peLueHNi; Dotk o{ngnb possible course of design ’ 2 Deleop
Administrative Behaviour (1947) — o TOM, Making ) 5. analyse.
\
KaK JIoAn PUAMMAIOT palloRarbRbIC \ o select perticular course
peLleHnd 3. choice o

CraHpgapTHasa Torga mogesnb — homo
economicus, YefioBeK pauMoHabHbIN U
3rOUCTUYHbIN

CanMOH n3y4yan paunmoHasnbHble
pelweHuns c orpaHmyeHnamm (bounded
rationality): yenoBek He BCE 3HaeT U He
BMO/THE 3rONUCTUYEH

Satisficing: kak NpnHATL
YOOBETBOPUTENIBHOE, HO HE
ob6a3atesibHO ONTUManbHOE peLleHne




Shakey the Robot

e Shakey the Robot (Stanford, 1966): nepBbli MOOGUMIBHLIN POBOT, KOTOPbI MOT
n1aHNPOBATb CBOU AEUCTBUS

e Mor nonyuntb kKomaHay Bpoae “push the block off the platform”, cam HanTu

nnatgoopmy ¢ 6/710KOM, Cr/laHMPOBaTb, Kak 40 Heé gobpaTbCs, @ NMOTOM PU3NYECKN
NCMOMHUTb 3TOT NaaH
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Shakey the Robot

e [lnaHupoBwwmk STRIPS (Stanford Research
Institute Problem Solver), HanncaHHbIW Ha
Lisp; MOr cniaHnpoBaTtb NepeMeLLeHuns,
BK/IOUYEHUE/BBIK/IIOYEHME CBETAQ,
OTKpbIBaHNE/3aKpbliBaHMe ABEPEN U T.4.

e Kpowme Ttoro, Shakey cam cmoTtpern Ha
OKpY>XarLwunn Mmp, 3170 OblNN NepBbIE
CUCTEMbI KOMMbIOTEPHOIO 3pEHNA

e K HeMmy oTHOCUTCA N 3HaMeHUTaa 6ainka: ™
AKoObI B 1966 rogy MapsuH MUHCKNIA Bbigasn !
Ixepanbay Caccmeny (Gerald Jay Sussman), g?:w%!l.,
TOrAa acnupaHTy, 3agady pewmnTtb npoénemy

KOMMbKOTEPHOIO 3peHNA B Ka4decTtBe :

CASTER

MNpoeKTa Ha /1eTo WHEEL




Shakey the Robot

[MnannpoBLmk STRIPS (Stanford Research

BUMP |
JoETECTOR'

CASTER
WHEEL




ELIZA

e ELIZA (Weizenbaum, 1964-1968): oanH 13 nepBbiX HACTOSALLMX 4aTOOTOB, CUCTEMA,

KOTOpaa CMMy/MpoBasa pa3roBop vepes npocrton pattern matching

e Cawmbin n3sectHboit ckpnnt — DOCTOR, cumynaTtop ncmxotepaneBTta

e BelueHbaym

Welcome to
Bb|6paf| Tepanmm, EEEEEE EE IITI 277777 AAAAA
== LL II ZZ AA AA
l*ITO6I:I He Hy>KHO EEEEE LL 35 77 AAAAAAA
== LL II ZZ AA AA
6b|J'IO CTpOI/ITb EEEEEE ELLELEL. F3EF 277777 AA AA
MO,EI,EJ'II: Ml/lpa, d Eliza is a mock Rogerian psychotherapist.
The original program was described by Joseph Weizenbaum in 1966.
MO>XHO 6b|]'|0 This implementation by Norbert Landsteiner 2005.

NpocTo

ELIZA: Is something troubling you ?
peCI)erKCI/IpOBaTb YOU: Men are all alike.

ELIZA: What is the connection, do you suppose ?
TO, HTO rOBOpMT YOU: They're always bugging us about something or other.
ELIZA: Can you think of a specific example ?
C06ece'ﬂ'HMK (PCT’ 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.
therapy, Rogerian ELIZA: I am sorry to hear that you are depressed.
YOU: It's true. I am unhappy.

therapy oT Kapj'la ELIZA: Can you explain what made you unhappy ?
YOU:
Pogxxepca)



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

ELIZA

e ELIZA (Weizenbaum, 1964-1968): Did you come to me because you are not 7
BblrAANT O4YeHb MPOCTO, N NIerko >i dont knouw
What does that suggest to you?
C/iIOMAaTb
>that i am unintelligent
® |_|OI'Ip06yl7ITe camMwu. How long have you been unintelligent?
https://anthay.qithub.io/eliza.html seinre 1 as horn

I see.

e |1T1em He MeHee, ntoau ObiNn
>arent you supposed to cheer me up

BOCXMLLEHDbI, HOIrQa asMmoUuMOHAJTIbHO You’re not really talking about me, are you?
NpMBA3bLIBA/INCE K ELIZA n >no im talking about me

Why not?

pa3roBopam C HEN

>mrh
I'm not sure I understand you fully.

’rg
Come come elucidate your thoughts.

>uhat is elucidate
What do you think?

>to see
Can you elaborate on that?

>


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

ELIZA

ELIZA (Weizenbaum,
1964-1968)

B npowwnbin pa3s mbl
FOBOPWIN O TecCTe
TblopuHra

ELIZA — nepBa«
nporpamma, Kotopas
XOTb MHOrga npoxoguna
TeCT TblopUHra

N oHa ocTanacb baseline’
oM gaxe B Jones, Bergen

(Mar 31, 2025)!

Al Witness

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
bkbergen@ucsd. 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

SHRDLU (Winograd, 1968-1970):
CMCTEMa NOHMMaHUS

eCTEeCTBEHHOI 0 A3blKa B
OrpaHN4YeHHOM KOHTEKCTE
(KyOUKUM Ha cTone)

Morna Ha eCTeCTBEHHOM fI3blKe
noslyyatb KOMaHAbl, N1aHMPOBAaTb
NX UCMONHEHNE, NOAAEPXKMBATL
KOHTEKCT 1 aHadopy

2710 Obl/1a 3HAMEeHUTada
OEMOHCTPaLUMa NUCKYCCTBEHHOIO
NMHTenNnneKTa...

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 in 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

SHRDLU

...HO 3TO Obl/1a UNNO3US :)

HOnanor nogaep>xuneBancs
TO/IbKO B onpegesieHHOM
KOHTEKCTE, 1N He Obl/10 HUKaKNX
rapaHTU KadyecTBa,; cucrtema
CcKopee He pabortana,

yem paboTtana

Cam Teppwu
BuHorpaa
BCMOMMHAnN
(cnpaga)

[...] 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 Iof,
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 Kcratu, B 4ecTb BMHorpap,a Ha3BadH OY€Hb
MHTEepeCH bl faTaceT Ha MNOHMMaHue MMpa, C KOTOPbIM
Moaes M NosIHoOUEeHHO Ha4va i CrnpaBadATbCA TOJ/TIbKO
nocne GPT-3
e Oka3biBaeTcq, pa3peweHne aHaCbOpr nHorga
Tpe6yeT NMPOHNKHOBEHNA B CYTb BeLllen
e Ho ewe 6onblie NPOHUKHOBEHNA TpebyeT nepeBo...
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 ITepeBo B 1950-x rogax

1 ¢ Translation

e Warren Weaver, anpekrtop
OTaoeneHnsa eCTteCTBEHHbIX HayK B
doHae Pokdennepa, B 1947
Hanuncan BuHepy 0 BO3MOXHOCTU

MaLULMHHOIO NepeBoaa, a B 1949 | ‘

ere is no need to do more than mention the obvious fact that a
BBIMyCTWT MEMOPaHAYM NOA multiplicity of languages impedes cultural interchange between the
Ha3BaHuem Translation peoples of the earth, and is a serious deterrent to internati-onal und:er-
standing. The present memorandum, assuming the validity and im-
portance of this fact, contains some comments and suggestions bearing
on the possibility of contributing at least something to the solution of

WARREN WEAVER

)

e U3 nucoma BuHepy: “One naturally

wonders if the problem of the world-wide translation problem through the use of electronic com-
. . puters of great capacity, flexibility, and speed. _
translation could conceiva bly be The suggestions of this memorandum will surely be incomplete and

naive, and may well be patently silly to an expert in the field—for the

treated as a problem In " author is certainly not such.

cryptography. When | look at an
article in Russian, | say: 'This is really
written in English, but it has been
coded in some strange symbols. |
will now proceed to decode.”




MawmnHHBIN nepeBof B 1950-x rogax

® OTa MbIC/Ib BCKOpPE Nosiyvunna
noateBepXxgeHue B padbortax Hoama
XOMCKOIro 0 NopoXxaaroLmx

rpaMMaTmKax A OF THE

THEORY OF
SYNTAX

e B 1950-x OH Kak pa3 3aHnmarncs
MaLLUMHHBIM NePEeBOAOM, N ero
anccepTtaumna (1955) n kHura Aspects of
the Theory of Syntax (1957) yxe
cogepxann BCce OCHOBbI TEOPUN U

BY NOAM CHOMSKY

CUHTAKCHU4YeCKne gepeBb4
NP

NP VP

N

A A N \Y Adv

Colorless green ideas sleep furiously.



MalunHHBIN ITepeBo B 1950-x rogax

e ECnuny a3blka eCTb XOPOLUO onpeaenéHHas rpaMmaTmka, 1 eé MOXXHO 3anncaTb B
BMae npasui npeobpasoBaHns, TO MOXHO 3anucaTb U npasuia npeobpasoBaHnd
C OQHOro A3blKa Ha Aapyrou

e ATamMmu
3anporpaMMmMpoBaTh UX; P* e
JleoH [locTepTt yxe B 1954 s‘l““ Sl etz
NPOBE/N NepByto Ny6ANYHYIO Rules SEMANTICS
Lexical \L Projection
AEMOHCTpPALUNIO MALUNMHHOIO Insertion Rules Rules
THE DEEP SEMANTIC
n e p e B O ‘[]'a LEXICON STRUCTURE REPRESENTATION

Transformational
Rules

SURFACE
STRUCTURE

Phonological
Rules

PHONETIC
REPRESENTATION

PHONOLOGY




MalIMHHBIN IIepeBO/

B 1950-x rogax

DTa AeMOHCTpauna nseectHa kak Georgetown-IBM Experiment (1954)

Bxoxa (pycckuii TpaHCIUT)

Boixoa (aHrauiickuii)

Mi pyeryedayem mislyi posryedstvom | We transmit thoughts by means of speech.
ryechyi.
Vyelyichyina ugla opryedyelyayetsya | Magnitude of angle is determined by the

otnoshyenyiyem dlyini dugi k radyiusu.

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.

KRG~ e Ty CoLT A
11 ] 11
] 1 t
§OOE B 1 unk

CPRYEDYELY ATETSVA KALGRY |
mi 1y ¥ ]
m i i
E 61 1o

I 1 1 1
'l'hl.u card is punched with a sample Russian Janguage .xou. (10'
intorgreud at the top) in ouadurd IBM punched-card ¢ .

then accepted by the 701, converted into its own binary language uII 2

translat means of stored d ary operational lyuucgcll
programs !nio the r.n.u-n higu” equivalent which is tbc' prl.n?‘
4 | i,
1 1 l 11 1
1

STIYQ

" THE QUALITY OF, COAL 15 DETERMINED
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MalunHHBIN ITepeBo B 1950-x rogax

e B CCCP B TOM Xe rogy aHafiorm4yHyto nporpaMmmy cosganu nog pyKoBoacTBOM
Omutpua lNanosa u Usabennbl benbckont B IHCTUTYTE TOUYHOW MEXAHUKUN U
BbluncnuntenbHom texHmkmn AH CCCP Ha koMmnbioTtepe b2CM

AKAJIEMHIA HAVYK CCCP

HAYYHO-TIONYJIAPHAA CEPHA

———rTTTTe———————

A 0. TAHOB

ABTOMATHYECEU
NEPEBO ]

A3JIATEJIBCTBO AKAJIEMHH HAVK CCCP




ALPAC

B 1964 rogy npasutensctso CLLUA
opraHnsoBano ALPAC (Automatic
Language Processing Advisory
Committee), koTopbl Obl NPU3BaH
OLEHUTb NPOrpPecc BblYNCTUTENBHOM
IMHTBUCTUKMU

KoMUTET BbINYCTU/T OTYET NoA4
Ha3BaHneM Language and Machines:
Computers in Translation and Linguistics
(1966)

BbiBoAbl ObINN HEYTELLUNUTETbHBIMU, U
BMECTE C KPUTUKOMN NEPLENTPOHOB 3TO
BCE npuBesno K Al Winter

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



3uMa NCKYCCTBEHHOI'O MHTEJIJNIEKTa

e BrwiBoabl ALPAC, nntoc Kputuka
nepuenTpoHOB, Ntc obee
pasoyapoBaHue Tem, 4Yto 6onbLune
OXWMOAHNA B peasibHOCTU He
noaTBepAnNUCH...

e Bcé a1o npuBeno K “sume
MCKYCCTBEHHOI O nHTennekra” (Al
winter): nepunogy npMMepPHO co
BTOPOW NonoBuHbl 1960-x oo Hayana
1980-x, korga Al Mano KTo BCEPbES
3aHMMarncs

e Jlioau pewunnun, 4to “3To BCE He
paboTaet” — v TOorga AeNCcTBUTENIbHO
Tak 1 ObINo!



3uMa NCKYCCTBEHHOI'O MHTEJIJNIEKTa

e BrwiBoabl ALPAC, nntoc Kputuka
nepuenTpoHOB, Ntc obee
pasoyapoBaHue Tem, 4YTo OOMbLUNEG
OXMAAHUS B peasibHOCTU HE
noaTBepaAnNNCG...

e Bcé ato npueg”
NCKYCCTB

fa AeNCTBUTENIbHO



Al B 1970-x;
9KCIIepTHBbIle
CHCTEeMBbl




YTO0 Takoe JKCIIEPTHadA CUCTeMa

A4 3KCI'IepTHOI7] CNCTeMbl eCTb KakKad-ToO

} If A, then B (Rule 1)
6a3a 3HaHuK (MPOCTbIX NpaBwun) n
npasuia BbIBOAA U3 HUX If B, then C (Ru]e 2)
[lpaBunia BbiIBOAA MOIMYT ObITb YMCTO A (Data)
TOrMYECKUMMU, MPSAMO KakK CUMTOMM3Mbl
Sl (Conclusion)
Ho 370 He O4YeHb peannucTUYHO...
EXPERT SYSTEM
Description User
-.-> Inference
of new case inter-  ——b» Engine
< face
USER T
Advice &
é—q Knowledge
LExplanation _ <P Base




YTO0 Takoe JKCIIEPTHadA CUCTeMa

e Ckopee BCero, Mbl YTO-TO 3HAEM hy

HAaBEPHAKA, @ MPO YTO-TO MOXEM :2
3

npegnonaratb C HEKOTOPOK
CTENEHbIO YBEPEHHOCTH

e Certainty factors — 3TO B 3KCNePTHbIX
cucremMax o6bl4HO OblIN He
BEPOSATHOCTM (XOTA TEMEPDb YXE
C/TOXXHO MOHATb, NOYEMY), @ MPOCTO

a0CTpaKTHble Ynucna n HekoTopble CFlhyE] = -3

npasuna onepaunm ¢ HUMK

CFlh,E] = +1

CF(h,,E] = .8

Definition of Certainty Factors (CF) in MYCIN
e Range:-1<CF<+1
¢ 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 factorrule is certainly not true

= The identity of ORGANISM-1 is streptococcus
PATIENT-1 is febrile
The name of PATIENT-1 is John Jones

IF: 1) The stain of the organism is grampos, and
2) The morphology of the organism is coccus, and
3) The growth conformation of the organism is chains
THEN: There is suggestive evidence (.7) that the
identity of the organism is streptococcus

There is strongly suggestive evidence (.8) that
the identity of ORGANISM-1 is streptococcus

There is weakly suggestive evidence (.3) that
PATIENT-1 is not febrile

It is definite (1) that the name of PATIENT-1 is
John Jones

e PaccmoTpum npocToun
npumep...



HeueTkxas y1orukKa

e Bcé 310 elé oyeHb Noxoxe Ha
HeuéTkyto noruky (fuzzy logic),
KoTopas Toxe B 1970-x aKkTUBHO
pa3BuBanach (J/lotcpu 3aae)

UNION

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

INTERSECTION

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

COMPLEMENT S

AQX—»pA(x)Sp X)

x

Regular Logic

Heating Air-Conditioning
1 S
} >
25 Temperature in °C
Fuzzy Logic
X
o
. LS
C_)O
, . Temperature
1 1 T T > in°C
15 20 25 30 35

Y A
classical (crisp) set A
1.0
fuzzy set A
membership
/ function p(X
0.0 | | ——>

X



MYCIN

e MYCIN — akcnepTHaa cucrema ang
anarHoctuku; 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

CONSULTATION

CONCLUSION OF ORGANISM—1 ORGANISM-2

REJECT THE RULE TO THE (CURORG)
THE ONGOING RECORD
RULE OF THE CURRENT

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)

ORGANISM-3 ORGANISM—4 DRUG—4
(PRIORORGS) (PRIORORGS) (OPDRGS)

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



MYCIN

NOTKNOWN

MYCIN — skcnepTHaa cucrema

0149 QMarHOCTUKMK
lﬂ— KNOWN ——») ( «——— KNOWN ———"l

Pe3ynbraTbl yXXe B cepeanHe

1970-X ObININ KaK Y OMbITHOIO (< NOTREFINITE >)
Bpaya M CyLECTBEHHO Ny4lle, YeMm
- -1 -.2 0 .2 +1
Yy HaYMHalOLLMX Bpaden | T i
l T l
Cuctema o6pabOoTKMN HEUYETKUX I
- DEFINITE DEFINITE
BbIPaXXeHUN U
HeonpeaeneHHoCTeNn b o
g‘;xor'liffe RULE ¥ BASED
[aBaiiTe pacCMOTPVM MPOCTOVA RuLE- EXPERT SYSTEMS
EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
npumen... SYSTEMS HEURISTIC PROGRAMMING PROJECT
Bruce G. Buchcngn
Ho, KoHeuHO, Ha NpakTnke 310 Edward H.Shortliffe

Obl/10 CTOXHO NCMNO/b30BaTh




MYCIN

MYCIN — skcnepTHaa cucrema

ONS ANarHOCTUKM 0‘0‘5 )

Pe3ynbTaThl yKe B cepeanHe o o e“e ) o

1970-x 6 (W )
X GbIAN KaK Y OMbITHOIQ e“a ot )

Bpaya M CYLLUECTBEHHO ¥)
P yLd ‘\\

Yy HAYNHAIOLLMX BP ea \'\30 ;
“90 90? | l

Cuctemgs o™ 2

0* o DEFINITE
Bblp o Y
N <O “eo"

WO w2 S RULE-BASED
Nad o* RULE- EXPERT SYSTEMS
EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD

npwu SYSTEMS HEURISTIC PROGRAMMING PROJECT

OblN1O C& ONb30BAaTb




Prospector

PROSPECTOR (Hart, Duda, 1977):
IKCNnepTHad cncremMma asd nomcka
MeCTOpO)K,EI,eHl/Im MNOJTIe3HbIX
NMCKOIMnaeMmMbliX

RULE-6

IIHHII
COMPOSED-OF
Ld
..
Hg

1:THERE ARE CARBONATES

(CARBONATES) (4) [The computer acknowledges the first
volunteered evidence; the certainty
is taken to be 4.]

2:THERE IS DOLOMITE
(DOLOMITE) (4)

3:THERE IS GALENA
(GALENA) (4)

4:THERE MIGHT BE SPHALERITE
(SPHALERITE) (2)

5:DONE , : .
[The -user is finished volunteering

evidence, and PROSPECTOR takes the
initiative.]

You told me about:

—~ CARBONATES (4) [The computer reminds the user of
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:
- Sulfides (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).
9KCNepTHaa cuctema ansa KoHpUrypmupoBaHus
komMmnbtoTepoB VAX-11 B komnaHuu DEC

® bbl/1a NOCTOAHHO B pa3paboTke, HO peasnibHOo

npnMeHAanacCb, 3KOHOMW/A AEHbI'N, 3TO Oblin
YCrnex aKCNnepTHbIX 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 —
VAX-11/750 (3/81)
750 —

500 —

250 —

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

VAX-11/785 (1/84)
VAX-11/725 (11/83)
PDP-11/44 (11/83) 8000
PDP-11/24 (11/83)
MICROVAX-1 (10/83)
MICRO-PDP11 (7/83)

NUMBER
OF RUNS

20000

18000

16000

14000

12000

10000

TOTAL ORDERS

6000
4000 TOTAL
TOTAL DISTINCT
PROBLEM PROBLEMS
INSTANCES
2000 \ RULE
PROBLEM
INSTANCES
| 0 e

R1’s Performance by Quarter (in Graphical Form)


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

3HaHUMU




FOOD: 1. That which Ilving belng has to take In to keep It Ilving and for growth,
npeHCTaBneHHe Things forming meals, especlally other than drink
- (Fo00)
3HAHUNA ! o
-A'_THINN
ul_\é-ro FORM OTHER-THAN
o = B BEI 2 ‘ z o
e [pyroe HanpaBneHne — 4% \: = LN
) o 4
npeacTtaBneHmne 3HaHui; B g W ML ' e
MYCIN “6a3a 3HaHuin” — 3T0 ' e \
NPOCTO HAaBOP NPaBUs, HO 3TUM, i } L.,
ol AND
KOHEYHO, AeNI0 He // G Ao
ncyepnbIBaeTcs 2R RN
: tve
e Kak HaMm npeacrtaBuTb 3HAHUA J,f
yenoBe4yecTBa B
MaLLMHOYMUTaeMomn popme? 310
BOMPOC O CUX rnop BMnoJ/iHe STRUCTURE , o
aKTyasIbHbIN HyE S
'\‘ FROM 3 fooD
e Quillian (1968): Semantic \ N
=
Memory;, 3pecb yXe ecCTb
THING
oTHoweHunsa spoae PART-OF, .
HacnegoBaHMe CBOWCTB NO uln
nepapxmm mn T.n. \vxm

T




[IpepcTaBiieHMe 3HAHUA

e Minsky (1974): A Framework for Representing Knowledge

e ®dpeiMbl, 3HAYEHUS NO YMO/YaHUIO, NPeoBbpasoBaHNA, KOTOPbIE MOXHO
NPUMEHATb aBTOMATUYECKW; OBO/IbHO FPOMO3AKaa CUCTEMA, HO U LieNb Obina
amMonLMo3Haa: PopMann3oBaTh BU3yaslbHble 3HAHUSA A KOMMbIOTEPHOIO
3peHund

* ClUbe

> A
> region-of

vertical type

parallelogram
L7 etc.




John THIRSTY

«IR
IIpegcTaBiieHMe John DO John PTRANS Jonn to den
- -r -r
3HaHHH Beer OPEN John LOC (in room)
oE oE «E
INGEST John MTRANS (chair be)
. . «IR
e Schank, Abelson (1977): Scripts, fracececio R
. orE
Plans, Goals, and Understanding S MOV S (o enain
-r
e [loHMMaHMe MUpa Yepes CKPUNTLI Chair STATE CHANGE
- oE @oE eor
Pa3HbIX COObITUN N UX J
I
naaHNMpoBaHMeE gravity PROPEL John to floor
-r
e [loaxon ckopee C NCUXONornMyeckom John LOC(on fioor)
CTOPOHbI M3HAYalIbHO (KaK YenioBekK
3TO BCE CTPYKTYPUPYET?), HO i
- oE
OKasaBlMCcAa nonesHbiM ana Al wile MTRANS noise to CP(wile)
IR
wife PTRANS wile to den
orE
The above representation says, essentially this: John's thirst —I l
caused him 1o decide to DO an action that would result in a beer Iy P b
being opened which would enable him to drink it. What we have is: ik RO:E'L bl
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 =
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 1o be present,) wile ANGRY




[IpepcTaBIIeHNe 3HAHUA

John Sowa (1976). Conceptual
Graphs for a Database
Interface

[MpAMOYronbHUKN —
KOHLENTbI, Kpyryn —
KOHLEeNTya ibHble OTHOLLEHUS

MO>XXHO pacnpoCTpPaHnUTb Ha
YC/IOBHbIE YTBEPXAEHUS,
yTBEPXAEHNSA 00
YTBEPXOEHUSAX

If:

Then: -
Pet Happy

Person: John

Bus

Person: Tom

NN

City: Boston

Believe @

Proposition:

AN

Person: Mary Want @

Situation:

Marry

Sailor




I'padbl 3HAHUN

e Bcé 3to npuBeno kK rpapam 3HaHUn, KOTOpbIe A0 CUX

NOP NCNOMb3YIOTCA N KaXXYTCHA BECbMa MOJSIE3HOW
abcTpakumnen

Year

locatedIn

worksWith

publishedInYear
hasAuthor l
locatedIn

locatedIn

Go Set a
Watchman

United

locatedIn—p» States

isFollowedBy

A A

isFollowedB t worksWith locatedIn
1960 y hasAuthor

e [laBanTe NoroBopuM o

publishedInYear

HUX NoapobHee...
To Kill a _ J.B.
Mockingbird Lippincott &

Company



I'padbl 3HAHUN

e [padbl 3HaHMIM (knowledge graphs) kaxyTca MHe He4OOLUEHEHHbBIMU; 3TO
XopoLlo passutaa obnactb (Hogan et al., 2022; Ji et al., 2021; Heist et al., 2020;
Yan et al., 2018), HO KaXkeTcq, UYTO UX MOXHO Obl/10 Obl MCMNOSIB30BATb Yalle

e BeplwmnHbl — 0O0bEKTLI, PpEOPA — OTHOLLUEHUNA MEXAY HUMU

e OOBbEeKTOB MHOIo (MOryT 6biTb MUINMAPAbI), OTHOLLEHNI Masno (TbICAYN)

(Albert Einstein, BornIn, German Empire)
(Albert Einstein, SonOf, Hermann Einstein)
(Albert Einstein, GraduateFrom, University of Zurich)

The theory
of relativity

Hans Albert
Einstein

7

TheoryOf —>

(Albert Einstein, WinnerOf, Nobel Prize in Physics) SonOf  proposedBy Expertln
(Albert Einstein, ExpertIn, Physics) G Awardin
(Nobel Prize in Physics, AwardIn, Physics) Einstein_/~~ g o
Nobel Prize

(The theory of relativity, TheoryOf, Physics)

(Albert Einstein, SupervisedBy, Alfred Kleiner) Bl .
(Alfred Kleiner, ProfessorOf, University of Zurich) GraduateFrom  SupervisedBy
(The theory of relativity, ProposedBy, Albert Einstein) -

'
<«— ProfessorOf
(Hans Albert Einstein, SonOf, Albert Einstein) Kleiner

in Physics



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

I'padbl 3HAHUN

e Hanpumep, Google Knowledge
Graph — 3710 CTpyKTYypa, N3 KOTOpOM
NPONCXOAAT MaHenn ¢ haktamn B
Google

e DBpedia — rpac 3HaHuy
Wikipedia; ecTtb rps
MUNAvapaay
MOXHQ

Sep 2020:

1.00E+11
1.00E+10
g LOOE+9 S 5
=
i}
1.00E+8
e DBpedia
1.00E+7 DBpedia

-
DBpedia Dutch
EN Tiny
Diamond KG
(measured) (measured)

Items in
National ~ Wikidata Small

DBpedia German DBpedia Google KG DiffbotKG  Linked
£ NKG Largest (claim) (DBpedia Open Data
(measured) Diamond (planned) Diamond Member) Cloud

(measured) (measured) (claim)  (estimate)

— Knowledge Graph (KG) brand names
DBpedia

O as the
'mphonic
Played by a major

AR
icago, IL

e University of Chicago, New England Conservatory of
, 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

SONGS

ALBUMS

I""

Qﬂ‘

Kirican-American classical
and music teacher. Price is noted as the
Bn woman to be recognized as a symphonic
fthe first to have a composition played by a major
2. 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

LISTEN PEOPLE ALSO ¢

PreOTITK

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, pianist

organist; music teacher

Bioaraohv Personal life and death Rediscovery of works

C

Songs >

Dances in the Canebrakes

Fantasie Negre

Song To The Dark Virgin

More songs




I'padbl 3HAHUN

e Peng et al. (2024): B koHTeKkcTe RAG (retrieval-augmented generation), ecnu

NCKATb CTPYKTYPUPOBAHHbIE TPUMMIETbI, 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
of the 19th century impact the
development of modern art in

®

the 20th century?

LLMs

v

-

Retriever
v

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.

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

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 @
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)

X 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

I'padbl 3HAHUN

e Luo etal (2024): reasoning on graphs (RoG)

Knowledge Graphs (K6Gs)

____________________________________

’ ~
A}

-~

New York

member_of ¥ city_of
marry_to

1
I
1
1
I
1
USA :
s I
city_of !

work_in :

! : ( miami ),,

____________________________________

Relation Paths Z / Q( zl?‘l, 9) @ Retrieval \ Reasoning Paths Wz

z1 :born_in — city_of 0 . born_in city_of
z9 : graduaten_from — located_in o o Joe Biden » Scranton ———— USA

graduate_from located_in

2 z : ‘
23 : profession — work_in — city_of | , Planning Optimization : Joe Biden » University of Delaware ————— USA
oo Vrccccccccccccaa s ale
Prompt: Please generate Py(2|q) <J Prompt: Please answer the
helpful relation paths for Planni R ; question based on the reasoning
answering the question. @ Planning ® Reasoning paths and explain why.

Answer: The answer is

Question: What is the = Gﬁ Large Language Models (LLMs) N— USA, because .....

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

% > LI:_ ______ {.} .......

M 1
Iference  Trectin g gt



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

I'padbl 3HAHUA

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

[‘(Padobl 3HAHUKW OAOT CTPYKTYPUPOBAHHYIO MHpOpMaLUIO, KOTOpPas yXe cpasy
npegHasHaveHa ass iorM4yeckoro BoiBoga 1 cbopa gaHHbIX

Question

What type of government is used in the country with Northern District?

CTt py KTyp a, Answer

Parliamentary system

. ChatGPT + CoT
KOTOPYHO AAET
rpad 3HaHUW,

To determine what type of government is used in a country with a Northern District, we
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
you please provide additional details or clarify the specific country you are referring to?

MOMOFaeT JlyyLLie Reasoning Paths

Northern District — location.administrative_division.first_level _division_of — Israel —
government.form_of_government.countries — Parliamentary system

OTBEYaTb HA
BOMPOChI U
n3beraTtb
rannrounHaumi, ROG
B TOM yuncie

ec/1n 3To Aenaet

LLM

The type of government used in the country with the Northern District is a Parliamentary
system.

Explanations:

1. Northern District — location.administrative_division.first_level_division_of — Israel:
The Northern District is a part of Israel.

2. Israel — government.form_of_government.countries — Parliamentary system: Israel has
a Parliamentary system of government.

So, by following the reasoning paths provided, we can conclude that the country with the
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

I'padbl 3HAHUA

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

[‘(Padobl 3HAHUKW OAOT CTPYKTYPUPOBAHHYIO MHpOpMaLUIO, KOTOpPas yXe cpasy
npegHasHaveHa ass iorM4yeckoro BoiBoga 1 cbopa gaHHbIX

CTpyKTypa,
KOTOpYto faeT
rpad 3HaHUW,
nomMoraert ayyie
OTBeYaTb Ha
BOMPOChI U
n3beratb
rannrounHaumi,
B TOM yuncse
ecnn 3To Aenaet
LLM

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
won the 1946 World Series championship was the St. Louis Cardinals.
e o = : 2 ; : " oo
ChatGPT + CoT Step 2: Determine the home stadium of the St. Louis Cardinals during that time. The St.

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

I'padbl 3HAHUN

e Belova et al. (Oct 10, 2025): ¢ gpyron ctopoHsl, LLM Moryt nomo4b cobmpaTb
rpabl 3HAHUN, HO 3TO OKa3bIBAETCS HE TakK NMPOCTO

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

I'padbl 3HAHUN

e Belova et al. (Oct 10, 2025): ¢ gpyron ctopoHsl, LLM Moryt nomo4b cobmpaTb
rpabl 3HAHUN, HO 3TO OKa3bIBAETCS HE TakK NMPOCTO

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.

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

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

GPT-5: Based on the medical knowledge graph-#rple~exmat and the provided sequence, the completed triple
would be: (chronic kidney disease, has_f#rdfing site, cerebellar Srasagpatter)
This is based on the#€%t where chronic kidney disease (CKD) is associated with™ehsgrvable findings in the

cerebellar_gwer?” matter, specifically mentioning reductions in cerebellar gray-matter volume, cOmigal thickness,

pe”t1iTusion metrics.


https://arxiv.org/abs/2510.09580
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OT 6moJyioruu Kk MHPoOpMaTHKe

MoO3r COCTOUT N3 HEMPOHOB, KOTOPbIE
YCTPOEHbI MPUMEPHO OAMHAKOBO

HenpoH yepes geHapwuTbl nonyyaet
CUrHan ot Apyrux HEMPOHOB, BPEMS
OT BPEMEHW 3anyCcKaeT CUrHasn no
aKCOHY, U Yepes CMHAnCbl CUrHan
aKCOHa OoXo4uT 4O OeHOPUTOB
APYrUX HEMPOHOB.

HeipoHos oueHb MHoro: 10"
HenpoHoB, B cpeaHem 7000 cBazeny
Kaxpaoro, To ectb 10™ cuHancos

OKOHYaHUE aKcoHa

Dengpum
dgpo Y

AKCOH

MueAuHosas oborouka

NEURON

dendrite

cell body
nucleus

Schwann cell

node of ranvier
axon +erminal



OT 6mosioruu Kk MHPOpMaTHKe

Ho «TakToBas 4yactoTa» 3TOro «kKoMnbtoTepa» odveHb H13kaqa: ot 10 go 200 repu,.

N npn 3TOM MblI,
Hanpumep,
pacrno3HaeM nmuo
YyeoBeKa

3a 200-300
MUINTUCEKYHA.

OTO 3HAYUT, YTO
LLeNnO4YKM KOPOTKUE,
N BblYNC/IEHNA B
MO3re cKkopee
napannenbHble,
yem

rnocnegoBaTe/ibHbIe.

Categorical judgments,
decision making

To spinal cord
er muscle - ___—160-220 ms

80-260 ms Seeking Categories in the Brain

Siman | Thovpe and Michide Faboe-Tharpe
SCIENCE VOL 291 12 JANUARY 2001




McCullogh, Pitts, 1943

® VICKyCCTBEHHbIE HENPOCETH LOGICAL CALCULUS FOR NERVOUS ACTIVITY 105
4\%‘ (b) Mji*

NOABU/INCH aXe paHblue,
4YyeM TecCT TblopuHra um
HapTMyTCKUn ceMumnHap

e (Makkannox, 'utrc, 1943).
nepBas MoAe/ b HEMPOHA,
KoTopas Obl1a akTu4eckm
coBpeMeHHon!

(a)
(¢)
<

LIWiXi ; @—» h(Ziwixi)




[TlepuenTpoH Po3en6brnarTa

FIG. 1 — Organization of a biological brain. (Red areas indicate

e Kak pas 3Ty MOAe/b peasi3oBbiBas U active cells, responding to the lecter X.)
o6yyan nepsbiil nepLenTpoH e e, e e
(Rosenblatt, 1958), o0 koTOpOM MbI A R P . o
rOBOPW/IN B MPOLL/IbIA pa3 S 7 1

e 370 Gblfla NepBas peansHo ‘ :
paboTatoLasd Moaesib MaWMHHOIO e e B i

o0y4yeHUs

FIG. 2 — Organization of a perceptron.




OYyHKI MY aKTHUBaL[UK

e B Hawle BpeMs NoABUINCL N Apyrve Buabl CBA3elh (Hanpumep, MexaHn3mbl
BHMUMaHWUA), HO B OCHOBHOM CETN COCTONAT U3 TAKMX XXE UCKYCCTBEHHbIX
HEMPOHOB; TONIbKO (DYHKLMN aKTMBALIMM MEHAIOTCS

2.0

Threshold activation
Logistic sigmoid
L Hyperbolic tangent tanh

RelLU activation

1.0

0.5

0.0

—0.5

—1.0



OYyHKIMYM aKTHBaAL[MHA

e B Hawle BpeMs NoABUINCL N Apyrve Buabl CBA3elh (Hanpumep, MexaHn3mbl
BHMUMaHWUA), HO B OCHOBHOM CETN COCTONAT U3 TAKMX XXE UCKYCCTBEHHbIX
HEMPOHOB; TONIbKO (DYHKLMN aKTMBALIMM MEHAIOTCS

2.0
ReLU activation
——— Swish activation, § =1
1.5 | = Swish activation, 8 =5
—— Mish activation
1.0
0.5
0.0
—0.5



KoOHHeKIIMOHU3M

® HenpoHbl COeaNHAITCA B CETH

e [lpMHUMN KOHHEKUNOHM3MA:
OoMbLUaA KOMMNO3ULNA NPOCTbIX
00BbeKTOB OOpeTaEeT HOBbIE
CBOMCTBA

e Henpocetb — 310 rpad
BblYNCIEHUN, Y3/1bl KOTOPOIro —
3/ieMeHTapHble PyHKLUN

e YacTto Takume rpadbl 4eNATCA HA
cnowu (layers); cnpaBa — npumep
NPOCTON CeTn C ABYMA CTIOAMU




I'paiieHTHBIN CIIYCK

e A NOTOM NPOUCXOANT rpagneHTHbIW CryCK. To4Hee...




I'paiieHTHBIN CIIYCK

® A NOoTOM NPOMNCXOAUT FrPagNEHTHbIN CNYCK. TOUHee, CTOXACTUYECKNI rpagNeHTHbIV
cnyck (stochastic gradient descent, SGD), NOTOMY YTO BbIYNCNTL BCHO PYHKLNIO
OLWNOKM BbINo Obl CANLLIKOM AOPOro
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