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Kpartkas ucropus Al

1900
TriodeVaccumTube

1920
First ever robot

1938
Digital Logic
1948

\Cybernetics /

/JopnM {

1956
Al term born

"A paper called the
Dartmouth Proposal
is presented in
which, for the first
time, the Al
definition is used."

A /

WABOT-2

1982
Hopfield ANN

1986

Parallel Processing

1989

@nvolutional W

1st Winter

[ 1900 - 1950

—

2nd Winter

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

Al timeline (MCTOYHUK)

‘@ \

© OpenAl

1997 2003-2005 2017 2017 2022 2025

Deep Blue DARPA Challenges| | Transformers WaveNet ChatGPT deepseek

2096 2019 "OpenAl ChatGPT The chinesse

"[BM's Deep Blue Deep Belief ANN Attention GPT-1 became the fastest deepseek

e 2003 :51 2020 " sctare
Kasparov” IBM Blue Brain Jou BERT LM hﬁ&’iﬁil‘f?d?r ’ OP;;‘A‘
2010 ! 2020 months!" 2 weeks!
T € G G U
2012-2017 | 2017-2020 | 2020-2025 |

2025 -... |

—

Turing Test

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

1950 )

1957 )

First Perceptron

1957
First Al program

1965
First Ind. Robot

1965
Eliza ChatBot!

" 1086 )

Back
propagation

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

1904 )

Robocup
1997
LSTM ANN
1999
Sony AIBO

2000
Kismet Robot

a 2012 N

AlexNet

"A Revolutionary
Deep Learning
Architecture
significantly
outperforms
ImageNet"

—

4 2013 N

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

KpaTKaﬂ MCTOpMﬂ AI e Al timeline (MCTOUYHUK)

p

D (@ \

@ ObénAI

2003-2005 2017 2017 2022 2025
TriodeVaccumTube Al term born WABOT-2 Deep Blue DARPA Challenges| | Transformers WaveNet ChatGPT deepseek
Lt 1982 2006 & 2019 "OpenAl ChatGPT The chinesse
i "A lled the i 2
First ever robot ke o rspos; Hopfield ANN s o e Deep Belief ANN ittt GPT1 ble’g;?:le t?: nf:;[ts:: deepseek
1938 L 1986 2008 E 2020 e overpasses
i t t a S
Digital Logic e j IBM Blue Brain You BERT LM _application in ChenL
definition is used." Need history Jus}I ?E'ter 2 in
1948 é 2010 ! 2020 e 2 weeks!

Cybernetics/

Apple Siri / \ / \ GPT-3 / \ / \ j

2000 - 2012 2012 - 2017 2017 - 2020 2020 - 2025 I 2025 - ... I

Iy [
1994 2012 Y 2013 N [ 2020 Y4 2020 Y +2025 )

Back Robocup AlexNet DeepMind DALL-E Tesla Self drive

; AGI
ropagation
Riopad 1997 i 2014 "generating images 2021 AS]|
5 First Al program "Multi-layer "A Revolutionary i from descriptions, i i i i
e prog S LSTM ANN Deep Learning Generative AN ey Regulation & Ethics Singularity
intelligent if it 1965 learn non-linear 1999 Architecture 2015 power of ATin 2024 Su perH umans
could deceive a X mappings, significantly iy
human into belivign First Ind. Robot significantly Sony AIBO outperforms Tensorflow °‘°ssdm° aﬁ A Sora LVM &
it was hi Ay contributing to the ImageNet" B G
it was human 1965 field's progxess' 2000 2016 content generation" 2024 Beyond

Eliza ChatBot! Kismet Robot Alpha Go EU Al Act
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Hbtoann u CaitmoH: Logic Theorist

e Newell, Simon (1956): Logic | THE LOGIC THEORY MACHINE
Theorist nporpamma ans A COMPLEX INFORMATION PROCESSING SYSTEM
aBTOMATNYECKOro A0Ka3aTe/1IbCTBa "

TeODEM Allen Newel!l and Herbert A. Simon
P P-g68
e Herbert Simon, Jan 1956: “Over ’ June 15, 1956

Christmas, Al Newell and | invented |
a thinking machine” K

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”.



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

Hbtoann u CaitmoH: Logic Theorist

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

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

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

ABTOMATUYECKOro AokasartesibCTBa 1.a P+ Qg -pVa
TeOpEM The five axioms that are postulated to be true are:
1.2 PV P.%P
e Ha camom gene 3T0 6bI1 OT/INYHBIN - -3 Po%av P
l.4 pPVvVaQ-2qVvVep
npyBsep, nepegokasan 60bLUYIO . vavria vper
4yacTb Principia Mathematica... HO 1.6 po aar Y P TV

BCE-Taku Kak-TO 3TO He B3/n1eTesio

PRINCIPIA ¥0443. F: o, Bel.d:anB=A.=.avBe2
MATHEMATICA D
; TO 56
T F.%5426.DF:a=tz.8=1y.D:avBe2.=.24y.
Anrnsunonriwulnnsm [*51.231] =, “x N L(y___ A .
i [%1312] =.anfB=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

P 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

re p6e pT ca i’i M 0 H ‘ ;eorch Zzironmen’c

4 1 inteligence gathering

4

y

e oo ;
e KctaTu, Herbert Alexander Simon 5':"’;5 3/ caling for decion
6bIN HE TONILKO MMOHEpPOoM Al q%&g: 1. invent

e OH B LENOM U3yYas NpUHATIE m Decsin |0 possile course of design | 2. Develp

pewleHwnii; Administrative Behaviour | Making )

(1947) — o TOM, KaK Nt NPUHUMaKOT \ _ seleck perbicukar caurse
pauvoHabHble peLleHns 3. chaice

e (CTaHAapTHasa Torga mogesnb — homo
economicus, YenoBek pauoHaNbHbIN
N STOUNCTUNYHbBIN

3 analyse

e CarMOH M3y4an paymoHasbHble
peweHunsa c orpaHnyeHmnamu (bounded
rationality): yenoBek He BCE 3HaeT U
He BMOJIHE 3roNCTNYeH

e Satisficing: Kak NpnHATL
YLOBNETBOPUTENIbHOE, HO He
0653aTe/IbHO ONTUMaNbHOE peLleHye




Shakey the Robot

e Shakey the Robot (Stanford, 1966): nepBbIi MOOUNBHLIN POGOT, KOTOPLIA MOT
N1aHNPOBAaTb CBOW AeCTBUS

e Mor nonyuntb KoMaHAy Bpoge “push the block off the platform”, cam HanTw
nnatpopmy ¢ 610KOM, CNNAHNPOBATL, KaK A0 Heé A06paThCs, a MOTOM
dn3nYeckmn UCNONHUTL 3TOT M1aH

VIDEO CAMERA

-(\
9 \ DIMENSIONS (Approx.|

/!
y > .,/n.\uaa FINDER 56"L; 35'W; S7'H
' ‘v'
e
N

CAMERA CONTROL:
ELECTRONICS

1/0-L061C, s Lt R uy
rranscevers [ oo LI
ACTION LOGIC - 4‘%}.3 5
. s,:-"-
s =

s !
N -
v \ v/ \PNEUMA‘!IC BUMPER
WITH TACTILE SENSORS

STEPPING MOTOR BATTERIES .

FIG.2 AUTOMATON VEHICLE




Shakey the Robot

e [lnaHumposLKk STRIPS (Stanford Research
Institute Problem Solver), HanncaHHbIN Ha
Lisp; MOI CnNaHMPOBaTb NnepemMeLLleHus,
BK/1HOUEHMe/BbIK/IFOYEHE CBETA,
OTKpblBaHWe/3aKpblBaHWe ABepen 1 T.A4.

e Kpowme Toro, Shakey cam cmoTpen Ha
OKPY>KarLLUA MUP, 3TO BbINN NMepBble
CUCTEeMbl KOMMbIOTEPHOIO 3peHns

e KHemMy OTHOCUTCA U 3HaMeHUTada barika: peen
u

AKoObl B 1966 roay MapsrH MuHCKMI T

T

Bblgan [xxepanbay Caccmeny (Gerald Jay ._ EIECT?R!’ i
Sussman), Torga acnpadTy, 3ajady g
pewmnTb NPobieMy KOMMbIOTEPHOIO

CASTER

3PpEHNA B Ka4eCTBe MNMPOEeKTa Ha JIETO WHEEL




Shakey the Robot

e [lnaHunpoBLuk STRIPS (Stanford Researcgh

o
C

. Q
ﬂ e
BbI BUMP | |

POETECTOR

CASTER
WHEEL



ELIZA

ELIZA (Weizenbaum, 1964-1968): 041H 13 NepBbIX HACTOSALLMX 4YaTOOTOB,

cucTemMa, KoTopasi CUMY/MPOBasa Pa3roBop Yepes NpocToli pattern matching

CambIi n3secTtHbIN ckpnT — DOCTOR, cumynaTop ncuxoTtepanesTa

BelueHbaym
Welcome to
Bb|6paf| Tepanmm, EEEEEE EE ITII 277777 AAAAA
== LL II 7 AA AA
l*ITO6I:I He Hy>KHO EEEEE LL 35 77 AAAAAAA
== LL II ZZ AA AA
6b|f|0 CTpOI/ITb EEEEEE ELLELEL. F3EF 277777 AA AA
MO,CI,EJ’II: Ml/lpa, d Eliza is a mock Rogerian psychotherapist.
The original program was described by Joseph Weizenbaum in 1966.
MO>KHO 6b|f|0 This implementation by Norbert Landsteiner 2005.
MNPOCTO
ELIZA: Is something troubling you ?
peCI)erKCI/IpOBaTb YOU: Men are all alike.

TO, UTO TOBOPUT  [eteak

YOU:

cobecesHVIK (PCT, [Satee

YOU:

person-centered |EHR¥A

YOU:

therapy, Rogerian [ERe4x

YOU:

therapy ot Kapna [EledE

YOU:
Poaxepca)

What is the connection, do you suppose ?

They're always bugging us about something or other.

Can you think of a specific example ?

Well, my boyfriend made me come here.

Is it important to you that your boyfriend made you come here ?
He says I'm depressed much of the time.

I am sorry to hear that you are depressed.

It's true. I am unhappy.

Can you explain what made you unhappy ?



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

ELIZA

° [ﬂJZA(VVeEenbaLwn,1964«1968X Did you come to me because you are not ?
BbIrTAANT O4Y€Hb MPOCTO, 1 Nerko >i dont know
coMaTh What does that suggest to you?

. >that i am unintelligent
® I'Iorlpo6y|/|Te CaMW. How long have you been unintelligent?

https://anthay.github.io/eliza.html ysinee 1 was baen

I see.

e |/l TeM He MeHee, NtoaAn bbiNun
>arent you supposed to cheer me up
BOCXMLLEHbI, HOT 4a You’re not really talking about me, are you?
OMOUMNOHAa/IbHO NPpunBA3bIBA/INCb K >no in talking about me
ELIZA v pa3roBopam C Hel

Why not?

>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

e ELIZA (Weizenbaum,

ELIZA
GPT-40-NO-PERSONA

ik

*kk kkk

P
E 8

g +*

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

*
*
*

GPT-4.5-NO-PERSONA  [I— ; R O L
1964-1963) LLAMA-NO-PERSONA -—-EI 85—

e B npoLwbIii pas Mbl . tavarersona [ 7 R DR 4 |
roBOPWIN O TecTe é cpr-4.5-PErsonA [N FR TSR |
TbropUHra i B 2R -‘E; o e ; »

—N e

e ELIZA — nepBas
nporpamma, Kotopas
XOTb MHOrAa

M £
- -4
-

o e o

oyljoid

* k *

sajenpelbiapun

npoxoAnnia Tect GPT-4.5-PERSONA _- WA o

TbI-O I/IHra < %electedHuman‘ Selecged“Al 5

P 0% 50% 100% -100 -50 0 50 100
Win Rate Confidence

e |/l oHa ocTanacb
baseline’'om gaxe B

Large Language Models Pass the Turing Test
lones, Bergen (Mar 31,

2025)!
Cameron R. Jones Benjamin K. Bergen
Department of Cognitive Science Department of Cognitive Science
UC San Diego UC San Diego
San Diego, CA 92119 San Diego, CA 92119

cameron@ucsd.edu 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):

cucTemMa NnoHMMaHus
eCcTeCcTBEeHHOro A3blka B
OrpaHNYeHHOM KOHTeKCTe
(Ky6rKu Ha cTone)

Morna Ha ecteCTBeHHOM A3blke
Nnosyd4aTb KOMaHAbI,
NAaHNPOBATb NX NCMOJIHEHWNE,
Nno4A€epP>XMBATb KOHTEKCT U

aHapopy

970 6bl/1a 3HaMeHuTasa
AEMOHCTPALMS NCKYCCTBEHHOIO
NHTenneKTa...

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

e ...HO 3TO 6blNa UNHO3UA :)

e [lnanor noagepxvBasncs
TOJ/IbKO B onpeseneéHHoM
KOHTeKCTe, N He 6bIN10
HUKAKNX rapaHTUM
KayecTBa; CUCTEMA CKopee
He paboTana,
yeM paboTana

o (Cam Teppwn
BrHorpag
BCMOMWHan
(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 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 KcTtatun, B Yectb BuHorpasga Ha3BaH o4eHb
NHTEepeCHbIN faTaceT Ha NOHMMaHMe MUP3, C
KOTOPbIM MOAEeNIN MOJIHOLEHHO Havanwu
CNpaBNATLCA TOoNbKO nocne GPT-3

e Oka3blBaeTcs, paspeLleHme aHadopbl NHOrAa
TpebyeT MPOHMKHOBEHWS B CyTb BeLLEel

e Ho eLlé 6onbLUe MPOHVKHOBEHNS 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




MawuHHbIi nepesog, B 1950-x ropax

1 ¢ Translation

e Warren Weaver, anpekrtop
OTaeneHvs ecteCTBeHHbIX HayK B
®doHzae Pokdennepa, B 1947
Hanvcan BnHepy 0 BO3MOXHOCTU

MaLlVHHOro nepesBoja, a B 1949 - |
ere is no need to do more than mention the obvious fact that a

BBINYCTWIT MEMOPAHAYM MOA multiplicity of languages impedes cultural interchange between the

Ha3BaHueM Translation peoples of the earth, and is a serious deterrent to international under-
standing. The present memorandum, assuming the vahd}ty and im-

. 1 portance of this fact, contains some comments and suggestions bc.aaru;g

e M3 nucbma BuHe py One on the possibility of,contributing at least something to the solution of

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

be treated as 3 probl em in ’ :ﬁ;rz,r ?sli ;?:g inwiv;llllc‘r:: Slzlaétintly silly to an expert in the field—for the
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.”

WARREN WEAVER

)




MawwuHHbIi nepesog, B 1950-x ropax

e >STa MbIC/Ib BCKOpe MoJyynna
noaTBepxaeHme B pabotax Hoama
XOMCKOro 0 NopoXaakoLLmx
rpaMmaTumKax

ASPECTS

OF THE
THEORY OF
SYNTAX

e B 1950-x oH Kak pa3 3aHVMManca
MaLUVIHHBLIM NepeBOAOM, 1 ero
ancceptaumsa (1955) n kHura Aspects
of the Theory of Syntax (1957) yxe
cogep>kanu Bce OCHOBbLI TEOPUN U S
CUHTaKCr4Yeckre aepeBbs

BY NOAM CHOMSKY

NP

NP VP

N

A A N \Y Adv

Colorless green ideas sleep furiously.




MawwuHHbIi nepesog, B 1950-x ropax

e FEC/iny a3bIka eCcTb XOPOLLO OnpesesiéHHasd rpaMmMaTyika, N eé MOXHO
3anncaTthb B BUAE NpaBu NpeobpasoBaHms, TO MOXHO 3anncaTtb U NpaBuia
npeobpasoBaHMA C OAHOTO A3bIKa Ha APYroun

e ATamMu
3anporpamMMrpoBaTh WX; e
NleoH JlocTepT yxe B 1954 S‘““ ok subentortaton
MPOBE NMEPBYI MYBANYHYIO Rules SEMANTICS
[EMOHCTPALMIO MALLVHHOIO W, PR b5

THE DEEP SEMANTIC
ne p eBo .ﬂ'a LEXICON STRUCTURE REPRESENTATION

Transformational
Rules

SURFACE
STRUCTURE

Phonological
Rules

PHONETIC
REPRESENTATION

PHONOLOGY




MawwuHHbIi nepesog, B 1950-x ropax

e STa AeMOHCTpauma nssectHa 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 | International understanding constitutes an
yavlyayetsya  vazhnim  faktorom v | important factor in decision of political
ryeshyenyiyi polyityichyeskix voprosov. questions.

KRCrre. 1Y CaLTA UPRYEDYELY ATETSTA KeLORY | 7HOSTIY S

m 11 Mmy 11 ¥ 1 1

i 1 i m - i u

' 1
'rm.- card is punched with a sample Ruuhn m.ugo xmo (u.
hurgreud at the top) in nnaduvd IBM punched-card ¢
then accepted by the 701, converted into its own binary ha.ulo “
trulln‘d ‘y means of stored ary lrl operational 'ﬂ‘“?‘“

programs !nin the !:ngulh h.lgup equivalent which is Ibo' yrh?‘
. 4 [ Haecn, s A
11} : 1 1 l 11 1 it 'f :
1 1t ;

" THE QUALITY OF, CoAL IS DETERMINED 8Y
CALORY CONTENT




MawwuHHbIi nepesog, B 1950-x ropax

e B CCCP B TOM Xe rogy aHanormyHyr rnporpamMmmy cosjaam noj pykoBoACTBOM
AmunTpusa MNaHoBa 1 V13abensnbl benbckor B IHCTUTYTE TOUHOW MeXaHUKW U
BbluncnntenoHom texHukn AH CCCP Ha komnbroTepe 5OCM

AKAJIEMHIA HAVYK CCCP

HAYYHO-TIONYJIAPHAA CEPHA

———rTTTTe———————

A 0. TAHOB

ABTOMATHYECKU
INEPEBO I

A3JIATEJIBCTBO AKAJIEMHH HAVK CCCP




ALPAC

e B 1964 roay npasutensctso CLUA LANGUAGE
opraHmnsosano ALPAC (Automatic MAéI':I‘ItI,QES

Language Processing Advisory
Committee), KOTOpPbIN 6bI1 NPU3BAH
OLLeHWNTb NPOrpecc BblUNC/INTE/IbHOW

COMPUTERS IN TRANSLATION AND LINGUISTICS

JIMHIFBUCTUKWN A Report by the
Automatic Language Processing Advisory Committee
e KoMWTET BbINYCTWA OTUET NOA Division of Behavioral Sciences

National Academy of Sciences

Ha3BaHueM Language and Machines:
Computers in Translation and Linguistics
(1966)

National Research Council

AUTOMATIC LANGUAGE PROCESSING
e BbiBOAbI ObIN HEYTELLINTENBbHBIMAU, U ADVISORY COMMITTEE

BMeCTe C Kpl/lTI/IKOI7I I'IelelerlTpOHOB
John R. Pierce, Bell Telephone Laboratories, Chairman

3TO BCe anBeﬂO K Al Wlnter 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



31MMa MCKYCCTBEHHOTO UHTEIEKTA

e BuiBoabl ALPAC, natoc KpUTKKa
nepUenTpoOHOB, MJKC obLlee
pasoyapoBaHue TeMm, UYTo bosbLLne
OXWNAaHWA B peasibHOCTU He
noATBEepPAVNINC...

e Bceé aTo npuBeno Kk “3nme
NCKycCcTBeHHOro nHTennekta” (Al
winter): nepuogy NpUMepHO co
BTOPOW Mos10BUHbLI 1960-x A0
Hadana 1980-x, koraa Al mano KTo
BCepPbE3 3aHVMancs

e Jlioan pewnnm, 4to “3To BCE He
paboTaeT” — n TOrAa
NeNCTBUTENBbHO TaK M 6bIN10!




31MMa MCKYCCTBEHHOTO UHTEIEKTA

e BuiBoabl ALPAC, natoc KpUTKKa
nepUenTpoOHOB, MJKC obLlee
pasoyapoBaHve TeMm, YTo 60/b
OXNAaHVA B peasbHOCT

noATBEepPAVNINC...




Al B 1970-x:

3KCNepTHbIe
CUCTEMDI




Yto TaKkoe 3KkcnepTHadA cucTeMa

o VY 3KC|'|epTHOI7I CNCTEMbI eCTb KaKada-ToO

’ B Rule 1
6a3a 3HaHWI (MPOCTLIX NPaBwI) K If A, then ( )
npaBwia BbIBOAA N3 HUX If B, then C (Rule 2)
e [IpaBuna BbIBOAA MOTYT 6bITb YNCTO A (Data)
NOornyYecknMmn, NPAMO Kak CUIN0rn3mMbl
A& (Conclusion)
e HO 3TO He oYeHb peasnCTUYHO...
EXPERT SYSTEM
Description User
-—> Inference
of new case inter-  j—» Engine
< face
USER T
Advice &
é—q Knowledge
LEpranation _ <P Base




Yto TaKkoe 3KkcnepTHadA cucTeMa

e (Kopee BCero, Mbl YTO-TO 3HaEM h, = The identity of ORGANISM-1 is streptococcus

HaBepHsika, a Npo YTo-To Moxem  hz = PATIENT-1 s febrile
MpeAnonaraTh C HEKOTOPOA h; = The name of PATIENT-1 is John Jones

CTENEHBIO yBEPEHHOCTU IF: 1) The stain of the organism is grampos, and
: 2) The morphology of the organism is coccus, and
° Certalnty factors —310 B 3) The growth conformation of the organism is chains
IKCMNEPTHbLIX CNCTEMAX 06bIYHO THEN: There is suggestive evidence (.7) that the
6bIIN HEe BEPOATHOCTU (XOTS identity of the organism is streptococcus
Tenepb yXxXe CJI0OXKHO NOHATDb, CFlh,,E) = .8 . There is strongly suggestive evidence (.8) that

noye My), a NpocTo a 6 CTpaKTHble the identity of ORGANISM-1 is streptococcus

CF[h,,E] = —=.3 : There is weakly suggestive evidence (.3) that
Hriciia N HEKOTOPbLIE NMpasnia PATIENT-1 is not febrile
onepaunn ¢ HUMU CFlh,E] = +1 : Itis definite (1) that the name of PATIENT-1 is
John Jones

Definition of Certainty Factors (CF) in MYCIN

e Range:-1<CF<+1 o
e PaccMOTpKM MPOCTOU

npumep...

e CF level definitions:
e CF=+1 the factor rule is certainly true

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

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




HeyeTkas noruka

e Bces3To elle oyeHb MOXOXe Ha
HeuéTKyto noruky (fuzzy logic),
KoTopasa Toxe B 1970-X aKkTUBHO
pa3BuvBanack (Jlotopu 3ase)

UNION

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

INTERSECTION

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

COMPLEMENT

AQXapA(x)pr(x)

Regular Logic

Heating Air-Conditioning
L S
} >
25 Temperature in °C
Fuzzy Logic
X
o
. LS
C_)O
, . Temperature
1 1 j 1 > in°C
15 20 25 30 35
MY A
classical (crisp) set A
1.0 ~
fuzzy set A
membership
/ function p(X
0.0 | I ——>

X



MYCIN

e MYCIN — 3KkcnepTHasa cuctemMa 414
anarHoctukmn; 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

e MYCIN — akcnepTHaga cuctemMa

ANS ANArHOCTUKI l'— KNOWN ———) | KROWN __.I

e Pe3ynbTaThbl yXe B cepesnHe
1970-X 6bIN KaK Yy OMbITHOIO e NOTDEFINITE >)
Bpaya 1 CyLLeCTBEeHHO siydlle,

o -1 -2 0 .2 +1
yeM Yy HauHaLWKMX Bpayel | T |
l I I
e (CuncreMa 06paboOTKN HEUETKMX )
o DEFINITE DEFINITE
BbIpaXeHUn v
HeonpeAesiéHHOCTEN
St RULE-BASED
e /laBaiiTe pacCMOTPUM NPOCTO RULE- EXPERT SYSTEMS
EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
npuMmep... SYSTEMS HEURISTIC PROGRAMMING PROJECT
Bruce G.Buchanan
e HO, KOHEeYHO, Ha NpaKTuKe 3TO B o H Bhorililts

6b1/10 CZIOXKHO NCMO/Ib30BaTb




MYCIN

e MYCIN — akcnepTHaga cuctemMa

AN ANArHOCTUKM ‘0‘5-
e Pe3ynbTaThbl yXXe B cepeanHe x '('30 ne °
1970-X 661V KaK Y OMbITHOL? “6\‘\ W p.e ’
Bpaya U CyLLeCTBEHHS oy c® Ga\d\o
4yeM y HauMHar Ge"” pwo ’11
“9 60Q l I
o Cucremg~ 09& (O
Y 2 DEFINITE
BblP ‘\0 bQ
H \\"0 9‘30
WO o e RULE-BASED
o /al o e RULE- EXPERT SYSTEMS
EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
MPUN SYSTEMS HEURISTIC PROGRAMMING PROJECT
e H 0, KOl NKe 3TO E%ir\t:/ccerg HBEE};C:R:??e

ObIJ10 CN\ 0/1Ib30BaTh




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

volunteered evidence; the certainty
PrOSPECtOr 2:THERE IS DOLOMITE

is taken to be 4.]
(DOLOMITE) (4)

e PROSPECTOR (Hart, Duda, 1977): 3:'{HERE ;% ((Eﬁl;ENA
GALENA
JKCrepTHaa cncremMa And noncka N :THERE MIGHT BE SPHALBATTE

MeCTOPOXAEHMIN MOJIE3HbIX (SPRALERITE) (2)
5:DONE ; _
NCKOMaeMbIX e : '  [The user is finished volunteering

evidence, and PROSPECTOR takes the
initiative.]

You told me about:
—~ CARBONATES (4) [The computer reminds the user of
o volunteered evidence.]

6--To what degree do you believe that:
RULE-6 ) (¥ 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:
o e - (* 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)

IIHHII
COMPOSED-OF
Ld
..
Hg

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




XCON/R1

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

JKCNepTHaA cMcrtemMa AN

KOHPUrypmposaHma komnboTepoB VAX-11 B 16000

KoMnaHum DEC

e bblfa MoCTOAHHO B pa3paboTke, HO peanbHO
NPYIMeEHSNACh, 3KOHOMWA AeHbI, 3TO 6bIN

yCrnex 3KCMNePTHbIX 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)

500 —
250 —

I | | |
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)
PDP-11/44 (11/83) 8000
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
0 7
I ...............
1/1/84 12/31/80 12/31/81 12/31/82 12/31/83

R1’s Performance by Quarter (in Graphical Form)


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

[lpepcTaBneHue

3HaHUM




[lpepcTaBneHue 3HaHNM

e [lpyroe Hanpas/eHne —
npeacTaB/ieHVie 3HaHUI; B
MYCIN “6a3a 3HaHUN" — 3TO
NpPoCTo Habop Npaswis, HO
3TUM, KOHEYHO, AeNi0 He
ncyepnbIBaeTCs

e Kak HaM npeAcTaBUTb 3HAHWS
Yyesl0oBeYeCTBa B
MalUMHoOYTaeMon ¢opme?
JTO BOMPOC A0 CUX NOp
BMOJIHE aKTya/IbHbIA

e Quillian (1968): Semantic
Memory; 3pecb yXe eCTb
oTHoweHua spoae PART-OF,
HacneaoBaHWe CBOMUCTB MO
nepapxmm n T.n.

FOOD:

Things forming meals, especlally other than drink

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

‘\\’4:¢
T07 “ an

OR

\J—:ﬂsqucz :'\::A
ey '\
A% \
TAKE 11 » MEAL
\ ‘\
\

\

' INTO
\
\

>
S
~

Lve &

| ~" KAS-TO FORM

.
.
.
.
’
'

OTHER-THAN
’

1]
+ DRINK

JI

PLANT

STRUCTURE AND

LIVE OET 3

H FROM 3
\
\

\’-OF%OD

p—————

\

THING
HAS-TO

KEEP

CL@/\ e




[lpepcTaBneHue 3HaHNM

e Minsky (1974): A Framework for Representing Knowledge

e dpeliMbl, 3HaYEHUS MO YMOTYAHMIO, NPeobpa3oBaHMs, KOTOPbIE MOXHO
NPYIMEHATb aBTOMATNYECKN; 4OBOILHO FPOMO34Kasi CUCTeMa, HO U LeNb
6blna ambunumosHas: dopmMann3oBaTh BU3yasibHble 3HAHUS ANS
KOMMbIOTEPHOIO 3pEHUS

* ClUbe

region-of

e
+

vertical type

parallelogram
L7 etc.




John THIRSTY

«IR
John DO John PTRANS John to den
" -~ -r -r
pGACTa B"EHME 3HaHMM Beer OPEN John LOC (in room)
oE oE «E
INGEST John MTRANS (chair be)
. H «IR
e Schank, Abelson (1977): Scripts, o BRI o b
; orE
Plans, Goals, and Understanding PO 2 IO Y N
-r
e [loHMMaHVe MMpa Yepe3 CKPUNThI Chair STATE CHANGE
o oE oFE eor
Pa3HbIX COOBITUIN U NX |
I
NNaHNPOBaHNE gravity PROPEL John te floor
-r
e [logxon ckopee c John LOC(on fioor)
NCUXONOrNYECKOW CTOPOHDI
N3HaYaNbHO (KakK Yesi0BeK 3TO BCE e
o «E
CprKTprpyeT?)' HO OKa3aBLUNNCA wife MTRANS noise to CP(wile)
IR
NOJIE3HBIM ,ﬂlflﬂ Al wile PTRANS wile 1o den
orE
The above representation says, essentially this: John's thirst _l l
caused him 1o decide to DO an action that would result in a beer

. . . ly PR Lb
being opened which would enable him to drink it. What we have is: ok O:E, b vk ol

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 -1
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(wie)

lime after the state is initially present just as long as the state con- «R
tinues 1o be present,) | wile ANGRY




[lpepcTaBneHue 3HaHNM

e John Sowa (1976): Conceptual

Graphs for a Database -
/nterface Person: John Go City: Boston

e [lpAMOYronbHUKN —
KOHLENTbI, Kpyrn —
KOHLenTyanbHble
OTHOLUEeHUNSA Bus

e MOXHO pacnpoCTpPaHUTb Ha

yC/0BHbI€ YTBEPXAEHNA, Person: Tom Believe

yTBepXAeHus 06
TBepXAeHNAX
y KA Proposition:

AN

Then: : Situation:
Pet Happy @ Marry Sailor




[padbi 3HaHUK

e Bcé 310 NpmBeno K rpadam 3HaHNI, KOTOPbIE 40
CYX NMOP UCMNOJIb3YHTCA Y KaXyTCs BeCbMa
nosiesHoW abcTpakuyein

Year

locatedIn

worksWith

publishedInYear
hasAuthor l
locatedIn

locatedIn

Go Set a
Watchman

United

ocatedIn—p States

isFollowedBy

A A

isFollowedB worksWith locatedIn
1960 y hasAuthor

e /[laBaviTe NOroBOpPUM

publishedInYear
0 HMX NoApobHee...

To Kill a . J. B.
Mockingbird Lippincott & ocatedin—p-JEGTIEG E[TE

Company




[padbi 3HaHUK

e [padbl 3HaHUK (knowledge graphs) kaxyTcs MHe HeJOOLEeHEHHbBIMY; 3TO
XOPOLLUO pa3BuTaa obnactb (Hogan et al., 2022; Ji et al., 2021; Heist et al.,
2020: Yan et al., 2018), HO Ka)XeTcs, YUTO UX MOXXHO 6b1/10 6bl MCNOBL30BaTb

yalue

e BeplWuHbI — 06BHEeKThI, pEH6pPa — OTHOLLEHUS MeXAYy HUMU

e O6bBEKTOB MHOro (MOryT 6bITb MUAVAPABI), OTHOLLEHUI Mano (TbiCAYN)

TheoryOf —>

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

(Albert Einstein, WinnerOf, Nobel Prize in Physics) SonOf

(Albert Einstein, ExpertIn, Physics)
(Nobel Prize in Physics, AwardIn, Physics) -\ —

(The theory of relativity, TheoryOf, Physics)

The theory
of relativity

7

ProposedBy ExpertIn

l

E—— Nobel Pr-lze
in Physics

AwardIn

(Albert Einstein, SupervisedBy, Alfred Kleiner) Bl .
(Alfred Kleiner, ProfessorOf, University of Zurich) GraduateFrom  SupervisedBy
mplre

v
(The theory of relativity, ProposedBy, Albert Einstein) e
(Hans Albert Einstein, SonOf, Albert Einstein) e Kleiner



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://arxiv.org/abs/2003.00719
https://link.springer.com/article/10.1007/s11704-016-5228-9

[padbi 3HaHUK

Sep 2020:

1.00E+11
1.00E+10

1.00E+9

Entities

1.00E+8

1.00E+7

DBBgdla

Hanpumep, Google Knowledge
Graph — 3TO CTpPyKTypa, 13

KOTOpOVI NMPONCXOAAT NMaHeENN C

dakTamm B Google

DBpedia — rpa¢ 3HaHU 13
Wikipedia; ecTb rpa¢bl 3HaHW C

MNNNTNapAaMi BEPLLUVH, N UM

MO>XHO MOJ1Ib30BaTbCA

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

Open
Open
Open
Open
Open

(e]

DBpedia DBpedia DBpedia

DBp‘:dla 23
- DBpedia
DBpedia Dutch Itemsin DBpedia Gemman DBpedia Google KG Diffbot KG
ENTiny National Wikidata Small NKG Largest (claim)  (DBpedia
Diamond KG (measured) Diamond (planned) Diamond Member)
(measured) (measured) (measured) (measured) (claim)

Knowledge Graph (KG) brand names

Closed

Closed

Open

Linked
Open Data
Cloud
(estimate)

Florence Price <

American composer

Florence Price
American composer

OVERVIEW

SONGS

VIDEOS ALBUMS  LISTEN  PEOPLE ALSO ¢

“%" © o

—

Available on
© Spotify
B YouTube
P Pandora

~ 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

P be) sl

Pandora Apple Deezer
Music

Spotify  YouTube

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

i
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
Personal life and death

Bioaraohv Rediscovery of works Ci

Songs >

Dances in the Canebrakes

Fantasie Negre

Song To The Dark Virgin

More songs




[padbi 3HaHUK

Sep 2020:

1.00E+11

1.00E+10

1.00E+9

Entities

1.00E+8

1.00E+7

DBEgdla

Hanpumep, Google Knowledge
Graph — 3TO CTpPyKTypa, 13

KOTOPOWV MPOUNCXOAAT NaHenNu ¢
dakTamm B Google

DBpedia — rpa¢ 3HaHp”
Wikipedia; ecTb rp
MUNNAP LM

MOXHQ

g
(s}
Soceiie Z Dbpedia
- DBpedia
DBpedia Dutch Itemsin DBpedia Gemman DBpedia Google KG Diffbot KG
ENTiny National Wikidata Small NKG Largest (claim)
Diamond KG (measured) Diamond (planned) Diamond Member)
(measured) (measured) (measured) (measured) (claim)

Knowledge Graph (KG) brand names

Open

Linked

(DBpedia Open Ddata

Clou
(estimate)

Floreps

Al

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

LISTEN

PEOPLE ALSO ¢

N

——

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

i
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: 1899-1952

Occupation: Musical composer; pianist
organist; music teacher
Bloaraphy

Personal life and death Rediscovery of works Ci

Songs >

Dances in the Canebrakes

Fantasie Negre

Song To The Dark Virgin

More songs




[padbi 3HaHUK

e Pengetal. (2024): B KOHTekcTe RAG (retrieval-augmented generation), ecnu
NCKaTb CTPYKTYPUPOBAHHbIE TPUMIETLI, OTBETbI CTAHOBATCH TOUHee

Query : Query Query
How did the artistic movements How did the artistic movements @l How did the artistic movements Q
of the 19th century impact the :  of the 19th century impact the > : of the 19th century impactthe
development of modern art in :  development of modern art in Rabievet - development of modern art in Refrtaver
the 20th century? . the 20th century? * the 20th century? ;
1. Impressionist artists like - (Claude Monet) - [introduced] -
Claude Monet introduced new : (new techniques)
techniques that revolutionized - (new techniques) —
the depiction of light and color. [revolutionized] = (depiction of
: 2. The Impressionist techniques light and color)
influenced later art movements. - (Impressionist techniques) -
LLMs : LLMs <« 3.Pablo Picasso pioneered : LLMs <« [influenced] - (laterart
Cubism, which radically movements)
transformed the approach to - (Pablo Picasso) - [pioneered] >
visual representation. : (Cubism)
4. Cubism emerged in the early - (Cubism) - [emerged in] - (early
20th century and challenged 20th century)
ResP°nse traditional perspectives on art.
The artistic movements of : :
the 19th century influenced : Retrieved Text : x Retrieved Triplets
modem art in the 20th : :

century by encouraging : :
experimentation with color, : v Response : v Response
form, and subject matter. z

Impressionist artists like Claude Monet in the 19th Monet introduced new techniques that revolutionized
These movements paved century introduced new techniques that influence - the depiction of light and color. His Impressionist
the way for abstraction, ) later art movements. Pablo Picasso pioneered : techniques influenced later art movements, including
SpSCUEI i . Cubism relativity in the early 20th century. . Picasso's Cubism, which emerged in the early 20th
innovative. X : : century. This influence helped shape Picasso’s

innovative approach to fragmented perspectives.


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

[padbi 3HaHUK

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

Knowledge Graphs (KGs)

-~

Relation Paths Z / Q( Zl?q, 9) @ Retrieval \ Reasoning Paths Wz

z1 :born_in — city_of y born_in city_of
z9: graduatgn_from = 19cated:_in [ e R e e \ Ll graduate ?ff:: ton s located_in
zg : profession — work_in — city_of | , Planning Optimization . Joe Biden = » University of Delaware ————— USA
coe Vrccccccccccccaa “ aa
Prompt: Please generate Py(2|q) <:J Prompt: Please answer the
: 0\z|q : :
helpful relation paths for Planni R g question based on the reasoning
answering the question. @ Planning ® Reasoning paths and explain why.

-

Question: What is the — ¥ l
nationality of Joe Biden? {G‘rf Large Language Models (LLMs)

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

==

Pﬂ(alq, Za g)

Instruction
Finetuning

= l:(> | LI e {.} .......

Inference :



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

[padbi 3HaHUK

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

[padbl 3HAHWI AAKOT CTPYKTYPUPOBAHHYH NHPOPMaLMIO, KOTopas yxe
Cpa3y NpefHa3HayeHa AN NOrm4yeckoro BbiBoga 1 cbopa faHHbIX

Question

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

Answer

CTpyKTypa,

Parliamentary system

. ChatGPT + CoT
KOTOPYH A3ET

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?

MOMOraeT JlyyLLie Reasoning Paths

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

OTBEYaTb HA
BOMPOChI U
n3beratb
rannounHaymi,
B TOM yuncne
ec/In 3TO Aenaet
LLM

RoG

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

[padbi 3HaHUK

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

[padbl 3HAHWI AAKOT CTPYKTYPUPOBAHHYH NHPOPMaLMIO, KOTopas yxe
Cpa3y NpefHa3HayeHa AN NOrm4yeckoro BbiBoga 1 cbopa faHHbIX

CTpyKTypa,
KOTOpYto faeT
rpad 3HaHUW,
nomMoraert ayyie
OTBeYaTb Ha
BOMPOChI U
n3beratb
rannounHaymi,
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.
s ; : ; : g 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
e
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e Belovaetal. (Oct 10, 2025): c gpyron CTOpoHbl, LLM Moryt nomoub
cobupatb rpadbl 3HAHUW, HO 3TO OKa3bIBAETCH 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.
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[padbi 3HaHUK

e Belovaetal. (Oct 10, 2025): c gpyron CTOpoHbl, LLM Moryt nomoub
cobupatb rpadbl 3HAHUW, HO 3TO OKa3bIBAETCH 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.

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

The provided text eXphieitly states that neuroimaging studies “place observable fieffings 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 _fiwrdfing_site, cerebellar grasagpatter)
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,

pet1fusion metrics.
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e Belova et al. (Oct 10, 2025): GraphMERT,; cneunanbHas apxmTekTypa (Ha
ocHoBe ROBERTa) o6beanHAET CMHTaKCcMYeckyro MHPopmMaumio (0bblYHbIe
NpessioXXeHns) C CeMaHTUYeckow (rpad 3HaHWM) N BbIJAET KaHAVAATOB B
[OMOJIHEHVE TpoeK

e B sgeTtanu cenyac BgaBatbCsa He byaeM, HO 3TO (3K30TMYeCKUiA) NpruMep
NOCTPOEHNA 06We20 My/1mumModaabHO20 NPedcmasaeHUs; YTO 3TO 3HAUNT?
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>0 @@ __ . __ v
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I(b) JE— [ ; b N3 Similarity filter &
Y PAD PAD PAD\‘: ; BAD Q o ( )_) Trained Drop duplicates
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Raw triples
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e Belovaetal (Oct 10, 2025): n penctBuTenbHO 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.
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Belova et al. (Oct 10, 2025):  AeNCTBUTE/IbHO MY

based on the sequence:

Chronic kidney disease (CKD) is 2
have reported subtle, group-Je
reductions or regional a

within the &

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
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