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[lpeacTtaBneHmne OHTONOMMK

@prefix : <...some URL...>

@prefix rdf:
<http://www.w3.0rg/1999/02/rdf-schema#>
@prefix rdfs:
<http://www.w3.0rg/2000/01/22-rdf-syntax-ns#>
‘Whale rdf:type :Mammal;

livesIn :Water.

:Fish rdf:type :Animal;

livesln :Water.

Hotaumsa RDF (Resource Description Framework).

[padp

. RDF/RDFS/OWL

:Mammal rdfs:subClassOf :Animal.
:Animal rdf:type rdfs:Class.
:Mammal rdf:type rdfs:Class.
livesIn rdfs:range :Environment.
‘Water rdf:type :Environment.
:Environment rdf:type rdfs:Class

Hotauma RDFS. OnucaHne nepapxum Knaccos
N OTHOLLEHNN

DisjointClasses( :Mammal :Fish )

Hotauma OWL (Ontology Web Language).
OnwucanHune orpaHuveHun. K npumepy, H1 ogHo
XXMBOTHOE HE MOXET ObITb O4HOBPEMEHHO
pbIOO N MNEKONUTAOLLUM.



[MpenctaBrneHne ontonorun. UML vs RDF/RDFS/OWL

Mpenmywectea UML [Mpenmywectea OWL (Ontology Web
"4 Arperauus/koMnosnums — BCTpoeHHble Language)
OTHoLWeHusa "yacTb—Lenoe". ("4 OcHoBaH Ha AeCKPUNLUNOHHON
"4 3aBucumocTn — rmbkoe obo3HaYeHne  MOruKe.
cBA3en 6e3 cTtporon doopmanunaaumun. ("4 TouHOCTb — CTpPOrUI BLIBOA,
"4 Metamopens UML onucana Ha UML.  3aBUCUMOCTEN.
("4 CranpapTmsaumns — coBMECTUMOCTb C
[Novikov F. A., Molotkov I. I. Ontology of Discrete ceMaHTU4YecCKuMn Beb-TexXHONOrmsaMI.

Mathematics in Education // Computer Tools in
Education. 2021. No. 1. P. 5-16. (in Russian)]



OHTONnOrMn ancKkpeTHon maremaTmkn. ObLLaa OHTONOrMS
MHOXecTB obpasua 2019 roaa
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OHTONOrMmM ANCKPETHON MaTemMaTukn. NoHATUNHASA rpaHb

1.1. MHOXecCTBa — CTPYKTYpa NOHATUN /
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Computer Tools in Education.
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OHTONOrMNM ANCKPETHOWU MaTeMaTUKU. ['paHb 3aBUCMOCTEN

1.1. MHOXecCTBa — 3aBUCUMOCTH OnpeaeneHun )
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[Novikov F. A., Molotkov . I.
Ontology of Discrete
Mathematics in Education //
Computer Tools in
Education. 2021. No. 1. P.
5-16. (in Russian)]



OHTONOrMN ANCKPETHOM MaTeMaTUKN. ANropuTMmuyeckas rpaHb

1.1. MHOXecTBa — anropuTMUuyeckue acnenu)

XapakrepucTu4eckuin

npeauvkarT
MynbTUMHOXECTBO Pen

i v v

—_ MNepeHymepoBate  ——> KoHeyHoe ———— > MHOXECTBO
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[Novikov F. A., Molotkov I. I. Ontology of Discrete Mathematics in Education //
Computer Tools in Education. 2021. No. 1. P. 5-16. (in Russian)]



[epcnekTuBbl pa3sutmna. Co3gaHne TEKCTOBOIO A3blka

1. TlocTpoeHune rpadoB 3HAHUN
2. WIHCTpYMeHT C ABYCTOPOHHUM OENCTBMEM ANA BU3yanusaunm OHTOSOMMm

3. ABTOMaTmM3auma rnpolecca npoBeaeHnUa NPoMeXxyTo4HOU N UTOroBOW

aTTecTtayumu
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Split into 20 Chunks

Hierarchal Navigation

LLM Router:
Select Relevant Chunks
GPT-4.1-mini

Selected Chunks

Split Selected Chunks
into Smaller Sub-
Chunks

!

LLM Router:
Select Relevant Sub-Chunks
GPT-4.1-mini

Final Paragraphs

Generate Answer with
Citations
GPT-4.1

l

Verify Answer Accuracy
o4-mini

Verified

Deliver Answer to User
with Confidence Level

[Practical Guide for Model Selection for
Real-World Use Cases, OpenAl, 2025]



A3bik onucaHua oHtonorun ONTOL V1. Mapt 2025

version: '1.0'
title: 'Set theory'
author: '!'

description: ''

types:

element: 'Element', '', { color: '#EGB8BT' }

set: ' Set \n\n\n\n\n', '', { color: '#EGB8B7' }

subset: 'Subset', '', { color: '#EGB8BT' }

functions:

add: 'Add' (set: '', element: '') -> set: '', { color: '#DOFFDO', colorArrow: '#red' }
remove: 'Remove' (set: '', element: '') -> set: '', { color: '#DOFFDO', colorArrow: '#blue' }
union: 'Union' (set: '') -> set: '', { color: '#DOFFD®', inputTitle: 'x' }

intersection: 'Intersection' (set: '') -> set: '', { color: '#DOFFDO', inputTitle: '*x' }
difference: 'Difference' (set: '', set: '') -> set: '', { color: '#DOFFDO' }

symDiff: 'Symmetric difference' (set: '', set: '') -> set: '', { color: '#DOFFDO' }
hierarchy:

element aggregation set, { leftChar: 'x' }

subset inheritance set

M. I. Aptukov, M. D. Markov,
F. A. Novikov, D. D.
Pestryakov, V. S. Skvortsoy, .
|. Khamidullin, “Ontology
description language ONTOL
V1,” Computer tools in
education, no. 1, pp. 91-107,
2025 (in Russian)



Asbik onncaHunga odTonormm ONTOL V1
Set theory)\

*
‘ Subset ’ Element I

Set

Add
(set, element -> set)

Remove
(set, element -> set)

Union
(set -> set)

Difference
(set, set -> set)

Symmetric difference
(set, set -> set)

(set -> set)

Intersection |




MeTtamogenb a3blka ONTOL V1

@® Rel
dependence
association
directAssociation
inheritance
implementation

> aggregation
> composition

©OnTonorus

1
© MeTta nHdo |

version: string

title: string

author: string

description: string

data: string
.
‘ .©Tunb|| ‘@myﬂxuuu\ ©Wepapxun ©MMI10prI’ ©durypa
J = ! =
© Tun © dyHkums ‘@O'ruou.leuue .
id: string id: string from: id Tuna ©Vlmnop'ri " ©Ccbinkak
label: string label: string to: id Tuna ]
desc: string descr: string rel: Rel
R s N il i |
© ATpubyT "nBe accoumauum © ATpubyT @Aprymel-rr ‘ ©id © ATpubyT 1] . -
ums: string QNS apryMeHToB ums: string id Tvna: string| | ums: string ©id ©Pecypcj ‘©id OTHOUIEH"H’ ©id Bl ©id dpyrkumn
u ans pesynbTata’ | 3HaveHue: string)  desc: string 19 STNI] shavenve: string T T :

3HaveHwue: string

©oTHocUTEnbHBI ny'rb’ ©a6conioTHbIi ny'rb‘




MeTamoaenunpoBaHue

M3::Class M3::Association
Bce | |
3aBUCUMMOCTU CO | |
CTEPEOTUNOM | 1
«instance of» .
M2::Class M2::Association
= -
A ~< A
S~ - 7/
I ~<
| / ~
/
M1::Book ’T‘ 4 11\ M1::Author
i L PR
/ ' ' [ \
MO / | | | \
/ | | | \
/ | l \
| | | Ivanov \
/ | \
| \
Modeling with UML I \

\l\ \
Novikov

[Novikov F.A., Ivanov D.Yu.
Modeling in UML. Theory, Practice,
Video Course. — St. Petersburg,
Professional Literature, Science
and Technology, 2010]

[Terekhov, A. N. "Library
introductions and separate
translation of procedures in a
translator from Algol 68." Abstracts
of reports and messages for the
All-Union conference. Part. Vol. 2.
1980. (in Russian)]



OnucaHune oHTonorum CNWM Ha asbike ONTOL V2. NoHb 2025

sai.ontolmy: sai.sofy:
person: person:
type: class.abstract color: green
realizations: coordinates:
BenueHbaym x: 0
Yusep y: 0
object: height: 10
type: class.abstract weight: 10
realizations: BenueHbaywm:
ELIZA coordinates:
MaLwuvHHbBIN Nepesoa x: 10
dependence: y: 10
type: relation.dependence ...
realizations: # end of sai.sofy
TBOpEHue
OCHOBOIMOMOXHUK

sai.ontol:

metamodels:
sai.ontolmy
styles:
sai.sofy

triplet_1:
from: ELIZA
to: BenueHbaym
rel: TBOpeHne
stereotype: from_to
triplet_2:
from: MawwuHHbIM NnepeBoa
to: Yusep
rel: OCHOBOMONOXHUK
stereotype: to_from

MNpekpacHas ELIZA

lporpamma, NnoHMMarLLas eCTECTBEHHbIV s3biK (1966)

Ixo3ed Beinuernbaym (Joseph Weizenbaum),
1923-2008 ;
N3BECTHbIN aesTenb B obnactu
MNCKYCCTBEHHOMO NHTE/IEeKTa

«CyLL[eCTByIOT 3aja4u, BbIf1oJIHeHne KO‘!I'TJ/prX He
ceayer nopyvatb BbIHNC/INTENIbHBIM MallnHam,
HEe3aBUCUMO OT TOr0, MOXHO /i AOOUTLCS, YTOObI
BbIYNCJINTE/IbHbIE MALLUNHbI NX pPeLlain»

ausie cHcTems Wi

MaLUVHHbBIN NepeBo,

YoppeH Yueep (Warren Weaver),
1894-1978

N310XKUJT MPUHLLAMBI COBPEMEHHOTO
MallWHHOro nepesoga B 1947 r

«Y MeHs nepej rna3amuy TEKCT, HarmuCaHHbIN Mo-
PYCCKU, HO 51 cobupatocb caenatb Buj, 4TO Ha caMoM
Aesie OH HarnucaH rno-aHr/IMACKN 1 3aKkoAupoBaH npu
romMoLm [0BOJILHO CTPaHHbIX 3HAKOB.

Bce 4T0 MHe HYy)XHO — 3T0 B3/loMaTb KOA!»

®.A. Hosukos. Tewa 1. Npuxnagmsie cucrems: Wit




Onarpamma oHTonorun CUU

person
{abstract}
- ; ; -~
- ~
o - ~ e
5 RS ~
- ~
- - e > B -
BeWueHbaym Yusep
1 1
1 1
<<TBOpeHUe>> A <<OCHOBOMOMNOXHUK>>W
1 1
1 1
1 1
ELIZA MalLUUHHbIA Nepesoj
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A3blk onncaHna gnarpamm d2

[locTonHcTBA:
- CBoboaHO pacnpocTpaHdemoe nporpammHoe obecneveHne
- WHCTpyMEHT BM3yanusaumm guarpamMmm ¢ AByHanpaBfieHHbIM AENCTBUEM
- Copepxunt moaynb onncanns UML-guarpamm
HepocTtaTtku:
- HonyckaeT owmnbku npu noctpoeHmnn UML-gnarpamm (Nnpumep: KpaTHOCTb
00600LLeHns)

- O6na4vHasi Bepcust 4OCTYMHa B NSIaTHOM peXnMme

[D2 repository [Online]. Available: https://github.com/terrastruct/d2 (accessed: 05.07.2025)]



OHTONnormn Teopem. theorem.ontolmy

natint
type: class.abstract
realizations:
HaTypanbHOe YNCno:
aliases:
NatInt
irdFrac:
type: class.abstract
realizations:
HecokpaTumas opobb:
aliases:
IrdFrac
sqrt:
type: class.abstract
realizations:

KBaApaTHbIA KOPEHb:

aliases:
Sqrt

axioms:
type: theorem.axiom
realizations:
akcmoma
inputs:
type: theorem.input
realizations:
AaHo
outputs:
type: theorem.output
realizations:
[oKasaTtb
theorems:
type: theorem
realizations:

composition:
type: relation.composition
realizations:
Heobxoanmasa YacTb:
pole: to_from
proofs:
type: theorem.proof
realizations:
3TanoHHOEe A0Ka3aTenbLCTBO

AOKa3aTeribCTBO CTyAEeHTa

Teopema 06 nppaumoHanbHOCTH
[https://coq.vercel.app/examples/sqrt_2.html]



OHTONOrMN TEOPEM

triplet_1:
from: HaTypanbHoe Yncno
to: KBagpaTHbIN KOPEHb
rel: Heobxognmas 4YacTb
code_1:
lang: python
class: Sqrt
code: >

class Sqrt:

. ba3a kogoB. theorem.ontol

irdFrac
{abstract}

A

Natint

HecokpaTumas Apo6b

IrdFrac altas b
natint
{abstract}
1
1
alias »

def __init__ (self, a: Natint):

self.a = current.a

HaTypanbHOe YKCno

“

1
<<pythonLcode>>
1

Python_Natint

Python_IrdFrac

sqrt
{abstract}

A

Text

KBaApaTHbIM KOPEHb

«_alias

Sart

o

1
<<pythonLcode>>
1

Python_Sqrt




OHTonorusa Teopem. theorem.ontol. AccepTbl == aKCUOMb!

theorem_1:
theorem: Teopema 06 nppaunoHanbHOCTK
rel: paHo
notation: python
expr: input = Sqrt(NatInt(2))
theorem_2:
theorem: Teopema 06 nppaunoHanbHOCTK
rel: gpokasartb
notation: python

expr: >
rationals = IrdFrac()
not any(input.a * q * g == p * p for p, q in rationals)
theorem_3:
theorem: Teopema 06 nppaunoHanbHOCTK
rel: akcnoma

notation: python

expr: m == n => NatInt(m).get_count_of devider() == NatInt(n).get_count_of devider()
theorem_4:

theorem: Teopema 06 MppaLMOHanNbHOCTK

rel: akcnoma

notation: python

expr: Natint(q**2).get_count_of devider() == 2 * NatInt(q).get_count_of devider()
theorem_5:

theorem: Teopema 06 MppaLMOHanNbHOCTK

rel: akcnoma

notation: python

expr: Natint(q).get_count_of devider() + 1 == NatInt(2 * q).get_count_of devider()



OHTonorunsa TeopeM. Mpumep AokasatenbcTBa

theorem_6:

theorem: Teopema 06 nppaunoHanbHOCTU

rel: aTanoOHHOE AOKa3aTenbCTBO

notation: python

expr: >
1. any(input.a * q *q == p * p for p, q in rationals) => p**2 == 2 * q**2
2. NatInt(p**2).get_count_of devider() == 2 * NatInt(p).get_count_of_devider() =>
NatInt(p**2).get_count_of devider() % 2 ==0
3. NatInt(q**2).get_count_of devider() == 2 * NatInt(q).get_count_of_devider() =>
NatInt(g**2).get_count_of_devider() % 2 == 0 => (NatInt(q**2).get_count_of _devider() + 1) % 2 ==
4. NatInt(2 * 9**2).get_count_of_devider() == NatInt(q**2).get_count_of devider() + 1 =>
NatInt(2 * g**2).get_count_of_devider() % 2 ==
5. p**2 == 2 * q**2 =>
Natint(p**2).get_count_of devider() == NatInt(2 * 9**2).get_count_of devider() =>
Natint(2 * g**2).get_count_of devider() % 2 == 1 and NatInt(2 * g**2).get_count_of_devider() % 2 == 0 =>
False



OHTonorusa Teopem. [lobaerneHne gokasaTenbcrea B basy

theorem_7:

theorem: Teopema 06 nppaumoHanbLHOCTH

type: theorem.proof

rel: gokasartenbcTBo OT ViBaHoBa ViBaHa ViBaHoBMYa

tag: MiBaHoB VBaH /BaHOBMY

notation: python

expr: >
1. any(input.a * q * q == p * p for p, q in rationals) => p**2 == 2 * q**2
2. NatInt(p**2).get_count_of devider() == 2 * NatInt(p).get_count_of_devider() =>
Natint(p**2).get_count_of devider() % 2==0
3. NatInt(q**2).get_count_of devider() == 2 * NatInt(q).get_count_of_devider() =>
NatInt(g**2).get_count_of_devider() % 2 == 0 => (NatInt(q**2).get_count_of _devider() + 1) % 2 ==
4. NatInt(2 * q**2).get_count_of_devider() == NatInt(q**2).get_count_of devider() + 1 =>
NatInt(2 * g**2).get_count_of_devider() % 2 ==
5. p**2 == 2 * q**2 =>
Natint(p**2).get_count_of devider() == NatInt(2 * 9**2).get_count_of devider() =>
Natint(2 * g**2).get_count_of devider() % 2 == 1 and NatInt(2 * g**2).get_count_of _devider() % 2 == 0 =>
False



ABTOMaTn4yeckas nposepka peweHnn. ToulST. SAT
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[O. Gasquet, D. Longin, E. Lorini, F. Maris, P. R’egnier, and S. Soloviev, “ToulST, a Teacher-and
Student-Friendly Language for Propositional Logic and Discrete Mathematics,” Computer tools in

education, no. 2, pp. 13-25, 2021]



ABTOMaTnyeckasa nposepka pewweHnn. TWF. Llenoyku
CUMBOJSIbHbIX Npeobpa3oBaHnn. NoHb 2021

Write your solution instead of the dots and click the button ‘Check solution’.

] Necessary formulas (cheat not for the leaming process)

| coo |~ a0 [Ee] 8 [@a] Zu| fo S (%]
2 APl m|*/|2s|@ B 5|5
5 x +|€ c|oo 15 [0)| &=
Dh 90| &0 @ |- 4+|unlelm 16T

— 1 A5 = n T — expli™7 B

=25 (—+—=) =y 2(cos(—) +sin(—))=/2

Y z JZ Tl 2
_ exp(ir)+exp(-i*T)  exp(i*T)-exp(-i*F _expli*=)+exp(—i* =
V2 2 ‘ 2 T2 2
V2exp 2)=ex J2)exp(i* =) =exp(n(y/2 FL

@ll Solution is correct jl@

Get correct solution

[Novikov, Fedor & Katsman, Viktor & Mosin, Vladislav. (2020). Automated verification of expression
transformation chains based on computational experiments. IOP Conference Series: Materials Science and

Engineering. 734. 012132.]



3aknyeHume

1. CnpoekTtnpoBaH s13blk onmncaHust oHtonorn ONTOL V2, koTopbii NPUMEHUM
019 TEKCTOBOrO OMNUCaHUS:
a. [padoB 3HaHUM
b. UML-gmnarpammbl knaccos
c. Koposbix 6a3
d. OHTOMoOrMM Teopem
2. B a3bik ONTOL pobaBneH cnon onucaHua metamoaenen, YTo No3BOSIAET:
a. Wccneposatenam bonee To4HO onucbiBaTb NpeaMeTHble obnacTtu

b. O6yLIaFOIJJ,MMCF| YNUTaTb OHTOJIOTMN HA NMOHATHOM UM A3bIKE
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