AHOTAIIA

Honmopaywvxui M. FO. Anrebpaiuanii miaxin y ¢dopmanizamii Ta aHamisi
€KOHOMIYHMX Ta MpaBOBUX Mojeiel. - KpamidikaliiiHa HaykoBa Mmpariisl Ha IpaBax
PYKOTIHCY.

Huceprarniist Ha 3700yTTS HAayKOBOTO CTymeHs JoKTopa dimocodii 3a
cnemianpHicTIO 121 ImkeHepis mporpamuHoro 3abesrneueHHs (12 Indopmariiiini
TEXHOJOT11). — XepCOHCHKUII Iep:KaBHUN yHIBEpCcUTET, XepcoH, 2021.

3aranpHa mpoOsieMa JOCHIHKEHHsS MOJSTae y BHUBUEHHI Ta pO3poOJeHHI
METO/IIB aHaJi3yBaHHS W MOJICIIOBAHHS MPABOBHX Ta €KOHOMIYHMX MOjeNel 3a
JIONIOMOTOI0  alNreOpaidyHoOro MaXoay, a camMe — 3a JOMOMOTOI BHKOPUCTaHHS
TEXHOJIOT1i IHCEPLIHHOTO MOICITIOBAHHS.

MeTo10 po60OTH € pPO3pOOJICHHSI 3arajbHUX NPUHIUIIB aHAII3yBaHHS W
Bepu@ikailii MpaBOBUX Ta EKOHOMIYHHUX MoOJeNied 3aco0amMu  1HCEPIIIHHOTO
MOJICITFOBAHHS.

OcCHOBHI 3aBIaHHS JOCJI/IKCHHS :

° aHaI3yBaHHA Cy4YaCHUX METOJIB 1 TEXHOJOTIA MOJENIOBaHHA W
Bepu(DiKallli MpaBOBUX MOJIETEH;

° JOCIIJKEHHSI CY4YaCHUX METOMIB Ta TEXHOJOTIH aHali3yBaHHS
€KOHOMIYHUX MOJIEIIEH;

° 3aCTOCYBaHHA  METOMAIB  1HCEPLIMHOrO  MOJEIIOBAHHS IS
aHami3yBanHsa popmanbHOi Mozeni [logaTkoBoro Kojekcy YKpainu;

° 3aCTOCYBaHHS METOJIB 1HCEPILIIHOTO MOJICIOBAHHS JJIsl JOBEACHHS
MOBHOTH ¥ BIICYTHOCTI MPOTUPIY Y HOPMATUBHO-TIPaBOBIN 0a3i YKpainu;

° pPO3pOOICHHST TPOTPaMHOTO 3aco0y Ui TPaHCHSIIT TEKCTIB B
anreOpaiuHuil BUJ;

° 3aCTOCYBaHHS METOIB 1HCEPIIIMHOTO MOJIEITIOBAHHS NJIsl JOBEACHHS
BJIACTUBOCTEH €KOHOMIYHUX MOJIEJNIed, 30KpeMa BIACTHUBOCTI PIBHOBArd B MOJIET1
Banbpaca;

° 3aCTOCYBaHHS  METOMIB  I1HCEPIIIMHOTO  MOJEIIOBAHHS IS

aHaJ13yBaHHS MOJIeJIel TOKEHOMIKHU.



[Tepmmit po3ain qucepTtarii «Areebpaiunuil nioxio y Mooent08anHi npagosux
Mooenell ma aHanizy8anti iXHix eracmugocmeti» TPUCBIYECHO BUBUCHHIO METOIIB 1
CUCTEM MOJIEIOBaHHS Bepudikalii mnpaBoBUX Mojeiel. Po3riasHyTo THMOBI
miaxoau 10 Bepu(ikarii MpaBOBUX BUMOT: BUKOPHCTaHHs OoHTONOTIH (Symboleo),
UML/OCL, crangapriB XML nmns koaudikamii HOpMaTHBHO-IIPaBOBHX 0a3,
3acrocyBanHs TexHonorii eFLINT i ¢peiimBopky Legal-URN. IlpoanamizoBaHo
ci1abKi ¥ CHIIbHI CTOPOHHU KOKHOTO 3 ONMHMCAHUX y AUCEPTAIiiHii poOOTI MIIXOAIB.
OnucaHo cUCTEeMH MO/JICIIOBAHHS MPAaBOBUX BUMOT.

VY npyromy posaim «lHcepyitina cemanmuka 00 anHanizy npagosux mMooeneti
PO3KPUTO OCHOBHI TOHSTTS IHCEpLIMHOrO MonentoBaHHs. Po3poOieHo mojenb
peecTpailii IJIaTHUKA MOAATKy 3a JOMOMOIOI I1HCEPIIMHOrO0 MOJECIIOBAHHS.
3anponoHOBaHO MIAXiJ A0 aHalNi3yBaHHS ¢ TEpeBIpAHHSA MPaBUIIBLHOCTI
IOPUIMYHUX TPEUENEHTIB. Y pe3ylbTari Bepudikalii MoJenl 3HAWJIeHO HHU3KY
CTPYKTYPHO-JIOTIYHUX TMOMMJIOK Y 3aKOHOJaBYii 0a3i. 3amporOHOBAaHO HOBHMA
M1IX11 10 MEePEeBIPKU 3aKOHOAABYMX aKTiB MO0 MPOTUPIY, HOBHOTH M LILITICHOCTI.

Y Tperbomy posauti «CummaxcuyHuti aaniz HOPUOUYHUX MEKCmI8 i
PO3NI3HABAHHA MpAc» CXapaKTePU30BaHO CHCTEMU CHHTAKCHYHOTO aHami3y Ta
CUCTEMHU aBTOMATHYHOTO pedepyBaHHS, AKI MOXKYTh OyTH BHUKOPHUCTaHI MiJ Yac
JIOCITIJIPKEHHSI TPABOBUX JOKyMEHTIB. [ poboTH 31 cinabKo CTPYKTYpOBaHUM
texkcToM oopano SDK Pullenti Python sik oqHy 3 HAMMOTYKHIIIUX CUCTEM.

3a gonmomorotro SDK Pullenti Python po3po6ieHo mporpamuunii 3aci6 s
TPaHCJSLIl TEKCTIB B aiareOpaiyHuii BHUJ 1 3alpONOHOBAHO MIAXOAHU 10
aHaJi3yBaHHA Ill€i MOJENl 3 BUKOPUCTAHHSM IHCEPIIIHOTO MOJICIIOBAHHS.
Onucanuii MiaXiA HAJACTh 3MOTY TEPEBIPATH MPABUIILHICTH BUPOKIB Y CYTOBUX
MIOCTAHOBAX 1 FOPUAMYHUX TpeEIIe/ICHTaX.

YerBeptuil po3nin «Aneebpaiunuii nioxio 00 MOOeN08AHHI eKOHOMIYHUX
MoOeneu ma aHani3y8anHs iXHIX 81acmueocmel» MICTUTh OIUC Cy4YaCHUX METO/IB
1 TEXHOJIOT1i, SIKI BAKOPUCTOBYIOTHCSI B EKOHOMIYHOMY MOJIETIOBaHHI. PO3rsiHyTO
CHUCTEMH €KOHOMIYHOI'O i €KOHOMIKO-MaTEMaTHYHOTO MOCIIOBaHHsA. Po3pobiieHo

KOHKPETHY Ta CHMBOJIbHY Mojelb Banbpaca. 3ampomoHOBaHO TMIAX1T s



JIOBEJICHHS HASBHOCTI EKOHOMIYHOTO OajaHCy 3a JOTIOMOTOK) CHMBOJIEHOTO
MojemoBaHHs. CXapaKTepru30BaHO MOHSATTS TOKEHOMIKH ¥ TOKCHOMIYHHUX 3aKOHIB,
dbopmaiizoBano komepiiitHy moaens SKILLONOMY. V pesynbrari Bepudikarii
moneni TokeHoMmikd SKILLONOMY BusiBIeHO HHU3KY CTPYKTYpPHO-JIOTIHHHX
MMOMUJIOK. 3aIllpOTIOHOBAHO TIIX1J J0 aHaI3yBaHHS TOKCHOMIYHHMX MOJIENIeH 13
3aCTOCYBaHHSM CHUMBOJIbHOTO MOJICJIIOBAHHS.

IIpakTHYHe 3HAYEHHSI HAYKOBHUX pe3yJbTAaTiB.

Ornucani B gucepTaliinii podoti maxoau a0 dopmaiizalii ta Bepudikamii
HOPMATUBHO-TIPABOBUX AaKTIB MOXYTh OYTH BHUKOPUCTaHI MJii aHaJli3yBaHHS
HOPMATHBHO-IIPABOBO1 0a3u HE TUIbKK YKpaiHu, a i kpain €Bponericbkoro Coro3y.
KpiMm ToOro, 3anpornoHoBaHi MiX0d YMOKIUBIIOIOThH MEPEBIPSHHS TOMOTEHHOCTI
HOPMATHBHO-TIPaBOBO1 0a3um VYKpaiHW, HI0 CYTTEBO BIUIMHE Ha 1i SKICTb.
3anponoHOBaHUM MiX1J 10 aHAII3yBaHHS IOPUANYHUX MPELEICHTIB MOXe OyTH
peaizoBaHuii i1 4ac po3po0JICHHS MPOrpaMHOTo 3a0e3MeUeHHS AJIs FOPUCTIB, 110
JIOTIOMaraTuMe B MPUIHSATTI PIlICHb.

PesynbraTti 3actocyBaHHs anreOpaiyHOro miaxoay 10 ¢dopmanizaiii Ta
Bepu(iKalli eKOHOMIYHUX MoOesnei Oylo BUKOPHUCTAHO IMiJi 4Yac aHalli3yBaHHS
koMmepitiiHoro mpoekty SKILLONOMY. Kpim Toro, onucanumu B qucepTaiiiitHii
poOOTI MIIXOJaMU MOXJIMBO TOCIYTOBYBATUCS, aHANII3YIOUH M 1HII TOKEHOMIYH1
MOJEJII.

OpepskaHi pe3yslbTaTH TAaKOK BUKOPUCTOBYIOTHCS 3 HABYAIHHOIO METOIO B
XepCOHCHKOMY J€pKaBHOMY YHIBEPCUTETI MijJ 4Yac BUKJIAJIAHHS AUCHUILUIIH JJIs
IT-cnemianbHocTeM («Texronocii cumgonvHux nepemseopeHvy, «Mooenrosanns ma
amaniz npozpammozo 3abesneuennsy, «Cucmemu WMYYHO20 — IHMENEKMY,
«Cneyianvhi mosu npoepamysanHsa») 1 i cnemiaibHocTi  «lIpuknagna
miurBicTUKAY («Teopia po3nodineHoi KoHYyenmyaibHoi MOOei).

KiarwuoBi caoBa: Bepudikailis, MOACIIOBAHHA TMPABOBUX  BUMOT,
anreOpaiyHUi MiAXiT B EKOHOMIIl, I1HCEPIIMHE MOJICIIIOBaHHS, TOKEHOMIKA,

MOJIEJIFOBAHHS TOKEHOMIKH.



ABSTRACT

Poltorackiyi Y. Maksym. Algebraic approach in formalization and

analysis of economic and legal models. - Qualification scientific paper,

manuscript.

Thesis of a Doctor of Philosophy in specialty 121 Software engineering

(12 Information technologies). - Kherson State University, Kherson, 2021.

The general problem of the research is to study and develop methods of

analysis and modeling of legal and economic models using an algebraic approach,

namely, with using of insertion modeling technology.

The purpose of the work is to develop the general principles of analysis and

verification of legal and economic models by means of insertion modeling.

The main objectives of the study:

an analysis of the modern modeling and verification methods and
technologies of legal models;

an analysis of modern methods and technologies that are used for the
economic models analysis;

an application of insertion modeling methods for analysis of the
Ukrainian Tax Code formal model;

an application of insertion modeling methods to prove the
completeness and absence of contradictions in the legal framework of
Ukraine;

the development of software for translating texts into algebraic form;
an application of insertion modeling methods to prove the properties
of economic models using the properties of equilibrium in the Walras
model;

an application of insertion modeling methods for analysis of

tokenomics models.

In the first section of the dissertation (Algebraic approach in the modeling of

legal models and analysing of their properties) an analysis of existing methods and

modeling systems for verification of legal models was presented. Typical



approaches to legal requirements verification such as using ontologies (Symboleo),
UML / OCL, XML standards for codification of legal bases, use of eFLINT
technology and Legal-URN framework were considered. Weaknesses and
strengths of each of the approaches that were described in the dissertation research
were analyzed. Systems of legal requirements modeling are considered.

In the second section (Insertion semantics for the analysis of legal models)
the basic concepts of insertion modeling were presented. A model of taxpayer
registration using insertion modeling has been developed. An approach to the
analysis and verification of legal precedents was proposed. As the result of model
verification, the number of structural and logical errors were found in the legal
framework. A new approach to the verification of legislation for inconsistencies,
completeness and integrity was proposed.

In the third section (Parsing of legal texts and recognition of traces) the
systems of parsing and automatic abstracting systems that can be used to study
legal documents were considered. The Pullenti Python SDK was chosen as one of
the most powerful systems for working with poorly structured text.

The software tool for translating texts into algebraic form was developed
(using the Pullenti Python SDK) and approaches to the analysis of this model
(using insertion modeling) were proposed. The described approach will make it
possible to check the correctness of sentences in court rulings and legal precedents.

In the fourth section (Algebraic approach in modeling of economic models
and analysis of their properties) the modern methods and technologies that are used
in economic modeling were considered. Systems of economic and economic-
mathematical modeling are considered. A concrete and symbolic model of Walras
has been developed. An approach for proving the existence of economic balance
using symbolic modeling was proposed. The concepts of tokenomics and
tokenomic laws were considered, the commercial model SKILLONOMY was
formalized. As a result of verification of the SKILLONOMY tokenomics model, a
number of structural and logical errors were found. An approach to the analysis of

tokenomic models using symbolic modeling was proposed.



The practical significance of scientific results.

The approaches to formalization and verification of normative legal acts that
were described in the dissertation research can be used for the analysis of
normative legal base not only of Ukraine, but also of the European countries. In
addition, the proposed approaches make it possible to verify the homogeneity of
the regulatory framework of Ukraine, which will significantly affect its quality.
The proposed approach for the analysis of legal precedents can be used to develop
software to support decision-making for lawyers.

The obtained results of applying the algebraic approach to the formalization
and verification of economic models were used to analyze the commercial project
SKILLONOMY. In addition, the approaches that were described in the dissertation
research can be used to analyze other tokenomic models.

The obtained results are also used for educational purposes at Kherson State
University, as a part of methodical materials for courses for IT specialties
(«Symbolic transformation technologies», «Software modeling and analysisy,
«Artificial intelligence systems», «Special programming languages») and course
«Distributed Conceptual Model Theory» for applied linguistics.

Keywords: verification, modeling of legal requirements, algebraic approach

in economics, insertion modeling, tokenomics, modeling of tokenomics.



CIIMCOK NYBJIKAIIIA 3JIO0BYBAUYA 3A TEMOIO JUCEPTAIII

OcHoeHi HayKo8I pe3ynemamu oucepmayii

1. Kobets, Vitaliy, and Maksim Poltoratskiy. "Forming an evolutionarily
stable firm strategy under Cournot competition using social preferences."
International Conference on Information and Communication Technologies in
Education, Research, and Industrial Applications. Springer, Cham, 2014,

2. Kobets V., Yatsenko V., Poltoratskiy M. Dynamic Model of Double
Electronic Vickrey Auction // ICTERI. — 2015. — C. 236-251.

3. Kobets V., Poltoratskiy M. Using an evolutionary algorithm to
improve investment strategies for industries in an economic system // ICT in
Education, Research and Industrial Applications. — 2016.

4, Godlevskyi A. et al. Formalization and Algebraic Verification of
Legal Requirements // ICTERI. —2017. — C. 524-535.

5. Letichevsky A. et al. An Algebraic Approach for Analyzing of Legal
Requirements //2017 IEEE 25th International Requirements Engineering
Conference Workshops (REW). — IEEE, 2017. — C. 209-212.

6. Peschanenko V., Poltorackiy M. Use of metods of algebraic
programming for the formal verification of legal acts //TIpoGaemu
nporpamyBaHs. — 2018. — Ne. 2-3. — C. 109-114.

7. Letychevskyi O. et al. Formalization and algebraic modeling of
tokenomics projects //CEUR Workshop Proceedings. — 2019. — C. 577-584.

8. Peschanenko V., Poltoratskiy M., Pryimak K. Formalization and
algebraic modeling of university economics // CEUR Workshop Proceedings. —
2019. — C. 585-594.

9. Letychevsky O. et al. Formal Verification of Token Economy Models
// 2019 IEEE International Conference on Blockchain and Cryptocurrency (ICBC).
— IEEE, 2019. — C. 201-204.



10.  Letychevskyi O. et al. Our Approach to Formal Verification of Token
Economy Models // International Conference on Information and Communication
Technologies in Education, Research, and Industrial Applications. — Springer,
Cham, 2019. — C. 348-363.

11. Letychevskyi O. et al. Platform for Modeling of Algebraic Behavior:
Experience and Conclusions.//CEUR Workshop Proceedings. — 2020. — C. 585-
594.






