3akpiuieHHs! FOPUIMYHOT CHIIH OJIOKYEHH-3aIUCIB CIPUSTUME MTOSIBI HOBUX MOXITMBOCTEH IS
iHHOBaIitHUX Oi3HEc-Moenel, po3poOoK i JOCTIHKEeHb. 3 YacoM OJIOKUYCIH MOKE CTAaTH HE JTUIIEe
TEXHIYHIM IHCTPYMEHTOM, a if OCHOBOIO Cy4acHO1 eKOCHCTEMH TPaBOBiTHOCHH Y cdepi IB, me
TIPO30PIiCTh, HANIWHICTD 1 CTIPaBEIIIMBHUIA PO3IOILT MIEpEeBar CTAHYTh HOPMOIO.

BuchHosok

TexHouorist GJIOKYEHH NMPOIOHYE Ai€BI MEXaHI3MH IJIsl 3MILHEHHSI 3aXHCTY 1HTENEKTyalbHOT BIaCHOCTI
11e Ha erami ii ctBopeHHs. BoHa 3a0e3nedye Oe33anepednuii J0Kka3 aBTOPCTBa, AaTy BUHUKHEHHS,
HE3MIHHICTB 3alHUCiB, IPO30pe YIPaBIiHHS IpaBaMH Yyepe3 CMapT-KOHTPAKTH Ta CIPOIILY€E KOHTPOJIb 33
JIOTPUMAaHHSM IMX MpaB. Xo4a BIPOBAKEHHS T10B’s3aHe 3 IEBHUMH BUKJIMKAMH Ta TIOTpe0ye
ajanrarii mpaBoBoi 6a3u, BUPOOJIEHHS CTAHAAPTIB 1 TEXHIYHUX PillleHb, TTOTEHIIHHI BUTOAN BaXKKO
TIEPEOIiHUTH.
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The paper explores Edsger Dijkstra's alleged harsh criticism of the object-oriented paradigm, offering a
detailed critique of contemporary object-oriented programming (OOP). It demonstrates how certain
attributes common in OOP implementations cannot be expressed as mathematical theories, thus making
them incompatible with Dijkstra's structured programming philosophy. Key principles of the OO
paradigm that aim to create precise abstractions with a clear hierarchy, akin to structured programming
have been outlined. Additionally, the paper examines C++ as a successful example of OOP
implementation, highlighting its ability to facilitate abstractions without making them obligatory.
Finally, the paper illustrates how combining the OO paradigm with other paradigms can be
advantageous. It uses a specific example of template metaprogramming in C++ applied to an object-
oriented implementation of an algorithm, showcasing the vast scalability for multiple use cases without

incurring runtime costs.

B momoBini aHami3yrOThCs JEAKI MeXaHi3MH aOCTpakilii, BIacTUBI MOBI mporpamyBanHs C++,
BXXMBaHI y MO€JHAHHI NPOLEAYPHUX, y3aralbHEHHX 1 BlacHEe 00’€KTHO-OPI€EHTOBAaHMX 3aCO0IB MOBH.
Tema Oyna crpoBOKOBaHa >KBaBOIO AMCKYCI€I0 HABKOJIO BHUCJIOBJIIOBaHHS, NpHUMUCyBaHoro Excrepy
JefikcTpi, CTOCOBHO 00’€KTHO-Opi€HTOBaHOTO TmporpamyBaHHA. Lls Te3za J[lelikcTpm 3a3BHuait
MUTYETHCS 32 BAXKKO TOCTYIMHOIO pobdotoro boba Kpoydopna [1], Ha muranHs sxoro npo OOIT [eiictpa
HadeOTo BIATIOBIB: "object oriented programs are offered as alternatives to correct ones" 1 nani "object
oriented programming is an exceptionally bad idea which could only have originated in California”.
Ha nymxy Kpoydopaa [lefikcTpa He CTiIbKHM 3amepedyBaB BXKHMBaHHS 00’€KTiB y NpOTrpaMyBaHHI,
CKIIBKU TMPOTH BUKOPHUCTAHHS 00’ €KTiB 1t Bcboro. KpuruuHe craBineHHs JledKcTpy MOXKHA 3p0O3yMITH,
BUXOJSIYM 3 MOro MO3ULi Impo Te, IO Mporpama Mae ONU3bKY CTPYKTYpPHY aHAJIOTiI0 3 Oy[Ab-sKOIO
MaTeMaTtuuHO Teopiero [2]. Tomy, Ha naymky J[lelfikcTpu, poboTa mporpamicra CYTTEBO HE
BiZIpI3HSAETHCS BiJ pOOOTH TBOPUOTO MaTEMaTHKA.
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CrpoOyeMo ySBHUTH, SIK MOTJIa O BUTJISAATH OLIBII JeTallbHA KPUTHKA CYYacCHUX peaji3arlii
OOII.

[TpoGnemu HacnpaBAi HOYMHAIOTHCS 3 CAMOTO BU3HAYCHHS ITapaaurMu. Ha »kanb, mommpeni
«IOCTYIIHI» BU3HAYCHHS HAJITO 3aTalibHi, 1 CIIUTBHI O3HAKHU 3BOMIATHCS IO IOHATH KIIACY 1 00’ €KTIB.
MabyTb, HaliOLIbII BijoMe BuzHaueHHs — popmyna «OOI] = [ukancyssnis + ycnaakyBaHHs +
noJriMop¢i3mM» - 30BCIiM He BIJIIOBIIA€ CYTI MapaurMu, a JIMIIE epepaxoBy€e OKpeMi aTpuOyTH, siKi
4acTo MpHUTaMaHHi ii peanizauism. HaiiOlnpie yBaru, sik mpaBuiio, NpUIUISIOTh yCIaIKyBaHHIO, SIKE Ha
MPaKTHILI BUSABISIETHCS HAHOLIBII TPOOIEMATHIHOIO PUCOIO.

Cnepiy namo Bu3HadeHHs napaaurmi OOIT.

¢ OOII rpyHTy€eThCsS Ha 00'€KTax, MOB'SI3aHUX 1€pApXisiMU BKIIAJCHHS, a
HE aJIrTOpUTMaXx.
e KokeH 00'€KT CyTh €K3eMIUISIp TIEBHOTO KJIACy.

e Kitac yTBOPIOIOTB 1€papXito CHaIKyBaHb.

[Tporpama sB1IsI€ CO600 B3aeMOZi0 00’ €KTIB, IO 1 CKIIANal0Th, @ CaMa B3a€MO/Iisl BUPAYKAETHCS
B TepMiHax anroputMmiB. Lle ysBIEHHS MOBHICTIO BiANOBiZa€ iAeoorii, moximaneHoi B ocHOBY C++ sk
MYJIbTHIIapagurMeHHoT MoBH. LlikaBo, 0 oAWMH 3 HalBHAATHIINX Po3poOHUKIB C++, AsekcaHap
CremaHoOB, caM KpPWUTHYHO CTaBHBCS O METOMOJOTii 00’€KTHO-OpIEHTOBAHOTO IPOTPaMyBaHHS,
BBA)KAI04H I METOMOJIOTIYHO IIOMIIIKOBOIO. [lounHaTH MOTpiOHO HE 3 KiaciB, Ha fymMKy CTemaHoBa, a 3
anropuTMiB. Jluime BUBUYMBINM X JOCKOHAJIbHO, MOXKHa BHHAxXoQuTH iHTepdeiicnm mnst ix
BrposapkeHHs [3]. Tyt me pa3 nposiiseTbest nepeBara C++, HasBHICTh NPOLIEAYPHOT YaCTHHU SIKOTO
JIO3BOJISIE JIETKO ONEPYBAaTH OKPEMHUM alrOpPUTMaMH.

3acTocyBaHHSI 00’€KTHO-OPIEHTOBAHOI MapajuIMU IPYHTYETHCS HA TOHATTI 00’€KTHOI Mojedi,
HalBa)XXIMBIIMMHU eneMeHTaMu sikoi 3a [.Bydem [3] cyre: aOcTparyBaHHs, IHKancymsmis i
IEPApXIYHICTb.

KirouoBa BnactuBicte OOIl — ab6cmpazyséannsa, TOOTO MOXIUBICTH BH3HAYCHHS HOBUX
a0crpakmiid. [HIII enmeMeHTH TEeBHOIO Mipoio abo ciyxkarb Uil 3a0e3meueHHs a0cTparyBaHHS. Ale,
chigytoun 3a JlefikcTporo, aOcTparyBaHHS IOJISITa€ HE PO3MHBAHHI IMOHATH, @ B CTBOPEHHI HOBOTO
MOHATIHHOTO PIBHA, HA SKOMY MOKHa OyTH aOCONIOTHO TOYHHUM. lepapxii 00’€KTiB i KIIaciB CKIamaloTh
iepapxii piBHIB aOcTpakiii.

[HKamcymsamiss B CBOIO dUepry 3a0e3medye BHINAN piBEHb aOCTpakmii MOi KOHCTPYKIi
MOPIBHSIHO 3 piBHEM 11 CKIIaJI0BHUX, BUAUISFOUH ii ICTOTHI XapaKTEepUCTUKH.

IMomyk apexkBaTHHMX aOcTpakuii — TroJIOBHe 3aBAaHHA 00'€KTHO-OPiEHTOBAHOIO
nporpamMyBaHHsI.

Haperri 3ragaeMo mpo iHIIy BaXJHUBY CKIIAQJOBY, K4 3HAYHOKO MipOI0 BH3HAYAE YCIIIIHICTH
3aCTOCYBaHHS 00 €KTHO-OpieHTOBaHOI mapaaurmu. lle y3aranpbHeHe NIporpaMmyBaHHs, sKe 3a0e3neuye
HOBHI BUIIUH piBEHb a0CTPAKIIii.

Sk mpukiaza, 3BEpHEMOCS A0 334adi IOUIYKYy €KCTPEMyMY METOZOM TPalieHTHOTO CITycKy. B
KHU31 [5] HaBeZeHO anropuT™ i MadIoH (GYHKIIT T TIOIIYKY eKCTpeMyMy (QYHKITiH 1BOX 3MIHHHX.

template <typename Value, typename T1, typename T2, typename F, typename G>

auto gradient descent(Value& u, T1s, T2 eps, F f, G g) {

auto val = f(u), delta = val;
do {
U= * g(u);
auto new_val = f(u);
delta = abs(new_val - val);
val = new_val;
} while (delta > eps);
return u;

i

3acTocyBaBIIM TEXHIKY BapiaTHBHUX MIAOJOHIB, y3aralbHUMO HaBEICHY BHUIIE (QYHKIIO IO
BHKOPHCTAaHHA pocTopy R MOBiBHOI, Hamepex HEBiIOMOI pO3MipHOCTI,

template <typename ...P> struct R;

template <typename T, typename ...P>

struct R<T, P..> {

Tx;

R<P..>vy;

15
template<>
struct R<>{};
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sIKa BUSBISITUMETHCS B MICIIi BUKOPHCTaHHS 00’ €KTY MOTPiOHOT pO3MIPHOCTI, HAIIPUKIIA],
R<double, double, double, double, double>u={1,2,3,4,5 };
TuM e METOIOM BU3HAYMMO LiIBOBY QYHKIIO, HAPUKIAn, = 12+ 2+ ..+ 2,
template <typename ...T>
inline double f(const R<T...>& u);
template <typename T, typename ...P>
inline double f(const R<T, P...>& u) { return u.x*u.x+f(u.y); }
template <>
inline double f(const R<>& u) { return 0;}
1 1i rpamienTH:
template <typename ...T>
inline R<T...> g(const R<T...>& u);
template <typename T, typename ...P>
inline R<T, P...> g(const R<T, P..>& u) { return { 2 * u.x, g (u.y)}; }
template <>
inline R<> g(const R<>& u) { return {}; }
OrnepaTopy MHOXKCHHS 1 BiJHIMAHHS, 3aCTOCOBaHI y aJIFOPUTMIi, BU3HAYAEMO aHANOTiuHO. J[s
BUKJIMKY I'PalieHTHOTO CIYCKY OOTOPHEMO LIIbOBY (YHKIIIIO 1 T1 rpajlieHTH B JIIMOja BUpa3u
gradient_descent(u, h, eps, [](auto u) { return f(u); }, [](auto u) { return g(u); });
SIK BHCHOBOK CTBEP/DKYEMO, IIO MiATPUMKA 00’ €KTHO-OPI€HTOBAHOI MAPAJUTMU y3aralbHEHHM
MpOrpaMyBaHHIM JOMOBHIOIOTH OJIHA JPYTy 0€3 M0AaTKOBHX BUTPAT €TAIy BUKOHAHHSI.
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At the Department of Multimedia Systems at the National University of Kyiv-Mohyla
Academy, a recommendation system is being developed to automate solving mathematical
problems. This system utilizes natural language processing (NLP) techniques and the UDPipe
morphosyntactic analyzer to extract meaningful elements from problem statements. Designed
for students, teachers, and educators, it provides automated problem-solving, step-by-step
solutions, and interactive visualizations. The system supports various tasks, including
calculating geometric properties of shapes such as squares, triangles, and trapezoids, and
visualizing these elements. Developed in Python, the project integrates advanced tools like
Matplotlib. Tested on diverse problem sets, the system demonstrates effectiveness and
flexibility in educational and research contexts. Future plans include expanding mathematical
capabilities and integrating multilingual support.

90


https://www.cs.utexas.edu/~EWD/transcriptions/EWD02xx/EWD261.html
http://www.stlport.org/resources/StepanovUSA.html

