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bybnux B. B.

IO TINTAHHS CTBOPEHHS CTATUYHOTO MMATEPHY
MPOCKTYBAHHS JJISI MOABIMHOI AMCETYEPU3 AL
MOJIEJTbHUX CUTHATYP

Y pobomi docnidoicerno moscrugicmo YHUKHEHHS 3ACMOCYSAHHS ROTIMOPQIZMY npu CIEopeHHi MOBOI0
npoepamyeannss C++ Knacie-mooeneu neenoi cueHamypu, npuoamuux OJis noo8iliHoI oucnemuepusayii
QyHKYili—unenie yux Kuacie cmocosHo eapianmie ix inmepnpemayii. 13 yicto Memoro po3enanymo cmeopeH-
HSl HEGIPMYAILHUX I€PAPXILl WLIAXOM 3ACMOCYS8AHHI MEMO0I8 Y3a2aNlbHeH020 NPOSPAMYBAHHSA I3 GUKOPUC-
MAHHAM MAaK 36ano0i 360pomuoi kKonkpemuzayii wabiony. Lle oano 3moey 3anpononysamu 3a2aibHy cxemy
namepHy NpOEKMYBAHH, WO BUSHAYUE APXIMEKMYPY KIACi8, NPUOAMHY Ol CIMAmMU4Hoi peanizayii Myno-
mumemoois. Po3enanymo npukiad 3acmocy8aHusi namepHy O0a CRINbHOI peanizayii Myremumemoois y
PIZHOPIOHUX KIACAX HA NPUKIAO] KOMNIEKCHUX yucen I psaokie cumeonie. Ooepacani 6 pobomi pe3yibmamu
SHAUWAU 3ACMOCYBANHS 8 KYPCAX 00 €EKMHO-0PICHMOBAHO20 NPOSPAMYBAHH HA (haKynvmemi inghopmamu-

xu Kueso-Moeunsncokoi akademii.

Karouosi ciioBa: C++, 00’ €KTHO-OpiEHTOBaHE MTPOTPaMyBaHHs, TATEPH (3pa30K) MPOEKTYBAHHS, TTOBIH-
Ha JUcrieTyepu3aris (MyJIsTUMETO), BipTyasibHa (DyHKIIIS, TTOIiMOp(i3M, y3araabHEHE IPOrpaMyBaHHS.

Beryn

[Tix momiMopdizmoM 3a3BUYall pO3YMIIOTh JIUHA-
MIYHE HAJAIITyBaHHS IPOTPaMU HA THI IaHHUX
00’€KTa, 3 SIKUM IIpOTpaMa 3yCTPiHEThCS y Iporeci
il BuKOHaHHSA. TOOTO 3a CBOIM XapakTepoM IOJIi-
MOp(hi3M € XapaKTepPUCTUKOIO YHCTO TUHAMIYHOIO.
BonmHouac y mitTepaTypi 1 MpakTHIll 3aCTOCYBaHHS
C++ yac BiJ yacy BKHBAIOTh TEPMIH «CTaTUYHUN
nosniMopdizm». Ha BigMiHy Biji JUHAMIYHOTO, CTa-
TUYHUN TomiMOp(i3M BUKJIMKAE 0arato pi3HOYH-
TaHb @) JI0 MOBHOTO Horo 3amnepedyeHHs. Haitmpo-
CTIIIMM BapiaHTOM CTATUYHOTO TOIIMOp(hiZMY €
TexHika noBu3HaueHHa (overloading) QyHKIii.
3BICHO, 3a BCi€l MPHUBAOIUBOCTI JIOBU3HAUCHHS 5K
(yHKLIH—4JIeHIB KJIacy, TaK 1 CTaTUYHUX (PyHKIIH—
YTHIIT KJaciB, Ha3WBATH HOro MoIiMophizMoM,
B3araii Kaxy4u, CYMHIBHO. X04a, KePYIOUHCh aJro-
putMmoM I'epba Carrepa i Anapes AlleKCaHIPECKY
[12] (pexomenpartis 44), MOJKHA TPUEMATH BUBaKeE-
HI pINICHHS CTOCOBHO JOIIBHOCTI BXKHBaHHS TOTO
Y TOTO BUAY KOXKHOI KOHKpeTHOI QyHKuii. OnHak,
3Bakaroun Ha 3ayBakeHHs Ckorra Metiepca [7]
moao HeOe3MmeyHOCTi  (YHKIIH—YJICHIB KIIAcCiB,
4acTo BIAJAIOTH IepeBary YTWIiTaM, IO MOXe
CTBOPIOBATH JIOAATKOBI MPOOJIEMH y pasi crpold 3a-
CTOCYBaHHS TOMMOp(}i3my.

V3sBIIM MIMPOKO BXKUBAHUHU y JTEpaTypi MpH-
KJIaJ1 IBOX 300pakeHb KOMIUIEKCHUX YMCEIT B ajre-
OpW4HIN 1 TPUTOHOMETPHUYHIN (opMax, TIO3HAYNB-
© bybnux B. B., 2021

i BimoBiaHI kiac yepe3 AComplex 1 TComplex,
MaTUMEMO YTHIIITH TaKUX CHTHATYp — JOJaBaHHsI
JUTSL aITeOPHYHMX KOMIUIGKCHUX YHCEIT 1| MHOKEHHS
JUTSL TPUTOHOMETPHYHHUX

const AComplex operator+
(const AComplex&, const AComplex&);
const TComplex operator*
(const TComplex&, const TComplex&);

3a HasBHOCTI BIJIOBIJIHUX ONEPaTOpiB 3BEICH-
HS TUMIB a00 KOHBEPTYBaJbHUX KOHCTPYKTOPIB 3a-
CTOCYBaHHS YTHJIT JIa€ 3MOTy BU3HA4YaTH aJUTHBHI
oreparii juiie B alreOpuyHii, a MyIbTHILTIKaTHB-
Hi — Yy TPUTOHOMETpHUYHIN (hopMi, KOPHUCTYIOUNCH,
3a HeOOXiJHOCTI, aBTOMATUYHUM 3BEJCHHSM THUIIiB.
BaxnmBy poustk IpH [IBOMY Biirpae CUMETPUYHICTD
000X mapameTpiB, 10 AONYCKa€e 3BEACHHS TUIIIB 5K
3a MepIUM, TakK i 3a IPyruM NapaMeTPOM.

Crpasni, 32 YMOBU BU3HAU€Hb

AComplex a(3.5, 2);
TComplex t1(1, pi), t2(1, pi/4);

Bupasu a + tl; tl+a; tl1+t2 oOumcmoroThes
3BEJECHHAM THIIIB 3a JOIIOMOIOK0 OxHieT 1 Tiel caMol
peamizamii omepanii JgomaBaHHS + I KJacy
AComplex.

S0 %k mepeHecTu oneparop + JI0 WICHIB KJacy
AComplex

const AComplex AComplex::operator+
(const AComplex&);
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TO, Yepe3 HECUMETPUIHICTh TIEPIIOTO Mapamerpa 3
JPYTHM, 3BEACHHS 32 NEPIINM ITapaMeTPOM AaBaTu-
M€ CHHTAaKCHYHY TOMHJIKY, TOK Bupasu tl+a i
t1+t2 cTanyTh NOMUIKOBUMU.

BonHouac cymilieHi 3 IPUCBOEHHSIM OTIEPaTOPH
HEe TependauaroTb CUMETPUYHOCTI TUMIB Mapame-
TPiB, & TOMY MOXYTb 3QJTUIIUTUCS (QYyHKIITMH—4dJIC-
HaMU BIIITOBIIHUX KJIaciB

AComplex& AComplex: :operator+=
(const AComplex&);
AComplex& AComplex::operator*=
(const AComplex&);
TComplex& TComplex::operator+=
(const TComplex&);
TComplex& TComplex::operator*=
(const TComplex&);

3a OOMEKEHILINX MOXIIHMBOCTEH aBTOMAaTHYHOIO
3BeJIeHHsI THITIB. [Ipy 1IbOMy aJIUTUBHI OoTepariii HaJl
YHCIaMHU y TPUTOHOMETPUYHil opmi MOXKYTH 1 Ha-
JlaJTi 3aCTOCOBYBATH aNreOpHUHI peatizailii 3a SBHO-
ro 3BeJieHHd TUIliB. OnepaTop J0JaBaHHA, CyMille-
HUI 13 IPUCBOEHHSIM, += ISl TPUTOHOMETPHYHOTO
3amucy, HApUKIaJ, Ha0yJe BUNIISAY:

TComplex& TComplex::operator+=
(const TComplex& a)
{

return *this=AComplex(*this) +=
AComplex(a);
}

Te came cTocyeThCS MyIBTHILTIKATHBHUX OTIEpa-
TOpiB B anreOpuyHiil popmi.

Oco006MBOCTi CTBOPEHHS
AUHAMIYHUX MYJIbTHUMETOIIB

MOXITUBICTh BHU3HAUCHHS 1€papXid JJs THITY
KOMILICKCHUX YHCEIT HAJISKHUTD JI0 KIACHYHUX MPHU-
KIIa1iB 3acTocyBaHHs nonmiMopdizmy. Ille y 1988 p.
Beprpan Maep [5] chopmyintoBaB sik BIIpaBy 3a1aqy
BH3HAYCHHS a0CTpakTHOTO 0a30BOTrO Kiacy (iHTep-
(eiicy) Complex i3 4UCTO BipTyaJIbHUMH OIEpalli-
ssmu. CripaBni, SKIIO BU3HAYUTH 1HTEpQeic Kiacy
KOMILUICKCHUX YHCEJ SIK CUTHATYpy OIEpaTopiB B
TaKHii crocio

class Complex

{

public:

virtual Complex& operator+=
(const Complex&) = 0;
virtual Complex& operator-=
(const Complex&) = 0;
virtual Complex& operator*=
(const Complex&) = 0;
virtual Complex& operator/=
(const Complex&) = 0;

TO crpoba BU3HAYCHHS 1HTEPIPETAalil Ii€l CUrHa-
TYpH 3a JOMOMOTOI0 iepapxii crnaakKyBaHb, HaNpH-
KJIaJl, TAKUX

// KomnnekcHi 4ucna
// B anrebpuyHin é¢opmi
class AComplex: public Complex

{
public:
virtual Complex& operator+=
(const Complex& z);
s

// KomnnekcHi 4ucna
// B TpuroHomeTpuyHin ¢opmi
class TComplex: public Complex

{
public:
virtual Complex& operator+=
(const Complex& z);
s

BUSIBUTHCST HEBAJIOIO.

VY moxXigHMX Knacax, y HaIMX TEpMiHAax,
AComplex i TComplex, BipTyanbHi oneparlii 6a3o-
BOTO KJIacy MaroTh HaOyTu moniMopdHOI pearniza-
mii. OmHAaK 3aJeKHICTh BIPTyalbHOI (QYHKINI Bif
nIBOX 00’ekTiB — this i mapamerpa omepamii — 3y-
MOBJIIO€ 3aCTOCYBAaHHS IOJBIIHOI AMCHETYEpU3a-
i, TepeTBOPIOIOYN (YHKI[IIO—WICH Kiacy Ha
MynbTHEMETONA. [IpoOileMy MyJNBTHMETOMIB YacTo
00roBOpIOBANIM B KOMIT IOTEPHIN JiTeparypi, Ha-
MPUKIIA]] Y BIIOMIN KHWOKIN AHApes AJleKcaHapec-
Ky [2]. ¥V Hilf MyTbTHMETOAM NPHUCBIYCHO ITUITHIHA
PO3IiI i3 BHCHOBKOM IIPO TE, IIO HEMAae BIAIOL
KOHIIeIIii X peamnizanii. [lonpu HasBHI mpomo3uitii
npo monepenHiil Bapiant gonoBHeHHS C++ Myib-
tumetonamu [10] 1 ocobucty yuacts b’epna Crpa-
cTpyna y JIoCHiKeHHI mpobiemu [11; 9], momos-
HEHHS HACTYITHUX cTaHAapTiB C++ MynpTHMETONA-
MU HE TIepen0aqacThCs.

CKJIaJIHICTh CTBOPEHHS TUHAMIYHOI peastizarii
MYJIBTUMETOYy HA0YHO JEMOHCTPYE IPOCTUH MpPH-
KJaJ1 iepapXii KOMIJIEKCHUX YHCe, TOOyI0BaHOT 3a
HaBEJCHOIO Aiarpamoro. it mpuKiagy oOMeKuMo-
Csl OJIHUM oriepatopom += (puc. 1).

Peanizaniss MyneTHMeTOAYy += Iependadae Jo-
MIOBHEHHS KOKHOTO 3 KJIaciB i€papxii JOTaTKOBUMHU
¢byHKIisIMA. OOMEKUMOCS CKOPOUSHUM BHKIIAICH-
HSIM CTPYKTYpH KJaciB. Y 3aKpuTiif uacTuHi 6a30B0-
rO KJIaCy pO3MIIIYIOTh JIB1 JOMATKOBI (PyHKIii-THC-
HeTYepH, IKi JOBEACTHCS PEaTi30ByBaTH B HOXITHUX
kiacax. JlucneTuepy 3anexarh BiJl TUIIIB TOX1THUX
KJIaCiB, YMM IMOPYIIY€ETHCS ONUH 3 OCHOBHHX II'SITH
npuanunie SOLID [4], a came mpuHIUT iHBepCii
3aJIe’KHOCTeH: 06a30Bi KJIacH HE MOBHHHI 3aJIeKaTH
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Bijg moxigHuXx. Lle# HemoIiK MarOTh TAKOXK 1HIII BU-
TOHYEHIIII CIIOCO0U peanizaiii MyJIbTUMETO/IB.

[ Complex A |
Class

4 Methods
@ ~Complex
@ assplus (+ 1 ov...
@  operator+=

i

public public
R . aaE
TComplex ¥ AComplex ¥
Class Class
< Complex =+ Complex
P b o

Puc. 1. BipryanbHa iepapXist KOMIUIEKCHUX YHCEI

class Complex

{
public:
virtual Complex& operator+=
(const Complex&) = 0;
private:
//Dispatchers
virtual AComplex&
assplus(AComplex&) const = 0;
virtual TComplex&
assplus(TComplex&) const = 0;
¥

[ToxiaHi KJIacH MarOTh MICTUTH peai3allii 1ux
(GyHKIIH-IucHeTYepiB, OHA 3 SKUX peallizyeThes
SIK TipoopmMa 1 3a0€3MEUCHHS MOYKIIUBOCTI JIiH-
KyBaHHSL.

class AComplex: public Complex

{
public:
virtual Complex& operator+=
(const Complex& z)
{
return z.assplus(*this);
}
private:

double re, _im;
virtual AComplex& assplus
(AComplex& z) const

Z._re += _re;
z._im += _im;
return z;

// Pro forma realization for linker
virtual TComplex& assplus
(TComplex& z) const
{

TComplex* pc = nullptr;

return *pc;
}s

BinnoBinHo y TpuroHoMeTpuuHiit Gpopmi martu-
MEMO:

class TComplex: public Complex
{
public:
virtual TComplex& operator+=
(const Complex& z)
{

}

private:
TComplex& TComplex::assplus
(TComplex& z) const

return z.assplus(*this);

TComplex u = AComplex(z);
return u+=AComplex(*this);
}
// Pro forma realization for linker
virtual AComplex& assplus
(AComplex&) const

{
AComplex* p = nullptr;
return *p;
}
¥
Cepiio3Himn  3ajadi  MOTpeOyBaTUMYTh  IIIE

CKJIaHIMKX MOOYIOB. AJie KOXKHOTO pasy 3a MoTpe-
0K JTOTIOBHEHHSI i€epapxii HOBUMH TMOXITHUMH KJja-
caMM JOBEIETHCS BHOCUTH 3MIHHM O caMoro 0aso-
BOTO KJIACY.

CTBOpeHHS HeBIPTyaJbLHOI AUCTeTYepu3anii

BonHovac gociiKeHHS MOKITMBOCTEH y3araib-
HEHOTo TporpamyBaHHs (templates) naroTh 3MOry
MIEPEHOCHTH JIeSIKi IMHAMIYHI MPOOJIEMH Ha CTaTHY-
Hull piBeHb. 30kpema y [13] 3anpornoHoBaHO Bapi-
aHT 3aCTOCYBaHHS MOJTIMOP(]i3My 0e3 BipTyalbHUX
¢bynknii. el camuii MeTon Aa€ MOXIHBICTh BH-
3HAYMTH TIATePH MpoekTyBaHHs (design pattern)
MYJBTHMETOIIB JIJIsI TIEBHOTO BUJY KJIACiB, SIKI MU
Ha3BeMO CHUTHAaTYpHUMH MoneisiMu. MoBa HTuMe
PO BU3HAYCHHS MATEPHY, IO 3a0€3MeYuTh 3aCTO-
CyBaHHS JUCIIETYSPHU3AIli] /IS KJIaciB, SKi peanizy-
BaTUMYTh 1HTepdeiic, BU3HaueHUl 0a30BUM ab-
CTpakTHUM KiacoM. [laTepHmM mpoekTyBaHHS (Ha
IYMKY aBTOpa, YKPaTHCHKOIO MOBOIO iX IpaBHJIbHI-
e Oyno O Ha3WBaTH 3pa3Kamu) HaOyJIH 3HAYHOTO
TIOIIMPEHHS 3aBISIKM 3HAMCHUTIH KHIKII «baHma
qotuphox» [3]. 3pa3ok npoekTyBanHs «CurHaryp-
HUI MYJIBTUMETO» LIS IPUKIAY 32 JBOMA Olepa-
missmu £ 1 h MO)KHA YMOBHO 300pa3uTH Jiarpamoro
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(puc. 2). BaxiuBo, 1110 OfHA 3 Oomepaliii peaiisye
CEMaHTHKY 3Ha4€Hb, TO/I1 SIK iHIIIA TOBEPTAE PE3YIIb-
TaT BiJICWIKOIO. Y Kiaci Base, mapameTpu3oBaHoO-
My TUIOBUM mapaMeTpoM Derived, posramosa-
Hui arpubyt _derived tumy Derived&, sxwii
3a0e3nedyBaTuMe AOCTYI J10 00’€KTiB MOXiIHUX
kJaciB. Meroau kiiacy Base moBepraioTh pe3ynnbrat
tuny Derived abo nasite Derived&, a mpuiitma-
I0Th TlapaMeTp Tury const Base&, 3a paxyHox
4Oro, BIIACHE, BiOyBAa€ThCS 3BEACHHS MOABIHHOI
Jucrieryepusanii 1o onuHouHoi. Kiac Product (ix
MOJKe OyTH CKIJIbKH 3aBTOJTHO) BU3HAYAETHCS K I10-
X1JIHUH BiJl 3BOPOTHOI KOHKpeTH3allii kiacy Base
Horo moxigHuUM KiacoM Product sk 3HaueHHAM
THUTIOBOTO ITapaMeTpa.

Jamni niarpama 1eMOHCTPYE MOXIIMBE 3aCTOCY-
BanHs narepHy. Crarnuna Qyskmis process(),
y3arajbHeHa THUIIOBUM IIapaMeTpoM T, Ipuiimae
apryMmeHTH Tuny Base<T>& Kiient kiacy
Product Buknukae ¢yHkuito process() i3 mapame-
TpaMH BJACHOTO THITy, B HAIIOMY BHIIQJKY
Product. CrinbHuit edext cnagkyBaHHs 1 y3a-
raJibHeHb 3a0e31euye JUcIeTYepr3allio napaMmeTpa
Base<Product>& 3a tunom Product.

— [ Derived | i
Base T process(Base<T>& a, Base<T>& b)
Derived® _derived i
Derived ficonst Basal)
Derived& hiconst Basad)

af(b);
a.h(b);

I

bt
Product

ESE — -

Product® _derived

Product ficorst Basel)
Product& h{const Basag)

?— ,_—{ Client F\

Product I
A

Product ficonst Product®) Product a, b;
Praducté hiconst Products) process{a,b);

Puc. 2. CurnatypHuii maTepH NOABIHOT TucTIeTYepu3arii

Hagenemo npuiiaz 3acTocyBaHHs I1aTEpHY.

template <class Derived>
class Base
{
private:

Derived& _Derived;
public:

Base(Derived& Derived) :

_Derived(Derived) {}

virtual ~Base() = 0;

Base& operator=(const Base& c)

{

_Derived = c._Derived;

return *this;

}
operator Derived () const
{
return _Derived;
¥
double mod() const
{
Derived c = *this;
return c.mod();
}
Derived& operator+=(const Base& z)
{
Derived* cl1 =
static_cast<Derived*>(this);
Derived c2 = z;
*cl += c2;
return *cil;
}
Derived operator+(const Base& z)
{
Derived cl1l = *this;
Derived c2 = z;
return cl+c2;
}

}s

Jnisi moTpUMaHHS TPHHIUIY HETSPMiHAIBHOI
adctpakTHOCTI CrOTTa Metiepca [6] (pekoMenpartis
33) mecTpyKTop Kiacy BU3HAYEHO SIK YHUCTO BipTy-
AJBHUH, 1110 YHEMOXKITUBITIOE OCIOHE BUKOPUCTAHHS
Horo 00’ekTiB Oe3 BiAMOBIAHUX MOXITHUX KJIACIB.

template <class Derived>
Base<Derived>::~Base() {}

3acTocyBaHHs HeBipTyabHOI
AucHeTYepusamii

Sk mpuKIan po3MISTHEMO 3HOBY KOMILICKCHI
YHCIa, 3aCTOCYBAHHS SIKMX TaKOX I[IKaBe 3 aKaje-
MI4HOT TOUKH 30py [5]. BizbMeMO KOMIUIEKCHI YnCIa
B anreOpuuHiil popMi 3 OmepaIisiMi y BUDIISII YJie-
HIB Ki1acy. [ BU3HAYCHHS KIIacy 3aCTOCYEMO 3BO-
POTHY TapaMeTpH3allito Ia0JOHY HUM CaMHM.

class AComplex: public Base<AComplex>
{
private:
double _re, _im;
public:
AComplex(double re = @, double im = @)
:_re(re), _im(im), Base(*this) {}
AComplex& operator=(const AComplex& a)
{
_re = a._re;
_im = a._im;
}
double mod() const {
return sqrt(_re*_re+_im*_im);
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¥
double arg() const {

return asin(_im/mod());
¥

AComplex& operator+=
(const AComplex& z)

_re += z._re;
_im 4= z._im;
return *this;

const AComplex operator+
(const AComplex& z) const

{
AComplex res = *this;
res._re += z._re;
res._im += z._im;
return res;

¥

double re() const

{
return _re;

¥

double im() const

{
return _im;

}

s

Po3risiHeMO KOMIUIEKCHI YHCIIa Y TPUTOHOME-
TpuuHii popmi. BUKOHAHHS aTUTHBHUX OIeparlii
BiJicuiIaemo 0 anredpuyaHoi popmu. Lle He 000B’513-
KOBE PIIICHHS, BXHUTE JIUIIIE JIUIsl TOTO, 00 mpojie-
MOHCTpPYBaTH 30€peXXeHICTh BIACTHBOCTEN 3BE/ICH-
HS THIIB, BIIACTUBE 3BHYAIHOMY BH3HAUCHHIO Yy
¢dopmi yTumiT kiacy. LlikaBo, 110 MOXJIMBICTB 3Be-
JICHHSI TETep IOIIMPIOBATUMETHCS 1 Ha HECHMe-
TPUYHHUN CTOCOBHO THIIIB MapaMeTpiB BapiaHT BU-
3HAYEHHS OTIEPATOPIB 13 3aCTOCYBAHHAIM BiJICHIIOK.

class TComplex : public Base<TComplex>

{
private:
double _rho, _phi;
public:
TComplex(double rho=0,double phi=0)
:_rho(rho),

phi(phi),Base(*this){}
TComplex(const AComplex& a)
:_rho(a.mod()), _phi(a.arg()),
Base(*this) {}
TComplex& operator=
(const TComplex& t)

{
_rho = t._rho;
_phi = t. _phi;
return *this;
}

operator AComplex() const

{

return AComplex
(_rho * cos(_phi),
_rho * sin(_phi));

double mod() const {
return _rho;
}

TComplex& operator+=
(const TComplex& z)

{
return (*this)=
(AComplex(*this) +=
AComplex(z));
}

const TComplex operator+
(const TComplex& z) const
{

return AComplex (*this)+
AComplex(z);

}s

Cenexropu B kiaci AComplex HeoOXimHi st
yOe3IeveHHs ONepaTopiB BUBEICHHS.

ostream& operator<<(ostream& os,
const AComplex& z)
{

return os << ‘(<<
z.re() << ¢,7 << z.im()<<’)’;
}
ostream& operator<<(ostream& os,
const TComplex& z)
{

}

KoMmiuiekcHUMHM  4HciaaMu  He OOMEXYIOTbCS
MOYJIMBOCTI 3allPpOMOHOBAHOTO 3pa3ka. JlomoBHeH-
HSI TaTepHY HOBMMH ITOX1THIMH KJIaCaMH HE OTpe-
Oye KOIHUX JIOMIOBHEHb 70 0a30BOro Kiacy, fK Iie
Oyio y BHMAIKy AMHAMIYHHX MYJITETHMETOMIB. SIK
MIPUKIIAM, IIIKaBUH 1070 IPUKIIAIHUX 3aCTOCYBaHb,
PO3IVISTHEMO PSIIKH CHMBOJTIB

return os << AComplex(z);

class String : public Base<String>

{
private:
int _len;
char* _ch;
public:
String(const char* ch)
:_len(strlen(ch)),
_ch(new char[_len+1]),
Base(*this)
{

strcpy_s(_ch, _len+l, ch);

}
String(const String& s)
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:_len(s._len),
_ch(new char[_len+l]),
Base(*this)

strcpy_s(_ch, _len+l, s. ch);
}
~String()
{
delete[] _ch;
_len = 0;
_ch = nullptr;
}
String& operator+=(const String& s)
{
char* newch =
new char[_len + s. len + 1];
char* tmp = newch;
char* tmpl = _ch;
while (*tmp++ = *tmpl++);
tmpl = s._ch;
--tmp;
while (*tmp++ = *tmpl++);
delete[] _ch;
_ch = newch;
_len += s._len;
return *this;

const String operator+
(const String& s) const

String res(*this);
return res += s;

OyHKIISA TUcTieTYepu3alii 3ajJeKuTh JIAIIE Bij
0a30BOro Kjacy, TOAl SIK AUCIETYEPU BipTyanbHOL
peaizarii 3ajiekai BiJl OXiTHUX KJIaciB.

template<class T>
void process(Base<T>& a, Base<T>& b)

{

cout << "Process:" <<endl<< a
<< endl<< b << endl;

cout <<
cout <<
cout <<
cout <<

"Result + :";
a + b << endl;

"Result += :";
(a += b) << endl;

Tak BUKOHY€ThCSI HAJTAIITYBAHHS OMEparopis + i
+= Ha THII TlepeaHuX (PaKTUIHUX TTapamMeTpiB, Ha-
IpUuKJIag aJ'[Fe6pI/I‘IHI/IX KOMIIJICKCHUX YHCECII:

AComplex a(1, 1);
AComplex b(1, 2);
process(a, b);

a00 Ha KJ1ac pSAAKIB CUMBOJIB

String a("Multimethod");
String b(" rules!");
process(a, b);

0e3 SBHOTrO BTpy4YaHHsS KOHKpeTH3aliii 0a30BOro
KJIacy JI0 KIi€HTChKOTro Koxy. [Ipu 1iboMy yMOXKITHB-
JOEThCS TIPUETHAHHS PI3HUX BapiaHTIB BU3HAUCH-
HS PSIIKIB CHMBOJNIB, Hampukmazn [8]. Baximmsum
3QJINIIAETHCS JIMIIE JOTPUMAaHHS IIPUHHATOT CUTHA-
TYpH.

HageneMo niarpamy KiaciB, CTBOPEHY CTYI€I0
MVS (puc. 3).

Jiarpama Ha puc. 3 He MOBHICTIO BIATBOPIOE CH-
Tyauito. HaBeneHo cxeMy criaJkyBaHHs 3 IIa0JIOHY,
a HACIIPaB[i BUHHKAIOTh TPH IAPU 3AJICKHUX KOH-
KpeTH3alliil y3arallbHeHOTo Kiacy Base, mo omHii
JUISL KOYKHOTO TIOXI/THOTO KJIacy.

BaxnmBo, 1o CTBOpeHa peaizallisi BUKOHYE
HEsIBHE 3BEICHHS TUMIB. Hampukian, sSKIIO BH3HA-
YHUTH

TComplex t1(1, @), t2(2, pi/2);
AComplex a(1, 1);

TO BCi BapiaHTH 3MIIIAaHUX ONepalliii, 30kpeMa Jia-
THOCTOBAHI SIK CHHTAaKCUYHO HEKOPEKTHI 3a 3BUYaii-
HHUX BH3HA4YeHb, CTAIOTh JIEriTHMHHMHU. Lle crocy-

./’

™

Base <Derived> ¥ |

Template Class

public

public public
@ i
AComplex ¥ String
Class Class

< Base<AComplex>

- Base<String>

-
¥ TComplex ¥
Class
+ Base<TComplex>

Puc. 3. liarpama HeBipTyasibHOI iepapxii
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€ThCS HE JIMIIE BUPa3iB, MO OOUHCITIOIOTHCS 3a ce-
MaHTHUKOIO 3Ha4Y€Hb, SIK-0T: a+tl; tl+a; tl+t2,
a TaKoX CyMIIICHHX TPHCBOEHb Buay a+=tl;
tl+=a; tl+=t2.

Ane 3a MeXaMH MOXJIMBOCTEH CHUTHATYpPHHUX
MOJISJICH 3aJTHIIHIIIACS TUCTIeTYSPU3allis 3MIIIaHuX
orepalrliid, HalpHUKIIaJ] 32 CHTHATYPOIO

template<class T, class U>
void process(Base<T>& a, Base<U>& b),

10 oTpedyBaTuMe MOAAIBIIOTO A0 CIIIKEHHS.

BucHoBkn

VY po6oti Oys10 pO3MISIHYTO MUTAHHS MOIBIHHOT
naucneTyepusanii (yHKIIH MOBOIO MPOTpaMyBaHHS
C++, B sKiif epeadaueHo JHIe OAUHAPHY TUCTIET-
yepu3allito. byno 3ayBaxeHo, 10 BIpTyajabHI METO-
M MOJICJIFOBAHHS TIOABIMHOT —JIUCTIeTYepU3allii
MAaIOTh HEJIOJIK — TIOPYIICHHS OJTHOTO 3 MPHHIIUIIIB

SOLID, 1110 HeraTUBHO BILJIMBAE Ha SIKICTh CTBOPIO-
BAaHOTO MPOTPAMHOTO 3a0€3MEUCHHSI.
3arporoHOBaHO BapiaHT HEBIPTYaJIbHOT MOJBIH-
HOI JAWcHeTdepH3anii, y3arajJbHECHHH Yy BHIIAAI
CTBOPEHOTO MaTepHy NMPOeKTyBaHHS « CUTHATYpHUI
MyJIbTUMETO». [laTepH mpuaaTHUil ajs 3acTocy-
BaHHS JI0 PI3HOBUJIB IHTEpIpETaIiil BUZHAYCHOI y
HBOMY CUTHATYpH. PO3IIsiHyTO 3aranpHy cxemy 3a-
CTOCYBaHHS HOBOCTBOPEHOTO TIATEpHY, MPOLITIO-
CTPOBAHO Ha MPHKIIAJI peami3alii KJaciB KOMIUICK-
CHUX dYHWcen 1 psanakiB cumBomiB. [lokazaHo, 10
HeMae nopymens npuHiunia SOLID, i npoxemon-
CTPOBaHO MOXKJIMBICTb JOMOBHEHHS i€papXii HOBH-
MU KJlacaM¥ peaJi3alii CHrHaTypu 0e3 HeoOXiTHO-
CT1 BTPYYaHHS 10 CTPYKTYpH 0a30BOTO KIIacy.
[ToBHy Bepciro HaBeIEHHUX Y POOOTI TPOTPAMHHX
KOJIIB MOYKHA 3HAWTY HA CaWTI JUCTAHIIHOIO HaBYaH-
Hs1 KueBo-MormisHebkoi akanemii [1]. ABrop nsikye
Janmty @itento 3a 00roBopeHHs 1 IIHHI PEKOMEH/IAIIi1.
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V. Boublik

TOWARDS CREATING A STATIC DESIGN PATTERN FOR DOUBLE
DISPATCHING MODEL SIGNATURES

The paper investigates a possibility of developing a non-virtual hierarchy for a special case of class
signature, which may possess different interpretations. The approach is similar to double dispatching in the
C ++ programming language. As an alternative to polymorphism, a non-polymorphic hierarchy has been
suggested based on generic programming templates. This hierarchy is based on inverse parametrization for
templates enabling constructing a general scheme for the design pattern. The pattern defined a class archi-
tecture suitable for static implementation of double dispatched multimethod for a special case of signature-
defined interfaces.

In fact, any abstract base class (interface) with purely virtual operations must acquire a polymorphic
implementation. Besides, the polymorphism itself, the dependence of a virtual function on two objects —
“this” and another parameter — requires the use of double dispatch, turning a class member function into
a double dispatched multimethod.

A preliminary consideration deals with issues of double dispatching in the C++ programming language.
Inheritance with polymorphic class member functions is used. This requires special efforts of adding to both
bases and derived classes a couple of virtual functions to support dispatching. In any case, this approach,
besides using virtual functions, has a disadvantage of violating one of the SOLID principles, namely the
principle of dependency inversion: base classes should not depend on derivatives, which negatively affects
the quality of the software.

Polymorphism is usually understood as the dynamic tuning of a program to the data type of the object
that the program will encounter during its execution. That is, by its nature, polymorphism is a purely dy-
namic characteristic. However, in C++ literature and in practice, you can come across the term “static
polymorphism”.

At the same time, research of possibilities of generalized programming (templates) allows transferring
some dynamic problems to the static level. In particular, a variant of static polymorphism application
without virtual functions can be considered.

A variant of non-virtual double scheduling has been proposed, generalized in the form of a created de-
sign pattern “Signature multimethod”. The use of the newly created pattern is illustrated with an example
of implementing classes of complex numbers. The absence of violations of SOLID principles is shown, and
the possibility of supplementing the hierarchy with new derived classes without the need to interfere with
the structure of the base class is demonstrated.

The approach suggested in this work has been used in courses in object-oriented programming at the
Faculty of Informatics of Kyiv-Mohyla Academy.

Keywords: C++, object-oriented programming, design pattern, double dispatching (multimethod), vir-
tual function, polymorphism, generalized programming.
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