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BCTYN

Ha noyatky Komn'ioTepHoi epu 3ajayelo MOB npo-
rpamyBaHHA OyB OMMC Aiil, AKI MOBMHHI BUKOHYBaTMCb
EOM, y Burnagi, 3po3yminomy ana nporpamicra [1]. [ns
peani3avii Liei 3aayi 6yno CTBOpeHo pi3HOMaHITHI acemo-
fnepu, Lo AaBanu 3mMory 3anucyBatii KOMaHAK npouecopa
He y BUrNAZI KOAIB KOMaHA i apec nam'ATi, a 3a 0NOMO-
TOK CUMBOJIHOTO 3aMNACY.

Konu po3pobka nporpamHoro 3abe3neuenna (M13) 3
HayKOBOI/TeXHiuHoI 3aJlayi NepeTBOpunach Ha Komepuiii-
Hy, Ha puHKy 13 3pocna KOHKypeHLia i BUHMKNA HeobXia-
HICTb CTBOPEHHA BENNKMX MPOTpaMHMX CUCTEM 3a 0bMe-
eHUil MPOMiXOK yacy. Biatenep KoA MaB 3a0BONbHATH
YMOBI JIErkoro po3yMiHHA 3anucaHoi HUM CEMaHTUKKU Y
CTUCTMI YaCoBUIA BIfPI30K, @ MOBA NPOrpamyBaHHsA mana
BUKOHYBATU TOUHe i Npo30pe Bi0OpaKeHHA CeMaHTUKIA Y
CMMBONbHUI BUrNAL.

3 noyaTKy ponb MOBYW BUCOKOrO PiBHA BUKOHYBasN
MoBa nporpamyBaHHa C Ta iHWI npouefypHi MOBH, WO
onepyBanu NOHATTAMYM 3MIHHUX (HaHuX, Lo 36epiraioTb
CTaH NpOrpamHoi cuctemu) Ta yHkuyid (peanizauiint anro-
PUTMIB, LL{0 BNINBAKTb Ha CTaH). 3rof0M, KA po3pobHU-
K1 Mapagurm NporpamyBaHHA 3BepHYM yBary Ha Te, LU0
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npu Ni3HaHHi 00'€KTiB peanbHoOro CBiTy NtAMHA onepye
MOHATTAMU (maHy 00'€kmy (TUM, AIK BiH CNPUAMAETbCA) i
memodig po6omu 3 HuM (TUM, AKI [ii Hag HAM MOXNUBO
BMKOHYBAT), BUHMKNA 00'€KTHO-OPiEHTOBAHA Mapaanurma
nporpamyBaHHA. Onuc cyTHoCTel NporpamHoi cuctemu B
00'eKTHO-Opi€eHTOBaHiIn (gani - 00) napagurmi nporpamy-
BaHHA BUABUBCA JOCUTb CTUCIUM, 3PYYHUM | TOUHUM, i, 33
PaXyHOK Lboro, BinbLWicTb CyyacHUX MOB NporpamyBaHHs,
AKAMM BUKOHYETbCA MPOMUCIOBA Po3pobKa NporpaMHIX
cuctem, peanizylotb came 00 napagurmy [1].

flk 6yno BkasaHo Buwie, 00 napagurma nporpamy-
BaHHA nepeAbdayae TOUHNI onuc 06'eKTiB peanbHoro CBITy,
aNne BOHA He Ja€ 3MOrW CTUCNO XapaKTepu3yBaTu BifHO-
LeHHA Mix 00'ekTamu. Tak, Hanpuknag, npu HeobxigHoCTi
3MIHUTK nepenik MeTodiB Knacy, JOCTYMHUX iHWUM Kna-
(aM, HeobXiAHO 3aCTOCOBYBATU MPOMIMHI CYTHOCTI, L0
BMKOHYKTb AMCNeTYepu3aLilo 3anuTiB 4o 00'eKTiB Knacy;
ONUC A0JATKOBUX CYTHOCTENl 3axapallye Kof nporpamu i
notpebye 6inbLUOro yacy Ha 1ioro aHanis.

Takum YnHOM, JOCTIZKEHHA MOXANUBIX LLUNAXIB MO-
Andikauii onucy BiaHoweHb Mix 06'ektamn y 00 napaau-
TMi € aKTyanbHNM.
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1NOCTAHOBKA 3AJAMI

1.1 TepmiHonoris

[ina 3pyuHocti 6yaemo Ha3mBaTin 06'€KT, WO NEXNTb
y Qokyci yBaru, gokansHum 06'ekmom (BiBNoBiAHo, 1oro
KNac - (hoKanbHUM Knacom), a yci iHwi 06'ektn — 06'ekma-
MU HABKOMULWHBO20 CepedosuLya (BiANOBIAHO, iX Knacu -
KNacamu HagKoMUWHb020 cepedosuuwya). NMpu ubomy npuii-
MA€ETbCA, L0 HawaaKu GOoKanbHOro Knacy i 6a3oBi knacu
dOKanbHOro 00'€KTy TaKOX HanexaTb MHOXMHI Knacis
HaBKOMLIHLOrO CepeaoBuLa (HawwafoK i 6a30Bmil Knac
MOB'A3aHi BiJHOLLEHHAMMN KOMMO3MLT).

Cmarom 6y fb-AKoro 06'ekTy byemo Ha3uBaTH CyKy-
MHiCTb 3HaYeHb YCiX AOro nonis. Y AaHii CTaTTi NpUAMAETb-
€A, Wo:

— 3MiHa (TaHy Ta OTPMMAHHA iHQOpMaLii WOAO CTaHy
0Oy ab-AKoro 06'ekTy BifOYBA€ETbCA NULLe Yepe3 iAOro MeTo-
av;

— Y nporpami He MOXyTb iCHYBaTI aBTOHOMHI QYHKL
(dyHKuUiT, WO He HaneXaTb XOAHOMY Knacy).

Nia sidHoweHHAMU MiX 06'ekTamu bynemo po3ymiTyn
€noci6, y AKMi BOHU B3aeMogitoTb. IcHyloui y pamkax 00
napagurMi TUNK BiJHOLLEHD, WO PO3rNAAANTLCA Y AaHil
(TaTTi, NPONOHYETLCA 3rpynyBaTH HACTYMHUM YNHOM:

— CTPYKTYPHI BifHOLIEHHA ONUCYIOTb MIpY 3aneXHoCTi
MiX knacamu. [lo Li€i rpynu MOXHa BKNKOUUTY BigHOLLEH-
HA is-a ("€") Ta has-a ("micTutb") [2]. BigHOLEHHA ocTaH-
HbOrO TMNY NOAINAIOTb Ha KOMNO3WLl0 (BiJHOLIEHHA BO-
NOAIHHA 06'€KTOM) i arperauito (BigHOLUEHHA BKMIOYEHHA
00'eKTy, 3HaHHA NP0 06'eKT) [2]. Y AaHiil cTaTTi po3rnAHyTO
NuLie OMMCAHI JBa TUMKU BiAgHOWEHHA has-a, OCKiNbKU
BiHOLLIEHHA iS-a iAe0NOriYHO BiAPI3HAETLCA Bif has-a i
cnocib iioro onucy notpebye OKpemMoro AOCNIZKEHHS.
KopucTylouncb 3anponoHOBaHOK BULLe TepMiHOMOriEw,
MOXHa CQOpMYMIOBATIA MPUHLMN OpraHi3aLii CTpyKTypHUX
BiAHOLIEHb TaKUM YNHOM: "(OKaNbHUI 00'eKT MOBUHEH
HaneXuT (Matu BIZHOLIEHHA TUMY KOMMO3WLiA) A0 Hail-
MEHLLOro nepeniky 00'eKTiB HABKOMMLIHBLOTO CepefoBu-

LWa;

—  Bi[JHOLLEHHA JOCTYNHOCTI ONKUCYI0Tb Nepenik MeToAiB
doKanbHoro 06'ekTy, AKi AOCTYMHI 06'eKTaM HaBKOALL-
Hboro cepenoBuwa. B 00 napagurmi BigHOLEHHS LbOro
TUNY OMUCYIOTLCA 3@ JONOMOTOK0 MeXaHi3my iHKancynAauii
[1]. Kopuctytouncb 3anponoHOBaHoI0 BULLe TepMiHOMOri-
€10, MOXHa ChopmynioBaTH NPUHLMN OpraHi3avii BigHo-

LeHb AOCTYMHOCTI HACTYMHUM YMHOM: "KOXeH 006'ekT
HaBKONULUHBOIO CepefoBULLA, L0 B3aEMOAE 3 doKanb-
HUM 00'€KTOM, MOBUHEH MaTi AOCTYN A0 MiHIManbHOMO
nepeniky MeTodiB pokanbHoro 06'ekTy, wWwo besnocepes-
HbO CTOCYIOTbCA NIOTIKN, 33 AKOI0 Bif\0YBa€ETbCA B3aEMOZIA".

1.2 06rpyHyTBaHHA BUGOpY

MeTH AOCNiAKEeHHA

Po3rnaHemo cmocobu ommcy ABOX BULLe3rafaHux
rpyn BigHoLeHb 06'ekTiB y cyuacHux 00 moBax nporpamy-
BaHHA.

Onuc cmpykmypHux gidHoweHs. Y 00 nporpamyBaHHi
€ZMHOK MOBHOI0 OZMHULEI, Yepe3 AKy MOXe 3JiliCHi0Ba-
TUCb AOCTYN A0 $OKaNbHOMo 06'€KTY, € NOCMNAHHA Ha HbO-
ro. 3 nMoyaTky MOCUNAHHA BUCTYNAN0 BUKMKOYHO YNCIOM,
o onucye aapecy pokanbHoro 06'ekty y nam'ati EOM i,
BIZMOBIJHO, MOCUNAHHA He BUKOHYBANO OMUCY CTPYKTYp-
HUX BiHOLEHb MiXK 06'ekTamu. OHAK 3 BUHUKHEHHAM
MOHATTA ABMOMAMUYHO20 NIOPAXyHKY NocunaHs [7] ocTau-
Hi CTanu BU3HAyaTUCb BiNbLl CKNafHUMK 00'eKTamu, a ix
3aMnuC (TaB JeckpUNTUBHUM 3 TOUKI 30y OMIACY CTPYKTYp-
HUX BiZHOLUEHb MiX 06'eKTamn. Y cyyacHUX moBax npo-
rpaMyBaHHA aBTOMATUYHMIA NiAPaXyHOK NOCUNaHb BUKO-
HyeTbcA abo y pamkax icHylouoro cuHTakcucy (boost
sharedPointer [8], 3a gonomoroio wabnokis C++), abo
LNAXOM BBeJeHHA HOBUX CliB MoBM (auto reference
counting (ARC) [9], 3a momomorow CNiB, W0 Hanexatb
MOBi). TaKnM UMHOM, Y CyyacHUX MOBaxX MpOrpaMyBaHHA
OMIC CTPYKTYPHIX BiJHOLUEHDb AIACHO peani3yeTbca, ane y
[aHili CTaTTi BOCNIMKYETBCA, AKUM YUHOM MOXHA 3p06UTI
OMUC WX BiiHOLLEHD 6inbLL YHIQiKOBaHUM.

Onuc 8ioHoweHs docmynHocmi. BinblicTb cyyacHnx

00 moB nporpaMmyBaHHs BK/KYalOTb y cebe HaCTyMHi piBHi
AOCTYNY A0 MeTOAiB pOKaNbHOro 06'eKTy:
public - goctyn MawTb yci 00'eKTU HABKONMLIHBOTO
cepefoBuLLa | MeToAN GOKaNbHOrO 06'eKTy;
protected — pocTyn MawTb Metoau (oKanbHOro
00'eKTy i 00'eKT-HaLLAAO0K KNacy PoKanbHOro 06'exTy;
private - JOCTYN MaloTb BUKAKYHO MeTOAN (OKanb-
HOro 06'eKTy.
[Tpumimka: y moBi nporpamyBanHa (++ 404aTKoBO
iCHye MexaHi3m, Lo 37ilicHioe 0OMeXeHHA JocTyny Ao
MeTo4iB (OKaNbHOTO 00'eKTY - KOHLEMLiA KOHCTaHTHUX
METOZIB KNacy Ta KOHCTAHTHUX 06'eTiB [1].

(nig 3a3HaunTH, WO iCHYloUui MOBU NPOrpamyBaHHA
[03BONIAIOTb ONUCATH PiBHI AOCTYNY NULLE Y paMKaX iHTep-
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delicy knacy i He MalTb MOXIMBOCTI YaCTKOBO 0OMEXNUTH
YA PO3LUMPUTI MHOXUHA MeTOAIB (OKaNbHOro Knacy,
AOCTYNHUX ANA 00'€KTIB HABKOMMLIHLOTO CepefoBULLa.
Mpn HeobXiAHOCTI AMHAMIUHO 3MIHIOBATU Li MHOXMHM
BUKOPUCTOBYIOTbCA TPynu 06'€KTIB, OpraHi3oBaHi 3 BUKO-
PUCTAHHAM LLIAONOHY NpoeKTyBaHHA proxy [2]. Peanizavis
3MiHN MHOXUHM BOCTYMHUX MeTOAIB POKANbHOrO0 00'€KTy Y
noAi6HMIA CNOCib € rpOMI3AKOI0 | He 3pYUHOI.

1.3 MocraHoBKa MeTH Ta 3aa4 AOUTiLKEHHSA

Takum YMHOM, BUXOAAYMN i3 HaBeJEeHUX BuLLe apry-
MEHTiB, MeTOI0 JaHOr0 JOCNIIXKEHHA CTano 3a0e3neyeHHs
MOXJIMBOCTI AMHAMIYHOTO 3MiHIOBAHHA CTPYKTYPHUX Bif-
HOLWeHb Ta BiJHOLWEHb AOCTYNHOCTI 6e3 3acToCyBaHHA
MPOMiXKHUX CYTHOCTeli 32 PaXyHOK Po3poOKM HOBOTO CMo-
coby onucy mixo6'ekTHUX BigHoweHb B 00 nmapagurmi
MporpamyBaHHs.

Y BignoBigHOCTI 0 MocTaBNeHOi MeTU 3ajayamm
BOCTiIKEeHHS €

— BMBYEHHA (N0C06IB NOOYAOBM BiAHOWEHb MiX

06’ektamu B 00 MoBax nporpamyBaHHA Ha npeameT
BUABNEHHA MOXIMBOCTEN LWOA0 3abe3neyeHHs ix
JWNHAMIYHOr0 3MiHIOBaHHA;
BM3HAUeHHA KpuTepiiB OLiHIOBAHHA AKOCTI peanizavii
Onucy BigHoLeHb Mix 06'ektamu B 00 napagurmi;
po3po6ka cnocoby onucy BigHOLEHb AOCTYNHOCTI;
po3pobKa cnocoby nopaHHA MeTafaHuX Knacy, Lo
OMUCYHTb CTPYKTYPHI BiAHOLLEHHA | BiHOLLEHHA [0-
CTYMHOCTI MiX 06'eKTamu;
aHani3 epeKTMBHOCTI po3pobneHoro cnocoby onmcy
MiX06'€KTHIX BifiHOLLEHb Ha MPUKNAZi 0ro MOXnu-
BOI peanizauii y mexax MoandikoBaHoi MOBM Nnpo-
rpamyBaHHA (4+.

2 PO3LUWPEHMI CNOCIB ONUCY
MIXKOb’€KTHNX BIAHOLLEHD
Kpumepii ouintoganna axkocmi peanizayii onucy 6io-
HoweHb mix 06'ekmamu y 00 napaduemi
MepL HiX roBopuTI NPO HOBMIA CNOCI6 ONKCY B3ae-
MO3B'A3Ky MiX 00'ekTamn, HeobXigHo chopmynioBaTy
KpuTepil, 3a AKUMM Oyfie BUKOHYBATUCh 10r0 NOPIBHAHHA 3
iCHyKUMMN piLleHHAMM. [InA OLiHIOBAHHA AKOCTi NPOMOHY-
€TbCA 3aCTOCYBATM HACTYMHI Kputepii:
— NaKOHiYHiCTb onucy 6a30Boi GpyHKuioHanbHocTi. Mg
03308010 (YHKLIOHANBHICTIO MA€ETbCA Ha YBa3i PYHKLiOHa-
NbHICTb, 3aKnajeHa npu onuci Knacy, GyHKUIOHANbHICTb
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"33 3aM0BUyBaHHAM", 6e3 BpaxyBaHHA MOX/MBOTO peda-
ktopunry [3]. Tlig nakoHiuHicTio po3ymieTbca CTUCNICTb
onucy ¢pyHKLIOHANbHOCTI; BeMKIIA 06CAr KOAY HeraTMBHO
BMAMBAE HA YaC Or0 HaNMCaHHA i NoTpebye binbLuoro yacy
Ha iloro ynTaHHA. OLiHKa 3 JaHUM KpuTepiem Moxe 6yTu
BUPaXeHa B 00CA3i KOAY: UMM BiH MeHLUMIA, TUM BULYA
AKICTb Cnocoby onucy BifHOLEHb MiX 06'ekTamu;

— NAKOHIYHiCTb moamdikauii GyHKuioHanbHocTi. Mig
MoANGiKaLie PYHKLIOHANbHOCTI Ma€eTbCA Ha yBa3i peda-
KTOPWHT KOAYy — 3MiHa NOrnAAiB Ha npeaMeTHY 06nactb uu
Ha cnoci6 ii onucy. OuiHKa 3a JAaHMM KpuTepieM TaKox
MoXe OYTI TaKoX BUpaXkeHa B 06¢A3i Koay;

—  [eCKpUNTUBHICTb — Cy0'€KTMBHMIA NOKAa3HMK: HacKi-
NbKI 3p03YMINUM i, AK HACTIAOK, 3pYYHUM € BUKOPUCTAHHA
OMUCY BiAHOLLEHHA MiX 00'ekTamu. [InA 0TpUMaHHA AKic-
HOI OLiHKM 3@ UMM KpuTepiem NoTpibHO NPOBOANTI ONUTY-
BaHHA KOPUCTYBayiB MOBM NPOrpaMyBaHHs, Lo peanisye
cnocib onucy B3aemodii Mix 06'ektamu. [Ina dpopmynio-
BaHHA UMCENIbHOTO BU3HAYEHHA OLIHOK 3a JaHUM KpuTepi-
€M MOTPiOHO BMKOHATW OKpeme AOCTIMKeHHA, wo byae
npoBejeHe y MainbyTHbOMY.

2.1 CeneKTUBHMIA CNOCi6 peanizawii

iHKancynauii

Mpu BMKOpMCTaHHI cnocoby peani3auii iHKancynAwii,
po3po6neHoro y pesynbTaTti AaHOro JOCNIZKEHHsA, Nocu-
NaHHA PO3rNAJAETHCA AK NPOMIXKHA CYTHICTb, uepe3 AKY
BMKOHYETbCA B3aemopia 3 06'ekTom. Huue HaBefeHo
OCHOBHI NMPUHLMNY, AKi NPONOHYETbCA NOKNACTU B OCHOBY
HOBOr0 CoCoby peanizavii iHkancynAavii:

[TpuHyun po3nodiny poned. |nea iHkancynAuii nona-
ra€ B OMNCi NEBHUX TPyN MeTOAIB (pOKanbHOro 06'eKTy, Lo
LOCTYMHi NeBHUM 00'€KTaM HABKOMMLLHBOTO CepefoBULLa.
Mo>Ha cKa3aTi, L0 KOXHa Taka rpyna BusHauae cnocio, y
AKMIA 00'€KT HAaBKONMLLHBOMO CepefoBuULLA B3aEMOAIE 3
dokanbHuM 06'ekToM. Y LibOMY CeHci Aani bysemo Ka3aty,
L0 KOXeH 06'€KT HaBKONMLLHBOTO CepefioBILLA MAE NeBHY
ponb npu B3aemogii 3 poKanbHUM 00'€KTOM.

[Tpumimka: NOHATTA PONi, WO BBOAUTLCA TYT, He MaE
NpAMOro  BIiJHOLWEHHA [0 MOHATTA poAi Yy pone-
opieHToBaHOMY nporpamyBaHHi [4] abo y napagurmi DCI
(Data context interaction) [3]. 061uABa BKa3aHi nigxoam fo
nporpamyBaHHA Po3rNAAATL Poib AK NpoAB 00'eKTy Yy
MEeBHOMY KOHTEKCTi, y TOil Yac AK y Cnocoi, Lo nponoHy-
€TbCA, PONb PO3MNAAAETLCA AK XapaKTEPUCTUKA MeXaHi3-
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MiB JocTyny 10 GOKanbHOro 06'ekTy 3 60Ky 06'ekTy HaBKo-

NNLLHBOTO CepeoBULLA.

[puruun inkancynauii Ha pisHi nocusnarb. Ponb, 1o
onncye 0cobnnBOCTi B3aeMogii 3 (oKanbHUM 06'€KTOM,
BM3HAUA€TbCA ANA KOXKHOrO MOCUNaHHA okpemo. To6To
AEAKNI 00'€KT HABKONMLUIHLOIO CepeioBLLa MoXe 30epi-
raTin JeKinbka nocunaHb Ha GoKanbHuiA 06'€KT, i KOXHe 3
NOCUNaHb MOXe OMUCYBaTU (BOK POfib, B MeXax AKOI
BifOyBa€TbCA B3aEMopiA 3 (QokanbHUM 00'ekToM yepe3
HbOrO.

Ha 0cHOBI NofaHNUX NPUHLKNIB ANA ONKCY iHKaNCynA-
Liii 00'€KTy 3 BUKOPUCTAHHAM HOBOIO CM0COOY NPOMOHYETh-
(A BUKOHAHHA HACTYMHUX KPOKIB:

1. Onucatv knac. [Inq uboro HeobxiaHo onucaTu:
Mona knacy (cTaH 06'eKTy) Ta iloro MeToAM.
OcHoBHi poni, AKi MOXYTb 6yTn BUKOPUCTaHi AnA

B3aEMofii 3 Knacom (aeTanbHiwe npo cnoci6 onucy

MeTafaHuX Knacy AnB. n.2.2.).

1.1
1.2

Obj ect pure private

method_1 J. saint)
CCess exp. e

method_2 by next table

method 3

Example:

Pointer Has access to method

of role_1 only

2. OTpumatu goctyn [o 00'eKTy Knacy uepe3 nocu-
NaHHA:
2.1. Y byab-Akomy Micui, Ae peanizyeTbca B3aemogia
3 GoKanbHMM 06'€KTOM, OMMUCATN MOCUNAHHA, Yepe3
AKe Byae BinbyBatucb B3aemopis, cneuydikyBaBLmM
ioro poniio, KoTpa byfie BUKOHYBATMCb Yepe3 HbOoro.
Mpu ubomy ponb Moxe 6yTh CTBOpeHa Ha MicLi onu-
Cy NOCMNAHHA, AKLLO Lie HeOOXifHO.
BukoHaTi B3aemogio 3 ¢okanbHUM 06'ekTOM
yepes NOCUNAHHA.
3anponoHoBaHuii cnoci6 peanisauii iHkancynauii 6y-
N0 BUPILLEHO HA3BaTW cesiekmusHuUM (Bif aHrn. select —
"06upaTn"), ockinbKi BiH [03BONAE 0OMPATU METOAN, A0
AKUX MOXNMBO OTpUMATI JOCTYN NicnA Aeknapauii rpyn
A0CTYNY B ONKCi KNacy.
IntocTpauito cenekTMBHOro cnocoby peanisavii iHkan-
Cynawii MoxHa nobaunty Ha puc. 1.

2.2.

Methods {
Roles | method_1 | method_2 | method_3 |...
role_1 + + .
role_2 4+ +
role_3 + -+ + f

pointer.method_1() - call method #1 JOK

pointer.method_2() - call method #2 ‘/OK

Access

pointer.method_3() - call mathod #3 X denied

PucyHok1 - fliaepama, wio intocmpye cenekmueHuli cnocib opzanizayii iHkancynayii

2.2 Onuc poneit 3a ,ONOMOroi0

aTpubyTis Knacy

Mpw onuci poneii y 6yab-AKiit MOBI NporpamyBaHHs
AOLiNbHO BUKOPUCTOBYBATY [A0AATKOBI MOBHI KOHCTPYKLT,
AKi 6e3nocepeHbO ONUCYOTb 0C0ONUBOCTI BiHOLLEHb MiXK
06'ektamm. OcKinbkn Ui KOHCTpYKLii 6epyTb Ha cebe onmc
LONOMiIXKHUX 0C0bNMBOCTE Knacy, Oyaemo ix Ha3uBaT
Memaodarumu Knacy.
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[JleAki cyyacHi MOBI NporpamMyBaHHA BXe 3apa3 nig-
TPUMYIOTb  KOHLenLjlo MeTafauux. TaK, Hanpuknag, y
CimeiAcTBi MOB AnA BipTyanbHoi MawuuHu NET icHye noHart-
T4 ampubymie knacy [5], y MOBi nporpamyBaHHs java Ana
NoAiOHMX Liineit BBeEHO NOHATTA aHomayili [6].

Y HaCTYMHMX MyHKTax po3risAHyTO MOXANBY peanisa-
Lil0 ONMCYy MeTafaHWX Knacy y Mexax MOANQiKoBaHOI
MOBY nporpamyBaHHa (4. Y AKOCTI oguHULi onucy me-
TaflaHUX NPUAMAETbCA NOHATTA ampubymy (++ (TyT
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npuiimaetbea Tepmikonoria .NET). lig arpubytom posymi-
€TbCA NeBHUIA ifeHTudikaTop (iM'a aTpubyTy), KOTpuii Mae
7N (Tun atpubyTy), i Y BiANOBIAHICTD AKOMY C(TaBUTbCA
nepenik ifeHTUdIKaTopiB-apryMeHTiB, 3MiCT AKUX BU3HA-
YaeTbeA TUMOM aTpubyty. Mpu LUbOMY Y AKOCTI aprymeHTy
aTpubyTy MOXYTb BUKOPUCTOBYBATUCH iHLLI aTpUOYTH.

2.3 Onuc BigHOWeHDb 3a Aonomoroio aTpubyTis

flk 6yno BKazaHo y NyHKTi 1.2, iCHyluN MOBHM Npo-
rpaMyBaHHA NIATPUMYIOTb OMKUC CTPYKTYPHUX BiAHOLIEHD
abo 3a fonomoroto cnevianbHUX C1iB MoBM, abo y pamKax
iCHYIYOr0 CUHTaKcucy. [0N10BHIM HeJonikoM 060X BKa3a-
HIX CNOCOBIB € Te, LU0 BOHI 03BONAKTH ONUCYBATU NNLLE
CTPYKTYPHi  BiHOLIEHHA, He 3anuLaouu MOXNMBOCTi
I0[}aBaTV 0 MOCUNaHb HOBI aTpUOYTH.

Y [aHili cTaTTi NpONOHYETbCA abCTparyBaTit NOHATTA
CTPYKTYPHOrO BifiHOLUEHHA i BBECTU Y nepenik aTpubyTis
Knacy atpubyTu Ana onucy BiSHOLIEHb LibOro TUMY.

3 JOCNIAMEHHA MOXUBOI PEANIBALLIT

3ANPOMOHOBAHOI0 COCOBY OMKUCY

BIAHOLIEHb MIX OB'€EKTAMU

Y nonepegHix po3ginax 6yno Bu3HaueHo iaeto HOBOro
Cnocoby onucy BiHOLWEHb MiX 00'ekTamn. A Byab-AKuii
MEXaHi3M, L0 BKNKYAETbCA Y Nepenik MoXNNBOCTell MOBM
nporpamyBaHHs, MoTpebye TeKCTOBOro 3amucy y BUrAALI
CUHTAKCUYHUX KOHCTPYKLii MOBU. TOMY HaCTynHuiA po3Ain
CTaTTi NPUCBAYEHO BUPILLEHHIO NUTAHHA NObYAOBI CMHTa-
KCy AnA peanisauii 3anponoHoBaHOro Cnocoby onucy Mi-
K00'€EKTHUX BifHOLLEHb, W10 TAKOX [JO3BOAUTL rubLLe
3p03yMmiTu AeTani JaHoro cnocoby.

[pw onuci CuHTaKCUCy HeObXiAHO CNUpaTUCh Ha Nori-
Ky, Ha OCHOBI AIKOi BUKOHYETbCA YNTAHHA KOAY, aKe un-
TaHHA Kody — Le i, Wo 3aiMae Hanbinblwmit yac npu
po3po6ui M3. Mpu peanizauii yactuHu Kopy, ANA AKOI Kpu-
TUYHA THKaNCynALia MeToziB, OiNbLuy YaCTUHY Yacy BUKO-
HYETbCA YMTaHHA iHTepdelicy pokanbHoro knacy (y Hacni-
JL0K TOr0, L0 CaMe iHTepdelicn onucylTb MeTOAN AK une-
HU KNaciB) i Aeknapauiin 3MiHHUX TNy GoKanbHoOro Knacy
(uepe3 3MiHHi BUKOHY€ETbCA B3aEMOpiA 3 00'ekToM). OTXe,
ame y WX Micusx Kogy HeoOXifHO ONMCaTI HOBI CMHTaK-
CUYHI KOHCTPYKUiT.

3.1 leknapauia meTagaHux knacy

Onuc ocobnuBocteit poni byaemo BUKOHYBaTH 3a Jo0-
MOMOTOK CMHTAKCUCY ONUCY MeTajaHux knacy. [eknapa-
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Uilo  aTpubyTiB NpPOMOHYETbCA BUKOHYBATM HACTYMHUM
YUHOM:

"{"<attribute-type> "}" (<attribute-identifier>) ":"
("[")<arguments-list>("]")";", ne

- attribute-type (tun atpnbyty). Ha ocHOBI nogaHoro
y AaHiii CTaTTi MaTepiany MOXHa oOnuUCaTh ABa TUNK aTpu-
byTiB: access Ta owning. BoHu onucyioTb, BiANOBIAHO,
CTPYKTYPHi BiAHOLLIEHHS | BiAHOLLIEHb AOCTYMHOCTI;

- attribute-identifier (ineHTUQikaTop atpnbyTy) - iM'a
atpubyTy. Moxe OyTn BiAcyTHili - aTpubyT npu ubomy byae
Ha3MBaTUCb GHOHIMHUM. AHOHIMHI aTpnbyT 3py4HO BU-
KOpWCTOBYBATM MpU OMUCi apryMeHTIB iHWuNX aTpubyTiB
ANA BU3HAUYeHHA aTpuOYTiB-apryMeHTiB y Touli onucy
aTpubyTy (AMB. NPUKNAZ HIXKYE);

- arguments-list (cnucok aprymenTis). lepenik uepe3
KOMY apryMeHTiB, L0 CTaBAATHCA Y BiANOBIAHICTb aTpuby-
Ty. TaK, Hanpuknag, ana atpubyty Tuny access e byae
nepenik MeTopis, 40 AKMX Oyae BIAKPUTMIA JOCTYN yepe3
ponb. TakoX y AKOCTi apryMeHTy MoXe BICTYnaTy Bupa3 3
atpubytis Tuny attribute-type, 3anucaHux 3a npaBunamun
apuPMeTUKIN MHOXIH (AUB. puc. 2).

lMpumimka N°T: 3anuc y nankax 03Hauyae HanexHicrb
pAAKa CN0BaM MOBM.

[Tpumimka N°2: 3anuc y yKax o3Hauae HeoboB'a3-
KOBICTb BUKOPUCTAHHSA C/1iB, LLI0 3aNKUCYI0TbCA Y yXKKaX.

Takum ynHOM, ONKMC KNacy 3 MeTajaHUMu rpyn 2oc-
Tyny, Wwo 306paxeHi Ha puc. 1, Ta 0AHUM NOBHUM ONUCOM
poni test_role 6yne BUrNAAATIA HACTYMHUM YMHOM:

// Class declaration

/l

class A

{
method_1();
method_2();
method_3();

// Declaration of metadata:

/l

{access} role_1: method_1, method_2;

{access} role_2: method_1, method_3;

{access}role_3:role 1, role_2;

{role} test_role: [{access}: role_3, {owning}:
has_al;
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/1 For role declaration using anonymous attributes,
that declaring on point

// (There are next anonimus attributes here: access,
that includes access of role 3

Role_A [role]

Access_A [access]

/
/l Owning_A [owning] _ _ —

! ROLE ARGUMENTS

/I and owning, that explained as has_a owning
type).

Role_B [role]

[aceess]

{role} Role B : <=> {role} Role B :

C()[lyl (Set of pair access and owning) H{access} : Role_A, Role_4;
! fowning} : Role_AJ;
i
1
1
\l/ Access_C [access]
{access} Access C: Role A, ... ;
// Where "..." means "some other arguments"

ACCESS ARGUMENTS

PucyHok 2 - [liaepama, wio intocmpye nepedady apaymenmis mixx ampubymamu

TaKoX NPONOHYETbCA BU3HAYUTI HACTYMHI aTpubyTH
33 3aMOBUYBAHHAM ANA NIATPUMKI 3BUYHMX 1A CYYacHUX
MOB NPOrpamyBaHHA NOHATD:

- (TaHJapTHi atpubyTn Joctyny: private, protected,
public.

Mpu X onuci MoXe BUKOHYBATUCb HEABHe Po3LUM-
PEeHHA iHWMUMN aTpubyTamu, To6T0:

{access} public: /* Public methods names */;

{access} protected: (public), /* Protected methods
names */;

{access} private: (protected), /* Private methods
names */;

[lpumimka: TYT 3anKC y KPYrAUX AyXKax 03HAYaE Te,
Lo AaHe CNOBO NUCATI HEOOOB'A3KOBO, BOHO 3a 3aMOBYY-
BaHHAM Ma€TbCA Ha YBa3i Y BU3HaUeHOMY MiCLj;

- CTaHZAPTHi poni:

{role} this:[{access}: private, {fowning}: knows_a]

{role}  child-default:[{access}: protected, {owning}:
has_al.

{role}  public-default:[{access}:  public,
knows_aJ.

3.2 [leknapauia nocunaHb

Ponb nocunaHb NpoONoHYeTbCA AeKnapyBaT 3a CUH-
TaKkeMCoMm LwabnoHiB y (++ (y TpUKYTHUX Byxkax). [lekna-
paLia nocunaxHA 6yae BUrNAAATI HACTYMHUM YUHOM:

{owningj:
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<reference-class>"<"<attribute-identifier>">"
<reference-identifier>

[HLWMMK CnoBaMK, MOMIMBO Y TOUL ONKCY NOCUNAH-
HA BIU3HAUMTH ponb "3 Hyna" abo nepeaat icHytouy ponib y
AKoCTi aTpubyTy poni, wo onucyetbea (TyT nig attribute-
identifier po3ymieTbca ineHTuikatop icHytouoi poni).
// Pointer declaration
/l
// Getting class metadata from role:
foo(A<[{access}: test_role, {fowning}: func_owning]>
pointer)
{
pointer.method_1(); // Calling this method is OK
pointer.method_2(); // Calling this method is OK
pointer.method_3(); // Semantic error - access
denied

}

// Role extending
foo(A<[{access}: role 1,
func_owning]> fullPointer)

{

method_3, {owning}:

fullPointer.method_3();
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/1 Qall of method_3() is OK here, because it
performed
// for new role with wider access.

}

4.0LIHIOBAHHA AKOCTI PO3POBJIEHOI0

cnocoby

AHani3 aKocTi po3pobneHoro cnocoby byaemo BUKo-
HYBaTM Ha OCHOBI 1Oro peanisauii, CMHTAKCUC AKOi OYB
ONUCaHWI Y po3gini 3 3a KpuUTepisMuM, BCTAHOBNEHUMM Y
MYHKTi 2.

4.1.AHani3 3a KpuTepiem NaKkoOHiYHOCTI onucy

6a30B0i PyHKLiOHaNnbHOCTI

[ina aHanisy onmcy CTpyKTypn Knacy Ta Aeknapauii
NOCUNaHb, L0 BUKOHYIOTb OMKC BiHOLLEHb AOCTYMHOCT 32
3aMOBYYyBaHHAM (0€3 3MiHM rpyn JocTyny 3a 3aMOBYY-
BaHHAM), BUKOHAEMO OMIC KNacy, Lo BKAKYaE y cebe Tpu
METOAN 3 Pi3HUMI PIBHAMMN JocTyny: private, protected i
public. Onuc byaemo BMKOHYBaTU y pamMKax CMHTAKCUCY
(++ (3niBa) Ta moaudikoBaHoro (++ (cnpaga), (MHTaK-
Cuc AKoro 6yB onucanmil y po3gini 3.

Tabnuys 1 -
MopiBHAHHA C++ Ta mogundikoBaHoro C++ 3a
nakoHi4HicTio onucy 6a3oBoi pyHKLioOHaNb-

HOCTi
++ | MoaundikoBanui C++
Dleknapaujis knacy
Class A Class A
{ {
// state declaration // state declaration
private: void fooA();
void fooA(); void fooB();
protected: void fooC();
void fooB(); {access} public: foo;
public: {access} protected: fooB;
void fooC(); {access} private: fooC;
} }
Jleknapaulis nocunaHb
p<A> thePointer; A<{owning}: has_a> thePointer;
/1 "p"is name of "has_a" | // class explain reference access by
auto-reference default
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Y BKa3aHoMy npuknagi obcar Kogy no pagkam 3anu-
LUIAETbCA OAHAKOBIM, afle, pa3oM 3 TUM, MOXHA BIAMITATY
JeKinbKa HeonikiB:

1. 3anuC imeH METOAIB Y OAUH PALOK MOXe YCKNaj-
HUTVW YUTAHHA KOZY.

2. [pu 3acToCyBaHHi CTaTUyHoro nonimopdiamy ans
meTogiB knacy [1] im'a MeTody nepecta€ BUKOHYBATH 110r0
BUYEPNHWIA OMIC, i OMIUC Poni, rpyna JocTyny AKOI BU3Ha-
YAETbCA NNLLE IMEeHeM METOAY, MOXe CTaTi HeoAHO3HaY-
HUM.

Bka3aHux HegonikiB nnaHyeTbea no36yTuch npu 4oc-
NiPKeHHi peani3aviii po3LwmMpeHoro cnocoby onucy BiaHo-
WweHb Mix 06'ektamu y 00 napagurmi.

4.2 AHani3 3a NaKOHIYHiCTIO

mopudikauii pyHKUioHanbHOCTI

Y knacuynomy (++ po3wmpeHHs Hemoxnuge 6e3
3MiHN Kofly knacy. TyT BBaXaeTb(A, WO yci MeToau Knacy
6ynu onucani Ak public.

Tabnuys 2 -
MNopiBHAHHA C++ Ta mogudikoBaHoro C++
3a nakoHivHicTio moaudikauii pyHKLioHa-
NbHOCTI

C++ | MopaudikoBanuin (++

3miHa iHkancynauii knacy

(lass Role_1proxy Y moanikoaHiit (++
{ CTBOPEHHA proxy He notpi6-
private: HO.

/I Here we have
implementation of owning

p<A> _proxyField;
public:

void fooA()

{

_proxyField.fooA();

}
void foo(()

{

_proxyField.fooC();
}

[Jleknapaulia nocunatb

Role_Tproxy thePointer; A<{access}: public, fooC,
{owning}: has_a>

thePointer;
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OueBugHo, o o6car Koy CTaB Habarato MeHLUM
Mpu BMKOPUCTAHHI 3anpOMOHOBAHOr0 Y CTaTTi cnocoby
ONNCY BiiHOLLEHb MiX 06'eKTamu.

BUCHOBKHU

Micna npoBefieHHA aHanisy cnocobis nobyaoBy Big-
HoleHb MixX 06'ekTamu B icHytounx 00 moBax nporpamy-
BaHHA 3 ypaxyBaHHAM iOr0 pe3ynbTaTiB 3anponoHOBaHO
PO3LLMPEHNIA Cnocib onmcy Mixo6'eKTHUX BiAHOLIEHD i, AK
CKNajoBYy YacTuHy cnocoby, po3pobneHo cnoci6 peanizavii
iHkancynauii B 00 napagurmi. Ha ocHoBi cdopmynboBaHmx
KpuTepiiB OLiHIOBaHHA AKOCTI peani3auii onucy BifHOLIEHb
MopiBHAHO 3anuc Kody Ha (++ i3 3anucom Ha moaudiko-
BaHoMy (++, i, AK pe3ynbTaT, AOBefeHO edeKTUBHICTb
cnocoby 3a ABOMA 3 TPbOX BCTaHOBNEHUX KpuTepiiB. [ns

NITEPATYPA:

nepeBipKi 3a KpUTepiem AeckpunTUBHOCTI NOTPIOHO BUKO-
HaTW couionoriyHe JOCIMKEHHA CNPUAHATTA Nporpamic-
TaMu 3 JeAKoi KOHTPONbHOI rpynu peanizavii po3LumpeHo-
ro €noco6y onucy BiAHOLIEHb MiX 00'eKTami.

Takum YMHOM, y CTaTTi BUKOHaHI YCi NoCTaBneHi 3a-
Jiavi i BocArHyTa MeTa - 3a6e3neyeHHA MOXIMBOCTI ANHa-
MiYHOr0 3MiHIOBaHHA MiX00'€KTHUX BigHOLLEHb 663 3acTo-
CyBaHHA MPOMIXHUX NPOrpamMHUX CYTHOCTEiA.

Y nojanbliomy nAAaHYETbCA BMKOHATW MPOrpamHy
peanizaLlito CUHTAaKCMYHOrO JONOBHEHHA 10 MOBY Nporpa-
MyBaHHA (4, WO A0Ja€ ONUCAHI Y CTaTTi enemeHTH CUH-
TaKancy. Lle 403BOAUTL Ha NpaKTULi nepeBipuTI nepeBari
i HeZ1OMiK 3aNPONOHOBAHOTO CMOCOBY.
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