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Abstract. Today the problem of fast and economical design of reliable software is up to
date. For a quick and economical design of reliable software is possible to apply formal methods
of software specifications. Formal methods allow to prove some properties of programs using
mathematical methods.

Specifications program should include a description of program goals, functional program
structure, input application program output. Problem improving the adequacy of representation
of data structures, functions, and compositions used in programming is important.

In this article the notion of abstract computably has been defined. Complete classes
of computable functions of various abstraction levels have been described. Formal semantic-
syntactic models of specification and programming languages have been defined and investigated.

Imperative and declarative models of nondeterministic programs based on composition-
nominative approach are constructed and investigated. Semantics of such programs is presented
by partial multi-valued functions. The complete class of naturally computable functions of
described type is defined and its algebraic representation is built. A special computability
considered in this paper is nominative computability. Nominative computability allows to set
adequately a complete class of computable functions over nominative data. At the same time
nominative computability is invariant relative to a set of basic elements. Moreover, it is oriented
to functions and compositions, which are close to function and compositions of programming
languages.

You can increase the adequacy of the default data structures, functions, and compositions
used in programming languages if you use nominative data.

Axiomatic theory of nominative data develops a theory of admissible sets. This theory has
a number of advantages with respect to the adequacy of programming. It is powerful enough
to produce computable function over various data structures. It is not as restrictive as different

versions of constructive logic, but not too strong and does not allow, for example, the use of
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axioms constructing the set of all subsets (compared to the set theory ZF). This theory uses the
basic data (praelementy) corresponding methods of constructing data programming.

An axiomatic theory of nominative data, which is capable to specify all computable
functions, is constructed. The axiomatic system of program specification over nominative data
is constructed.

Prototype axiomatic system software specifications of nominative data (OBJ-NDSL) is
constructed. It is based on composition nominative method, axiomatic system software
specifications of nominative data and it is based on the sequent calculi for logics. This prototype
is based also on language Object-Z.

OBJ-NDSL system allows to prove some properties of programs. shown that for an axiomatic
system specification software method can effectively use composition nominative approach.

Composition nominative approach is sufficient to adequately meet the needs of programming.

BcecTyvn

[Tocriitne posmupenHst cepr 3aCTOCYBAHHS OOYHUCIIOBAJIBLHOI TEXHIKM Ta HEOOXil-
HiCTb MTOOYI0BU BCe OIIBIN CKJIAJHUX POrPAMHUX CUCTEM 3arOCTPIOE ITPOOJIEMY MIBUIKO-
ro Ta eKOHOMIYHOIO KOHCTPYIOBAHHS HAJIITHONO IPOTPpaMHOTO 3a0e31evdeHHs. YCKIIaIHEeH-
HeI TPOTPAMHIX KOMILIEKCIB, a TAKOXK 301MbIMeHHs 3a/I€sKHOCTI JIIoAeil Bil mpaBUILHOTO
dyHKIIOHYBaHHS CUCTEM, BUKJIUKAE 3POCTaHHs BUMOTL JI0 1X HaJjiitnocTi. B 6ararbox Bu-
MaJIKaX «PY4IHi» METOIU PO3POOKHU IIPOrPAMHOTO 3a0e3MeUeHHs CTal0Th He3a 0BIIbHUMA.

OpHUM 3 KPOKIB JI0 BUPIMIEHHs IIPOOJIEMH IIBUIKOIO Ta eKOHOMHOI'O KOHCTPYIOBaH-
Hsl HaJIHOTO IPOrpaMHOr0 3abe3leveHHsI B YMOBAX ITOCTIHHO 3POCTAIOY0l CKJIAIHOCTI
KOHCTPYIOEMUX IIPOTPAMHUX CHCTEM € 3aCTOCYBaHHs (POPMAJILHUX METO/IIB creludikarriit
porpam, 1o JI03BOJIsSIE€ JOBEJIEHHS ITEBHUX BJIACTUBOCTEH IIpOrpaM, 30KpeMa, BJIaCTUBOCTI
MPaBUILHOCTI, 38 JIOIIOMOI'0I0 MaTeMaTUIHUX METOJIIB.

Cruerudikariist mporpamMu MOBHHHA BKJIIOYATH B cebe oruc Iijieit mporpamu, i1 pyHK-
IIOHAJIBHY CTPYKTYPY, BXiaHi Ta BuxigHi mami mporpamu. [Ipu mobymosi MoB crenmdikarriit
IIporpaM, BasKJIMBOIO € 3aJad4a INIBUINEHHS PiBHA aJeKBATHOCTI IOJaHHS CTPYKTYDP Jda-
HUX, (PYHKIIIH Ta KOMIIO3UIIH, 10 BUKOPUCTOBYIOTHCSA B IIPOTPaMyBaHHI.

B [1, 2] nokazano, 1110 3 TouKu 30py KoMIosuiiiitno-nominarusroro miaxomy (KHIT) [1,
2, 3, 4|, BukopucroByoun HoMinatusai gaui |1, 2, 3, 4] MoXKHa TiIBUIUTH aJ€KBATHICTE
3a/IaHHs CTPYKTYP JIaHuX, PYHKINH Ta KOMIIO3UILI, 1110 BUKOPUCTOBYIOTHCA B MOBaX IIPO-
rpaMmyBaHHs (IIPOIe/lyPHE [IPOrpaMyBaHHsi ), Ta Oy LyBaTu cucremMu crerudikariiil mporpam
Ha, €JIMHIIl KOHMENTyaJ bHi#l ocHOBI. B KOMMO3UIITHOMY mpOrpaMyBaHHI JOC/TiIZKYIOTHCS
cucreMu Ha pi3HUX piBHsAX abcrpakiil [3, 4], sKi BUHMKaIOTH Ha NMUIAXY eKCIUHKAaIil mpo-

rpaMyBaHHs — abCTPAKTHOMY, OYJEBCbKOMY Ta HOMIHATHBHOMY (aTpuOyTHOMY) PIBHSX.
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CucreMu 0CTaHHBOI'O PiBHSA, KOMIIO3UIIITHO-HOMIHATUBHI CUCTEMHU, € JOCUTH OaraTuMU JIJIs

aJIeKBaTHOI'O 3aJIaHHs MOJIeJIeil CTPYKTYP JaHUX, IPOrpaM Ta 3acobiB IX KOHCTPYIOBAHHS.

1. AKCIOMATUYHA TEOPISI HOMIHATUBHUX JAHNX

Akciomarnyna Teopis HoMiHaTuBHUX JaHux |1, 2, 3] posBuBaerThest B Jyci Teopii jo-
nycrumux MuoxkuH (C. Kpinke, P. Ilnarexk, /Ix. Bapsaiiz, FO.JI. €pmos). Ila Teopis
Ma€ HU3KY IepeBar, y BiJIHOIIEHH] aJIeKBATHOCTI JI0 IpOrpaMyBaHHsI: 3 OJHOTO OOKY, BOHa
JIOCUTBH TOTY?KHa, 00 MOPOJIZKYBaTH 00UNC/IOBaHI (PyHKINT HaJ[ PI3HUMU CTPYKTYypaMu
JaHNX, 3 IHIIOrO 2K OOKY, He HACTIAbKH O0OMeXKyBaJbHa, SIK Pi3HI BapiaHTH KOHCTPYK-
TUBHUX JIOTIK, aJle 1 He HaJIMIPHO TOTYKHa Ta He JIONYCKae, HAITPUKJIAJ, 3aCTOCYBaHHS
akciomu moOyI0BI MHOYKIHU BCIX MMHOXKUH (B MOpiBHsIHHI 3 Teopieto muokuH ZF). Kpim
TOTO, TIsI TEOPist BUKOPUCTOBYE 6a30Bi naHi (mpaesieMeHTH ), Mo BiAIOBiae MeTomaM mody-
JOBHU JAHUX y IporpamMyBaHHi. Teopiss HOMIHATUBHUX IaHNX OYIyETbCA SIK aKCiOMaTHIHA
Teopist 1-10 MOPsJIKY 3 PIBHICTIO Ta TEPHAPHOIO 3B’sI3KOI0 (IPEAMKATOM) HOMIHATUBHOL
HAJIEZKHOCTI, 110 3aIMCy0ThCst B iHDIKCHi dopmi z — yE,a (abo (z,y)ELa).

Kiracom Ag-opmysr HasnBaeThCsT HafiMeHIHit Kac Y, 1o MICTHTh eJieMeHTapHi ¢hop-
MyJIH 1 3aMKHEHHU{l BIJIHOCHO HACTYIHUX orepaiiiii: 1) skio ¢ € Y, 101 @ € Y, 2) akiro
o eY , 0ipVYy €Y ipAp €Y, 3)akimo ¢ € Y, 101 Ve — yEap, Iz — yErap €Y
JJId BCIX 3MIHHUX T, Y, G.

Kiac Y-dopmyn € HafiMeHmmmii Kiaac Z, mo MicTUTb Ag-opMysin 1 3aMKHEHWiT BiI-
HOCHO yMOB 2) i 3) BusHaueHHsi Ki1acy Ag-GopMyIT i HACTYIIHOT YMOBH €K3UCTEHIiaIbHOT
KBaHTH®IKAII: Ko ¢ € Z, 1o Jup € Z.

Crreniayibhi akcioMn akcioMaTuvIHOl cucteMu crienudikariii mporpam wa HJL nirsarbes
Ha TPpU TPYNH: TepIia I'PyIa ONMUCYE BJIACTUBOCTI PiBHOCTI; ApPyra — OMUCYE BJIACTUBOCTI

MHOYXKWHY iIMEH Ta JJAHUX; TPeTsd Ipylia akciom omucye Biaactuocti H/I:
1. ekcrencionanbHicTb: VaVy(x — y€,a <> © — y€,0) — a = b;
2. dynnoBanicTh (IHAYKIS 38 HAJIEXKHICTIO):
(Va(Ve = yenap(z) A p(y) — ¢(a))) = Yap(a);
inayknis 3a srmodennaM: (Va(Vb C ap(b) — ¢(a))) — Yap(a);
Ag-Bugiennst: 3VaVy(z — yE,b < x — y€a A pola));
iMeryBaHHs: dcx — YE,C;

o6’enannst: Ic(a C cAb C c);

R

HerpuBiaibHicTh: JadrIy(x — yE,a).
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2. HOMIHATUBHA OBYUCJ/IFOBAHICTb

B [3] BBemeno o posmisiimy Ta  JIOCHAZKEHO  CIEMialdbHUil  BHUJ — 00YHCIIIO-
BaHOCTI — HOMIHATUBHY o0umc/IoBamicTb. HoMiHATMBHO —OCYUC/IIOBAHMME — HA3H-
BalOThCd (DYHKINI HaJl HOMIHATUBHUMHU JIAHWUMHU, OTPUMaHI 3aMUKAHHAM (QyHK-
uiit {= 0,= 1, HD,\D,UD,\D, (=w)p,asp,cnp, € Wp} BIAHOCHO MHOKIHE KOMIIO3H-
uiit {op,op,*p,Op}. Ilokazano [1|, o goBiIBHA YACTKOBO-peKypCHBHA (DYHKIIisS MO-
’Ke OyTH IIpeJcTaBIeHa HOMIHATUBHO OOYMCIIOBAaHUME (DYHKIIAMU HaJ, MHOMKUHOIO Ha-
TYPaJbHUX YUCETT IIPU 1X MOJIETIOBaHHI y Kjaci HOMIHATUBHUX JIaHUX. KpiM TOro, rmoka-
3aHo |1, 2|, mo KokHA HOMiHATUBHO obumciOBaHa |1, 2| dyHKIs MpejcTaBuMa JIesIKUM
6inapaum Y-npeiukaroM P(x,y), Tobro f(x) =y Tomi i Tiabku tosi, Komm P(x,y). dis
I[LOrO OYAYIOTLCS IPEICTaBICHHS BCiX (DYHKIL, 3a3Ha9eHNX Y BU3HAYCHHI HOMIHATUBHOL

O0YNCTIOBAHOCTI, & TaKOXK BCIX (PYHKIIiH, OTPUMAHUX 3aCTOCYBAHHAM KOMIIO3UIILIMA.

3. CUCTEMU CHELU®IKAIIN IMTPOrPAM aJisd OOII
HAJl HOMIHATUBHUMU JAHUMU

Ha cporosnimuiit JieHb abCOIIOTHUM JIJIEPOM B TPHUKJ/IATHOMY IPOTPAMyBaHHI €
o6’ekrHO-0pieHTOBane nporpamysans (OOII) [5]. Takum unsOM HpU 1O6Y/IOBI CyYaCHUX
MOB crenudikaliiii mporpaM HeOOXiJTHO BpaxoByBaTH CIENMu@iKy 00’€KTHO-OPI€EHTOBAHUX
MOB IIPOrpaMyBaHHs, a came Te, 1o Metojooris OOII 6a3yeTbest Ha 1pe icTaB/IeHH] TTPO-
IrpaMi y BULJISIII CyKYITHOCTI 00’€KTiB, KOKEH 3 SIKMX € €K3eMILISPOM IEBHOTO KJIacy, a
KJIACH YTBOPIOIOTH i€papxito Hacsixysanus |5]. [Tokaxkemo, mo KHIT moxe 6yru 3actoco-
BaHWil Jy1s 1100y 10Bu cucteM crermdikaniit mporpam s OOIT [5]. st poro crioyarky
dopmasizyemo rnousiTTsa 06’ekra, Bukopucropytoun KHII. Bazosi Tumu janux MoB mporpa-
MyBaHHs Oy 3azaui B [1, 2|, kpim Toro B [1, 2] 6ysio 3a1an0 DyHKIT HAJL HOMIHATHBHUME
maaumu. O0’€KT MOXKHA, IIPEICTABUTH HOMIHATHBHUMU JTAHUMU HACTYITHOT'O BUTJISTY:

< ob’ekt >1:= []|[< iM'st — 06’ekTy > < ommc — 06’€KTy >

< omuc — 06’ekry >1:= [class — [name —< iM’sg — K1acy >, base — (||

< ob6’ekt >, inter face — list — [|| < inrepdeiicu >, members — |||

[attributes — [||< aTpubyt >, ..., < arpubyT >, methods — [||

< METOJ >, ..., < MeToX >, properties — [||< Bracrtusicts >, ..., < BracTuBicTb >|]

< inrepdeiicu >::= < inTepdeiic >, ..., < inTepdeiic >

< inrepdeiic >::= [< i’ — inTepdeiicy > < onuc — inrepdeiicy >|

< omuc — inrepdeiicy >::= [inter face — [name —< iM’s — inTepdeiicy >,

inter face — list — [|| < inTepdeiicu >, members — [||[methods — []

|< meTon >, ..., < Meroj >, properties — [||< BiracTuBICTB >, ..., < BIACTUBICTH >||

< arpubyr >:= [visibility —< BUAUMICTH >, name — < HOMIHATUBHE aHe >]
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< merog >:= [visibility —< BUAUMICTH >,

modi f +—< moudikaTop >, name — < HOMIHATHBHE — JlaHe >]

< BHacTUBiCTH >= [visibility — < BummMicTb >,

get — [visibility — < BuguMmicTb >, prop —< HOMiHATHBHA — DYHKILA >,
set +— [visibility — < BuEMICTb >, prop —< HOMIHATHBHA — (QYHKILA >||
< Bugmmicrs >€ {0, 1,2,3}

/ /mosHadatoTh Mogudikaropu public, protected, private, internal

< moaudikarop >€ {0, 1} //mosnagators Momudikaropu virtual, override

Take JaHe CKIaJa€ThbCsl 3 KOMIO3UINI THIIB JaHWX Bu3HadeHux B |1, 3, 4], Takmm
YUHOM, OYEBH/IHO, IO BUIIE IIPEJ/ICTaB/ICHI 00’€KTH MOXKHA 3a/IaTH B KJIacl HOMiHATHBHUX
JaHUX.

BarnporioHoBaHe Ipe/icTaB/ieHHs: 00’ €KTiB MmigTpuMye Taki ocHoBHI BiactuBocti OOII,
sIK HACJII/IyBaHHs, IHKAIICYJIATIIO Ta MOYKe IMITPUMYBATH IMOJTIMOP]I3M.

3BaxKar4n Ha MOXKJIUBICTH MPEJICTaB/IEHHS 00 €KTY 3a JOIIOMOTOI0 HOMIHATUBHUX Ja-
HUX MOYKHA DO3IIMPHUTU 3alPOIOHOBAHW B 1| mporornin akcioMaTHYHOI CHCTEMH Clie-
mudikaniii nporpam Ha HomiHaruHuMEU Jarumu (NDSL), mo mobyroBanuii Ha OCHOBI
KOMITO3UITHO-HOMIHATHBHOIO METOJ/Ly YTOYHEHHsI MOHATTs mporpamu |1, 2, 3, 4], akcio-
MaTHYIHOI cucTeMu crerudikariii mporpaM Haji HoMiHaTHBHUMU Janumu [1, 3|, cexBen-
[IAHOrO YMCJIeHHsT HaJi HOMiHATHBHUME jaHuMu |1, 6], Ta Gepe 3a OCHOBY CHHTAKCHIHY
HoTario MoBu crerudikaiiit Z [7|. Jyst takoro posmupennst (OBJ-NDSL) Bizbmemo 3a
OCHOBY 3aIIPOIIOHOBAaHE TIPEJICTaB/IeHHsI 00’€KTiB, cuHTakcnvHy HoTario Mmosu Object-Z (8]
ta posmupumo Moy NDSL nouarTam kiacy.

OBJ-NDSL criermudpikartisi ckyragaetbest 3 GopMaIbHOTO MATEMATHIHOTO TEKCTY Ta, 1H-
TYTTUBHOIO HeOMIIIHHOTO T10sicHeH s (y BUDJIsI KOMeHTapiB). PopMabHUN TEKCT CKIla-
JIAETHCS 3 TIOCIIOBHOCTI Taparpadis, 110 MPEJICTABIAIOTh CXEMU-KJIACH, CXeMHU, TJT00aIbHI
3MiHHi, 6a30Bi Tunm cuerudikariii. Koxxken maparpad 6a3yerbest Ha MOMEPETHIX Ta MOXKE
BU3HAYATH OAWH UM OLIBINE IMEH CXeM-KJACiB, CXeM, OCHOBHMX THIIB, TVIOOAJILHAX 3MiH-
HUX Ta TJI00aJbHUX KOHCTAHT. BiH MO»Ke BHUKOPHCTOBYBATH iMeHa, BH3HAUYEHI B iHIINIX
naparpacdax.

Icaye inpka BuiB maparpadis. OCHOBHI BUBHAYEHHs THILY, CXeMa cTaHy (000B’sI3KOBO
HPUCYTHS Ta €1Ha), cxeMa iHinjasizamnil (060B’I3KOBO NPUCYTHS Ta €/IMHA), BU3HAYCHHSI
CXeMH, ollepaliil, IpeJuKaTh Ta IHIIIe.

Busnadenns 0a30BUX THIIB IPEJICTABISE OJWH, YU KiJbKa OCHOBHUX THUIIB. IMeHa,
110 BUKOPHUCTOBYIOTHCS HE MMOBUHHI MaTH IONEPEIHBOI IobaibHOl Jekaapartii. O61acThb
Ix mil IpOCTATAETHCS Bif BUBHAYEHHS M0 KiHIl crerudikaliii, IX iMeHa CTaloTh YacTHHOIO

IJ100aJILHOIO CJIOBHUKA, OCHOBHUX THIIIB.
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BusHaueHHsI cXeMU BKJIIOYAa€ BUJ[ CXeMU (CXeMa-KJIac, CXema CTaHy, cxeMma iHirjasi-
3ariii, onepariisi), imM’si, JleKJIapaTUBHY Ta akciomarudny dactuau. [Ipu npomy, Jexiapa-
TUBHA YaCTUHA CKJIAJIAEThCA 3 HAOOPY JieKjapaliiii 3MiHHUX 3 TUIIAMU, 110 € II00aJbHU-
MU THIAMHU, 260 1100Y/I0BaH] 3a JOIIOMOrO KOHCTPYKTOPIB THINB (JeKapToBHil 100y TOK,
MHOKMHA, CIIMCOK, HOMIHATMBHA MHOXKHUHA, KJjac). AKcioMaTHdHA YacTUHA CKJIaJIa€ThCsI
3 Habopy Ag-nipeukaris 1, 3.

Busnauennst cxemMu-Kjiacy BKJIIOUYA€ iM'sI, 9aCTUHY HAC/IILyBaHHs, JEKJIapaTUBHY Ta
IpeNKATHY YaCTHHE, CxeMy iHimiamizaiil ob’ekra (KOHCTPYKTOp), CXeMa-IIeCTPYKTOP,
cxeMu-MeToau. JacThuHa HACTIIyBaHHA MOXKE MICTUTH OOWH maparpad 3 o0’e€KToM Bi-
noBiiHOrO 6GazoBoro Kjacy, ta (abo) Jekiibka peasizaniit iHTepdeiicis. leknaparnsua
gacTuHa Moxke MictuTu public, protected, private Ta internal maparpadu, mo micTsaTh
BijIoBigHI HAOOpH JieKjaparliiii arpuOyTiB 3 THIIAME, 10 € II00AJHHUMU TUIlaMU, abo
1100y 10BaHi 3a JIOIOMOIOI0 KOHCTPYKTOPIB THIB (jeKapToBuii 106yTOK, MHOXKHHA, CIIH-
COK, HOMIHATHBHA MHOXKHUHa, Kjac). [Ipejukaraa (akcioMaTHYHA) YacTUHA CKJIAJIAEThCSI
3 Habopy Ag-npenukaris |1, 3|. Cxema iminjasizarii Ta cxema JeCTPYKTOpP € BiIIOBITHO
KOHCTPYKTOPaMU Ta JIECTPYKTOpaMu 00’€KTa, CXeMHU-METOJIN Ta CXEMU-BJIACTUBOCTI — €
3BUYAWHUMEI CXeMaMU BHJLY OTepallis.

Crmcok mpeauKaTiB MoxKe 3’ SIBUTHCH 1 sIK OKpeMuii maparpad. ¥y IIbOMY BHIIAJIKY, BiH
BU3HAYAE BJIACTUBOCTI crienudikaliii BUKOHAHHS AKUX 1M0oTpidHO nepeBiputu. [Ipu mpomy

BUKOPUCTOBYIOTbCS IJI00aIbHI 3MiHHI.

BucHOBKU

Basyrounch Ha KOMIIO3UINIHHO-HOMIHATUBHOMY METO/I YTOYHEHHST MOHATTA IPOTrPa-
mu |1, 3|, akciomarwuniii cucremi crenudikariiii mporpaM HaJi HOMIHATUBHUMU JIaAHU-
mu |1, 2, 3|, cekBeHIIHHOMY YHCIeHHI KOMIO3UIIHO-HOMIHATHBHUX JIOTIK |1, 5| Ta Mo-
Bl Object-Z [8] mobyoBano nporoTun akcioMaTnaHol cucremu crernudikaniii mporpam Haj
wominaruaumu Jaaumu (OBJ-NDSL). Cucrema OBJ-NDSL no3Bosisie noBoguTu 1eBHi
BJacTUBOCTI mporpaM. Tum camum mokazano, mo KHII moxke edekTuBHO BUKOPHUCTO-
ByBaTHCs JIjIsl TOOY/IOBU aKCIOMATHYHOI cucTeMu crienudikariii nporpam (B TOMy 4HCII
1 06’eKTHO-OpPiEHTOBAHNX) HAJ[ HOMIHATHBHUMIE JAHUMHI, 10 JOCTATHRO aJ€KBATHO BiJIIO-

Bijlae mmpobsieMaM porpaMyBaHHs.
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