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Onucano Mojejb CTBOPEHOI0 po3mIMpeHHsl (pyHkuilinux yHitepmiB. HaBeneno cunre-
30BaHy MOjieJIb 1eKOMMO3ULil a0CTPaKTHOI MicHCTeMH KOMII I0TEPHOI CHCTEMH T'eHepyBaHHS
nporpamMHoro koay. Onucano nodyaosani mogeni pynkuiiiHux ynirepmis. HaBeneno npukiang
(parmenTiB mporpamuoi peajizaiii cHHTe30BaHOI Mo/eJIi A0CTPAKTHOI MiICUCTEMHU.

KuarouoBi caoBa: Moaenb, QyHKUiiiHMA yHiTEpM, PpO3MIMPEHHS, IeKOMIO3MILisl,
miacucreMa.

The created expansion of functional description uniterms. A synthesized decompositiv
model of abstract subsystem for computer code generatiny system is prented. We describe a
functional model based uniterm. An example program fragment of the synthesized model
subsystem is gitem.

Keywords: model, featured uniterm, expansion, decomposition, subsystem.

Beryn i popmynioBanns 3anavi

Anrebpa anroputmie [1, 2, 3] Hagae dpopManbHi 3acO0M IS OMKCY, TIEPETBOPEHHS Ta ONTHUMI3AIIil
ITOPUTMIB, a TaKOX, Ha MifcTaBi (OpMyd aNrOpUTMIB, Ja€ 3MOTY CTBOPHTH KOMII IOTEPHY CHCTEMY
reHepyBaHHs NporpaMHoro koay. CydacHe 00’ €KTHE MPOrpaMyBaHHs OCHOBaHE Ha JEKOMIIO3HUIIIT MoJieni
CTBOPIOBaHOI iH(oOpMaIlliiiHoi cucteMd Ha kiach. Cami K KiIacu yTBOpeHi Meromamu (mpoiemypamu),
iHTepdelicamu, aenerataMmu, IepepaxyHKaMH, BIACTHBOCTSMH, IOJSIMH, 3MIHHHMH, OIepaTopamMH Ta
iHCcTpyKUisimu [4, 5], ski B anreOpi anropuTMiB Ha3BaHO yHiTepmMamu. Cami sk MeToau (Ipolenypu) MoB
00’ €KTHOTO TMPOrpaMyBaHHs BIAMOBIAIOTh (QYHKIIHHAM yHiTepMaM ajireOpu airoputmis [6, 7]. ¥V
JOCTIDKeHHsIX [6, 7] omucano cTBOpeHY Moenb onucy (iKIIHUX YHITEPMIB, SiKa Ma€ Taki CKIaI0Bi, 5K
Ha3By (pYyHKIIMHUX YHITEpMIB, BXiJIHI MapaMeTpH i 3MiHHI Ta 3HAYCHHS BUXIJIHUX MapaMeTpiB i 3MiHHHX.
Ale cepen ckiIaloBux (PYHKIIMHUX YHITEPMIB HEMae KIIOYIB JOCTyNy 1 MomudikaTopis. Cucrema Kiacis
KOMIT FOTEPHOI CHCTEMH TEHEepPyBaHHS IPOrPaMHOrO KOAy HaBeleHa y mociimkeHHi [8]. Omnak y i
POOOTI HE PO3KPHUTO 3MICTY a0CTPAKTHOI'O KJIacy Tef M, mpu3HauYeHOro IS 3aJaHHsI METOIB OIpaIlOBaHHS
yaitepMiB. Lli 3amadi po3B’ A3y10Thea y 1iit poOOTi.

Mopaesb po3minpeHoro onucy GyHkuiliHuX yHiTepMiB

[MopiBHSHO 3 MOCHiMKEHHSAMH [6, 7], y SKUX TpaKTyBaHHs (YHKIIHHUX YHITEPMIB, 10 JESIKOI MipH,
0OMEKyBajocs aHaJIOTrisIMH MeTOMiB (Mpoleayp) MOB 00’ €KTHOrO MPOrpaMyBaHHs, HANPUKIAI, TAKUX
3arajJbHOBIIOMUX alTOPUTMIYHMX MOB, ik C#, C++, Java, Delphi Ta inmmux, y i mpati po3risaaTnmMo K
GyHKIIHHI yHITEpMH 1 KI1acH MOB 00’ €KTHOTO mporpamyBaHHs. QYHKIIHI YHITEpMH PIiBHS KJIaciB MOB
00’ €EKTHOT'O MPOrpaMyBaHHs, SIKI OMHCaHi 3aco0aMy ajareOpu ajJropUTMIB, HA3WBATUMO IiJICHCTEMaMHU
Mojenel iHpopMaIliiHUX CUCTEM.

OyHKIIHHI YHITEPMH YTBOPEHO JBOMA YyacThHamH. [lepiry yacTHHY yTBOPEHO 3aralbHUMU JTaHUMH,
SIKHMH € METOAM JOCTYIY, BIaCTUBOCTI, Ha3Ba Ta BXIiJAHI ¥ BHUXIJHI 3MiHHI i mapamerpu. J[pyra yactuHa
yTBOpEHa THM, IO, BJIACHE, BUKOHYE (QYHKIIHHUN yHiTepM. HasuBaTtmo mepiry 4actuHy (QyHKIiHHOTO
VHITEpMa 3arojioBKOM, a JAPYTy — HOTo 3MiCTOM.
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Mooens onucy 3a207108Ki6 niocucmem

ITosst Momeni TiCKCTEMH MICTATh Taki daHi: iMeHTH()IKATOp IiJCHCTEMH, SKMM € 3HaK @; Ha3By
MIICHCTeMH, sKa YTBOpPEHA JIITEpaMH JAaTHChKOro ajdapity (BEeMMKMMH ab0 MajMMH YM BEIUKAMH i
MaJIUMH), MOX€ MaTH LHU(PH JECATKOBOI CUCTEMH YHUCICHHS, aje MOYHMHATHUCS JITEPOH JATHHCHKOTO
andasiTy i He MOXKE MICTUTH 3HAKIB MPOMYCKY; O3HAKy HACIHiyBaHHS IHIIMX MiJICHCTEM, SIKOIO € 3HAaK:
(mBOKpamnKm); po3aAiICHHX KOMaMU Ha3BHM HACITIAYBAHMX IMACHCTEM, SIKIIO X € Oiblie Bix oaHiei (y Ha3Bax
HACITIIyBaHUX CHCTEM MPOITYCKH HE JOMYCKAIOThCA, a Y Pa3i BIICYTHOCTI HACIITyBaHUX MMiJICHCTEM O3HaKa
HACJI{yBaHHSI HE 3alUCYETHCS); Ha3By CHCTEMH, SIKOi BOHA € IMiJCHCTEeMOI0 (Ha3Ba CHCTEMH 3aIllUCY€EThCS
TaKUMH CaMHMHM 3HaKaMH, SIK 1 ITICHCTEMa), a caMa Ha3Ba CHCTEMH MOKe OYTH BiICYTHBOIO, MiJK Ha3BaMH
CHCTEMHM 1 IMICHCTEMH 3alMCyEThCS 3HAK PO3JALIIOBavYa, SKUM € Kpamka (.), a KOJH Ha3Ba CHCTEMU €
BiJICYTHBOIO, TO PO3JLUTIOBAY HE 3aMKCYETHCS; MapaMeTpy MiJICUCTEMH, SIKi YTBOPEHI METOAaMHU JOCTYITY
(mampuKiIa;, 3araibHU#E, 0OMEKEHHH, CremialbHNuil Ta iHIm) 1 BIACTHBOCTAMH (HampuKiIa:, abCTpakTHa,
CTaTHYHA TOIIIO).

3arajabHuil opMaT MOEII OITUCY 3aroj0BKa MiICUCTEMH MA€ TaKHMid BUTIIS;

Md_V_Ns.@NpX:XNpLX,XNp2X,X ... ;XNpnX=X,

ne Md — meron goctymny; _ — 3HaK HasBHOCTI X04a O OJJHOTO 3HAKy Hporycky (mpobiny); V — BIacTuBicTh
a0o BuactuBocti migcucremd; NS — Haszpa cucremu; NP — HasBa migcuctemu; X — HasBHICTH abo
BiZICYTHiCTh 3HaKiB npomnycky; Npl, Np2, ... ; Npn — Ha3Bu HacigyBaHUX IiJICHCTEM.

Mooens onucy 3a207108Ki6 YyHKyiliHUX yHimepmie

Ho BimoMoi Mojeni omnucy (QYHKIIHHUX YHITEPMIB JOJATKOBO BBOAWMO METOIU JOCTYIY
(mampuKiIa;, 3arajdbHHI, YaCTKOBHMM, PEKOMEHIOBAHUM TOINO) i BIACTUBOCTI (HAIpHKIAJ, aOCTpaKTHHIA,
3MIHEHHIi, HOBHIA TOIO). Y3arajibHeHa CTPYKTypa MOJENi OMHCY 3arojioBka (DYHKI[IHHUX YHITEPMIB Ma€e
Takui Gopmar:

MdFu_VFu_(XwLX,Xw2X, ... XWwnX)Nfu(XvIX,Xv2X, ... XvmX)X=X,

ne MdFuU — yMOBHE TO3HaYSHHS METO/IIB JOCTYIY 10 (pYHKIIITHOTO yHiTEpMa; _ — 3HaK HasBHOCTI Xo4a 0
OJIHOTO 3HaKy mpomycky (mpobiny); VFU — BractuBocTi (BmacTiBOCTI) yHKITIFHOTO yHiTEpMa, W1, W2, ...
Wn — Ha3Bu BuximHuxX napamerpis; Nfu — Ha3Ba ¢ynkuiiiHoro yHirepma; X — HasBHICTb a00 BiICYTHICTh
3HaKiB MpOIYycKy; V1, V2, ... VM — BXiiHi 3MiHHI Ta napaMerpu QyHKIIHHOTO YHITEpMA.

Jexommno3uuis mizcucremu Term

Dyukuiiini ynimepmu niocucmemu Term

B omparmtoBanHi yHiTepMiB OyIyTh BHKOPHUCTOBYBATHCS 3MiHHI, SIKi MOTpiOHI [uis 30epiraHHs
3HAYeHb MOpPIBHsAHHs (mo3Haummo par), mosxunu (Wid), mmpunau (hei) i BuGopy (s€l) ¢ynkiiiHuX
yHITEpMiB. 3agaMO CEKBEHTHI 00JacTi 3HAa4YeHb IMX 3MIHHUX, fAKi mo3HauuMo Qp i, Q.. 3Hak
MiZIKPECTICHHsI [TUX CEKBEHTHUX OOJIacTell O3Hayae, M0 BOHHM € CTaHJApTHUMH BiJIOMUMH 3HAYCHHSMHU.
3amuc HaNEKHOCTI 3HAYEHb 3MIHHMX IMM OOJACTAM 3HAUYCHb 3AlMIIEMO 3 BHKOPHCTAHHAM CHMBONA |
(manexwuocri). Hexait parl Qo (Hanmpuknan, 3MinHa € Tumy migcucremn), Widl Q; (Hanpukiaz, 3HaueHHs
3MIiHHOI € AiHCHHMH YHCIaMH i3 3aJaHOro Jiarma3oHy 3HadeHb 3amanoi Tounocti), heill Q, i sdl Q,
(mampukiam, I CeKBEHTHAa 007acTh Ma€ JIoriuHi 3HaueHHs true i false). Jngs wamaHHsS 3MIHHEM
MOYATKOBUX 3HAYCHb BBOAMMO (YHKIIHHHNA yHITEpM, sikuii mo3Hadumo T(). 3amaMo ajisi HbOrO METOJ
3arajibHOTO JIOCTYILY, SKUH TO3HAYMMO PU. BpaxoByroun 3a1aHuii METO IOCTYITY, OIKC 3arojioBka (Ha3By
(YHKIIMHOrO yHITEpMa 3 Ha3BaMH METOIIB JOCTYIY, BJIACTUBOCTSMHM, BXIZHUMHM 1 BHXIIHHMHU
napaMerpaMy Ha3uBaTUMEMO 3aroJIOBKOM) IIbOT0 METOIy MaThMe Takuid BUrisia pu T().

Po3mipu 3HakiB omepariii CeKBEHTYBaHHsI, €TIMiHyBaHHsS 1 MapajelcHHs 3ajeXaTh BiJl PO3MipiB
VHITEpMIB, HaJ| IKHMH BOHH BHPHUCOBYIOThCS. ToMy HeoOXimHO MaTu QYHKIIHHMA YHITEpM, MPH3HAYCHUI
JUIsl OOYMCITIOBAHHS TEOMETPHYHHMX PO3MIpiB yHiTepMiB, skuii mosHaunmo Cs(). KonkperHi posmipu
YHITEPMIB OOUHCIIOIOTHCS OKPEMO Y KOXHIil KOHKPETHIiH orepallii, Y4uM BH3Ha4a€eThcs abctpakTHa (@bs)
BIIACTUBICTh (DyHKIIHHOTO yHiTepMa. OUeBHIHO, 110 PO3MIPH YHITEPMIB 3aJieKaTh MepeyCciM Bil po3Mipy
Kerjis, SKdil To3HauuMo f, a Horo HauexHicte 0 migcucremu @Sz samumemo sk fl @Sz 3nak
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MiIKpECTICHHsL € IIeHTU(IKATOPOM CTaHIapTHOI BimoMoi oOmacTi 3Ha4YeHb. Y TMIJICHCTEMi 3 yHITEpMaMH
orepyBaTHMEMO sIK 3 rpadiyHuMu oOexkTamMu. ToMy BXiJIHUM MapaMeTpoM 3agaeMo 3MiHHY dV sika
HAJIOKUTh JI0 MiJAcucTeMHu rpadidnoro BimoOpaxkenns @DraV (Tyr i Hamami 3HAK MiAKPECICHHS
O3HaYaTHMeE, IO I IACKCTEMa € BiOMOIO 1 CTaHJAPTHOIO), IO 3aIMHIIEMO SK dvi @DraV. 3anasimm
3arajibHOJIOCTYITHUI METO/ JOCTYIY PU, OTPUMAaEMO Takuil onuc QyHKIIHHOTro yHiTepMa

pu abs Cs( dvi @DraV, fl @S2).

Bubip ymirepmiB omucyerbes y migcuctemi @Mf, a susaTrs BHOOpY yHITEpMIB BigOyBaeThCs y
mijicucremax, SIKUMHA ONHCYIOThCS Mojeni QopmyBaHHs onepamiii anrebpu anroputmis. Tomy B
migcucremi Term mominbHO BBecTH aOcTpakTHuit (abS) GyHKifiHHI yHITEpM gecenekilii BHOOPY
YHITepMiB, sikuii HazBemo Des(). A mis 3a0e3medeHHs JOCTYIy 0 MapaMerpiB MiICHCTeMH 3aJaHHs
napamerpiB BuOopy @Mf HeoOXifHO CTBOPUTH BXiAHY 3MiHHY THITy LIbOrO KJacy, IIO 3alUIIEMO 5K
mfl @M. Toxi omuc i3 3aJaHHAM 3aralIbHOrO METOLY J0CTYITY (PU) € TAKHM:

pu abs Des(mfl @Mf).

VYHiTepMH 4M onepaiiii BHOMPAIOTh ITiCJIE BCTAHOBJICHHS HA HUX Kypcopa 1 HATHCKaHHS KJIaBili
MUIIKKA Ta MEpeBipKH 30iry IXHIX reoOMEeTpUYHUX KOOPJAHHAT 3 KOOpJAMHATAMHU MICISl PO3TAallyBaHHS
Kypcopa, Ha SKOMY BiIOylmocs HaTHCKaHHS KlaBimi Mumkd. s mepeBipku 30iry yBememo
byukuiiauit yaitepm (mosxHaummo ioro Cfc()). Takuii 30ir KOOpAMHAT BUKOHYETHCS ISl OKPEMHX
yHITepMiB Ta omepailiii. ToMy IOIiILHO BBECTH aOCTpakTHY BiacTuUBicTh (abS) Ta 3aranbHUil JOCTYI
(pu), moctyn 1o mapamerpis ronosHoi migcucremu (M @MF), posmip kerna (fl @Siz), xoopaunartu
yHiTepMa uu hopMyIH, Ha sKil BinOymocs HatuckauHs knasimi mumku (XI Qq, yI Q), Bizctynu Bixn
kpato ¢dopmu g0 mouaTky poGouoro moms (MxI Q;, myl Q;) i koopmuHaTH Kypcopa, y Micui
pO3TAIIyBaHHS AKOrO HATHCHyTa Kimaima wmumkx (moxl Qi, moyl Q). Kpim mporo, 3amaemo
TIOBEPHEHHS BUXiJIHUX NapaMeTpiB, IKUMH OyayTh 3MiHHi migcucremu Term (Wl @T), 3Ha4eHHS AKHX
BHKOPHCTOBYBATHUMYThCS NIl BAKOHAHHSI TTOJAIBIINX Aiii. BpaxoBytouu 1ie Bce, QyHKIIHHUN yHITEpM
OIMUIIETHCS TaK:

pu abs (Wi @T)Cfc(mfl @Mf, fl @Sz, xI Qu, yI Qi, mxi Qy, myl Q;, moxI Qy, moyl Q).

PucyBanHs yHiTEpMIB 1 3HaKIB olepalliii OMUCYEThCS OKpEMHUM (QYHKIIHHUM YHITEPMOM, SIKUH JUIs
KOXKHOI OIepallii uu yHiTepMa BpaxoBye ixHi 0co0IMMBOCTI. BpaxyBaTn 0COOJIMBOCTI MOXHA, CTBOPHUBIIHN Y
mizcucTeMi 3aranbHomocTynHui (pu) abctpaktHuit (abs) ¢dyukuiiinuii yritepm pucyBanus (Dra()) 3
BXiTHUMH TIapaMETpPaMH i 3MiHHHMH, SIKUMH € JOCTYI JIO MapaMeTpiB ronoBHoi mixcuctemu (Ml @Mf),
posmip kerns (fl @S2), noctymu 1m0 crammapTHHX TiacucTeM iHCTpyMmeHTis pucysanns (bbl @Br,
gbl @Br, spl @Pe, dpl @Pe), xoopmunati yritepma un dopmymn (XI Qq, yI Q1), BizcTynn Bix kparo
dopmu 110 oyatKy poSodoro momst (MXI Q;, myl Qy):

pu abs Dra(mfl @Mf, fi @Sz, bbl @Br, gbl @Br, spl @Pe, dpl @Pe, xI Qi, yI Qi, mxi Q;, myl Q).

CunTe30BaHi GOPMYIH ANTOPUTMIB 3alTUCYIOTBCS Y TIAM'ATh KOMIT IoTepa y BUIIIiIL daiiniB. KoxHa
orepailisi anredpu ajaropuTMiB Mae ocobimBuil (opmar Xml-omucy. s BpaxyBaHHS OCOOJMBOCTEH —
MOJaHHS KOYKHOI OIepallii y MmiJICHCTeMI — CTBOPIOEMO TS 3arajabHOro AocTymy (pu) abcrpaktawmii (abs)
dynkuiitanii yrirepm Cxml() 3 BXigaumu napamerpamu goxymenta (dl @DoXm) it enemenra (el @EIXm)
XMl-1ojaHHs, OIHUC SIKOTO € TAKUM:

pu abs Cxml(dl @DoXm, el @EIXm).

Jlst meperBopeHHst popMyIIH, ska mogana Xml-daiinoM, y rpadidHO-TEKCTOBY (hOPMYITY CTBOPIOEMO
byukuiiauii ynirepm Txml() 3arampHoro moctymy (Pu) 3i cTaTHuHOK BiacTuBicTio (St) 1 BXiZHHUMH
mapaMerpaMy, SIKMMH € 3MiHHA THITy MiACHCTeMH Term, mio 3ammmemo sk terml @T Ta 3MinHa N THITY
cranmaptaoi miacucremu @Nod, BuKOpHCTOBYBaHa Juis BUOOpY yHiTepmiB 3 Xml-paiina. Buxignum e
napamerp tel @T. ToMy 3aron0BOK (BYHKIIHHOrO yHiTepMa Ma€e TaKHil OMHUC:

pu st (tel @T)Txmi(terml @T, nl @Nod).

3 MeTor0 BHKOHAHHS 3aMiH ollepalliii anreOpu auropuTMIB YHITEpMaMH BBOIUMO (YHKI[IOHATBHUH

yuitepm Gct() 3 meromom 3arambHOro goctymy (Pu) i cratuuHOK BiactuBicTiO (St) Ta BXigHUMH
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napamerpamu Tuny nigcucremu (tT1 @T) i Tuny minoro uncina I @Qs, 3a1aHOTO CEKBEHTHOK 0GIACTIO
Qs. YHitepM Mae BuXigHumii mapamerp tumy miacucremu (Wl @T). 3aronoBok dyHKUilHOrO yHiTepMa €
TaKUM:

pust(W @T)Gct (tTT @T, 4 @Q).

s BUKOHaHHS Oe3mocepenHbOl 3aMiHM OImepalliii aareOpu ajaropuTMIB yHITEpMaMH BBOAUMO
¢byukiiiinuit yairepm Rt(r) 3 meromom 3araasHOro moctymy (PU), cTaTHYHOI BIacTHBICTIO (St), TphoMa
BXIJIHUMH TIapaMeTpaMu THITY MiCHCTEMH (rTT @T, oTl @T, nTi @T,) ¥ OMHUM BUIXiJIHHM MapaMeTPOM
tumny migcucremu (XI @T). Omnc 3aronoBka GpyHKIHHHOrO yHiTEpMa

pust (X @NR(rTI @T, oTl @T, nTI @T).
Jns inentrgikaiii BuOOpY yHITEpMIB BBOAUMO aITOPUTM
in(Wl @T)Cfc(pl @B, fl @Sz, x-y-mx-my-moX-moYl @Dou),

Je in — Ha3Ba METOAY JOCTYIy 3 OOMEKEHHSIMH,; W — BUXiJHA 3MiHHA THITy Kjiacy T, P — BXigHa JIOTidHa
3MIHHA THIy CTaHAAPTHOro Kiacy B; X-y-mx-my-moX-moY — BximHi 3MiHHI X, Y, MX, My, moX, moY
crangapTHOro Ty DOU, sKi mpu3HAYeH] IS 3aJaHHs KOOPAWHAT MICIs 3HAXOMKEHHs yHiTepMa (X 1Y),
BIZICTYIy po0o4oro moss Bif JiBoro kpatro ¢opmu (MX i My) ta koopauHat Kypcopa (moX i moY), ski
3a(piKCOBaHO HATUCKAHHSM KJIaBillli MHUILIKH.

Mooenb oexomnosuuii niocucmemu Term

3aroloBOK MiICHCTEMH YTBOPUMO 3arajbHUM METOIOM JI0CTymy (PU), aOCTpaKTHO BIIACTHUBICTIO
(abs), nazsoro cucremu (TE) mizcucTeMoro sikoi BoHa €, ineHTU(ikaTopom migcucremu (@) i Hassoro (T),
110 3aIMUIIEMO Y BUTJIAIL

pu abs TE.@T.

Onwmcani y mianyskri 3.1 ¢yHKUifiHI yHITEpMH YBOPIOIOTH ImifgcucTemy Term. UYeprosicth
po3TalryBaHHsT (QYHKI[IHHAX YHITEpMIB y TijcucreMi TE€'M He mMae 3Ha4yeHHs. ToMmy IUIs OMUCY MOJENi
3aCTOCOBYEMO OIEpallil0 CEKBEHTYBaHHS 3 PO3JIUTIOBaYeM — KOMOIO, IO JIA€ TaKy GopMyIry

pu abs TE.@T=

( puT), )
pu abs Cs( avl @DraV, fl @S2),
pu abs Des(mfl @Mf),
(pu abs (W @T)Cfo(mfi @Mf, fi @Siz, X Qu, yi Oy,
o Qy, myl Qi, moxi Qi moyl Qu),
pu abs Dra(mfl @Mf, fl @Sz, bbl @Br, gbl @Br,
( spl @Pe, dpl @Pe, X Q, yI Q, md Q,, myl Qu),
pu abs Cxml(dl @DoxXm, el @EIXm),
pu st (tel @T)Txmi(tl @T, ni @Nod),
pust (Wl @T)Gct(tTl @T, 4 @Qs),
pust (XI @DR(rTT @T, oTl @T, nTl @T),
in (Wl @T)Cfc(pl @B, fl @Sz, x-y-mx-my-moX-moYl @Dou),

Mopeai gyHkuiliHuX yHiTepMiB
Mogenp migcMCcTeMH Mae mpeaMmeTHi Ta abcrpakTHi ¢yHKUiHI yHiTepMu. [IpeamerHumu €
GbyHKIIHHI yHITEpMH, BIACTUBOCTI SKUX He € Tumy abs. JIo Hux Hanexats yHitepmu 3 HazBamu 1(), Txml(),
Gct() i Rt(). Mozeni abcTpakTHHX YHITEPMiB OyIyTh OMKCAHI Y MOJEIISIX 1HIIUX MIICHCTEM.

Mooens gpyuxuitinozo ynimepma T()
VYHiTepMaM-3MIHHUM 3a1al0ThCs I0YATKOBI 3HAYCHHS, 1110 3aITUIIIEMO TaK:
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e
pu T()= par=co, Wid=cy, hei=cy, sel=¢;,

Ie Co, C1 1 C — MOYATKOBI 3HAYCHHSI 3MIHHUX. UeproBicTh 3aJlaHHs MMOYAaTKOBHX 3HAYCHb 3MIHHUM HE Ma€
3Ha4YCHHS, TOMY B OIEpaIlisiX CEKBEHTYBaHHs pO3/IiIIOBaYeM MK YHITEpPMaMH TIOCTaBIIeHa KOMA.

Mooens gynxuiiinozo ynimepma pu st (tel @T)Txml(terml @T, nl @Nod)
3araibHUIA BUTIISL IIHOTO MPEMETHOTO YHITEpMa € TAKUM
pu st (tel @T)Txml(terml @T, nl @Nod) =

[*: (Qe( Henpasunonuii popmam xml - paiina” ); (n£$) - ? '

7\ K
u=@uU() ; £ (i <=5); (n.Na.Eq(“ uniterm”))-?
(u.par:term Fi; Exce(* Henpas. ¢paiin”); (i<=5)-?
- | S;;
uval=n.IT; fte=u; (n.IT.Le>0) - ? X
; G
k
ne Exce() — crapmapTHUil aropuT™ BUBEIICHHS Ha €KpaH MnoBizoMiieHHs, $ — MOYaTKOBE 3HAYEHHS 3MIHHOI

tuy @Nod, K — kiHerp anroput™y (03HAKOK KiHIIS MOKe OyTH 3HaK .), U — 3MiHHa Tumy kiacy @U(),
u.par — mpucBOEHHS 3MIHHIM par 3HaYeHHs BXiJHOI 3MiHHOI term, BuOip crangapTHoi BiactuBocti I T i3
psaaka N atpulyTy 1 OOYHMCIEHHS CTaHAAPTHUM QITOPUTMOM L€ KITbKOCTi CHMBOJNIB Yy BHOpaHOMY
aTpuOyTi, t€=U — NMpUNKMCyBaHHs BUXIIHINA 3MiHHIH te 3HaveHHs U, U.val=n.|T — npunucyBaHHs BUXIiIHII
3MinHi# val 3HaueHHs aTpubyTy psjaka Xml - daiina,

—~
il ({_1\5 Fizafz@mai.parz term, nenpui =0 & =si b= ), npui=1 a =ei b= E(), npu i
=2a=pi b=P),mpui=3 g=csi bj=CY),npui=4 g =cei bj=CE(),nmpui=3 a=cpi b=
cp, ji o:f,

S;=Tax;= @b. Yz,
a.x;j= @b yi;.0q,;
Exce() ;
n.Attri[“ x,;” ].Val.Equ(“ z;" )-?
n.Attri[* x;” ].Val.Equ(* g;;" )-?

nenpu i=0Ta =0, &=sib=S§ X=sep, yi=Sep, z;=Semi, q;;=Com; npu i=0taj=1 a=sib=§ x,;=ori,
yij=0Ori, z=Hor, g=Ver; npu i=1t1a j=0 So=*; mpu i=1ta j=1, a=ei b=E, x;=ori, y;=0ri,
z;=Hor, g;=Ver; npu i=2T1aj=0 a=pib=P, x;=sep, yi=Sep, z;=Semi, g;=Com; npu i=2Ta j=1
a=pib=P, x;=ori, yi;=0ri, z;=Hor, g;=Ver; npu i=3T1a =0 Sp=*; npu i=31aj=1 a=csib=CS
xij=ori, yi;=0ri, z=Hor, g;=Ver; npu i=4 1a |=0 So=*; npu i=4 1a j=1 a=cei b=CE, x;=ori,
yi;=Ori, zj=Hor, g;=Ver; npu i=5T1a =0 $¢=*; npu i=57a j=1 a=cpi b=CP, x=ori, y;=0ri,
zj=Hor, g;=Ver;

P = [(a.ti= TF(a, n.CN[O]);
(ai.ri = TF(a, n.CN[1]);

(tRe: a,

nenpui=0a=siR=*npuni=1la=eiR=(a.w=TF@&, n.CN[2])), npui=2a=piR=*opui =
3a=csiR=*mpui=4a=ceiR=*nmpui=3a=cpiR =*, TF() —anropurm 3untyBauus 3 aiina
yHiTepMa.
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Mooensy gynxuiiinozo ynimepma pust (Wi @T)Gcet (tT1 @T, 24 @Qs)
dopmyna Mmomeni
I (i<=5)

[x=(@y)tT ; w=§; R; m-2

T WEX.05 WEXF; Ui-?

K,

—
neil O T ...5, anpni=0 x=s yi=S g=tA, r;=tB, u=(z=1)-?, m=tT.GT().ToS).Equ(, TE.S'), npn i=1
x=e Yi=E, g=tA, ri=tB, u=(z=1)-?, m=tT.GT().ToS).Equ(, TE.E"), mpu i=2 x=p y,=P, g=tA, ri=tB,
u=(z=1)-?, m=tT.GT().ToS)).Equ(, TE.P"), mpu i=3 x=cs y,=CS g=cond, ri=term, u=(z=0)-7?,
m=tT.GT().ToY).Eau(,, TE.CS), mpu i=4 x=ce y;=CE, g=cond, ri=term, u=(z=0)-?,
m=tT.GT().ToY)).Equ(, TE.CE"), ipu i=5 x=cp y;=CP, g=cond, ri=term, u=(z=0)-?,
m=tT.GT().ToY).Equ(,, TE.CP"), omtucye 3aminy orepaiiiii CECKBeHTYBaHHs, eiIMIHyBaHHS, TTapajIeICHH,
MUKITIYHOTO CEKBEHTYBaHHSI, IIUKIIIYHOTO eNMIHYBaHH 1 MUKIIYHOTO napaienceHHs. Bubip oneparrii
BiZIOYBa€THCSI 32 YMOBOIO M, @ YMOBOIO BUOHPAIOTh YHITEPM, SIKUM BUKOHYETHCS 3aMiHIOBaHHS.

Mooens gynxuiiinozo ynimepma pu st (Xi @RI @T, oTl @T, nTi @T)
3aMiHM YHITEPMIB OIepalliii OMUCYIThCs (HOPMYJIIO0

: rT=nT; K (i<=5); (oT.par=$)-?:

=nT (Mi (xz rT.
Ci -y

— !

neil 0;1;...5 ampu i=0 M;= z.g=nT, z.ri=nT, (z.qi=o1”)-? z=Ss y=S g=tA, ri|=tB,
u=oT.par.GT().ToS).Equ(, TE.S’), npu i=1 M= z.g=nT, z.ri=nT, (z.=0T)-? z=e y=E, g=tA, ri=tB,
u=oT.par.GT().ToS)).Equ(, TE.E"), npu i=2 M= z.g=nT, z.ri=nT, (z.g=0T)-? z=p Y=P, g=tA,
ri=tB, u=oT.par.GT().ToX).Equ(, TE.P"), npu i=3 Mi=(z.term=nT), z=cs y,=CS g=tA, ri=tB,
u=oT.par.GT().ToS).Equ(, TE.CS'), mpu i=4 M;=(z.term=nT), z=ce y,=CE, g=tA, ri=tB,
u=oT.par.GT().ToY).Equ(, TE.CE" ), npu i=5 M=(z.term=nT), z=cp y=CP, g=tA, ri=tB,
u=oT.par.GT().ToS().Equ(, TE.CP"). Bukonauus ymosu (OT.par=%$) o3Hauae, 1o 3aMiHIOBaHH YHITEpPM
€ TIOPOXKHIM 1 TOMY BiH 3aMiHIOETBCSI HOBUM YHITEpMOM. Y IMKJI 32 YMOBOIO 1IeHTH(]IKYEThCS Onepartist
anreOpu anroput™mis (cekBertyBanus (TE.S), eniminyBanus (TE.E), napanenenns (TE.P), nukniunoro
cexkBentyBanus (TE.CS), nuxiniunoro eniminyBanns (TE.CE) i unkniunoro napanenenns (TE.CP)).

C(T.’par=$; z=(@y,)oT.par ; /nT.par=oT.par ; u-?

Mooens ynimepma in (W @T)Cfc(pl @B, fl @Sz, x-y-mx-my-moX-moYl @Dou) wmicTuts
peaizailito y HacliyBaHUX KJacax ieHTugikamii BHOOpY yHITEpMiB.

@dparMeHTH NMPOrpaMHoOi peasizanii Mmoaenei
Onniero 3 HailicydacHIiMX MOB 00’ ekTHOro mporpamyBaHHs € C# [4, 5]. ®parmentu mporpam
(GYHKIIHHUX YHITEPMIB KJIacy HaBelIeMO HalKCcaHi BIIaCHE Ii€I0 MOBOIO.

Ilpozpama 3azonoeka niocucmemu Term

Kon momerni 3aronoBka migcucremMu Mae ineHTugikatop mpocTopy Hase (Nanmespace), Haspy
npocropy Hase (TE) i mowatox ({) ta ximems (}) omucy #oro BMicTy, METOX JOCTYNy IO KJIacy
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(publ i ¢), Tunm xnacy (@abst r act ), inentudikarop onucy knacy (Cl ass), snaxku novarxy ({) i kinus

onrcy Bmicty knacy (} ) Ta € Takum
nanespace TE

public abstract class Term

{

}

Ilpozpamna peanizauina moodeni pynxuinnozo ynimepma pu T()
[IporpamMa omucy yHiTepMa € Takor

public T()
{
par = null;
wid = 0;
hei = 0;
sel = fal se;
}

V upoMy Kozi KOHCTaHTH Moeli pyHKuiiHoro ynirepma T(), skumu € Co, C; i Cp, Habysm 3nagens NUll, O 1
false, BiamoBinHo, a crerudikatop JOCTYIy puU y koai onucanuii sk publ i c.

Koo a6cmpaxkmuux @ynxuiiinux ynimepmie pu abs Cs( dvi @DraV, fl @S2), pu abs
Des(mfl @Mf), puabs (W @T)Cfe(mfl @Mf, fl @Sz XI Qu, yI Qi1, Mxi Q;, myl Qy, moxi Q,, moyi
Q) pu abs Dra(mil @Mf, fl @Sz, bbl @Br, gbl @Br, spl @Pe, dpl @Pe, xI Qu, yI Qu, M Q
myl Qy), pu abs Cxmi(di @DoXm, el @EIXm) mae Takuii BUrIS

public abstract void Cs(Draw ngVisual dv, Size f);
public abstract void Des(Mi nForm nf);
public abstract Term Cfc(Mai nForm nf, Size f, double x, double vy,
doubl e margi nX, doubl e nmargi nY, doubl e rmouseX, double nouseY);
public abstract void Dra(Mii nFormnf, Size f, Brush bb, Brush gbh, Pen
sp, Pen dp, double x, double y, double margi nX double narginyY);
public abstract void Cxm (Xml Docunent xm Doc, Xm El enent node);

®pazmenm npozpamu anzopummy pu st (tel @T) Txml(terml @T, nl @Nod) € Takum

public static Term TernFromXM.(Termterm Xm Node n)
{
if (n == null)throw new Excepti on(" Henpasunpuuit dopmat darma XM..");
i f (n.Nane. Equal s("unitern'))
{
Unitermu = new Uniterm();
u.par = term
if (n.InnerText.Length > 0) u.val = n.IlnnerText;
return u;

el se i f (node. Nane. Equal s("seq"))
{
Sequence s = new Sequence();
S.par = term
if (n. Attributes["sep"]. Val ue. Equal s("seni"))
S. sep = Sequence. Separ at or. Seni col on;
else if (n.Attributes["sep"]. Value. Equal s("cont))
S.sep = Sequence. Separ at or . Conmma;

133



el se throw new Excepti on(" Henpasunbunii dopmaT danna
XML, ") ;
if(n.Attributes["ori"].Val ue. Equal s("hor"))
s.ori = Sequence.Orientation.Horizontal;
else if (n.Attributes["ori"]. Value. Equal s("ver"))
s.ori = Sequence.Orientation. Vertical;
el se throw new Exception("Henpaeuibuuii dopmar daiisna
XML, ") ;
s.tA = TernFronXM.(s, n.Chil dNodes[O0]);
s.tB = TernFronXM.(s, n.ChildNodes[1]);
return s;

el se if (n.Nane. Equal s("cp"))
{
CyclicParal lelisation cp = new CyclicParallelisation();
cp.par =term
if (n.Attributes["ori"]. Val ue. Equal s("hor"))
cp.orientation =

CyclicParallelisation. Orientation.Horizontal;
else if (n.Attributes["ori"].Value. Equal s("ver"))
cp.orientation =

CyclicParallelisation Oientation. Vertical;
el se throw new Excepti on(" Henpasunbumin dopmar damma XM..");
cp.condition = TernfFronXM.(cp, n. Chil dNodes[O0]);
cp.term = TernFronXM.(cp, n.ChildNodes[1]);
return cp;

}

el se

{

t hrow new Excepti on(" Henpaeunbuuin dopmar dama XM..");

}
}

Dpazmenm kody ynkuionansnozo ynimepma pust (W @T)Get(tTl @T, 4 @Qs)
public static TermGCct(TermtT, int 2z)

if (tT.CGetType().ToString().Equals("TE. S"))

{
Sequence s = (Sequence)tT,
if (z == 1)return s.tA
el se return s.tB;

}
else if tT.CGetType().ToString().Equals("TE.E"))
{
Elimnpation e = (Elimnation)tT,;
if (z == 1)return e.tA

else return e.tB;

}

else if - tT. Get Type(). ToString(). Equal s("TE. CP"))
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{

CyclicParallelisation cp = (CyclicParallelisation)tT,
if (z == 0) return cp.con;
el se return cp.term

}

return null;

}

®Dpazmenm npozpamu anzopummy pust (X @NR( T @T, oTl @T, nTl @T)

public static Term Rt (TermrT, Term oT, Term nT)

{

if (oT.par == null)

{
rT = nT,
rT.par = null;
return rT;

}

if (oT.par.GetType().ToString().Equal s("TE.S"))
Ss = (S)oT. par;
if (s.tA==0T) s.tA = nT;
else s.tB = nT,;

}

else if -(oT. par. Get Type(). ToString(). Equal s(" TE. CP"))

{
CP cp = (CP)oT. par;
cp.term= nT;

}

n. par = oT. par;
return rT;
}

Koo ¢ynxuiinozo ynimepma in (Wi @T)Cfc(pl @B, f @Sz, x-y-mx-my-moX-moYl @Dou)

Kox yrBopeno meromom moctymy (i nt er nal ) mo mporemypu (CfC), TumoM moBepTaHOro mpo-
uenyporo 3nauenns (Ter m), Bxiznumu napamerpamu npoueaypu (bool p, Size f, double x,
double y, double nx, double ny, double moX, double moY), inenrudikaropamu
nouatky ({) i xinmg (}) omucy BMICTy mpolieaypH, SKUM € Ha3Ba BHOpAHOI CTaHAAPTHOI MPOIECAYpH
(Not I npl enrent edExcept i on() ) 3 mapamerpamu (t hr ow new)

i nternal Term Cfc(bool p, Size f, double x, double y, double nx,

doubl e ny, doubl e moX, doubl e maoY)

{
t hr ow new Not | npl enent edException();

}

Hincymxn
CTBOpeHa METOJOJIOTISA ONMHCY MOJENeH KOMII IOTepHUX iH(OpMAIlifHUX CHCTEM Iiependadae
BUKOHAHHSI 3 BUKOPHCTaHHSIM alreOpH alropUTMIB JEKOMIIO3UIIl CUCTEMH Ha MiJCUCTEMH, 3 IXHBOIO
MOJJAITBIION0 JIEKOMIIO3HUITIEI0 Ha GYHKIIIHHI YHITEpMH.
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BBenena Mozenb OmmMCy 3arojoBKa IIJICHCTEM 31 CIENiaIbHUM 3HAKOM ITJCHCTEMH 3a0e3ledye
OJIHO3HAYHY MIBHJIKY iIeHTH(]IKAIIiI0 3aT0JIOBKA 1 MapaMeTpiB Ta 3MIHHUX THITY MiJICUCTEMH.

VY nockoHalleHHS Mojeni onucy QYHKIIHHUX yHITEpMiB 3a0e31euye MOXIMBOCTI 3aJJaHHS METOJIB
JIOCTYITY 1 BIACTUBOCTEH .

BukoHaHa JIEKOMIIO3MIlSA MIACHCTEMH 3a0e3ledye MOXIIMBOCTI OOYHMCIICHHS PO3MIpIB, 1ICHTH-
¢ikanio BUOOPY, BigMideHHs BHOOpY, PUCYBaHHs 1 3aMiHU yHiTepMmiB, dopMmyBaHHs i aHamizy Xml-
(dbopmaty yHITEpMIB Ta 3aMiHH orepalliii anreOpu aaropuTMiB yHITEPMaMHU.

OyukiiiHui yHiTepM aHanizy Xml-¢popMaTy omrcye BUOIp yHITEPMIB 3 Omepalliii CeKBEeHTYBaHHS,
CNMIMIHYBaHHS, MapajielieHHs, LHUKIIYHOIO CEKBCHTYBaHHS, LHKIIYHOIO CIIMIHYBaHHS 1 I[UKIIYHOIO
napasnesnenus. [IporpamMHoro peanizaitiero GyHKIIHOrO yHiTepMa aHaizy Xml-omucy Gopmyi1 aliropuTMiB
3IIMCHIOETHCSL BUOIP YHITEPMIB.

OyHKIIOHAEHUA YHITEPM 3aMiHH OINHUCYE 3aMiHy YHITEpMIB orepaliii aiareOpu anropuTMiB
noganux Xml-ornucom. Kogom Mozieni BAKOHYIOTBCS 3aMiHH YHITEPMIB.
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