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Beryn

CTpiMKHif PO3BUTOK OOUHCITIOBAIEHOI TEXHIKA HAPUKIHI{I MHHYJIOTO CTOJITTS JOCATHYB
PIBHS JIOCTaTHBHOTO JJISi TPOBEACHHS JyXe CKIAQAHUX oOuuciieHb. IlapanenbHo 3 TEXHIYHUMH
JOCATHEHHSAMH, Oyl OTPUMaHI1 BaXJIMBI PE3yJIbTaTH B CYTO TEOPETUYHMUX oOusacTsaX. Bunukia
norpeda BUKOPUCTOBYBAaTH MOXJIMBOCTI OOUMCIIIOBAIbHUX MAIUH Ul 0OpOOKHM MaTeMaTUYHHUX
TEKCTIB, 30KpeMa, JJIsi aBTOMaTUYHOTO JIOBEICHHS TEOPEM.

Ha nouatky 60-x pokiB akaneMmik B. ['nTymkoB 3ampornoHyBaB mporpamy, sika oTpuMaia
Ha3By AunroputMmy OueBuaHOCTI. BiH mpornoHyBaB OAHOYACHO HPOBOJUTH JOCIIKEHHS B
PI3HUX HaNpsAMKax: 10 CTBOPEHHIO (hOpPMaIi30BaHUX MOB JUIsl MOAAHHS MaTeMaTUYHUX TEKCTIB Y
3py4Hiid s Gopmi, PO3BUTKY JIOTIYHUX 3acO0IB /I aBTOMATH3AIil OOpPOOKH TaKMX TEKCTIB,
CTBOPEHHS 1H(POPMAaLIHHOTO CepeIOBUINA, IKe O BUKOPHCTOBYBAIOCH B MPOLEAYPI TOBEICHHS.
Taka mponenypa NoBUHHA IependadyaTH MOKIMBICTh IHTEPAKTUBHOI B3a€EMOJIIi 3 KOPUCTYBaueM
y pa3l BUHUKHEHHsS HEOJHO3HauHUX cutryauid. Ines Anroputmy OueBHAHOCTI mosdrajia B
CTBOPEHHI CHCTEMH, sika O JaBajia 3MOTY aBTOMAaTH3yBaTH YaCTHHY PYTHHHOI poOOTH Tpu
pPO3B’sI3yBaHHI MaTeMaTHYHHUX NpoOJeM, a TakoX MpodieM 3 iHmUX o0jacTeld 3HaHb, IO
JOITYCKaroTh (hopmarizaiiro.

[Tepma poboTa mpucBsiueHa po3poOIl MpOLEeypH sl JOBEJCHHS TEOpeM Teopii rpyi
3’sBunack B 1966 pomi. [lomanpmni BIOCKOHAJIEGHHS NPU3BEIH 10 CTBOPEHHS MAaIIMHHO-
OpIEHTOBAHOI TPOLIEAYpU TIONIYKY BHBOJAY B JIOTIYHMX YHCIEHHSX. Y TOH caMHil yac
po3polIisiiach MOBa ONMKMCY MaTeMaTUYHUX Teopii. Ll MoBa Oyna cxoxka Ha MOBY JIOTIK MEPILOro
HOPSAKY.

Y 1970 poui mouaBcs HOBHI mepioj peaiizaiii MporpaMu ajaropuTMy OYEBHIAHOCTI.
Oco06MBICTh IIBOTO MEPIOAY PO3POOKHM ToJIATana B OpiEHTAIlli HA CTBOPEHHS €IMHOI CUCTEMHU
00poOku mMaremaTnuHHX TekcTiB. Tomi Oyia crBopena moa TL (Theory Language), sika Oyma
CXO0’ka Ha 3BMYaiiHy MaTeMaTH4YHY MOBY Ta JY)K€ 3pydYHa JJIsi BUKOPUCTAHHS SIK MAIIMHOO TaK 1
moauHo. Y 1976 poui movanock BIPOBAKEHHS EKCIEPUMEHTAIbHOI CHCTEMH OOpOOKH
MaTeMaTUYHUX TEKCTiB. Y pe3yinbTari B 1980 Oyna cTBopeHa mepiia Bepcis cucremu. Cucrema
orpumaia Ha3By CAJ] (Cucrema ABromaru3artii Jlemayxkitii).

Cyuacha peanizanisi cucteMu BiHOcUThCs 10 2002 poky. BxinHoro MOBOO crana MoBa
ForTheL (Formal Theory Language), sika 6yna ctBopeHa Ha 6a3i TL.

Oco6muBicts ForThel monsdrae B ToMy, 110 BOHa J103BOJISIE 3alMCyBaTH MaTeMaTU4HI

TBEPJUKEHHSI MOBOIO CXOXKOIO Ha TPHUPOJHY JIIOJACHKY MOBY. Y TOTOYHINA peami3aiii B SKOCTI



Takoi MOBHM BUCTYIA€ aHTIiHchbka. OYEBHIHOIO MEPEBArOl TAKOTO IMIIXOAY € 3pO3yMLIICTh
HaNMCaHUX TEKCTiB, Ha MPOTUBAry MoBi siKOi He OyIb TPAJHUIIIHOI JIOTIKH, SK 1€ 3a3BUYal
NpEJCTaBICHO B MOMIOHMX  CHCTeMax. [HIIMM apryMEeHTOM Ha KOPUCTh BHKOPHCTAHHS
dbopMalIbHOI TPUPOAHOT MOBH, € T€ , IO Oarato iHGOpMaIlii B TAKOMY TEKCT1 3HAXOIUTHCS 103a
JIOT1KO0, OCOOJIMBO Ti€l, 1[0 BTPAYAEThCA MPH nepekiaai (3 mpupoaHOi MOBU B MOBY JIOTIKH).
Hanpuknan, y miapy4YHUKY MU 3HAXOJUMO aKCIOMH, BU3HAUEHHSI, TEOPEMH, TBEPIKCHHS, CXEMHU
JIOBEJICHb TOSICHEHHS, TOIO. Tam, Jie JIIOJMHA MparHe 10 PO3PI3HEHHS KIIACiB TBEPDKEHB, Y
(GopMaNTbHUX JIOTIYHHUX 3aIMCaX BOHHM 3HHUKAIOTH: O3HAYCHHS, aKCIOMH, TEOPEMH, BUCIOBJICHHS,
1HIII CYJKEHHS TIEPETBOPIOIOTHCS Ha (POPMYIH, IpeArKaTHI Ta (PyHKI[IOHAIbHI CUMBOJIU, TOLIO.
L1e 3ymoBIeHO miepeaycim OiTHICTIO 3aC001B MOBH JIOTIKH.

Cucrema joctynHa B 1BoX BapianTax: uepe3 WEB Bysoun http://ea.unicyb.kiev.ua a6o y

BapiaHTI NEPCOHAIBHOTO BUKOpHCTaHHs. [lepcoHanbHMIA BapiaHT OpIEHTOBaHMI Ha TUIATPOPMY
Linux(x86).

Cucrema 103BOJISIE BHKOHYBAaTH JEKUIbKa OCHOBHUX (DYHKIH: TOUIYK TOBEICHHS,
BepHudikaiio Tekcry, TpaHcusnio Ttekety ForThel y moBy noriku meprioro nopsaxy. s
MOIIYKY JOBEICHHS MOXKYTh OYTH BUKOPHCTaH1 SIK CTAaHAApPTHI 3acO0U CUCTEMH, TakK 1 JJOJATKOBI,
JUTSL SIKUAX TIepen0adeHo inTepdeic miaKII0YeHHS .

Meroro nanoi poboTu Oyiio mpoBeeHHs aHaizy MoBu FOrThel, nepekian i Bepudikartis
pealbHUX MaTeMaTHYHHUX TEKCTIB 3 miapydHukiB [2] Ta [3], i sk pe3ynbrar po3poOKa METOIUKH
nepeKsialy MaTeMaTHYHUX TEKCTIB Ha (DOpMali30BaHy MOBY.

[Hmmm  3aBmanHsM cranmo nepeHeceHHs cucremun CAJl Ha mmarpopmy Windows,

po3pobka 3pyuHoTro iHTepdelcy KOpUcTyBaya Ta MPOBEICHHS TECTYBaHb.


http://ea.unicyb.kiev.ua/

Onuc moBu ForTheLL

Texcr ForThel ckmamaeTbcs 3 MOCTIAOBHOCTI peueHb Ta CKIAJCHUX CEKIH. Y CBOO

Yepry CKJIaJACHI CeKIIii TAKOX SBJISIFOTH COOOIO MOCTIAOBHICTh 3rPYITOBAHUX PEUCHb.

Peuennst OynmyeThbcsi 3a JONMOMOTOKO KOMITO3UINH Ta OLIBII MPOCTUX CHHTAKCUIHHX

OAHUHUIIB. ICHye YOTHUPHU BUJAU TaAKUX OAUHUILIb:

IMoHsITTS BU3HAYAE 3arajbHUN, MOXJIMBO MapaMETPU30BaHUM, Kac 00’ €KTIiB
(natural number, element of S, series that converges N).

Tepm Bu3Hauae 00’exkT, ab0 BKa3yw4un KOHKpeTHe 3HaueHHs (N, the
complement of S, X*Y) , abo 3a momomororo kBaHTHiKalii TOHATTS (every
set, some divisor of M).

IIpenukaTt Bu3Ha4Yae BIacTUBICTh 00’ekTa: empty, divides N, is a subset of S;
3aCTOCOBAaHMU JI0 TepMa, NpeauKaT (OpMye TBEPIKCHHS; 3aCTOCOBYIOYH
MpEeIUKaT 10 MOHSTTSA, OTPUMYEMO HOBE OUIBII BY3bKE MOHSTTSL.

TBepaskeHHs BH3HAYA€ JIOTIYHUN BHpa3, SKUA MoOxe OyTH BIpHHUM abo
xubHuM. TBepmkeHHs OyBaroTh mpocTi 1 ckiameHi. CkianeHi TBEpIKEHHS
YTBOPIOKOTBCS 3 MPOCTHX 3a JIONOMOTOI0 KOMITO3UIH. TBepmkeHHs

MEPCKIANAOThCA Y (I)OpMy.]'II/I MOBHU IIEPUIOTO MOPAAKY.

Jns 1moOynoBM CUHTaKCMYHMX OJUHHUIIL B MOBI ICHYe 3acid, 10 Mae Ha3By

CHHTAKCHYHOro mnpumituBy. Ha KOXHOMy eTami CHHTaKCMYHOIO aHali3y IpOLEcCOop MOBU

IPALIOE 3 EBHOIO MHOXKMHOIO MPUMITHBIB, 5IKI ()OPMYIOTh CUTHATYypy OOpOOJIFOBAHOTO TEKCTY.

Hanami mo MHOXMHY OyzneMo Ha3MBAaTH MOTOYHHMM CJIOBHHKOM. Y mpolieci po30opy TecTy

MOTOYHHI CIIOBHUK MOJKE IIOINOBHIOBATHUCh HOBHUMM CHHTAaKCHUYHHUMH HpI/IMiTI/IBaMI/I. Z[J'ISI

KOKHOT'O TEKCTY BJIACTUBUI CB1il MOTOYHUI CIIOBHUK.

CHHTaKkCHYHI TPUMITUBU MOJUISIIOTHCS Ha IICTh PI3HUX KIIACIB, KOXKHUH 3 SKHUX

BUKOPUCTOBYETHCA IJIA H06YI[OBI/I pi3HI/IX CHHTAaKCHYHHUX OJMWHHIIb.

Knacosuii imennux — niist GopMyBaHHS POCTUX MOHATH: element of argument.
Busnauenuii imennux — nus ¢opMyBaHHS (YHKIIOHAIBHUX TEPMIB: Zero,
power set of argument

Ipukmemnuku ma diecnoga, 1y noOyI0BU NMpeauKaTiB: equal to argument.
@DyHKyionanvri cumeonuy, A MOOYIOBH CHUMBOJBHHMX TepMiB: argumentl +

argument2.



- IIpeouxamui cumeonu, 1 NOOYJOBU CUMBOJIBHUX TBEpPPKEHb: argument] <=

argument2.

ba3oBi TPUMITHBH MOMIIIYIOTECS TPSIMO B TEKCT 3a JIOMIOMOTOK CIHEHiajJbHOT
KOHCTPYKIIii, sSIKa Ha3uMBaeThcs mpenactaBieHHsM (introductor). KokHe HOBe mpescTaBiCHHS
Moxe (opMmyBaTH JOJATKOBY TIpymy mNpuMiTHBIB. Hanpuknaa, npumiThBa IMEHHHKIB 3
KOHCTpyKIlieto of — argument (a subset of argument, complement of argument) MOpoKYIOTH
creliaibHi TPUMITHBH JUIS BUKOPUCTAHHS B TPUCBIMHUX MPEIMKATHUX OJMHHUILIX: has an
element of an infinite cardinatlity.

CHHTaKCHUC TIPE/ICTABICHb MA€E TaKy CTPYKTYPY:

Introductor -> [ (alan) pattern [ @ [aJan] nounNotion] ]
| [ the pattern | @ plainTerm ]
| [ variable is pattern [@ statement] ]
| [ variable pattern [@ statement] ]
| [ symbPattern @ plainTerm ]
| [ symbPattern @ statement ]

KoxHe mpencraBieHHs MICTUTH ma0yioH (pattern), sIKMil BU3HAYa€ CHHTAKCHC HOBOTO
npumituBa. [I[puMiTUB MOXe (CHMBOJIBHHI MPUMITUB 000B’SI3KOBO MOBHUHEH) OYTH CHHOHIMOM
JUTSL. CHHTAKCHYHOI OJMHMII ITiIXOJSAIIOT0 BHIJISTY, Y TaKOMY BHITAJKy 3a MIa0JIOHOM CIiTy€e
CUMBOJI (@ 1 HEOOX1HA cMHTaKcuyHa oauHuL (1u1b). Herepminanu nounNotion, plainTerm Tta
statement BUKOPHCTOBYIOThCS SIK I1i/Ti. IX 3HaueHHs Oyjie po3’siCHEHe B MOAANBIIOMY TeKcTi. Bei
MPUMITHBH, IO BUKOPUCTOBYIOTHCS B 11111l MOBUHHI Oy BU3HAYEHUMHU B IOTOYHOMY CJIIOBHHUKY.

[IIabioH — 11e HemycTa MOCHTiIOBHICTh JIEKCeM (SIKi BU3HAUAIOTh TEPMIHAIU ISl HOBOTO
NPUMITHBA) PO3JIJICHUX 3MIHHUMH (SIK1 BU3HAUAIOTh MICIS JJI1 apTyMEHTIB).

CuHTakcuc 1adJIOHIB TAKUH:

Pattern -> {tokens} tokens [variable {tokens variable}]
Tokens ->token [ ‘/° token]
Token ->small {small}

symbPattern -> [variable] symbToken {variable symbToken} [variable]

| word (variable {, variable} )



| word [variable]
symbToken -> symbol {symbol}

Y He CHMBOJIBHUX INa0JOHAX MOXXKHa BHUKOPHCTOBYBATH JIEKiJIbKa allbTEPHATHBHHUX
BapiaHTIB a5 ofHiel ekceMu. Lle mae MOXKIIMBICTh BUKOPHCTOBYBATH IMEHHUKH Ta JII€CIOBA Y
dbopmi MHOXKMHU a00 omHuHU. Hampuknan, ( subset/subsets ). Aptukii Ta Bci opMu JiecioBa
“to be” He MOBWHHI 3yCTpiYaTHCh B IMAOJIOHI (TaK SIK BOHHM € KJIIOYOBHUMH CJIOBAMH MOBH
ForTheL).

B mpencraBneHHSX nieciiB, 3MiHHA SKa CTOITh HAa TOYaTKy HE MOXKE IO3HAYATHCH
Jiteporo A abo a, Uil YHUKHEHHS KOJIi31i 3 MpeicTaBIeHHsIMH KIaCOBUX IMEHHUKIB. Bei 3MiHHI
B [A0JOHI MOBUHHI OyTH pI3HMMHU. Y CHHOHIMAaxX KUIbKICTh BUIBHUX 3MIHHMX ITOBHHHA

CHIBIMAJAaTH 3 KUIbKICTIO BUIbHUX 3MIHHUX Y IIa0JIOHI.

IHouarrs.

KoxHe mOHATTS OyAyeThcs Ha OCHOBI OCHOBHOTO MOHATTA (primaryNotion), 10 SKOTO
3aCTOCOBYIOTBCS aTpUOyTH. ATpUOYTH MOTPiOHI JIJIsi 3BY)KEHHS 3HAYCHHS TOHSTTS, HaJlaHHS

ﬁOMy SAKHUXOCh 10JaTKOBHX BiacTuBoCcTer. CHUHTAKCHC ITOHATTS:

primaryNotion -> primClassNoun | notionSymbol
primClassNoun -> (set | sets) [names]
| (element | elements) [names] (of) term

| (function | functions) [names] (from) term (to) term

notionSymbol -> primNotionSymbol | (primNotionSymbol)
primNotionSymbol -> names (<<) symbTerm
| names () symbTerm (->) symbTerm

names -> variable {, variable}



CumBonpHI mOHATTA (notionSymbol) — NPUMITHBH 1[I0 YCHAaJIKOBYIOThCSA. BoHu
OyAyIOThCSI aBTOMAaTHYHO 3 JECKPUIITUBHUX INPEAUKATHUX CHUMBOJIB. Hampukiazn, BuU3HaueHi

BHIIIE CUMBOJIbHI MTOHATTI OYIYIOTHCS 3 TAKUX TPUMITHBIB:

[ X <<y @ x is an element of y]
[f:D->R @ fisa function from D to R]

Koxxne monsarTss mae crucok imeH. Lli igeHTHdIKATOPH MOCHIAIOTHCS HA KOHKPETHI
00’eKTH B3ATI 3 KJacy 1 BIAIrpalOTh Ty K pOJb, IO 1 iMEHa KBAaHTU(IKOBAHUX 3MIHHHX.

BukopucTtanHs iMeH MO>KHA TTOOAYUTH HA TAKOMY TIPHKIIAIL:

Every natural number m greater than 0 divides m!

Sk, yxe 3a3Havanoch aTpudyTH CIIyKaTh JUIsl OOMEXKEHHS KJ1acy KU BU3HAYA€E MMOHSATTSL.
ATpubytu 0a3yroThCsl Ha mpeaukaTax i Bupazax. KokHe MOHATTA MOKe MaTH JiBUN Ta MpaBuil

aTpulyT:

leftAttribute -> primSimpleAdjective | primSimpleAdjectiveM
rightAttribute -> isPredicate {and isPredicate}
| that doesPredicate {and doesPredicate}

| such that statement

ITpocti mpukmetHuku (primSimpleAdjective) siki GpopMyroTh JIIBUH aTpuOyT — TaKoX
HacliyBaHi NpuMiTHBH. BoHM Oy1yloThCs 3 THUX MPUKMETHUKIB Ta M-TIPUKMETHHKIB (IUB. Aaji)
K1 HE MalOTh apTyMEHTIB: KOXKHUN TaKUH NPUMITHB IPOCTO KOMIIOETHCS B CHUCOK MPOCTUX (M-

)IPUKMETHHUKIB!

primSimpleAdjective -> (prime)|(empty)|(natural)| ....
primSimpleAdjectiveM -> (equal)|(parallel)|(disjoint)| ....

Tenep MH MOKEMO BH3HAYUTH MOBHHUI CHHTAKCHC TTOHSTTS:

Notion -> {leftAttribute} primaryNotion {rightAttribute}



[Ipuknagy nMoHATH:

Cyclic group G

Injective f : Nat->Nat that maps 0 to 0

Real number greater than 0 and less than 1

Tepmu.

Y MOBI IpUCYTHI J1Ba TUIIAa TEPMiB — BU3HAUEHI TEPMH Ta KBAaHTH(PIKOBaHI MOHATTA:

Term -> quantifiedNotion | definiteTerm

KBanTugikoBani MOHATTA O3BOJSIOTH (OPMYIIOBATH 3arajibHi TBEPIUKEHHS PO

KOXKHHM 00’ €KT 13 KJIacy, 10 BU3HAUYEHUH IIUM MOHATTSAM, a00 KOHCTAaTyBaTH ICHYBaHHS 00’ €KTiB

KJ1acy Ha,Z[iJ'IeHI/IX INCBHUMU BJIACTHUBOCTAMMU:

quantifiedNotion -> realQuantifiedNotion|{realQuantifiedNotion}

realQuantifiedNotion -> (every | each | all | any ) notion

| some notion

| no notion

Busnauenuit tepm (definiteTerm) ¢opmyeThest 3acTOCyBaHHAM (DYHKIIT O apryMeHTIB

TCpMY. MoBa [O03BOIsI€ MHMCATH TaKi 34CTOCYBAHHs CJIOBaAMU aHIIIHChKOI MOBH abo 3a

nornomoror ¢yHkuioHansHux cuMBoiiB. B ForThel doprens niroTh Taki 70MOBIEHOCTI 111010

MPIOPUTETIB Ta ACOLIATUBHOCT] (PYHKIIIOHATbHUX CUMBOJIIB:

IocTdikcHi cuMBOIM — YU MPUMITUBU 3aKIHUYIOThCS JieKceMoro (token),
MaroTh HalBUILIN TPIOPUTET.

IMocTgikcHi cuMBOIM — Yui NPUMITUBH TMOYMHAIOTHCS 3 JIEKCEMHU 1
3aKIHYYIOThCS apTyMEHTOM (3MIHHOIO), MalOTh MEHIIUN IPIOPUTET.

IngikcHi cHMBOJIM — YUl NPUMITHBU MalOTh apryMEHTH 3 000X OOKiB MalOTh
HallHWKYUH  mpiopuTeT cepel (QYHKLUIOHAJBHUX CHMBOJIIB 1 TpaBy

ACOIIaTUBHICTH.

JUis mpaBUIIBHOTO 3amlKcy TEPMIB PO3POOHHKAMHU PEKOMEHIYETHCSI BHUKOPHUCTOBYBATH

IpymyBaHHs (B3ATTS B CKOOKH).



CuHTaKcHC BUBHAYEHUX TEPMIiB:

definiteTerm -> realDefiniteTerm | (realDefiniteTerm)
realDefiniteTerm -> [the] primDefiniteNoun | symbTerm
symbTerm -> primInfixFunctionSymbol |prefixSymbTerm
prefixSymbTerm -> primPrefixFunctionSymbol | prefixSymbTerm

postfixSymbTerm -> primPostfixFunctionSymbol | (symbTerm) | variable

[lpuknagn TUNOBHMX TPHUMITHBIB JJs BU3HAUYEHHX IMEHHHKIB 1 (YHKIIOHAJIBHUX

CUMBOJIIB;

primDefinititeNoun -> (zero | zeroes)
| (order | oders) (of) term

primInfixFunctionSymbol -> prefixSymbTerm (*) symbTerm

primPrefixFunctionSymbol -> (min) prefixSymbTerm

primPostfixFunctionSymbol -> (0)
| (exp) (“(°) symbTerm (*,”) symbTerm (°)’)
[ ...

HpOCTI/Iﬁ TEPpM — LIC TCPM SIKMH HE MICTUTh KBaHTI/ICI)iKOBaHI/IX MHOHATE. [HIIMMU CJIOBaMH,

IPOCTUH TePM — 11€ BUBHAYEHUH TepM, YHUiMU apryMEHTaMH € TaKO MPOCTI TEPMH.

plainTerm -> realPlainTerm | (realPlainTerm)
realPlainTerm -> [the] primPlainNoun | symbTerm

primPlainNoun -> (zero | zeroes)

Koxunit HpI/IMiTI/IB BU3HAYCHOTO MOHATTA aABTOMATHUYHO IIPOAYKYE IBa HpI/IMiTI/IBa JJIA

IPOCTUX MOHSTh, 3AMIHIOIOUYH TEPMHU HA MIPOCTI TEPMHU B MICLSAX JUIS apTyMEHTIB.



Ipeaukaru.

ODyHKIIIT Ta MOHATTS JAIOTh HAM MOXJIMBICTh BU3HAYATH 00’ €KTH; MPEAUKATH OMHUCYIOTh
iX BJIACTUBOCTI Ta 3B’SI3KM MDK HHMH. ICHye TpHM THIIM OCHOBHHX (HE CKJIAIHHUX) MPEAHKATIB:
moOy0BaH1 Ha OCHOBI JIIECITIB Ta MPUKMETHHKIB, MPEIUKATH K1 BCTAHOBIIIOIOTH HAJICKHICTH 10
kiacy (“is @’ — mpeauKaTH) Ta MPeIUKaTH sKa BUPAKAIOTh ICHYBaHHS 00’ €KTiB MOB’S3aHUX 13
cy6’extom (“has” — mpenukaru). OCHOBHI MpeIUKaTH MOXYTh OyTH 3amepeueHi abo 3B’s3aHi B
KOHFOHKIIIO JUIsl POPMYBAHHS CKIAIHUX MPEIUKATUBHUX OTUHHIIb.

CuHTakcuc HpeI[I/IKaTiB BHU3HAYCHUI HAaCTYITHUM YHHOM:

doesPredicate -> [does|do] [not] primVerb
| [does|do] [not] [pairwise] primVerb
| (has|have) hasPredicate
| (is|are|be) isPredicate {and isPredicate}
| (is|are|be) is_aPredicate {and is_aPredicate}

isPredicate -> [not] primAdjective
|[not|pairwise] primAdjectiveM

|(with|of|having) hasPredicate

is_aPredicate -> [not] [alan] nounNotion

| [not] definiteTerm

hasPredicate ->[alan|the]possessed{and [aJan|the] possessed}

| no possessed
[IpocTi IPUKMETHHUKH Ta JI€CIOBA MAIOTh HACTYITHUM BUIJISA:
primVerb -> (convereges | converge)

| (divides|divide) term

| (equals|equal) (to) term

10



primAdjective -> (prime)
| (dividing) term
| (equal) (to) term
| (less) (than) term

ITpoctuii npukMeTHHUK equal t0 Bu3HaUEHHIT 32 3aMOBUCHHSIM.

[IpocTi giecnoBa Ta MPUKMETHUKU MOKYTh aBTOMAaTHYHO TIOPOJIKYBATU MYIbMUOO 'EKMHI
npumimueu abo m-npumimueu. IIpaBuno mopopKeHHs HacTynHe. BizbMeMo mpuMiTUB 3 Xo4a 0
OJTHUM aprymMeHToM 3i cmucky primVerb abo primAdjective. SIkmo mnepuioMy apryMeHTy
nepenye MPUAMEHHHK Ta 3a HUM He cltiaye jekcema (and), To mopopKyeThCsl HOBUI TIPHUMITHB B
primVerbM (primAdjectiveM), nUIIX0M BUIYYEHHS MEPIIOTO apryMEHTY pa3oM 3 Mepeayrouoro
JIEKCEMOIO.

Tak, mpoctnii npukmeTHHK ( (parallel) (to) term ) mopomxye M-ipukmeTHHK ( (parallel) ).

M-npUKMETHHKH Ta M-J1€CIIOBa MOXXYTh 3aCTOCOBYBAaTHUCh JO KIIBKOX apryMEHTIB:
parallel line m,n.

[Io JOMOBIEHOCTI BB@KAEMO MYJIBTUCYO €KTHI TPEAMKATH CHMETPUYHHMH Ta
TpaH3UTUBHUMH. [lJI1 HE TPAH3UTHBHHUX NPEAMKATIB, BHUKOPHUCTOBYETHCS KIIOYOBE CIIOBO

pairwise (momapHo):

A,B,C are pairwise disjoint <-> A is disjoint with B and A is disjoint with C and B is
disjoint with C.

CuHTaKkcuC M-TIPUMITHBIB:

primVerbM -> (collides | collide)

| (commutes | commute) (wrt) term

primAdjectiveM -> (equal)
| (adjacent) (in) term

11



3a momomororo “is a” mpenuKaTiB MOKHA CKa3aTH 10 00 €KT OMHCAHUN MOHATTIM abo
piBHHMI BH3HadeHOMY TepMmy: X is natural number, X is the order of G. Mu He Moxkemo
BUKOPUCTOBYBaTH CHMBOJIbHI TOHATTS B “iS a” mpenukarax a0o MUISX Yy MPEICTaBICHHIX
(introductors), Tomy B ForTheL BBemeHo cremianbHuii HeTepMmiHan nounNotion I TOHATH

noOy/I0BaHUX Ha KJIACOBHUX-IMEHHHUKAX.

nounNotion -> {leftAttribute} primClassNoun {rightAttribute}

Hns  “has” — mpenukaTiB MiATPUMYEThCS CHeLialbHAa TIpylna NPUMITHBIB  SKi

CHaJIKyBaJIUCh Bl IPOCTUX (PYHKIIIH Ta TOHATH:

Possessed -> {leftAttribute}primPossessedNoun{rightAttribute}
primPossessedNoun -> (element|elements) [names]

| (solution|solutions) [names]

L{i npUMITHBH OPOIKYETHCSI aBTOMATUYHO 32 TAKUM MPaBUIOM. J[J1s1 IMEHHUKOBOTO MTPUMITHBA
3 xoua O omumMm aprymentoMm 3 primClassNoun ab6o primDefiniteNoun. fkmo nepriomy
aprymenty nepenye jiekcema (of) ta 3a Hum He cmigye nekcema (end), TOAl MOPOMKYETHCS
HOBHIA possessed noun NMPUMITHB, HUITXOM BHIYYEHHS MEPIIOrO apryMEHTY pa3oM 3 JIEKCEMOIO
(of) Ta momaBanHsAM [names] mpu MoTpeoi.

Tak, MpoCTHil KIaCOBUI-IMEHHUK:

(ambassadorlambassadors) [names] (of) term (in) term

MOPOJHKY€e HOBUH possessed noun mpUMITHB:

(ambassadorlambassadors) [names] (in) term

Xoua npumiTuB  union of argument and argument ° He MOPOIXKYE HISIKOIO HOBOTO
NpUMITHBA.

[Tpuknaau TBep/pKeHb 3 “has” — npeAuKaTHUMMU:

X has no elements

Every set of a finite cardinality is finite
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F has the domain D and the range R such that D is a subset of R.

VY npyromy TBepmkeHH1 “has” — mpeaukar Biirpae poJib MpaBoro aTpuoyTa B MOHATTI.

TBepaKeHHs

Teepmxennss B MoBi ForTheL — me ananor joriuaux dopmyn. Crnodarky po3riistHEMO

eJIeMeHTapHi (aTOMHi) TBepuKeHHs. Taki TBepKeHHS OyBatOTh YOTUPHOX THIIIB:
atomicStatement -> simpleStatement
| therelsStatement
| [we have] symbStatement

| [we have] specialStatement

IIpocti TBepmxeHHs (simpleStatement) OyAyrOThCsS HMUISIXOM 3aCTOCYBaHHS MpPEIUKATIB

710 TEPMiB:

simpleStatement -> terms doesPredicate {and doesPredicate}

terms -> term { (,Jand) term }

Tax 3Bani ‘there is’ — TBep/KEHHs MIATBEPPKYIOTh a00 CIIPOCTOBYIOTh HE MOPOKHICTh

ACAKOI0O KJIacy:

therelsStatement -> there (exists|exist) notions
| there (exists|exist) no notion

notions -> [aJan] notion {(,Jand) [alan] notion}

CHMBOJIbHI TBEP/IKEHHS KOMIIOHYIOTHCS B TPAAMIIIMHOMY CHHTAKCHCI MOBH IEPILIOTO

MOPSIKY 13 CAMBOJIBHUX MPEIUKATIB Ta TEPMIB:

symbStatement -> forall notionSymbol symbStatement
| exists notionSymbol symbStatement
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| symbStatement < symbStatement

| symbStatement => symbStatement
| symbStatement \V symbStatement

| symbStatement /\ symbStatement

| not symbStatement

| ( Statement )

| primPredicateSymbol

primPredicateSymbol -> symbTerms (=) symbTerm
| symbTerms (1=) symbTerm
| symbTerms (-<-)symbTerm
| symbTerms (:) symbTerm (->)symbTerm
| (Nat) (*(*)symbTerm (*)’)

symbTerms -> symbTerm {, symbTerm}
Cepeﬂ TBEPIKCHb BUILIAIOTH TBEPIKCHHS CIIeLiaIbHOrO THILY:
specialStatement -> [the] thesis | [the] contrary | [alan] contradiction.
IX BUKOPHCTOBYIOTH IIPH 3aMHKCi OBEIEHH TEOPEM.
EnxemeHnt ale TBCPKCHHA MOXXHA KOMIIOHYBATH B OLIBII CKJ'Ia,I[Hi 34 TaKUMU IMPaBUIIAMHU:
Statement -> headStatement | chainStatement
headStatement->for quantifiedNotion {and quantifiedNotion} statement
| if statement then statement
|(it is wrong that|not) statement
chainStatement->andChain [and headStatement]
|orChain [or headStatement]

|(andChain|orChain) iff statement

andChain -> atomicStatement {and atomicStatement}
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orChain -> atomicStatement {or atomicStatement}

Sk yxe Oyno 3a3Ha4eHO KOKHOMY TBepkeHHI0 MoBU ForTheL Biamosimae ¢opmymna
KJIACHMYHOI JIOTIKH TEPIIOro mopsaky. Taka ¢opmysa Ha3HBAa€ThCS 300paKSHHSIM TBEPIKCHHSI.

300pakeHHS TBEpHKCHHS S OyeMo mo3Havartu: |S|.

Onuc 3MiHHHX

BinbHUMM 3MIHHUMHU TBEp/KEHHS S OyayTh Ti 3MiHHI SKi € BUIBHUMH B 300pa)KCHHI
TBEp/UKEHHS |S|. MHOXXMHY BUIBHUX 3MIHHHX TBep/UKeHHS |S| Oymemo mosnauatu: FV(s) (free
variables). MHOkHHY 3B’ s3aHuX 3MiHHUX OyneMo no3Hauatu: BV(S) (bounded variables).

[IpaBuna moBu ForThel 3a00poHSIOTH BHKOPHCTOBYBATH TBEPIKCHHS, SIKI MICTSTh
BKJIQJICHI KBAaHTOPH 3 OJHAKOBOIO 3MiHHOIO. Hampukiazn, TBep/ukeHHs every number n divides
some number n BBaKA€THCSI HE KOPEKTHUM.

Bynemo rosoputu 1mo tBepkeHHS S onucye (oromomrye) 3MiHHY VEFV(S) koxHU pa3
KOJIU B S CTBEPIUKYETHCS, 1110 V HATESKUTH JI0 IEBHOTO KJacy.

Tepm t Ha3UBA€ETHCS TOBUTUBHUM (pEaIbHUM) KOJIU t HE € KBAaHTU(IKOBAHUM MOHSITTSAM Y
dopmi 3anepederHs (NO notion) Ta BCi apryMeHTH TepMa t TaKOK MO3UTHBHI TEPMHU.

CuHTakCHYHUHA TPUMITHB | HAa3WBA€THCA NECKPUITUBHUM, SIKIIO BUKOHYETHCS OJHA 3

HACTYITHUX YMOB:

- | — mpuxkmeTHuK equal to argument;
- | — mnpoctuil TNPUKMETHUK, Ji€ciioBO a00 mnpeaukaTHUl cumBon; [ —
MPEACTABJICHUH K CHHOHIM; IIA0JIOH MPEICTABIEHHS MTOYMHAETHCS 31 3MIHHOL

V, SIKa OTUCYETHCS 1 L.

[Ipenukar P neckpuntuBHuil (OMUCOBUIN), SKIIO BIH HE 3alEPEUyETHCS Ta BUKOHYETHCS
OJIHA 3 YMOB:
- P — ‘is a’ mpemukaT HajJ IMEHHUKOBUM TOHSTTSM 3 MO3UTHBHUMHU
apryMeHTaMHu.
- P — ‘is a’ mpeauKaT HaJ| MMO3UTHBHUM BU3HAYCHUM TEPMOM.
- P — noOymoBanuil Haj JECKPUNITUBHUM MPHUMITUBOM MpPHUKMETHUKA a0o

I[i€CJ'IOBa 3 NOBUTHBHUMU apTryYMCHTAMMU.
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- P — xoMmo3u1list 6a30BHX MPEANUKATIB, OJJUH 3 IKUX € JECKPUITUBHUM.

Haperuri, TBep/pkeHHS S OMHICYE 3MIHHY V, SKIIO BUKOHYETHCS OJIHA 3 TAKUX YMOB:

- S — necKkpuNTHUBHHMI NpEeAMKATHUN CHMBOJ 1 MEpPHIMHA apryMEHT i3 CIIHCKY
3MIHHUX TBEP/UKCHHSI MICTUTH V.

- S — mpocTe TBEpKEHHS TaKe IO IMJMET BHCTYIA€E B SKOCTI MOCIIIOBHOCTI
3MIHHHX, SIKa MICTHTbB V Ta IPEIUKAT TBEPKECHHS € ICCKPUIITHBHHIM.

- S — KOH IOHKIS AEKUTBKOX TBEPPKEHb OHE 3 SKUX € JIECKPUIITUBHUM.

Busnauenns (definition statements)

Y wmoBi ForThel mnpucyrtHi cnemianbHi THINHM TBEPKEHb, SIKI BUKOPHUCTOBYIOTHCS Yy
BU3HAYCHHSX.

CHHTAaKCHUC TaKUX TBCPIKCHb Ma€ HaCTYHHI/Iﬁ BUTIJISAO:

defStatement -> notionDef | functionDef | predicateDef

notionDef -> [aJan] primClassNoun is [alan] notion

| primNotionSymbol iff variable is [ajan] notion

functionDef -> functionSym is equal to plainTerm
functionSym -> [the] primDefiniteNoun

| primInfixFunctionSymbol

| primPrefixFunctionSymbol

| primPostfixFunctionSymbol

predicateDef -> predicateSym iff statement
predicateSym -> variable is primAdjective
|variable °,” variable are primAdjectiveM
|variable primVerb
|variable , variable primVerbM
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|primPredicateSymbol

KoskHe BU3HA4YeHHs S Ma€ Tak 3BaHHM rojJOBHHH jUNCtOr , sikuii Moke OyTH PIiBHICTIO,
€KBIBaJICHTHICTIO, a00 3B’s13k0f0 iS. CHHTaKCHYHA OJWHMIIA 3J1iBa Bix jUNCtOr Ha3MBa€ThCA
20106010 BU3HAYCHHS, & CAHTAKCUYHA OJIMHUIS CTIpaBa — /miioM BUSHAUCHHS.

BuszHnaueHHS BBaXKa€ThCS KOPCKTHUM, KO BUKOHYETHCA OJlHA 3 HACTYIIHUX YMOB!

- y TOJIOB1 BUBHAUCHHSI BCl TEPMH HA MICIISIX apTyMEHTIB — 3MiHHI.

- ’Komna 3MiHHA HE 3yCTpIYaeThCs JBIY1 B TOJIOBI BU3HAYCHHS.

- KoskHa BijbHa 3MiHHA B T1JIl BUBHAYEHHS € B T'OJI0BI BU3HAYECHHS.

- SIKI0 TPUMITHB Yy TOJIOBI BU3HAYEHHS MPEACTABICHUI CHHOHIMOM TO1
BIJIMOBIIHA L1JIb — TAKOXK MMOBUHHA OyTH MPUMITHBOM.

- [TpuMiTHB 110 3HAXOTUTHCS B TOJOBI HE NOBHMHEH 3yCTpidyaTuch B Timi (B
MOTOYHIH pearizallii MOBH, pEKypCHBHI BU3HAYCHHS HE JIOMTYCKAIOTHCS).

- SIkmio S BU3HAYA€ MOHATTS, TOJI IMOHATTS 1[0 3HAXOAUTHCSA B T'OJIOBI IOBUHHO
MarH xo4da 0 oxgHe iM’s

- SIxkmo S BU3HAYa€ CUMBOJIBHE IIOHATTS TOI iM Sl TOIIOBU — CY0’€KT Y TIJII.
y y

Tenep MH MOKEMO HepeﬁTI/I A0 po3rirsiAy NpakKTUIHOT'O BUKOPUCTAHHS MOBH.
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ForTheL Texctn.

VY nonepenHix po3aiax BBOAUIUCH OCHOBHI THIHM CHHTAaKCUYHHMX OIMHMIIL MOBH. 3 iX
JOTIOMOTOI0 MOXKHa OyJyBaTH TBEPIKEHHS, SIKI 3TrOJIOM TpPAHCIIOIThCA Yy (OpMyiIH MOBU
MEPIIOTO MOPSIKY. AJie 3pO3yMiIO, IO AJIS HANMCAHHS MaTEMAaTHYHUX TEKCTIB, JIUIIE OJHUX
TBEP/UKEHb HeNOCTaTHhO. Tekcr 3ammcanmii MoBoro ForThel ckmamaerbcsi 3 mpencTaBieHb
(introductor) Ta cexiiii BepXHHOTO PiBHS. 3MICTOBHO TaKMMHU CEKIISIMUA € aKCIOMH, BU3HAUCHHS
Ta TEOPEMH.

KoxHa 3 Takux CeKIiii MICTUTh 3aroJioBOK, mo omwucye ii Tum. KpiMm Toro, micis
3arojIOBKy MOXKe CcligyBaTH MiTka (Ha3Ba,label) cekmii. MIiTKM BHKOPHCTOBYIOTHCS JUIS
MOCUJIaHb.

3aranpHuii cuntakcuc ForThel TEKCTY BU3HAYAE€THCA TAKUMU IIPpABUIIAMHU

Text -> {axiom | definition | proposition | introductor }

axiom -> axmHeader {assume} axmAffirm

axmHeader -> Axiom [label]

definition -> defHeader {assume} defAffirm

defHeader -> Definition [label]

proposition -> prpHeader {assume} prpAffirm

prpHeader -> (Proposition | Theorem | Lemma | Corollary) [label]

lable -> word

Kpim 3aronoBky Ta MiTKH KO>KHA CEKIlisl TOBUHHA MICTUTH TBEPUKEHHS, BIAMOBIIHOTO 10
3aronoBky tumy,(Affirmation, y rpamatuunux mnpaBunax —Affirm) Ta MoXe MiCTHTH
npunyuieHHs (assume). [IpunymeHHs ciayxath JUis ONKMCY 3MIHHMX SIKI OyAyThb BUKOPHCTaHI B
nojanbux TBepkeHHsIX. Hampuxman: Let S be a set. Omucye 3MiHHY S, 10 SBISETHCS
MHOkHHOI0. KpiM ToTO, /7151 onucy 3MIHHUX MOXXYTh OyTH BHUKOpHCTaH1 cenekiii (selections),
Hanpukiaa: Take an empty set E. Cenekuii ckimajgaroTbecs 3 TMOHATH Ta CTBEPIKYIOTh HE

MOPO’KHICTh BIMOBIAHUX KiaciB. (Haramaemo, 1110 TOHATTS 33a10Th KJIac 00’ €KTiB)

assume -> asmPrefix statement
asmPrefix -> let | [let us|we can] (assume|suppose) [that]
select -> selPrefix notions [reference]

selPrefix -> [then|therefore|hence] [let us|we can] (take|choose)
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axmAffirm -> statement

defAffirm -> defStatement

prpAffirm -> affPrefix statement [reference] ‘.” [prfHeader proof]
|[prfPrefix statement [reference] ‘. Proof

affPrefix -> [then|therefore|hence]

prfHeader -> proof [by method] .” | indeed

prfPrefix -> [let us|we can] (provelshow) [by method] [that]

method -> contradiction | case analysis | induction [on plainTerm]

reference -> ‘(“ by label { ‘,” label } )
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JoBenennst (Proof Sections)

VY KOpeKTHOMY TEKCTi KOokHe TBepikeHHs (Affirmation) moBUHHO OyTH OOTpYHTOBaAaHUM
(3a BUKJTFOUEHHSIM TBEP/UKCHB SK1 IPUHUMAIOThCS SIK akCiomMu ab0 BH3HA4YeHHsS). BOHO MOBHHHO
JIOTIYHO CIiAYBaTH 3 MOMEPEIHBOTO TEKCTY. ABTOP TEKCTY MOXKE 3pOOUTH i€ CIIiAyBaHHS OiIbII
OUYCBHJIHUM, SIK 3a JIOIOMOTOI0 TOCHJIaHb Ha HEOOXigHI cekulii BepxXHiX pIiBHIB Tak i
BUKOPHUCTOBYIOUH CEKIII0 JOBeAeHb (proof section), y sKiii MPOBOIUTHCS JIOTIYHE BHBEIACHHS
I[LOTO TBEPJKCHHSI.

Hoenenns B ForThel cknamaetscs 3 mpumymieHb (assumptions), cenexiiri(selections),
Ta IHIMX TBepKeHb (affirmations), siKi MOXKYTh MICTUTH CBOI JOBEJICHHS, & TAKOXK 3 OCOOIMBHX
KOMMO3UI[ii. TakuMK KOMIIO3UIISIMU MOKe OYTH po3raiy>keHHs1 a00 OJIOK JOBEICHHS.

bnok moBeneHHs CIy)XUTh Ui CTPYKTypH3allii JoBeeHHs. BoHM BH3HA4YarOTh 00JIACTH
Iii TPUIYIIEHh Ta ONHCIB 3MIHHUX. bBJIOK 1oBeneHHs Moxe Oyt B OyIb-SKOMY MiCIIi
JIOBEJICHHS.

PosranyxeHHsl CIIy>KUTh JJIsl PO3TJSY PI3HUX MOXKIMBUX BUIAJKIB SIKI BUHHKAIOTh B
nporieci JToBelneHHs. PosramykeHHs CliayloTh OJHE 32 ogHUM. Ko)kHe posrairy:KeHHsI MICTUTh
3aroJIOBOK Ta JOBEJCHHS. 3aroJIOBOK MICTHTh TBEPIDKEHHS, SIKE BHpakae BUMAAOK. Jlami ciinye
JOBEJICHHS BiJIIIOBITHOTO TBEP/KCHHS B TAKOMY BUTIJIKY.

HOBCHGHHH MNpCACTAaBIAECTECA TAKUMU I'PaMAaTUIHHUMU ITPpABUJIAMM

proof -> [ {prfBody}prflLast ] ged

ged -> end. | ged. | obvious. | trivial.

prfBody -> assume | select | prpAffirm | block

prfLast -> prpAffirm | block | case {case}

block -> blkHeader proof

blkHeader -> Block [label] “.” | now | first | second | ...

case -> Case statement [reference] ‘.” Proof

ITpu ommci noBeaeHHs MoxHa omucyBatu Metoi. ForThel minrpumye noBeneHHs Bif
cynpotuBHoro (by contradiction), anami3 BumaakiB (by case analysis), Ta 3a iHgykiieto (by
induction).

dopmanizaiiisi mporecy JoBeneHHs 3a iHAyKuiero B ForTheL rpyHTyerbess Ha

HACTYIHOMY 3arajJbHOMY 1HAYKIIHHOMY MPUHIUIII:
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VX(IH(X) o F[X]) > VXF[X]

, ae IH(X) = vy ((t[y] <t[X]) = F[Y]), t Tepm, a < BigHONIEHHS MOPSAIKY. 3MICTOBHO MPHHIIUI
BUpaXKae: JOBOJSYM, IO BIACTUBICTH P Mae micie mis neskoro aie (hikCoBaHOTO X, MOXKHA
NPUITYCTUTH IO LI BIACTHBICTh MA€ MicIle JUIA BCiX Y MEHIIMX 32 X, 3Ba)KalO4M Ha BU3HAYCHE
BIJTHOIICHHSI TOPSAKY. [HIYKIIAHUN TepM t BHKOPUCTOBYETHCS JUIsI TPYIyBaHHS KOPTEXKIB
3Ha4YCHb B OJIHE.

OTxe, IOBENEHHS 3a IHIYKIIEK 3alHCYIOThCS Ta IEPEBIPAIOTHCS BpPaXOBYHOUU
HaBeJICHUA NMPUHIMUI 1HAYKIIT. L{g rinore3a GhopMyIoeTbess aBTOMAaTHYHO 1 CTa€ JOJaTKOBUM
JIOT1YHUM TIOTIEPETHUKOM ISl QpTYMEHTY 1HYKIIii.

Hagenemo nmpukiiaz 1oBeeHHS 32 IHAYKITIEO:

Proposition P_h. For all terms t, r t+r=r1r+ t.

Proof Dby induction on r.
Let t, r be terms.

Case r 0.
r + 0 =r.
r=0+r
r+0 = O+r.

end.

Case r!=0.

Take a term x such that x' = r.

t +x=x+ t. #By induction hypothesis!
t + (x') = (£t + x)'.

(x")+t = (x + t)'

(t +x)' = (x +t)'

t+H(x') = (x + t)'.

t+(x') = (x'") + t

Hence t + x = x + t => t + (x'") = (x') + t.
end.

end.
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Texuniuni ocodmBocTi peanizanii cucremu CAJl Ha nuiiargopmi

Windows

OCKiNbKH cHCTEeMa OpPHUTiHAIBHO PO3po0IsiIack 3 opieHTaliero Ha ruiardpopmy Linux, €
JOUITBHUM PO3TJISIHYTH JAEAKi OCOOMMBOCTI TEXHIYHOI peainizamii, fKi XapakTepHi Ui Ii€i
miatdopmu. Ll 0coOIMBOCTI CTOCYIOThCS amapary BBOAY / BUBOAY , MOTOKIB Ta IMPOIIECIB, a
TaKOX CIOco0y poOOTH 13 30BHIIIHIMU MOJYJISIMH (IIPOTPaMaMH).

Jlist poOOTH 3 BHIIE 3raJlaHMMH 3ac00aMU TEXHIYHOI peajizarlii, oneparjiiina cucrema Ha
anpi Linux BukopucroBye crannapt Posix, SKuil onmucye HU3BKO PiBHEBI MEXaHI3MU POOOTH i3
nuMu kiracamu 00’ ekriB. [lnmardhopmoro MS Windows crarnnapt Posix He miaTpuMyeTbes, (xoda
€ crnpobu CTBOPUTHU cepenoBHINe, sike emyntoe Linux, Hampukian, Cygwin) 3amicTb HBOTO
BUKOPHCTOBYETbCS BJACHHUI amapar, 3acHOBaHMI Ha 00’ektax sjpa. s Hac BaKIMBUMHU
o0’extamu € mipouiecu (process), motoku (thread) ta xanamu BBoxy / BUBOAY (pipe). OCKUTBKH,
st iepeHocy cuctemu Ha Windows miatdgopmy, HaM HEOOXiJHO 3aMIiHHTH BCi CHCTEMHO
3aJIeXKHI MPOLIETypPH, Ha EKBIBAJICHTHI HOB1 3 BUKOPUCTAHHSAM anapary 00’ €KTiB sjpa.

PosrasiHeMo GibIn JeTanbHO, M0 COOO0 SABIIOTH 00’ €KTH spa. KoxkHuii 00’ €KT spa -
HaCIIpaB/i MPocTo OJOK mam’siTi, skui OyB BuaineHui simpom OC 1 TOCTYIMHUH TUTBKH HOMYy.
Lleit 610K siBIIsiE COOOKO CTPYKTYPY JaHUX, B €JIEMEHTAX SKOT MICTHTHCS iHPOpMAIIis Ipo 00’ EKT.
Jesiki eneMeHTH (IECKPUOTOP 3aXHCTY, JIYMIBHUK KITBKOCTI KOPUCTYBAuiB) € CIUIBHUMH, ajie
OinpIna iX YacTMHa crneuu@piyHa B 3aleXHOCTI Bin Tumy 00’ekta. Hampukinan, B 00’ekta
Hhpoiec” € ineHTudikatop, 0a30BUI MPIOPUTET Ta KOJ 3aBEPIICHHs, a B 00’ekta ,,hain” —
3MillleHHd B OailiTax Ta pexum goctymy. OCKUIBKM IIi CTPYKTYpPH AOCTYNHI TUIBKU SAPY,
nporpaMa He MOK€ CaMOCTIMHO 3HAWTH 1X B aM ATl 1 HApAMY MOJIM(pIKyBaTH BMICT.

ITpu iHimiamizamii mporecy cucTeMa CTBOPIOE B HbOMY TaOJIMIIO JECKPUIITOPIB, IIO
BUKOPHUCTOBYETbCA TUIbKM JUIsl 00'eKTiB siApa. BimomocTi mpo cTpykTypy Li€i Tabmumi 1

KEepyBaHHI HEIO HE 3aJTOKyMEHTOBAHI.

Ha cxemi mokaszaHo, sk NpHUONM3HO BUIUIAJA€ TaONMLS AECCKPUNTOPIB, IO HAIEKHUTH
nporecy. Lle mpocto MacuB cTpykTyp JaHuX. KokHa cTpyKTypa MICTUTh BKa3iBHUK Ha SIKHUii-

HeOy b 00'€KT Apa, MACKy JIOCTYIY i JesiKi ¢uiary.
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Inmexc BkasiBHuk Ha 0ok Macka JOCTyIy ditarn

nam'siTi 00'eKTa spa
1 OXXX XXX XXX DX XX XXX XXX OXXX XXX XXX
2 OXXX XXX XXX OXXXXXXXXX OXXX XXX XXX

CrpykTypa TabJuIli IECKPHUIITOPIB, 110 HaJIekHUTh mporecy (X = 0 abo 1).

Ko nporiec iHimiamizyeTbes B MEpUIMN pa3, TaOIUI JSCKPUIITOPIB IIe TOPOXKHS. AJle
SK TUIBKM OJWH 3 MOTO MOTOKIB BHKJIMKA€e (PYHKIIiIO, IIIO CTBOPIOE OO0'€KT sypa (HampHUKIad,
CreateFileMapping), sapo BHIUISIE UIS IBOTO 00'€KTa OJIOK MaM'aTi 1 3alIOBHIOE MOYaTKOBUMU
JaHUMH, Tl Sapo Teperisagac TaOlUI0 JECKPUNTOPIB, M0 HAJICKUTh JAHOMY Ipolecy, 1
BIITYKY€E BUTHHUH 3armuc. OCKUTBKY TAOIHIIA 111€ TIOPOXKHS, SIPO BUABJISE CTPYKTYPY 3 1HIECKCOM
1 i 3amucye BiZoMOCTI Mpo 00’€KT Tyau. BKa3iBHUK YCTaHOBJIIOETHCS HA BHYTPILIHIO aApecy
CTPYKTYpHU JaHHUX 00'€KTa, Macka JJOCTYITy - Ha TOCTYI 0e3 0OMEXeHb 1, HapeITi, BA3HAYAEThCS

OCTaHHIM KOMIIOHEHT — (hary.

Ot nmeski GpyHKIIII, 10 CTBOPIOIOTH 00'€EKTH si/Apa!

HANDLE CreateThread(
PSECURITY ATTRIBUTES psa,
DWORD dwStackSize,
PTHREAD START ROUTINE pfnStartAddr,
PVOID pvParam,
DWORD dwCreationFlags,

PDWORD pdwfhreadId) ;

HANDEE CreateFile (

PCTSTR pszFileName,

DWORD dwDesiredAcceb,

DWORD dwShareMode,

PSECURITY ATTRIBUTES psa,
DWORD dwCreationDistribution,
DWORD dwFlagsAndAttnbutes,

HANDEE hTemplateFile);

HANDLE CreateFileMapping (
HANDLE hFile,
PSECURITY ATTRIBUTES psa,
DWORD flProtect,
DWORD dwMdximumSizcHigh,
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DWORD dwMaximumSizeLow,
PCTSTR pszName) ;

Bci ¢ynkmii, mo CTBOpPI0OOTH 00'€KTH spa, IMOBEPTAIOTh YHCIOBI 3HAYCHHS, SIKI
MIPUB'sA3aH1 10 KOHKPETHOTO MPOIECY 1 MOXYTh OYTH BUKOPUCTAHI B OYIb-IKOMY TOTOIIll IAaHOTO
nporecy. Lli 3HaYeHHS SBJISIOTH COOOK 1HACKCH y TaONMIN JACCKPUITOPIB, IO HAICKHUTH
nporecy, i B Takuil croci® igeHtudikye micue, ne 30epiraerbcsi iHpopMaris, MoB's3aHa 3

00'ekTOM s11pa.

He3anexHo Bif TOro, IK caMe CTBOPEHUH 00'€KT Apa, MO 3aKiHYeHHI pOOOTH 3 HUM HOTO

noTpibHo 3akputH BukiInkoM CloseHandle.
BOOL CloseHandle (HANDLE hobj) ;

Lls QyHKIis criovaTKy mepeBipsie TaOIUII0 JAECKPHUIITOPIB, 110 HAICKHUTH MpPOIecy, Moo
NEPEeKOHATHUCS, UM 1ACHTU(IKY€E Tiepeanuil il iHIeKe 00'eKT, 10 SAKOTO Lei Mmpolec IiiiCHO Mae
JOCTYI. SIKIIO TepenaHuii iHIeKC NMPaBUIBHHUNA, CHCTEMa OJEPXKYE aapecy CTPYKTYpH JaHUX
00'eKTa 1 3MEHIIYE B Lii CTPYKTYPi JTIUMUIBHUK YHCIIAa KOPUCTYBAUiB; K TITbKU JIYMIBHUK CTaHE

PIBHUM HYJIIO, SIAPO BUAAIUTH 00'€KT 13 mam'sTi.

Tenep posristHemMo Moyiti cuctemu CAJl, siki Tak 9¥ 1HAKIIIE MiUISITaloTh Mo I diKarii.

VY cucremi CAJl icnye Mmoaynb Reason, y iioro 3amadi BXoAuTh BepudiKailisi TEKCTIB SIK
3a JIOMOMOIOI0 BJIACHUX 3aco0iB Tak 1 3 BUKOPUCTAaHHSAM 30BHIMHIX. [Ipu BHUKOpHCTaHHI
30BHINIHIX 3ac00iB BHHUKae MpoOsieMa B3aeMoAil mporieciB. Taka B3aeMofis Ha miaTdopmi
Windows moske OyTH OpraHizoBaHOIO 3a JIOIIOMOTO0 amapaTy o0’ekTiB sapa. Came ToMy Iiei
MOJyJIb CUCTEMHU 3a3HaB HAHOIIbIINX 3MiH B HOPIBHSAHHI 3 OPUTiHAJIBHOIO BEPCIEI0 NPU MepeHoci
Ha HOBY Matopmy.

Takumu 30BHIMIHIMEU 3ac00aMU € TIpOTrpamMu ISl TOBEJEHHS TBEpKeHb (prover). Koxna
Taka [porpama Mae BIacHUH (opmaT moJaHHs BXITHUX JaHUX. Bzaemonis mix cucremoro CAJl
Ta 30BHIIIHIMU MpOrpamMaMu BiOYBaeTbcs uepe3 CTaHIapTHI NMOTOKH BBOJY / BHBOAY, XOua
MO>KJIMBA OpTaHi3allisg 1 IHIIMX CMOCO0IB B3a€MO/Ii1 (OCKUTBKH CHCTEMA € BIIKPUTOIO 1 IOMYCKAE
posmmpenns). Haiimpocrima B3aeMOjisi ONMUCYEThCS HACTYIHOK CXeMow: Mmonyib Explore
OTpUMYE BiJ MoOAyist Reason 3aBmaHHs Ui JIOBEIEHHS, a TOW B CBOIO Uepry mepenae Horo B
CTPYKTYpOBAaHOMY BHUIJISJII 30BHIIIHIM 3aco0aM. OCKITbKH, KOKHUI 3 HUX Ma€ BIACHI BUMOTH
10 (hopmu MMOAAHHA BXIJHUX JAHUX, TO TYT Ma€ Micle 3a7ada TPaHCIISIII.

Hasenemo BH®, ski onucytoTs dopMaT 3aBAaHHS IS JOBEJIEHHS, sIKE TEHEPYE MOIYIb
Explore:
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Problem ::=  Formula list
Proposition
Number

{ “#’ | IDN
Fof
{Formula list }*

}

Formula list

Proposition::= {‘ '
Fof }
‘?!' Fof
Fof :: = ‘|’ Fof Fof

‘&' Fof Fof

‘> Fof Fof

AR {‘Y:DHD’ }
Fof Fof

V17 Fof

‘=" Term Term

V=" Term Term
‘@’ Term Fof
‘S’ Term Fof

Term
Term T = Func Symbol "(Y{Term {y,’ Term} *} V)’
Predicative Symbol ‘(' Term {‘,’” Term}* )’ | var [ ‘4’ [ '-}

, TyT QITYpHI JYXKH O3HAa4aloTh OJIHE BXO/KEHHS ab0 BiJCYTHICTh, CUMBOJIM B JIallKax —
TepMiHaJbHI CHUMBOJIM, Omepaiis * - cTaHAapTHa omepailiss moBropeHHs (itepauis). IDN —
IIEHTU(IKATOp - 1€ MOCIIJOBHICTh CHMBOJIB, SIKa IOYMHAETbCS 3 OyKBU ab0 CUMBOIY
niakpecnenns, Predicative_Symbol, Func_Symbol - imentudikaropu, 1m0 M0O3HAYAIOTH
npeaukar Ta GyHKIIiI0 BIIMOBIAHO, ‘+’ Ta ‘-° CKOpOYEHI MO3HAYEHHS KOHCTAHT icTHHA (true) Ta
xuba (false).

@opmynu 3anucyroThesi B oOepHeHid moisbebkit HoTamii. Cekimiss Formula list — ne
crucok akcioM. Problem — e 3amuc ¢popmyn, mo migsrae goenennro. 3amuc © ° Fofl ‘?° Fof2
eKkBiBajieHTHUH Takii ¢popmymni: Fofl => Fof2.

TyT, KOHCTaHTH pO3IJSANAIOTECH, AK Hynab-apHi ¢yHkuii. Hampuxman: EmptySet() ,

Zero(), Jony(), etc.
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Yucno B KiHII MOAAHHA — 1€ OOMEXEHHS Ha 4Yac, y CEKyHIax, SKUW TaeThCs IS
JOBEJICHHS ITi€T TPOOIEeMHU.

Take mogaHHs JOMYyCKa€e TPAHCIAIIIO y BX1IHI IaHl 711 30BHINIHIX MTporpaM. Y TMOTOYHIN
peasizaliii BUKOPUCTOBYEThCS 30BHIIIHIN prover SPASS, Ta icHye BiamoBigauii Moayas Haigha,
KU BUKOHYE TPAHCIIALIIO Ta 00p0oOKY pe3yabTaTiB.

B xoxi po0iT 1o nepeHeceHH0 cucTeMu 0yio po3mmpeHo Moaynb Haigha mist po6otu 3
IHIIMMHU 30BHIIIHIMH prover-amu, TakuMmu sk Otter Ta Vampire. Vampire mpaioe i
ynpasmiaasm OC Linux. Woro migkioueHus peanizoBaHoO I BIAMOBIAHOI Bepcii cuctemu. Sk,
y’K€ 3a3Ha4yajioch MiJKITIOUEHHS TaKOr0 MOJIYJS, MOJIATae B po3poOIi Mpoueayps TPaHCIAMil y
dopmar BXiTHHX JaHHUX, MPOLEIYPH KOPEKTHOTO 3aIyCKy Prover-a ta oOpoOKH pe3ynbTaTiB
Horo poOOTH, a TaKOX Y JCSKHX BHUIIaJIKaX MPOIEIyp KepyBaHHSI OOMEKCHHSMH (I1aM’sITh, 4ac
BUKOHAaHHS). Vampire BUKOpUCTOBYe BXiaHi naHi y ¢opmati 6i6mioreku TPTP (Thousands of
Problems for Theorem Proving). Bona € nmocrymHor depe3 IHTepHEeT 3a amapecoro

http://www.tptp.org.

Sk yxke 3a3HayaloCh BHINE, MPH MIJKIIOYEHHI 30BHIIMIHIX 3ac00iB 10 CHUCTEMH
BUHUKAIOTH MPOOIEMH Y3TOKEHHS iX B3aeMoJlii 3 MoayiaeM Reason, oCKUTbKM Taka B3a€EMOIis
BU3HAYAETHCS OmepariifHoo cuctemoro. OpuriHanbpHa Bepeis Oyina opieHTOBaHa Ha IUIATHOPMY
Linux Ta cranmmapt Posix. Ilmardpopma Windows mae cBoi anbTepHaTHBHI 3aco0Ou. 3amada
Y3TO/DKEHHsI SIKy HEOOXIiZHO OyJio pO3B’sA3aTH MOXXKHA 3BECTH J0 KIACHYHOI 3ajadi

,»[TOCTa4alIbHUK — crioxkuBau”’. Haragaemo ii popmyntoBaHHS:

Crio)xuBau

[MocTauanpHUK Bydep oominy
1 —— oo——, @

[TocTauanbHuk BUpOONsie 00’ekTn 1 3amucye ix B Oydep oOminy. Komu Oydep

3allOBHEHMH BiH He MOBUHEH roctadatd. CroXuBay He MOXKE CIIOKHBATHU 3 TIOPOKHBOTO Oydepa
1 Ha 00poOKy OJHOro 00’€KTy HEOOXIAHMH MEBHHM NMPOMDKOK yacy. Po3B’s30k Takoi 3amaui
IPYHTYETbCS HA BUKOPUCTaHHI TEXHIKU ceMadopiB.

B HamoMy BUMAJKy B3a€MOisl OiIbII CKIagHa. [i MOKXHA 300pa3sHTH TAKOIO CXEMOIO:
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SAD Foreign Tools
Results
Reason Proof Task /\ Translated
i IS ranslate
..................... 4 Results
.. | Alternative :
O » proverl
Alternative
Moses Prover proverN
External Environment

Moayne Reason mpaittoe 3 BHYTpiliHiM npeacrasieHdsm ForThel texcry. Bin renepye
MOCTAHOBKY 3ajavi JuUls JOBEACHHS Ta mepenae il migmoayaro Explore. B 3amexnocTti Bifg
BXITHHX MapameTpiB Moaysib EXplore renepye 3amady y Buile 3rajaHomy ¢gopmarti i nepenae ii
abo 1o BiacHoro prover-a Moses abo 10 iHIIOI 30BHIIIHBOI MPOTpaMH, a MOTIM OYIKye Ha
pesynbrati ii podotu. B cuctemi CAJl, Moses peanizoBanuii y BUTIISAI OKPEMOi 30BHIIIHBOT
nporpamMu. ToMy B3aeMoJlii 3 HUM HI YUM HE BIJPI3HIETHCS BiJ] B3aeMOJii 3 OYIb-SKOIO
30BHIIIHBOIO Tporpamoro. [licist 3aBepuieHHs poOOTH Prover TMOBMHEH MOBEPHYTH KO/
3aBepiIeHHs y Gopmari (y TOMY BHMAJKY, KOJM KOJI 3aBEPIICHHS Ma€ 1HIIHI dopmar, MOIyJb
IO BiAMOBIZAa€ 3a MiAKIIOYEHHS, MOBUHEH OOpOOJATH TaKy CHUTYAIlll0 1 MPUBOAUTH HOTO A0
KOPEKTHOTO BUTJISITY):

¢/

Kop 3aBepmeHHs

Kon 3aBepiieHHst MOKe OyTH TaKHM:

e ‘+’ —3ajmaya yCHIIIHO JOBeJcHA

e ‘I‘—3agauy TOBECTH HEMOXKIIMBO
e ‘- — NTOCATHYTO TPAHUYHOI TTTMOMHU JOBEICHHS
e ° ’ —TMEpEeBUIICHO JIIMIT Yacy
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JUis MigKITIoueHHs albTepPHATUBHUX ProVer-iB po3poOHHKAMH CHCTEMH IPOMOHYETHCS
BHKOPHCTOBYBaTH Moxyib Haigha. Moro 3anaua nonsrae B TpaHcIamnii BXiZHOro GopMyTIOBaHHS
3a/1a4il B BXiJIHI JIaH1 aJIbTEPHATUBHOTO Prover-a , o0pooOIli pe3ynbTaTiB Horo poOOTH, a MOTIM X
IHTepIpeTallist Ta MIOBEPHEHHS KOy 3aBepIICHHS it Moy st Explore B kopektHOMY (hopMmari.

PosrnsiHeMo sik peaizyeThes B3aEMOJIis MK Prover-om ta moayinem Haigha B cucrtemi
CA/Jl na miatrdopmi Windows.

Crnouatky moxynb Explore 3amyckae nmporpamy Haigha, sik okpeMuil mporiec CHCTEMH.
Yepes kananu BBoAY / BUBoay (Pipes) BimOyBaeThes mepeaada GopMmyiroBaHHs mpodmemu. Jami
Haigha nmpoBoxuTh TpaHCcisimio BXiJHUX JaHUX B (hopMaT MpUAATHUN [Uisi 0OpaHOro Prover-a i
3alyCcKa€e MOro sIK OKPEMHUM MPOIEC CUCTEMHU. 3 UM MPOIECOM TMOB’SI3YETHCS JBa MOTOKU
WorkerReader ta WorkerWriter. 3aiaua mepIiiioro 4uTatd AaHi 3 BUXiJHOTO KaHaly Prover-a ta
OpoBOAUTH iX 00poOKy. 3amaua WorkerWriter — 3anucyBatu naHi y BXigHHH KaHai Prover y
HeoOXxigHoMy ¢opmari. Kanamu BBOAy / BHBOAY BiIirpaioTh poib OydepiB  Mix
MOoCTa4aJIbHUKAMHK JIAaHUX Ta iX CHOKMBadaMH. B HamoMy BUTIQAKY KOKHHH 3 MPOIECIB MOXKE
BUCTYIIATH SIK B POJIi TIOCTaYaJIbHUKA TaK 1 B POJIi CIIOKKMBa4a. Y TOMY BHUITAJKy KOJM B KaHAIi
BBOJly / BUBOJIy HE Ma€ JaHUX, MOTIK ,,CIIOXKHBAY” MPHU3YIUHSIE CBOIO pOOOTH. AHATIOTIYHO, SKIIO
Oydep kaHamy BBOAY / BHMBOJY 3allOBHEHHWH ,,BUPOOHHK~ OYIKye JOTH MOKH ,,CIIOXKHBA4
IPOYUTAE JaHi.

Jani npuBeeMo YpUBOK KOAY MPOTpamMu, SKUH peanizye OMucaHy JIOTIKy pOOOTH:

typedef struct {HANDLE Read;HANDLE Write;} IO ;
DWORD WINAPI ReaderThreadFunc( LPVOID lpParam ) {
DWORD bw,br; int c;
IO  ioReader = *((IO_*)lpParam);
do{ReadFile (ioReader.Read, &c, 1, &br,0); if (!br) break;
WriteFile (ioReader.Write, &c,1,&bw,0); } while (bw);
CloseHandle (ioReader.Read); CloseHandle (ioReader.Write);
return O;
}
DWORD WINAPI WriterThreadFunc( LPVOID lpParam ) {
DWORD bw,br;int c;IO_ ioWriter = *((IO_*)lpParam);
do{ReadFile (ioWriter.Read, &c, 1, &br,0);if (!br) break;
WriteFile (ioWriter.Write, &c,1,&bw,0); } while (bw);
CloseHandle (ioWriter.Write);
CloseHandle (ioWriter.Read) ;
return 0;
}
int run WR(char *cmd, HANDLE Input, HANDLE Output) {
HANDLE fR, fW, fE; PROCESS INFORMATION pInf;
DWORD dwReaderId; DWORD dwReaderExitCode = 0; HANDLE hReaderThread;
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IO ioReader; DWORD dwWriterId; DWORD dwWriterExitCode = 0;
HANDLE hWriterThread; IO_ ioWriter;
spawnProc (cmd, &§fW, &fR, &fE, &pInf) ;
ioWriter.Read = Input; ioWriter.Write = £fW;
ioReader.Read = fR; ioReader.Write = Output;
hWriterThread=CreateThread (NULL, O, WriterThreadFunc, &ioWriter, 0, &dwWriterId) ;
hReaderThread=CreateThread (NULL, 0, ReaderThreadFunc, &ioReader, 0, &dwReaderId) ;
if (hWriterThread == NULL || hReaderThread == NULL) {return GetLastError();}
else {while (WaitForSingleObject (hWriterThread,500) == WAIT TIMEOUT) ;
while (WaitForSingleObject (hReaderThread,500) == WAIT TIMEOUT) ;
CloseHandle ( hReaderThread );CloseHandle( hWriterThread ); }
return O;

}i

[Ipomenypa SpawnProc peanizoBana B iHIIOMY MOAyJi. BoHa 3amyckae 30BHINTHIO
nporpamy, 3ajaHy napaMeTpom Cmd, sk OKpeMmHii MpOIeC CUCTEMH Ta IepeIac BKa3iBHUKH Ha

KaHaJIi BBOJlY / BUBOJY, KaHaJ IIOMUJIOK Ta CTPYKTYPY 3 IHPOpMAIII€r0 PO MpolIec.

TectyBanns cucremu Ha 1iatdpopmi WIindows mpoBoawiiock 3 BHKOPHUCTAHHSIM
NPUKIIAIIB OPUTiHAIBHOI Bepcii CHCTeMH, Ta Ha CIHEIaJbHO PO3POOJICHHX MPUKIAAAX, SKi
OMHCYIOTHCS Al y pOOOTi.

KpiMm Toro misa 3py4Hoi poOOTH 3 CHCTEMOIO pPO3poOIeHO rpadiuHuil BIKOHHHIMA
inTepdeiic. Bin Hanmcanwii Ha Kpoc-matdopMeHiii MOBi Java, 1 ToMy mparroe 3 06oma BepcisiMu
cucremu. IHTepdeiic 103BOsE peaaryBaTd TEKCTH HamucaHi MoBoro FOrThel, 3Gepiratu Ta
3UUTYBaTH pe3ynbTaTH poOoTHM 3 (ailiB, a TakoX BHUKOHYBaTH omepauii Bepudikaii,

JIOBEJICHHS, TPAHCIALIT 3 BAKOPUCTAHHAM PI3HUX 30BHIILIHIX PrOVer-is.
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IMpuxkaagu Bukopucrandss MoBu ForTheL s 3anucy mareMmaruaHux
TEKCTIB

VY oMy pO3IiTi CTaBHTHCA 3a METYy (popMani3yBaTh OCHOBHI MOHSTTS Ta BU3HAYCHHS

Teopii MHOXKHH, JTOBEJICHHS TEOPEM Ta pO3B’s3KY 3a/1ad 31 30ipHHKa 3a1a4 [2].

IlounemMo 3 Bu3HAyeHHS MOHATH. HOBI HOHATTA BBOJATHCA B MOBY 3a OOIIOMOI'ORO

npezcTaBieHb. Po3risiHeMo Taki npeacrasieHns (introductor):

1: [a set/sets]

2: [an element/elements of x]
3: [xisin/fromy @ x is an element of y]
4: [x belongs/belongtoy @ X is iny]

5: [a subset/subsets of x]
6: [x is empty]

7: [x is non empty]

[lepmie, npyre Ta m’siTe MpenCTaBICHHS BITHOCATHCA 10 TEPIIOTO THITY (KJIACOBUH —
iIMEHHUK). BoHU (OpMYIOTh MOHATTSI MHOKHHU, €1E€MEHTY MHOKMHU Ta NIAMHOXUHHU. Tpere Ta
YyeTBepTe MPEJICTABICHHS — CHHOHIMM TBEPXKEHHS (X — €JIEMEHT Y), BOHU (DOPMYIOTh MpeanKar
HaJIe)KHOCTI eneMeHTa A0 MHOxHHHU. IllocTe i chboMme mpencTaBieHHS — MPUKMETHUKH. BoHu
BHUPa)XKalOTh BIACTUBICTh MHOXUHU — OYTH UM HE OyTHU MOPOKHBOIO.

IM BinoBifalOTh Taki MPUMITUBY (IPaBUIA):

primClassNoun -> (set|sets) [names]
| (element|elements) [names] of term

| (subset|subsets) [names] of term
primAdjective -> (empty)

| (non empty)

| (in | from) term

30



primVerb -> (belongs | belong) (to) term

3a JOIIOMOI'OI0 BKa3aHHUX HpI/IMiTI/IBiB MM MOXKEMO 3alMcaTH TaKli aKCioMH Ta

BU3HAYCHHA:

# BU3HAYEHHS HiIIMHO)KI/IHI/I

Definition. Let S be a set.

A subset of S is a set with no elements not in S.
# BU3HAUYEHHS [TOPOKHbOI MHOKUHU
Definition. Let S be a set.

S is empty iff S has no elements.

# BU3HAUYEHHS HE HOpO)I(HLOI MHOXHWHHN
Definition. Let S be a set.

S is non empty iff S is not empty.

# akcioMa iCHyBaHHSI IOPOXKHBOT MHOKHHU
Axiom. There exists an empty set.

# BU3HAYCHHS PIBHOCTI IBOX MHOXHH
Definition. Let A,B be a sets.

A is equal to B iff A is a subset of B and B is a subset of A.

be3 Bu3HaueHHS HE TOPOXKHHOI MHOKMHU MOXHA OOIMTHUCH, SIKIIO 3MIHUTH ChOME

IPEJICTaBICHHS, TAKUM YHHOM:
[x is non empty @ X is not empty]
e npencrapiieHHs: NOTPiOHE JIsl OLIBII 3pYYHOTO HAMUCAHHS MOANIbIIOT0 TEKCTY.
Takox BBEAEMO MOHATTS PI3HUX MHOXXHH, JUISI IBOTO J0JaMO OJHE IMpPEJCTaBICHHS Ta
BHU3HAUEHHS:

[x is difers/different from/to B]

Definition Disequality. Let A,B be a sets.

A is difers from B iff there exists element of A not in B.
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Temep MM MaeEMO MOXJIMBICTH JaTH BU3HAYEHHS OCHOBHHM TEOPETHKO-MHOXHHHHUM
oTeparism.

Jlsist IbOTO MU CKOPHCTAEMOCH TPEJICTABICHHSIM JIPYTOro THITY — BU3HAYCHUH IMCHHUK.
Bin cayxute s dopmyBaHHsA GyHKIIOHATBHUX TepMiB. CIiJ TaKoXX 3ayBaXWTH, IO
KOHCTaHTa siBIisie coboro 0-apHy ynkmiro. Taka momoBnenicts i€ i B MoBi ForTheL.

Ham Oyzne mocTaTHb0 BU3HAYUTH TPH ONEPAITii:

[the union of x and y]
[the intersection of x and y]
[the substitution of x and y]

A BIINOBIIHMMHU BU3HAUEHHSMU OYAYTh TaKi:

Definition DefUnion. Let A,B be a sets.

The union of A and B is a set X such that for every element y of X y is an element of A
ory is an element of B.

Definition DeflIntersection. Let A,B be a sets.

The intersection of A and B is a set X such that every element of X isin A and in B.

Definition DefSubst. Let A,B be a sets.

The substitution of A and B is a set X such that every element of X is in A and not in B.

Maroun Taki O3Hau€HHS MOXKHa CGOpPMYJIOBaTH JEKIJIbKa OCHOBHHUX TEOPEM, IO

BUPAKAOTH BJIACTHMBOCTI BKa3aHUX onepauiﬁ:

1. TpaH3uTUBHICTH BiHOIIEHHS BKIItoUeHHS ( Akmo A c BrtaBc Cto A
C). YV TepmiHax BBeI€HUX MPUMITHUBIB, 11€ TBEP/HKEHHS MOXKHA 3allUcaTh
TaKUM YHHOM:
Proposition. Let A,B,C be a non empty different sets.
if A'isasubset of B and B is a subset of C then A is a subset of C.

2. AnBcA:

Proposition. Let A,B be a non empty different sets.
The intersection of A and B is a subset of A.
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3. AcomiatuBHicte: A N (B N C)== (A~ B) nC:

Proposition. Let A,B,C be a non empty different sets.
The intersection of A and intersection of B and C is equal to intersection of

intersection of A and B and C.

Ternep MoxHa cripoOyBaTH MPOBECTH BepHUdikallito TekcTy B ON-line Bepcii cucremu.

HpOTOKOJ'I pO6OTI/I CUCTCMHU BUABUCA HACTYITHUM:

[ForTheL] parsing successful

[Reason] verification started

[Reason] line 55: goal: if A is a subset of B and B is a subset of C then A is a subset of C.

[MOSES] launch (time limit: 180 sec, initial db: 1, final db: 0)

[MOSES] proved in 266 ms -- proof tree nodes: 38 -- proof tree depth: 4

[MOSES] inference steps: 34647 -- born nodes: 100555 -- depth bound: 4

[Reason] line 59: goal: The intersection of A and B is a subset of A.

[MOSES] launch (time limit: 180 sec, initial db: 1, final db: 0)

[MOSES] proved in 110 ms -- proof tree nodes: 31 -- proof tree depth: 4

[MOSES] inference steps: 17198 -- born nodes: 49762 -- depth bound: 4

[Reason] line 63: goal: The intersection of A and intersection of B and C is equal to
intersection of intersection of A and B and C.

[MOSES] launch (time limit: 180 sec, initial db: 1, final db: 0)

[MOSES] proved in 2141 ms -- proof tree nodes: 52 -- proof tree depth: 4

[MOSES] inference steps: 278749 -- born nodes: 604954 -- depth bound: 4

[Reason] verification successful

[Main] session finished in 00:02.93

[Main] 00:00.06 in [ForTheL] -- 00:00.21 in [Reason] -- 00:02.65 in [MOSES]

Taxkum YHUHOM, 3alMCaHuil TEKCT BHUSIBHUBCS KOPCKTHUM 3 TOYKH 30py CHCTCMH, a

TBEPKCHHA TaKMMH, 10 ix JOBCACHHA MOXXJIMBE B paMKaX BBCICHHUX ITOHATH Ta aKCiOM.

Tenep HaBemeMo Iiepekiaj YacTHHH TriaBH ,,DopMaibHas apu MeTHKa” 3 KHHTH E.
2

MeHnnenbcoHa ,,BBe/icHre B MaTeMaTHUYECKYHO JIOTHKY 3amucanoi MmoBoro ForTheL:
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Formal Arithmetic
originally introduced by Elliott Mendelson
Introduction to Mathematical Logic
D. VAN NOSTRAND COMPANY, INC
PRINCETON NEW JERSEY
TORONTO NEW YORK LONDON
1964

ForThel translation: Piter Protsyk
Kiev National State University
faculty of Cybernetics
started: Ternopil, 1 April 2005

H FH= = HFH FH FH o H FH FH = H HH

last modified: Kiev, 22 April 2005

FHEAAFHH A F AR R R R R R R R R R R R R

[none]
[a number / numbers]

[x is natural]

[the zero]

[0 @ the zero]

[the successor of x]
[the multiplication of x and y]
[the mul of x and y @ the multiplication of x and y]

[the sum of x and y]

[x'" @ the successor of x]
[x * y @ the multiplication of x and y]

[x+y @ the sum of x and y]

#Now, we are ready to formulate some basic axioms of

#natural numbers

Axiom PO. 0 is natural number.

Axiom Pl. The successor of every natural number is natural number.

H= = H H FH H H H FH H H H H H

Axiom P2. The sum of every natural number and every natural number is natural number.

Axiom P3. The mul of every natural number and every natural number is natural number.
Axiom P4. For every natural number N N = 0 or
there exists a natural number M such that N = M'.
# In first-order logic we cannot give a finite axiomatization of well-foundness.
# Therefore ForThel provides a preintroduced predicate symbol -<- witch is used
# as an abstract well-founded relation in induction arguments.
# To simulate the induction on natural numbers we define following axioms:

Axiom IndOrdering. For every natural number N N -<- N'.

# The following axioms discribes our theory:

Axiom S1. For all natural number A,B,C A=B=> (A=C=>B=2¢C).
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Axiom S2. For all natural number A,B,C A =B =>A"'"=B".
Axiom S3. For all natural number A A'!=0

Axiom S4. For all natural number A,B,C A' = B' => A =B
Axiom S5. For all natural number A A+ 0 = A.

Axiom S6. For all natural number A,B,C A+ (B') = (A+B)'.
Axiom S7. For all natural number A A * 0 =0.

Axiom S8. For all natural number A,B A *(B')= (A*B) + A.
#Axiom S9. A(0) => (all x A(x) => A(x')) => all x A(x) ,

# where A is any formula of the theory

# We don't need this axiom because it implemented as induction principle of SAD,

# see ForThel language reference for details.

[a term/terms @ natural number]

FHEAAFH AR R R R R R R R R R R R R R R

#Every arithmetic term represent some natural number. #
#So we can say that every term is a representation of some natural number. #
#Also we define three functions on natural numbers. They are the successor, #
#the sum of two numbers and the multiplication. #

FHEHAFHH AR R R R R R R R R R R R R R R

# Propostions L1-L8 directly derived from axioms S1-S8:

Proposition Ll. For all
Proposition L2. For all
Proposition L3. For all
Proposition L4. For all
Proposition L5. For all
Proposition L6. For all
Proposition L7. For all
Proposition L8. For all

# Some basic properties

Proposition P_a. For all
Proposition P b. For all
Proposition P | For all
Proposition P_d. For all
Proposition P e. For all

Proposition P_f. For all
Proof by induction on t.

Let t be a term.

Case t = 0.
0+0 = 0 (by L5).
end.
Case t!=0.
Take a term x such t
x =0 + x.
(0+(x")) = (0+x)"' (b
x' = (0+x)"' (by L2,P
x'" =0+ (x') (by P_

terms t,r,s t=r => (t=s => r=s) (by
terms t,r t=r => t' = r' (by S2).
term t 0 !'=t' (by S3).

terms t,r t'=r' =>t =r (by S4).
term t t+0 = t (by S5).

terms t,r t+(r')=(t+r)"' (by S6).
term t t*0 = 0 (by S7).

terms t,r t*(r')=(t*r)+t (by S8).

of natural number terms:

term t t=t.

terms t,r t=r => t'=r'.

terms t,r,s t=r => (r=s => t=s).
terms t,r,s r=t => (s=t => r=s).
terms t,r,s (t=r) => (t+s = r+s).
term t t=0+t.
hat x' = t.

y L6,P0,P1,P2,P3).
0,P1,P2,P3).
d).
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end.

end.

Proposition P_g. For all terms t,r (t")+r = (t+r)'.
Proof by induction on r.
Let t,r be terms.

0.

Case r =
(') + 0 =t' (by L5, PO,P1,P2,P3).
t + 0=t (by L5,P0,P1,P2,P3).

(t +0)'"=+¢t" (by L2,P0,P1,P2,P3).
(£') + 0= (t +0)' (by P d).
end.

Case r!=0.

Take a term x such that x' = r.
(£') + x = (t + x)'. # Hypothesis!
(') + (x'") = ((£'") + x)"'" (by L6, PO,P1,P2,P3).
((t') + x)' = (t+x)'' (by L2, PO,P1,P2,P3).
((£") + (x")) = (t+x)'' (by P_c).
(t+(x"'")) = (t+x)' (by L6,PO0,P1,P2,P3).
(t+(x"))"' = (t+x)'' (by L2,P0,P1,P2,P3).
(t")+(x") = (t+(x"))" (by P_d).
Hence ((t')+x) = (t+x)' => (t') + (x') = (t+(x"))".
end.
end.
Proposition P_h. For all terms t,r t+r=r+t.

Proof by induction on r.
Let t,r be terms.

0.

Case r =
r +0=r (by L5 PO,PL,P2,P3).

r=0+r1r (by P f).

r+0 = 0+r (by P_c).
end.
Case r!=0.

Take a term x such that x' = r.

t +x=x+ t. #By induction hypothesis!
t + (x'") = (¢t + x)' (by L6,P0,P1,P2,P3).

(x")+t = (x + £)"' (by P _g).
(t+x) "' = (x+t)"' (by L2,P0,P1,P2,P3).
t+(x') = (x + £)' (by P ).
t+(x'") = (x') + t (by P d).
Hence t+x = x+t => t + (x') = (x") + t.
end.
end.
Proposition P i. For all terms t,r,s t=r=>s+t=s+r.
Proposition P j. For all terms t,r,s (t+r) +s=t+(r+s).

Proof by induction on s.
Let t,r,s be terms.
Case s=0.

(t+r) + 0 = t+r (by L5,P0,P1,P2,P3).
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r+0 = r (by L5,P0,P1,P2,P3).
t+(r+0) = t+r (by P_1i).
(t+r)+0 = t+(r+0).
end.
Case s!=0.
Take a term z such that z' = s.

(t+r)+z = t+(r+z). #By induction hypothesis

(t+r)+(z') = ((t+r)+z)' (by L6,P0,P1,P2,P3).
((t+r)+z)' = (t+(r+z))' (by L2,P0,P1,P2,P3).
(t+r)+(z') = (t+(r+z))"' (by P_c).
r+z' = (r+z)' (by L6,P0,P1,P2,P3).
tH(r+(z")) = t+(r+z)' (by P_1i).
t+(r+z)' = (t+(r+z))' (by L6,P0,P1,P2,P3).
t+(r+(z')) = (t+(r+z))' (by P_d).
(t+r)+(z') = t+(r+(z')) (by P_d).
Hence (t+r)+z = t+(r+z) => (t+r)+(z') = t+(r+(z')).
end.
end.
Proposition P_k. For all terms t,r,s t=r=>t*s=r*s.
Proposition P_1. For all term ¢t 0*t=0.

Proof by induction on t.
Let t be a term.
Case t=0.
0*0 = 0 (by L7,P0,P1,P2,P3).

end.
Case t!=0.

Take a term x such that x' = t.

0*x = 0. #By induction hypothesis.
0*(x') = (0*x) + 0 (by L8,P0,P1,P2,P3).

(0*x)+0 = 0 (by L5,P0,P1,P2,P3).

Hence 0*x = 0 => 0*(x') = 0.
end.
end.
Proposition P_m. For all terms t,r (t") *r=(t*r)+r.

Proof by induction on r.
Let t,r be terms.
Case r = 0.
(t')*0 = 0 (by L7,P0,P1,P2,P3).
end.

Case r!=0.

Take a term x such that x' = r.
(t')*x = (t*x)+x. #By hypothesis
(£")*(x') = ((£")*x)+(t") (by L8,P0,P1,P2,P3).
((E")*x)+(t") = ((t*x)+x)+(t") (by P_d).
((E*x)+x)+ (L") = (t*x) + (x+(t"))
(E*x) + (x+(t")) = (t*x) + ((x+t)").
((E*x)+(x+t)) " = (t*x) + ((x")+t).
(L) + ((x")+t) = (L*x)+(t+(x")).
(t*x)+(t+(x")) = ((E*x)+t)+(x").
((t*x)+t)+(x') = (t*(x")) + (x') (by L8, PO,P1,P2,P3).
Hence (t')*x = (t*x)+x => (L')*(x') =(t*(x"))+(x").
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end.
end.
Proposition P n. For all terms t,r t*r=r*t.
Proof by induction on r.
Let t,r be terms.
Case r = 0.
t*0 = 0 (by L7, PO,P1,P2,P3).
0*t =0 (by P_1).
end.

Case r!=0.

Take a term x such that x' r.
t*x = x*t. #By hypothesis.
t*(x') = (t*x)+t (by L8, PO,P1,P2,P3).
(t*x)+t = (x*t)+t.
(x*t)+t = (x')*t (by P m).
Hence t*x = x*t => t*(x'") (x')*t.
end.
end.
Proposition P_o. For all terms t,r,s t=r => s*t = s*r.

# A number of important properties of addition and multiplication are given

# in following propositions:

Proposition P p. For all terms r,s (s=0 and r+s =r)
or
there exists term x such that (x'=s) and ((r+s) (r+x')) .
Proposition P 3 4 a. For all terms t,r,s t*(r+s) = (t*r) + (t*s).

Proof by induction on s.
Let t,r,s be terms.
Case s = 0.
r+0 = r (by L5).
t*(r+0) = t*r.
t*r = t*r + O.
0 =t*0 (by L7).
t*r = t*r + t*0.
t*(r+0) = t*r + t*s.
end.
Case s!=0.
Take a term x such that x' = s.

Then t*(r+s) = t*(r+x') (by P p).

r+x' = (r+x)' (by L6).

t* (r+x') = t*((r+x)"') (by P_g,P_h).

T ((r+x) ") = (£*(r+x))+t.

t* (r+x) = (t*r) + (t*x).

(E* (x+x) )+t = ((t*r)+(t*x))+t.

((t*r)+(t*x))+t = (t*r)+((t*x)+t) (by P_j,P2,P3).

(t*x)+t = t*(x') (by L8).

Hence t*(r+x') = (t*r) + (t*x').
end.

end.
Proposition P 3 4 b. For all terms t,r,s (r+s)*t = (r*t) + (s*t).
Proposition P 3 4 c. For all terms t,r,s (t*r)*s = t*(r*s).

Proof by induction on s.
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Let t,r,s be terms.

Case s = 0.
(t*r)*0 = 0 (by L7,P0,P1,P2,P3,P4).
r*0 = 0 (by L7,P0,P1,P2,P3,P4).
t*(r*0) = 0 (by L7,PO,P1,P2,P3,P4).
end.

Case s!=0.

Take a term x such that x' = s.
(t*r)*x = t*(r*x). #By induction hypothesi
(t*r)*(x")=((t*r)*x) + (t*r) (by L8,PO,P1,
((t*r) *x)+(t*r) = (t*(r*x)) + (t*r).
(t* (r*x))+(t*r) = t*((r*x)+r) (by P_3 4 a,
Hence t*((r*x)+r) = t*(r*(x')) (by L8,PO,P

end.

end.

Proposition P_3 4 d. For all terms t,r,s t+s
Proof by induction on s.
Let t,r,s be terms.

0.

Case s

t+0

t.

r+0 r.

Hence t+0 r+0 => t=r.

end.

Case s!=0.

Take a term x such that x' = s.
t+x = r+x => t = r.
t+x' = (t+x)'.
r+x' = (r+x)'.
(t+x) ' = (r+x)' => t+x =r+x => t = r.
Hence t+(x')=r+(x') => t = r.
end.
end.
[the one @ 0'] [1 @ the one] [the two @ 1'] [2
[the three @ 2'] [3 @ the three] [the four @ 3
[the five @ 4'] [5 @ the five] [the six @ 5']
[the seven @ 6'] [7 @ the seven] [the eight @

S

P2,P3,P4) .

pPO,P1,P2,P3,P4).
1,P2,P3,P4).

r+s => t r.

@ the two]
']
[6 @ the six]
7]

[4 @ the four]

[8 @ the eight]
[10 @ the ten]

t.

[the nine @ 8'] [9 @ the nine] [the ten @ 9']
Proposition P 3 5 a. For all term t t + 1 = t'.
Proposition P 3 5 b. For all term t t * 1 = t.
Proposition P_3 5 c. For all term t t * 2 = t+
[none]

# Proving of this example is based on inductio

# But we cannot write the proofs because induc

# In current release induction is based only o
Proposition P_3 5 d. For all term t,s t +s =0
Proposition P 3 5 e. For all term t,s t != 0 =
Proposition P_3 5 f. For all term t,s (t+s =
Proposition P _3 5 g. For all term t,s (t*s =
Proposition P 3 5 h. For all term t if (t!=0)
Proposition P 3 5 i. For all term t,s,r s!=0
Proposition P_3 5 j. For all term t if (t!=0)
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n principle.

tion provides on formula.

n terms

=> (t = 0) and (s = 0)

> (s*t = 0 =>s = 0)

1) => (t = 0 and s = 1) or (t=1 and s=0)
1) => (t =1 and s = 1).

then there exists term y such that t y

=> (t*s r*s => t = r).

then t is not equal to one and



6)

and

[full]

[x is less th
[x is less or
[x 1s greater
[x is greater
[x <y @ x is
[x=< y @ x is
[x > vy

[x>=

Definition De

Let t,s be t

there exists term y such that t is equal to y''.

en y]

equal y]

then y @ y is less then x]

or equal

less then y]

less or equal y]

fless.

erms.

@ x is greater then y]

y @ x is greater or equal y]

y @ yv 1is less or equal y]

t is less then s iff there exists a term w such that w is not equal to zero and t+w

Definition DefLessOrEqual.

Let t,s be t

erms.

t is less or equal s iff t < s or t =s.

Proposition
Proposition
Proof.

Let t,s,r be
Suppose t<s

Then

(there exists a term v such that v!=0 and s+v =

P37 a.
P37 b.

terms.

and s<r.

Take a term w such that t+w =

Take a term v such that s+v

(t+w)+v = r.
t+(wtv) = r.
w!=0 and v!=
w+v!=0.
wtv!=0 and t
Then there e
Hence t<r.
Then t<s =>
end.
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
Proposition
(6 < 7) and
Proposition
Proposition
Proposition

Proposition

For every terms t,s,r

t<

(there exists a term w such that w!=0 and t+w =

For every term t t is not less then t.

s =>

s) and

r)

s.
=r.

0.

+(w+v) = r.

xists a term u such that u!=0 and t+u = r.

(s<r => t<r).

P 3 7 c. For every terms t,s t<s =>
P 3 7 d. For every terms t,s,r t<s
P 3 7 e. For every term t t is less
P 3 7 f. For every terms t,s,r t=<s
P 3 7 g. For every terms t,s,r t=<s
P 3 7 h. For every terms t,s,r t=<s
P 3 7 i. For every term t 0=<t.

P 3 7 j. For every term t 0<t'.

P 3 7 k. For every terms t,r t<r <=
P 3 7 1. For every terms t,s,r t=<r
P 3 7 m. For every term t t<t'.

P 3 7n. (0 <1) and (1 < 2) and (
(7 < 8) and (8 < 9 ) and (9 < 10)

P 3 7 o. For every terms t,r tl=r

P 3 7 oo.For every terms t,r (t =

P 3 7 p. For every terms t,r (t=<r

P 3 7 q. For

not s<t.

(s<r => t<r).

(by Defless) .

<=> t+4+r < s+r.

or equal t.

=> (s =< r => t =< r).
=> (t+r =< s+r).

=> (s <r =>t <r).

> t' =< r.

<=> t< r'.

2 < 3) and (3 < 4) and
=> (t < r orr < t).

r) or (t < r) or (r < t).
) or (r =< t).

every terms t,r t+r >= t.
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Proposition P 3 7 r. For every terms t,r if r!=0 then t+r > 0.
Proposition P 3 7 s. For every terms t,r if r!=0 then t*r >= t.
Proposition P 3 7 t. For every terms r 1if r!=0 then r>0.

Proposition P 3 7 u. For every terms t,r r>0 => (t>0 => r*t >0).
Proposition P 3 7 v. For every terms t,r r!=0 => (t>1 => t*r > r).
Proposition P 3 7 w. For every terms t,s,r r!=0 => (t<s <=> t*r < s*r).
Proposition P 3 7 x. For every terms t,s,r r!=0 => (t=<s <=> t*r =< s*r).
Proposition P 3 7 y. For every terms t it is wrong that t < 0.
Proposition P 3 7 z. For every terms t,r if (t=<r) and (r =< t) then t = r.
[x divide vyI

[x | y @ x divide y]

Definition DefDivide.

Let t,s be terms.

t divide s iff there exists a term z such that s = t*z.

Proposition P_3 10 _a. For all term t t | t.

Proposition P_3 10 b. For all term t 1 | t.

Proposition P_3 10 _c. For all term t t | O.

Proposition P_3 10 d. For all terms t,s,r If t | s and s | r then t | r.
Proposition P _3 10 e. For all terms t,s If s!=0 and t | s then t =< s.
Proposition P_3 10 f. For all terms t,s if t|s and s|t then s = t.
Proposition P _3 10 g. For all terms t,s,r If t | s then t | r*s.
Proposition P _3 10 h. For all term t,s,r If t|s and t|r then t | s + r.

#Please try to write formal proofs of this exercises.

Proposition Exercise 1. For all term t If t | 1 then t = 1.
Proposition Exercise 2. For all terms t,s (t | s =>t | s') =>t = 1.
[none]

# Proving of this example is based on induction principle.
# But we cannot write the proofs because induction provides on formula.

# In current release induction is based only on terms

Axiom P_3 11. For all term x,y If y!=0 then there exists terms u,v such that (( x = y*u +
v and v < y) and there exists terms m,n such that if ( x = y*m + n and n < y) then (u =m and n =
v)) .

[full]
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BucnoBku

Mertoto 1aHoi poOOTH CTaBUIIOCH JOCATHEHHS ABOX KIFOYOBUX ILICH:

1. Tlepenecenns cucremu CAJl 3 miardopmu min ynpasiaiaasm OC Linux xa
mwiatrpopmy MS Windows
2. BuxopucranHs BXigHoi MoBU cuctemMu ForThel s HanucanHs popManbHUX

MaTeMaTHYHHUX TEKCTIB.

Cuctema CAJl — po3pobisieTbes B paMKax poOiT MO airOPUTMY OYEBUAHOCTI. BaxuBoro
CKJI1aJI0BOI0 cucTteMu € MoBa FOrTheL. Bona € ¢opmaibHOIO MOBOIO 1 JIyXe OJIM3BKOIO 0
MPUPOIHOT aHTIiHChKOi MOBU. B pamkax manoi poGotu Oyny BHKOHAHI MEpEeKIagu pealbHUX
MaTeMaTHYHUX TEKCTIB HAa MOBY CHCTeMH. SIK pe3ynbTar, Oynu MOKa3zaHi BUPa3HI MOXKIUBOCTI
MOBH, a TaKOX BHpOOJIEHAa TIIeBHAa METOJMKA IO MEepeKjaay MaTeMaTHYHHX TEKCTIB Ha
dopmarnizoBany MoOBY. Bpamocs mnepekiacth 3HaYyHy YacTUHy po3ainty ,,DopmanbHa
apu¢pmetnka” 3 kuuru E. Mennenbcona ,,BeesieHre B MaTeMaTHUECKYIO JIOTHKY .

He MeHI Ba)ITMBOIO YaCTHHOK POOOTH € MEPEHECeHHs CUCTeMH 3 miatdopmu Linux Ha
wiatpopmy MS Windows ta ctBopenHs: nepcoHanbHOI Bepcii. ToOTo, Takoi mo He motpedye
JOCTYIy 10 Mepexi IHTepHeT, He BHMara€ JOAATKOBUX HAJAIITyBaHb Ta MAa€ 3pyYHHU
rpa¢iuHuii iHTepdeiic kopucTyBaya.

Cucrema Oyia ycminiHO nepeHeceHor Ha miardopmy Windows Ta npoiiiuia TecTyBaHHS
SK Ha MIPUKJIaJaxX 3 OPUTTHAIBHOI BEpCii CHCTEMH TakK 1 Ha po3po0IeHNX NMpukiIanax. Takox Oynu
J0JIaHl JIOJATKOBl 30BHIIIHI 3ac00M, HI0 Jaj0 3MOTY OLIHUTH iX HPOAYKTUBHICTH IpHU
BUKOPHUCTAHHI B CUCTEMI.

Jlnst 3pyuHOi poOOTH 3 cHcTeMOIo OyJlo CTBOPEHO BIKOHHMH rpadiuHuii iHTepdeiic, sKuit
Jla€ JIOCTYN J0 BCIX OCHOBHMX (YHKIIH CHUCTEMH: TOUIYK BHBOJAY, BEpH(QIKalisi TEKCTiB,
JIOBEJICHHSI TEOPEM Ta BUKOPUCTAHHS JIJISl IIUX IIUIEH, K BJIACHUX 3ac00iB Tak 1 PI3HOMaHITHUX
30BHIIIHIX.

TaxkuM 4MHOM MOCTaBJIeHI B paMKax poOOTH Il OyJIU TOCSTHEHI.

[Momanpmmii po3BUTOK CUCTEMH Oyne MOJSAraTH B PO3LIMPEHHI MOBHM 32 JOINOMOTOO
JIOTATKOBUX KOHCTPYKI[IM, CTBOpPEHHS 0Oa3W 3HAHb, MOKpAIIEHHS 3aco0iB TMOIIYyKYy BHBOIY,

CTBOPEHHS 1HTEJIEKTYaJIbHUX TpadiyHuX 1HTep(delciB KopUCTyBaya.
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