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B crarbe paccmaTpuBaeTcs nIporpaMMHasl CHCTEMa, OCHOBAHHAsA Ha MaTPUYHOM IPECTaBICHUN KOHEUHBIX IPEIUKATOB
U TEOPETHUKO-MHOKECTBEHHOW WHTEPIpETAlNd JOTHYECKUX OIepanuii, MPUHITON B amredpe kKoprexedl. Cucrema
peanu3yeT OpUrHHAJIbHBIE ajireOpanyeckre METONbl PEIeHUS TaKUX 3a]ad JIOTHKO-CEMaHTHYECKOIo aHain3a, Kak
MpOBEpKa NPaBUIBHOCTHU CJIEJOBAHMUS; BBIBOJ aOIyKTUBHBIX 3aKJIIOUCHUH; aHAIN3 CEMAaHTHYECKUX HEKOPPEKTHOCTEH.
Takxe cucrema MOXeT OBITh MOJNE3HA NPU PELICHHH 3a]ad yIOBJIETBOPEHHS OrPaHUYEHHH, KOTOPBIE CBOIATCS K
TMOUCKY BBIMOJJHAOMUX MOJACTAHOBOK KOHBIOHKTUBHOM HOpMaHbHOﬁ ¢)0pr1 KOHCYHOTI'O Mpe€AuKara.

KaroueBble ciioBa: anreOpa KOpTeXeH, JOTMKO-CEMAHTHYECKMH aHAJIW3, MAaTPUYHOE NPEICTABICHHE KOHEYHBIX

MNpCaANKATOB.

BBeaenune

Jannass pabora MOPOJOIDKAET LHUKI IMyOTUKALHAIM,
TIOCBAIICHHBIN MeToaM anredps! koprexkeit (AK).

Panee B [Kymuk u gp., 2010], [3yerxo u ap., 20117,
[Byenko u mp., 2013] paccmarpuBanuce Metonsl AK,
NpefHa3HAuYCHHBIE [UIS PELICHUs pa3IM4HBIX  33j1ad
JIOTHKO-CEMaHTHYECKOTO aHalIN3a TaKMX, KakK: IPOBEpKa
MPaBUIBHOCTH JIOTMYECKOTO CJIEJOBAaHUS; IOTydeHHE
BO3MOXKHBIX CJIEICTBHM W3 CHCTEMBI IIOCBUIOK IpHU
3aJJaHHBIX ~ OIPAaHMYEHUSX;  BBIBOA  aOJyKTHBHBIX
3aKIIFOYCHUIT; aHaIN3 CEMaHTHYECKHX
HeKoppekTHocTeld. OcOO0CHHOCTBIO 3ajad, pellaeMbIX
cpeactBamu AK, SBIISICTCS TO, YTO OHU OIHCHIBAIOTCS
Ha S13bIKE KOHEYHBIX MPETUKATOB.

B AK wucnome3yercs MaTpU4HOE HpPEACTaBICHUE
KOHEYHBIX TIPEIUKATOB M TEOPETHKO-MHOKECTBEHHAS
MHTEpIpEeTalysl  JOTUYECKUX ONepaldii ¢ HUMH.
Brmskwmit nogxon mpumensiercs Takxke B [Zakrevskij,
2012] s perneHus 3a1a4d pacro3HaBaHUS 00pa30B.

B AK «xoHeuHBIe TpeJuKaThl MOXHO CXKaTo
MPEACTaBUTh C TOMOIIBIO JBYX THIIOB CTPYKTYp:
C-cuctem n D-cucteM. OHH (GOPMHPYIOTCS B BHIE

MaTpull H3 TOJMHOXECTB JIOMEHOB aTpuOyTOB,
Ha3bIBa€MbIX KOMIIOHEHTaMH. B WX 4YHMCI0 BXOAAT JIBE
(DUKTUBHBIC  KOMIIOHGHTHI:  TIOJIHAS  KOMIIOHCHTA

(0603HagaeTCs «*») — 3TO MHOXKECTBO, PABHOE TOMEHY
COOTBETCTBYIOIIETO (TI0 MECTy €€ pAacIOJIOKEHHS B
KOpTexe) arpulyTa; mycToe MHOXecTBO — . B Bume
D-cucteM ynoOHO TIPEACTaBIATh KOHBIOHKTHUBHBIC
HopMautbHble opmbl (KH®P) KOHEUHBIX NpeAnKaros, a
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B Buzae C-cucTeM — UX AM3BIOHKTHBHBIE HOPMAaJIbHBIE
dopmer (JHD). Tak, Hanpumep, B AK npornecc noucka
BCEX BBIMONHAIONINX IOACTaHOBOK Hekoropo KH®
CBOJUTCS K IpeoOpazoBaHuio D-cucteMsl B C-CUCTEMY.

B [3yenxo, 2013] noka3zansl metonsl AK pemeHwust
3a7a4  YIOBJICTBOPEHHS OrpaHMYCHHH  (constraint
satisfaction problem, CSP). CSP xapaktepusyrorcs TeM,
YTO B HHX HCIHONB3YIOTCS IEPEeMEHHbIE, KOTOpbIE
UMEIOT KOHEYHBle 00JacTH ompenenenus. K uncmy
TaKMX 3aJa4 OTHOCUTCS 3aJaya pPacKpacKd KapThl
(packpacku Tpada). Takxke K KaTeropud 3amad C
KOHEYHBIMHU 00JIaCTSIMHU OTHOCSATCs OyineBbl 3amaun CSP.
byneBbl 3ajaud BKIIOYAIOT B KauyeCTBE YaCTHBIX
CllyyaeB HEKOTOpble NP-NoyiHble 3a7aud, TaKue Kak
384T [Paccen u np., 2006]. Pemenne CSP B sTOoM
cllydae CBOJHUTCS K OIPEACICHHUIO BBIIOJIHIOIIMX

HOJICTAHOBOK (emuHCTBEHHOM MOZICTAaHOBKH)
KOHBIOHKTHBHOH  HOPMaJIbHOM  (OpMBI  KOHEYHOTO
Ipe/inKara.

Metonsl yCKOPEHHST BBIYUCIUTEIBHBIX MPOIEITYP,
OCHOBaHHBIC HAa MaTPUYHOM MPEACTABICHUN KOHEYHBIX
MPEINKATOB, TIO3BOJIIIOT HA TMPAKTUKE IONydarh
TpeOyemMble  peIIeHHs  YIOMSHYTBIX  3aJad  3a
npuemiieMoe Bpems. JIOMONHUTENbHBIE BO3MOXXHOCTH
YCKOpPEHHSI CBSI3aHBI C AaHAJIU30M CEMaHTHYECKUX
orpaHWueHUN mpenMeTHoW obmactu [Kymuk u 1p.,
2010].

PaccmoTpum HEKOTOphIE 0COOEHHOCTH
MPOTPAMMHOW peaH3alud pa3padOTaHHOW CpPEIbl IS
aBTOMaru3anyu Beryuciennii ¢ AK-o0bexramu.



1. [IpencraBiieHne JJOrMYECKMX MAaTPUIl U
onepauvii HaJ HUMHU C TOMOIIbIO OyJIeBbIX
BEKTOPOB

B ocHoBe Bcex omepanmii ¢ AK-o0bekTamMu Jiexar
orepanny ¢ KOMIOHEHTaMH, U3 KOTOphIX AK-00BeKTHI
cocroaT. Ha ypoBHe kozma mporpammsl, Ha s3bike CH++,
KOMITOHEHTBI TPEICTABIAIOTCS C IMOMOIIBI0 OYIEeBBIX
BEKTOPOB:  KaKJas  KOMIIOHEHTa  MOJIEIUPYETCs
MOCIIEI0BATENIbHOCTEIO OUT, Ybsi pa3MEpPHOCTh paBHA
pa3sMEpHOCTH  COOTBETCTBYIOIErO  JOMeHa. bury
COOTBETCTBYET 3HaueHHe, IpUHaAIeKalee
OMpENeNICHHOMY  JIOMEGHY. Ecnu  HEeKoTOpbIi  OuT
YCTaHOBIICH B “true”, CUUTAETCH, 4TO
COOTBETCTBYIOIIMI €My 3JIEMEHT JJOMEHA MPUCYTCTBYET
B KOMIOHeHTe (cM. pucyHOK 1). 3mecer u manee B
pHUCYHKax, WIUTIOCTPHPYIOIINX OIeparuy, OyneM ciesa
MOKa3plBaTh  OyJAE€BBI ~ BEKTOpPHl, a  CIpaBa
COOTBETCTBYIOIIHE UM KOMIOHEHTH AK-00BexToB mn
AK-00BEKTHI LIETTMKOM.

12345
__HE

{1,4, 5}

Pucynok. 1. IIpumep npencraBieHnst KOMIIOHEHTHI Ha OCHOBE OyieBa
BEKTOpa

KoHeuHslli monb3oBarens (GOPMUPYET KOMIIOHEHTHI
JIOTHYECKUX MaTpul npuBbruHbIM a1 AK cocobom —
B BUJIC MHOYXECTB, a yiKe Omaromapst
BHYTPUIIPOTPAMMHOMY TIPEJCTABICHHUIO, OICPalliU C
KOMITOHEHTaMH CBOJSTCS K MOOHWTOBBIM OIEpaIysiM C
OyJeBBIMH BEKTOPAMH.

[powmmocTpupyeM  OIEpaLIo
KOMIOHEHT (CM. PUCYHOK 2):

abcd 12345
__HEN

nepeccycHus

[{a, b} {1,2}]
EIZDnEIZIZI [{b} {2,4}]
wT Cmrr b2

Pucynok 2. IIpumep onepauiu nepeceyeH st KOMIOHEHT

Take MOXKHO TPOJAEMOHCTPUPOBATH OIEPAIHIO
00beIMHEHUS] KOMIIOHEHT (CM. PUCYHOK 3):

a-bc|d| H3|4|5| [{a, b} {1, 2}]

U
(W] (W (b} 24
BT mm w2 b{124]

Pucynox 3. Ilpumep omepanyn 00beIMHEHHS KOMIOHEHT

PaccMoTpum ormepanuio JOMOJHEHUS KOMIIOHEHTHI
(cM. pucyHok 4):
—
abcd 12

_ EEly [{a, b} {1, 2}]
(T CTmmm (b di345]

Pucynok 4. [Ipumep onepanuuu AOMOJHEHUS KOMIIOHEHT

345
[ 1]
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Jlanee mepeiineM K ONMUCAHUIO CUCTEMBI KOMaHI, C

TTOMOIIBIO KOTOpOit KOHEYHBIH MOJIB30BaTEIIb
dbopmupyet aJITOPUTMBI (AK-iporpammsr) B
paccMaTpuBacMoit cpere aBTOMATH3aLUN

peoOpa30BaHuii TOTMICCKUX MATPHIL.

2. Onucanue cucTeMbl KOMAH/I
NMPOrpamMMHON cpeabl

CucremMa KOMaHJ TIOCTPOEHA Ha MPHUCBAaUBAHUAX, B
pe3ynbTaTte KOTOPBIX CO3IAeTCsl HOBasl IEepPeMEHHas, H
el mpunrckBaeTcs HeKoe 3HaueHne. Komanna B o0mmemM
BUZIC BHIIJISLANUT CIIEIYIOIINM 00pa3oM:

<NEWNAME> = <DATA>

3mece  <NEWNAME> mroboe  andaBUTHO-
U(PPOBOC MMs HOBOU NEpPEMEHHOM, HE COBMAIAIONICe
HA C OJHUM U3 3ape3€PBUPOBAHHBIX WU YXKe
WCIONB30BaHHBIX CJIOB B JOKyMeHTe, a <DATA> —
moboe u3 BeIpaxkenuin <DOM>, <ATT>, <SCH>,
<EX>.

O6bsaBienue nomena ¢ umeHeM (KDOMNAME>) u
tunoM (<DOMTYPE>), a Tarxke ¢ yKa3aHHEM e€ro
COZIEPIKMMOTO MPOU3BOIUTCS B CIACAYIOIIEM BUJIE:

<DOMNAME>=domain(<DOMTYPE>;[<EL>{,<
EL>}])

3nece  THn gomeHa <DOMTYPE>  moxer
MPUHUMATh OJHO U3 CJCAYIOUIMX 3HAUCHHI: «stringy,
«inty, «floaty, mpu 3TOM JOMEH OyaeT HMeETh
COOTBETCTBEHHO CTPOKOBBIM, LEJIOYHUCICHHBIA WIH
JNIECATUYHBIA C TUTABAIOLICH 3arsAaTOM THUI. DJIEMCHTHI
noMmeHa <EL> yka3bIBaroTCs 4yepes3 3alATyr0 U JOJIKHBI
COOTBETCTBOBATh yKa3aHHOMY Tumly. B dwnciax c¢
IUIaBalOIIEed  3alsTOd B KauecTBE  pa3lesuTels
ucnomab3yercsd Touka. [IpuBenem cnenyooumuye npuMepsl
OOBSABICHHS TOMEHA:

Domy = domain (string; mon, tue, wed, thu, fri, sat,
sun);

Dom; = domain (int; 1, 2, 3, 4,5,6,7,8,9);

Dom, = domain (float; 3.1415, -897.6,0.14,
-15.1345).

OO6mwsBrnenne arpubyra ¢ umeHeM <ATTNAME>, u
YKa3aHHEM €ro JIOMeHa BBINIIIUT  CIIEIYIOUINM
obpazom:

<ATTNAME>=attribute(<DOM>).

[Tpumepom 0ObsiBIEHHS aTpuOyTa MOXKET CIYXKHTb
CJIe/LyIONIast 3alUCh:

A, = attribute (Dom,).

OObsaBnenne cxembl <SCH> Moxer OBITH Kak
YKa3aHHEM Ha YK€ CYILECTBYIOIIYIO CXeMy IO ee
nmean (SSCHNAME>), tak u 0OBsBICHHEM HOBOH
CXEMBI ¢ YKa3aHHUEM BXOJISIINX B Hee aTpuOyTOB:

<SCHNAME>=scheme([<ATT>{,<ATT>}]).
[Tpumep oOBSBICHHS CXEMBI:

S1 =scheme (4, B)).



Bripaxxenne <EX> MoxeT OBITh Kak OOBSBICHUEM
AK-o0bekra (<SYS>), Tak m OOBABIECHHEM MacCHBa
AK-00bekTOB (<ARR>). AK-00BekT <SYS>
OMHKCHIBACTCS MYTEM IIOIEMEHTHOTO YKa3aHUS €ro
komnoHeHT (<SYSDEF>) wmm mnyrem oObsiBIeHHEM
omepanuu <OP>, pe3ynbTaToM BBIYHCICHUS KOTOPOU
310T AK-00BEKT sIBNISICTCS.

AHanoru4Ho, o0ObsBieHne MaccuBa AK-00bekToB
<ARR> mMoxer ObITh JHOO KOHKPETHBIM MAaCCHBOM
(<ARRDEF>), mmubo  oOBsBIEHHEM  OIepanuu
<ARROP>, pe3ynbraroM BEIYUCIICHHS KOTOPOH CIYKHUT
MaccuB AK-00BEKTOB.

OO0psBreHne KoHKpeTHOH cucteMsl (<SYSDEF>)
MOXET OBITh YKa3aHHEM Ha YK€ CYIIECTBYIOMINI
AK-06bekt (SSYSNAME>) nnn o0bsiBieHneM HOBOU
cucteMsl ¢ ykazaHueM ee Buna <SYSTYPE>, xotopsrit
NPUHAMAET 3HAYEeHUs «c-system» i «d-system». B
KayecTBe npuMepa oobsiBieHust <SYSDEF> npusenem
CIeAYIOMHEe KOMAH B!

Sys1 = c—system (Sla [{33 49 5}9 {aa b}]a [{2}’ {b}])n

sysy = d-system (Sy; [#, {b, ¢, d}], [{8}, {c, d}],
[{7. 8,95, {d}]).

Ha s3pike  AK 3TH  CcTpyKTypbl  BBINISLIAT
CIICAYIOMINM 00pazoM:
3,45 {a,b
Sysl[AlBl]:|:{ A }} >
{2 b}
%) {b,c,d}
SysldBil= | 8 {ed)
{189y  {d}
®opmar 3aJaHUA MaccuBa AK-00B€KTOB
(1 (1401112178

ARRDEF = array([<SYS>{,<SYS>}]).

Bce Bxomsmme B MaccuB ~AK-00bEKTBI TOIKHBI
MpUHAJIekKaTh K ofgHoMy Tumny (iqubo C, nubo D).
[TpuBeneM npumMep OOBSABICHUS MACCHBA:

arr = array (sysi, SySa, SyS3).

Hanee onwuiiem ocHOBHble omnepauuun <OP> Han
C- u D-ctpyxrypamu, MO IePIKUBACMEIC
paccMarpuBaeMoun CHCTEMOH aBTOMAaTH3aIIH
MaTPUYHBIX CUMBOJBHEIX TIPEOOPa30BAHMUI:

~<SYS> npeobpasoBanne AK-oObekra
aJbTEPHATUBHBIN KJIACC;

B

1<SYS> — nomonnenue;
<SYS> * <SYS> — nepeceuenue;
<SYS> + <SYS> — o0beauHeHuE;

elimination(<SYS>;[<ATT>{,<ATT>}])
SIMMUHALUS aTpUOyTOB, II€ Yepe3 3alsATyi0 B JTH000M
MOPSJKE YKa3bIBAIOTCS BCE arTpuOyTHI, IOUIEXKAIINe
JIUMUHALIUY;

projection(<SYS>;[<ATT>{,<ATT>}]) — npoekims,
TJIe Yepe3 3aIsTyI0 B JJF0OOM MOPS/IKE YKAa3bIBAIOTCS BCE
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aTpuOyTHI, KOTOpPBIE JTOJDKHBI OCTaThCs B

pe3yNIbTUPYIONICH CUCTEME.

AHaJOTHYHBEIM 00pa3oM ONpEIeNICHbl OTIepaIluu
npeoOpa3oBaHus B aJIBTCPHATUBHBIN KJacc,
JTOTIONTHCHUS, TICPECCUCHHUS, OOBEIUHCHHUS, STUMUHAIH
aTpuOyTOB, IPOCKIMH 11 MacCUBOB AK-00BEKTOB:

<ARR>'T,<INDEX>"|"— unnexcanus MacCuBa;

~<ARR> — mpeobOpa3oBaHue B aJbTCPHATUBHBIN
kiacc maccuBa AK-00beKTOB;

I<ARR> — BBIYHCIIEHHE MOIIOIHEHUS I MacCHBa
AK-00BEKTOB;

<ARR>*<SYS> — mepeceueHne KaxI0ro 31eMeHTa
MaccuBa AK-00pexToB <ARR> ¢ AK-00pekrom
<SYS>;

<ARR>+<SYS> — 00beiuHEHHE KAXKIOI0 dIEMEHTA
maccuBa AK-00bexroB - <ARR> ¢ AK-00bexToM
<SYS>;

elimination (, KARR>;[[ATT>{,<ATT>}1)"

projection (,;<ARR>;[[<ATT>{,<ATT>}]"
COOTBETCTBEHHO OI€palliui DJJIUMHUHAIIUM W B3ATHUA
OPOCKIMH UL  K&KIOrO JIEMEHTa MacChBa B
oraensHOCTH. [IOMHMO 3TOTO, OIpEAENCHa OIeparus
HaXOJKICHHS BCEX BO3MOYKHBIX TIPOCKIIHIL:

all projections(,fulljnot_full|all;<SYS>*)"

B 3aBucumoctn oT 3amanHOoro mapametpa (full,
not_full, all) pesympraTomM  omepamuu  OymyT
COOTBETCTBEHHO  TIOJIHbIE, HEINOJHBIC, WM  BCE
BO3MOYKHBIE TIPOEKIH CUCTEMBI (MacCHBa).

Jlanee  moxaszaHel — IIPUMEPHL
MIPEICTaBICHHBIX paHee KOMaH]I.

HCIIOJIb30BAaHUA

3. [IpumepbI MCIOJIB30BAHUS] KOMAHHOTO
npoueccopa

Ilpumep 1. IIpoBepuTh NpaBUIBHOCTD JOIHUYECKOTO
BBIBOJA /IS clieayrouero paccyxaenus: "Ecnu [>xoHe
HE BcTpedan 3Toi Houbto Cmmra, TO 60 CMmuT OBLI
yowmiineit, nmu6o Jxonc yoker. Eciu Cmut He Obu1
youiinieit, To Jl>xoHc He BcTpeuan CMuTa 3T0i HOUBIO, U
yOMICTBO HMeENO0 MecTo Tocie MoayHoud. Ecmm
YOMICTBO HMMEJNO MECTO IMOCJ€ MOIYHOYH, TO JHOO
Cmur  Ob1  yOuwiined, smbo  JKOHC — JDKeT.
CnemoBatensHo, CMut ObLT yOUiineit".

Cnavana BbIpa3suM JAaHHOC PACCYKACHHUC Ha SA3bIKC

ncunciaeHus BbIckasbiBanui  [Kulik et al, 2010].
Bgenem obo3HaueHws:

A — JI>)xoHC BeTpeyas 3Toi Houblo CMHUTa;

B — Cmur Obun youiinei;

C — JIXOHC JIKET;

D — yOuiicTBO MMEII0 MECTO TOCTIE MTOTYHOUH.

Torma 3aJ]aHHOE paccyxaeHue MOYKHO

chopMyTHpOBATh TAK:

nepBoe npemioxenne: -4 o (B @ C);



BTOpOE npemiokenne: —B O (—4 A D);
Tpethbe npemioxkenue: D o (B @ C);
clieacTeue: B.

[Ipeobpa3yem mepBBIe TPH MPEIUIOKEHHUS I TOTO,
4TOOBI M30aBUTHCS B HUX OT MMIUIMKAIUM W CTPOTOH
nu3bloHKIMU. [Tonyyaem:

)=A>2B@C)=4Av (BA-C)v (=B,
2) -B> (=4 AD)=B v (=4 A D);
3N DoBD®C)==Dv(BA=C)v(=BAQ).

Hus mpencraenenus >tux ¢opmyn AK-o0bekramu
UCTONIb3yeM YHUBepcyM X jxXoxXsxX,= {0, 1}, tae
A=B=C=D=1u -4=-B=-C=-D=0. Torna
MOCBUIKH, KOTOpble sBistoTcs JH®, BbeIpakaroTcs
C-cucremamu:

_{1} * * %
Pr=1x I} {0} *|;
L= {0F {1 =
P, [ % {1 = = ;
{0F = = {l}
e * {0}
Py=* {1} {0} = |,
¢ {0y {1} =

a cnenctue — C-koprexeM B[X,] = [{1}].

Y1005l
KOMaH/1y:

co3garb JOOMCH, IIOJb30Barciib BBOIHUT

dom = domain (int; 0, 1).

Taxoke HeOOXOAUMO OTIPEIEIIUTh ATPUOYTHI:
X1 = attribute (dom);

X, = attribute (dom);

X3 = attribute (dom);

x4 = attribute (dom).

Jlanee 3a1atl0TCsI HEOOXOIUMBIEC CXEMBI:
schy = scheme (X1, X2, X3, X3);

sch, = scheme (x,).

Mt cozmammss  AK-00BEKTOB, MOACITHPYIOIIHX
MOCBUTKA M 3aKITFOYEHUE TPEOYIOTCS KOMAH/IbL:

p1 = c-system (schy; [{1}, *, *, *], [*, {1}, {0}, *],
[*, 10}, {1}, *D;

p2 = c-system (schy; [*, {1}, *, *], [{0}, *, *, {1}]);
* 0% % {031, 1%, {1}, {0}, *],

E

p3 = c-system (schy; [
[*, {0}, {15, *];
b = c-system (schy; [{1}]).

Ecmm Beramcnuth AK-00BEKT, COOTBETCTBYIOLIUI
BbIpaxkeHuto P; Mg Py Mg P3, ony4um:
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PX\XoX5X4] =Py g Py g Py =

oy = {0
S U S (U S
{0y 0y 1y {

Jlst 5TOTO BBEZEM COOTBETCTBYIOLIYIO KOMAHIY:
p = compression(l; p; * p, * p3).

3meck omepamus compression HCIONB3YeTCS IS
YCTpaHEHHS TOBTOPSIFOIINXCS KOPTEXKEH.

Pemaercs 3a7a4a IMYTEM ONpeAcJICHUsA IYCTOThI
AK-00bekTa P1 Mg P2 NG P3 NG B[X2] .

MoXHO HCHONB30BaTh YK€ IIOJYyYEHHBIH paHee
MPOMEXYTOUHBIH pe3ynbrar P[X XoX3Xy], a MoxHO
BBECTH KOMaHTy LIEITIKOM, MOCKOJIBKY
paccmarpuBaeMas CHCTEMa OCYHIECTBISIET —pa3bop
CJIOKHBIX BBIPAKEHUI:

check =p, * p, *p3 * ~b.

[IpoBepka IIOKa3bIBa€T, UTO BbIBOJ HEBEPHBIN.
Pegynbrar  paGoTel  cuCTeMBI ¢ IpOrpaMMoi
BBIUUCIICHUN MIPUBECH Ha pUCyHKe 5. JleCTBUTENIbHO:

(U {0}

I A0} =
0y 08 1 {

[{0} {0} {1} {1}]# .

%

. g [* {0} % #] =

W 4K - DADOCS\AK_cpp\Diploma\EXAMPLES4\Cur Tonkko nposepka saisogzaml

[

Oaiin Hacrpoiin

0| c{ | ©| 1 4|:D|*A|+5|+#3| 41| ‘Ar| o0

T| - [heck =12 o1

x2 = attribute (dom)

Onepatr
%3 = attribute (dom)
x4 = attribute (dom)

%1234 = scheme (x1, 22, X3, x4)
pl = e-system (x1234; [{1}, *, *, *1, [*, {1}, {0}, *], [*
T e
pllx1, x2, x3, x4] =| *+ {1} [0} *
LU RESR|
D2 = c-system (21234; [*, {1
Rt
fOF * *:1}]

% ov]

p2[xl, x2, x3, x4] =[

p3 = c-system (x1234: [*, *, *, {OH], [*, {1}

p3[xl, x2, x3, xd] =

m

sch2 = scheme (x2)

b = c-system (schz; [{1}])

bx2] = [{1h

p = compression(l: (pl * p2)
{(1) {1} *

plxl, x2, x3, x4] = | * {1} {0}
{0} {0} {1}

* p3)
(0]
B

fus]]

check = ((pl * p2) * p3) * ~!b

check[x1, x2, x3, x4] = [{0} {0} {1} {1}]

Mmer |check

Pucynok.5. Pemenue 3a1auu MpoBepKy MPaBUIBHOCTH JIOTUUECKOTO
BBIBOJIA

Ilpumep 2. B OpeAbIAYILEM npuMepe
npexnnonaraemoe cienctsue (Cmur Obln yOumiiueit) He
BBIBOJIMMO. YUTOOBI IOATBEPAWUTH WIM OIPOBEPTHYThH
NpaBWJIBHOCTh  BBIBOJA,  TpeOyeTcst  YTOYHHTh
HEKOTOpBIE 00CTOSATENHCTBA. IMouck TaKUX
00CTOSTENTECTB MOXKHO C(OPMYIHPOBATh KakK 3amady



noucka abaykruBHOTO 3akmodenns [Kulik et al., 2012],
[Barun u mp., 2008].

IIpennonoxum, 4TOo BBIBOA mpaBwibHbIA. Torma
HCOOXOUMO HAWTH TOAXONSAIIME THIIOTE3bI, KOTOPHIC
MOKHO HCIIOJIb30BaTb B KauecTBe IOCHUIOK. C
MOMOIIBIO PEAAKTOPA MOXKHO COXPAHUTH MPOTpamMMy
BBIUUCIICHUI MPEIBIAYIINEro IpuMepa B (paiiie ¢ HOBBIM
MMEHEM, YyHAJIUTh HEHY)XHbl€ BETKHU BBIYUCICHUH U

no6aButh  HOBhle.  OTnpaBHOW  TOukOH  Oyder
CJEYIOIIMNA TPOMEXYTOUHBIN PE3YIIBTAT:
(USER U (U
PIXIXOXX] = |« 1y {0} * |5
oy 0 U
BIX1.XoX3Xy] = [* {1} * *].
Jlanee  ucmoiap3yeM — alrOpUTM  IONXYyYEHUS

a0JyKTUBHBIX 3aKJIIOYCHUH, pa3paboranHeii B AK
[Kulik et al., 2012].

o 1 = {0
R=A\GB=| = {1} {0} = | Ng[*{0} =]
0y {0} {1} {1
=[{0} {0} {1} {1}].
21.]151 BBIYHUCJICHUS 3TOrO BI)Ipa)KeHI/IH BBCIACM
KOMaHJIy:
R=p*~b.

3mech MOXHO BBIOpaTh B KadecTBe R; JHOOYIO
npoekiuio R. [Tycts 310 Oynet R[X,]:

RX, = projection(R; xy).

Jns Berumcnenus H;= R, BBeieM CIEIYHOLIYIO
KOMaHJ1y:

HX,=~RX,.

HOCKOJ'IBKy KOJUIM3UN HaM HC 34a/1aHbl, IIPOBEPUM,
BBIPOXKAACTCA  JIK 06H.[a$I MPEANOChIIKa P npu
HOHy‘ICHHOﬁ TUIIOTE3C!:

B AL = {0}
Png Hi=| = {I} {0} =*|nNng
{0} {0} {1 (i
1 1 * 0
s 03] = {1 {0}

*

{1 {0} {0}
Bemem cooTBETCTBYIOIIYIO KOMAHIY:
PH=p * HX,.

IIpoBepka MOATBEPKAAET KOPPEKTHOCTh TMIIOTE3bI.
Ha ecrecTBeHHOM SI3bIKE [JaHHAsi TMIIOTE3a O3HAYAcT,
YTO YOMHCTBO mpouW30IIIO 10 momyHoun. OTcroma

CleIyeT, 4YTO BBIBOA OyIeT TMpaBWIBHBIM, €CIIH
YTOYHUTH BpeMs yOuiicTBa.
Penakrop  momnep:kuBaeT — pa3dop  CIOXKHBIX

BBIpa)I(CHHﬁ, TO €CThb BCC OII€pallii MOKHO 3alucCaThb B
OJHY CTPOKY U NOJYUUTH TOT KC PE3YJIbTAT:
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res = compression(1; p; * p, * p; * ~!projection(p; *
P2 ¥ p3 * ~1b; x4)).

3akJjarouenue

Marpuuynoe npeacrasienue JH® wu KHO
KOHEYHBIX  IPEAMKATOB, OCHOBaHHBIE Ha 3TOM
MIPENCTaBICHUM METOAbl PEIIEHUs 3aJad JIOIMKO-
CEMaHTHUYECKOTO aHalau3a U METOIbl YCKOPEHHS
BBIYHMCIIUTENBHBIX IpoLEeayp MI03BOJISIIOT
OpraHU30BBIBaTh  BBIYUCJICHUS C  HEYUCIIOBBIMU
MepEeMEHHBIMH ~ [MOJ00HO TOMY, KaK pealu3yloTcs
YUCJICHHBIE METOABI anreOpbl MaTpuLl B
CIIELIMAJIU3UPOBAHHBIX IPOrPAMMHBIX Cpelax.

Pazpaborannas cucrema, TMO3BOJSICT  peEIIaTh
cIenyrole 3a1a4i JIOTUKO-CEMAaHTHYECKOTO aHalln3a:
MpOBEpKa MPaBUJILHOCTU JIOTHYECKOTO CIICOBAHUS;
TIOJY4YCHHE CICACTBHH, YOOBICTBOPSAIOUINX 3aJaHHBIM
YCIOBHAM; TIOJNydeHHE AaOMyKTHBHBIX 3aKIIOUYCHUH,
aHaJIN3 CEMAaHTUYECKUX HEKOPPEKTHOCTEN U T.I. Takxke
cUcTeMa MOXET OBITh MOJIe3HAa TPU pEIIeHHH 3a1ad
VIOBJIETBOPEHHSI OTPAaHWYCHUH, KOTOpHIE CBOIATCA K
MOMCKY BBINONHAOMUX NoAcTaHOBOK KH® koneuHoro
npeauKaTa.

CuctemMa KOMaHJ OIMCAaHHOTO MPOTPAaMMHOTO
npoleccopa pealv3oBaHa HAa OCHOBE ONEpauuil ¢
OyJIeBBIMH BEKTOPAMHU C HCIOJIL30BAHUCM OHOIMOTEKU
boost::dynamic_bitset. Pa360p 1 BEIYHCIICHUE CIOXKHBIX
PeryisipHbIX BBIPAXKECHUIH OCYILECTBIACTCS c
HCTIOJIb30BaHIEM OMOIMOTEKU boost::regex.
IIpeaycMoTpeHO COXpaHeHHe Mporpammbl B (opmare
XML.

Pabora BomomHena mpu moxaepxke POOU
(mpoexter Ne 12-07-006689-a, Ne 12-07-000550-a, Ne
13-07-00318-a), IIpesumuyma PAH (mpoexr 4.3
IIporpammsr Ne 15), OHUT PAH (mpoekt 2.3 B pamkax
Tekymeit I[IporpamMmel  (hyHIAMEHTAJIBHBIX HAYyYHBIX
UCCIIEI0BAHUN ).
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MATRIX REPRESENTATION OF A FINITE
PREDICATES FOR AUTOMATION OF
LOGICAL AND SEMANTIC ANALYSIS

Zuenko A.A

Institute for Informatics and Mathematical
Modelling, Kola Science Centre of RAS

zuenko@iimm.Kkolasc.net.ru

The article discusses a program system based on a
matrix representation of finite predicates and set-
theoretic interpretation of logic operations used in the
n-tuple algebra (NTA). The system realizes the original
algebraic methods of solving such problems of semantic
and logical analysis as: correctness -check for a
consequence; derivation of consequences from axioms;
derivation of abductive conclusions; analysis of
semantic inconsistencies. Also, the system can be useful
for solving constraint satisfaction problems which are
reduced to finding substitutions of conjunctive normal
form of the finite predicate.

Introduction

The article continues a series of publications
devoted to the NTA methods.

A matrix representation of finite predicates and the
set-theoretic interpretation of logical operations are
used in NTA.

The NTA methods developed to solve various
problems of logical and semantic analysis were
presented in our publications earlier. The distinguishing
feature of interesting us problems is that they could be
described in terms of finite predicates.

Also NTA methods were used to solve constraint
satisfaction problems (constraint satisfaction problem,
CSP) with finite domains of variables. Such problems
include graph coloring problem, Boolean problems CSP
and etc.
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In this case solving of CSP reduced to the definition
of satisfying substitutions (single substitution)
conjunctive normal form of the finite predicate.

Methods for accelerating of computational
procedures based on the matrix representation of finite
predicates allow to practically obtain the desired
solutions of the problems in a reasonable time.
Additional acceleration capabilities associated with
semantic constraints analysis of subject domain.

Main Part

The article presents a tools for development of
NTA-algorithms. It allows to automate various
procedures of logical-semantic analysis. The features of
the software implementation developed environment for
automation of calculations with. NTA-objects are
presented.

The basis of all operations with NTA-objects is the
operations with components of NTA-objects. On the
program level components are represented by Boolean
vectors: each component is a sequence of bit, whose
dimension -is equal to" the dimension of the
corresponding domain. If a bit is set on "true" the
corresponding element of the domain is present in
certain component.

The user determines components of logic matrix in
the form of sets as it is taken in the NTA. Through the
matrix presentation operations with components could
be reduced to bit-wise operations with Boolean vectors
on the program level.

The article presents a system of commands of
considered command processor, and also examples of
using this system for solving some problems of logical
analysis.

Conclusion

The matrix representation of DNF and CNF of finite
predicates, logical-semantic analysis methods that use
this  representation, —methods for accelerating
computational  procedures allow to  organize
computations with non-numeric variables similar to
computations based on the methods of matrix algebra in
specialized software.

The authors would like to thank the Russian
Foundation for Basic Research (grants 12-07-00550,
12-07-00689, 13-07-00318), the Department for
Nanotechnologies and Information Technologies of
RAS (project 2.11 of the current Programme of Basic
Scientific Researches), and the Chair of RAS (project
4.3 of the Program # 16) for their help in partial funding
of this research.





