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AHHOTANUSA

B pabGotre paccmarpuBaercs OTOOpakKeHUE
OJIHOM W3 MojeJield JaHHBIX, OCHOBAaHHOW Ha
MHOIOMEpHBIX MaccuBax — wmoaenu CYB]]
SciDB B KaHOHMYECKYIHO MOJECIb CHUCTEM
BUPTYaJIbHOMN WIH MaTepUaTA30BaHHON
HUHTETpaIiH 0a3 JTAHHBIX. Hns
OIPENICICHHOCTH B CTaThe paccCMaTPHUBACTCS
0TOOpakeHHEe B OOBEKTHYIO MOJCIh TAHHBIX —
s3eik CMHTE3, ucnons3yromuiicss B Ka4ecTBe
KaHOHUYECKOM MOJEIM NaHHBIX B TEXHOJIIOTHU
TPEAMETHBIX MOCPETHUKOB.,
[TpowsuttocTpUPOBaH METON  JO0Ka3aTeNbCTBA
coXpaHeHUsT HMH(DOpPMAMKM W  CEMaHTHKHU
orepanuii Mpu 0TOOPAKESHUH MOJIEIICH TaHHBIX
C UCMONb30BaHHEM  (OPMALHOTO  s3bIKa
cnenubukammit. I[lenpro paboThl  sIBIIAETCS
co3maHre 00OCHOBAHHOM TEOPETHYECCKON Oa3bl
JUIA WHTETPAIlid PECypCOB, OCHOBaHHBIX Ha
MHOTOMEPHBIX MaCCHBAX.

Paboma evinonnena npu noodoepoicke PODU
(epanmor  10-07-00342-a,  11-07-00402-a) u
Ipezuouyma PAH (npocpamma 1611, npoexm 4.2).

1 BBenenue

Pa3BuTHe HayKkM W TPOMBIIUICHHOCTH, IIHPOKOE
pacnpoctpaHeHHe  MH(GOPMAIMOHHBIX  TEXHOJIOTHI
Be/leT K HAaKOIUICHUIO OTPOMHBIX 00BbEMOB JaHHBIX KaK
B Hayke, Tak u B Om3Hece. J[aHHBIE MOTyT OBITH Kak
HaOJIIOaTeNIbHBIMY,  OKCIIEPUMEHTAIBHBIMU, TaK |
MIOJTyYeHHBIMH B xoze KOMITBIOTEPHOTO
MonenupoBaHus. [laHHBIE Takux MacmrTaboB (4YacTto
M3MepseMBIX y)Ke B merabaiiTax) Ha3bIBaIOTCA
«Oompmumu  maHBEIMH» (Big Data) [7], mmoxo
MOAAAr0TCsl 00paboTKe W aHaIM3y B paMKax XOpOIIO
W3BECTHBIX TEXHOJIOTHH 0a3 JaHHBIX, OIMHMPAIOIIUXCS B
OCHOBHOM Ha PEJIALMOHHYIO MOJIENTb JaHHBIX.

VIMeHHO mOo3TOMY pa3BUBAIOTCS PA3JINYHBIE MOAEIN
JTAHHBIX, HaIleJICHHbIE Ha MapaJjIeIbHYI0 0OpabOTKy |
aHaJM3 JAaHHBIX B PACHPENENCHHBIX Cpefax — rpuiax u

Tpyasl 14-ii Bcepoccuiickoii Hay4yHoii KoHdepeHUUH
«JeKTpPOHHbIe OMOJIMOTeKH: NMepcrneKTHBHbIE MeTOAbI U
TeXHOJIOTHH, YJIEKTPOHHbIe Ko/uleknun» — RCDL-2012,
IepecaaBab-3anecckuii, Poccus, 15-18 oxrsiops 2012 r.
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obmakax. OfHMM W3 Ba)XHBIX BHJOB TaKHX MOJENEeH
SBJSIFOTCSL ~ MOJENW  JaHHBIX, OCHOBaHHbIE  Ha
MHOTOMEpHBIX MaccuBax (array-based data models wmu
array data models) w HaseiBaemble ganee MM-
Mooensimu. POICTBEHHBIMU TaHHBIM MOJIEISIM SIBIISTIOTCS
TaK Ha3blBaeMbIe «KYObl JaHHBIX», HCIONb3YeMbIE B
OLAP texnonoruun [18, 16]. HccnemoBanus MM-
Mojenieil Hauvanuch JOcTaTodyHO naBHO [14, 5] wm
MpOAODKAIOT ~ pa3BUBaThCcs. B maHHOM — craThe
paccmarpuBaercsi KOHKpETHass MOAEIb, a HWMEHHO —
Mozenb, ucrionbzyemast B CYBJL SciDB [15].

HUcropus SciDB naumnnaercst ¢ 2007 rona, koraa Ha
CHUMIIO3MyMEe 10 OKCTpeMajbHO OonpmiuM 0azam
manapix  (XLDB)  nmpeacraBuTens MM HayKu |
MIPOMBIIIJICHHOCTH 6])1.]'[ CACIaH BBIBO/I, 4qTo
CYIIIECTBYIOLIHE CYBJ HE B COCTOSIHUHU
MAaHUITYJIUPOBATh o0beMaMu JaHHBIX, KOTOpEBIC
nosiBsiTcst B Omkaiiiem  Oyaymem. OpHuMm — u3
MNpUMEPOB TMOCTABIIMKOB TaKWX JAaHHBIX SABJISACTCA
crposimiicss Teneckon LSST (Large Synoptic Survey
Telescope) [13]. bbb Takke caenaH BBIBOA O
HeoOxoaumoctu pazpaborku CYBJ] HOBOro nokoneHwus,

KOTOpasi JIOJDKHA  YIOBJICTBOPATh, B  YACTHOCTH,
ClleIyIouM TpedoBaHusM [6]:
e MOIEIb JTAHHBIX OCHOBBIBAETCS Ha

MHOI'OMEPHBIX MAacCHBAaX, a He Ha KOPTexXax;

e MoOJeNb XpaHEeHHs 0a3upyeTcst Ha BEPCHOHHOCTH,
a He Ha OOHOBJIEHNH 3HAYEHHIL;

e MacmrTabHpyeMOCTh 10 COT€H merabat u
BBICOKasl OTKa30yCTOHYMBOCTD;

e CVYB/l sBnsercss cBOOOTHO paclpoCTpaHIEMBIM
NPOrPaMMHBIM 00ECIIEYEHHEM.

Hexotopoe Bpemsi cmycts  Obul  3aIylieH
MEXAYHApOAHBIA NMPOEKT IO PYKOBOACTBOM Maiikna
CroyHOpeiikepa, LENbl0 KOTOPOTO SBJSUIOCH CO3/IaHUC

HOBOH  CHCTEMBl  yIpaBleHUs 0a3aMH  JaHHBIX,
nmonyumBIeidl Ha3zBaHue SciDB. B Hacrosmiee Bpems
CBOOOZHO  PACIpOCTPAHSACTCS ~ OdYepelHas  BEepCHs

cucremsbl st OC Ubuntu n RedHat.

[lenpro 1aHHOW CTAaThU SIBISETCS HCCIIEIOBAHHE
Borpoca 00 yHugukayuu MONETH IAHHBIX CHCTEMBI
SciDB (0ynem Ha3bBaTh ee B ganbHeimem ADM —
Array Data Model [17]) s BuHpTyanbHOW WM
MaTepHAIM30BaHHOW  WHTErpaliid  PECypcoB  IIpH
co3aHuM (henepaTHBHBIX 0a3 MAHHBIX MM XPaHWIHIL
JIAHHBIX.



Ipu MaTepHaTn30BaHHON WHTErpanuu
MpEANojaraeTcs  CO3/IaHHe  XPAHWIMIIA  JIAHHBIX
(warehouse), B KOTOpoe 3arpyKalTcsi PECYpCHI,

nojjiexaliye uHTerpauuu. B mpouecce
MPOMCXOMUT TpeoOpa3oBaHWE JaHHBIX U3
pecypca B O0IIy0 CXeMY XpaHIIIHUIIA.

3arpyske
CXEMBI

BupryansHas ke HMHTErpanus paccMaTpUBacTcs B
CTaTbe MPUMEHUTEIBHO K INPEIMETHBIM IOCPEIHHUKAM
[9]. TIpenMeTHBIE MOCPETHUKH TPEACTABIISIOT COOOM
CIeIMaJbHBIA  BHA  TPOTPAaMMHOTO  oOecIieueHws,
o0pa3yrommuit IIPOMEKYTOUHBIN crnon MEXIY
ronb3oBaresieM (IPUIOKEHHEM) U HEOXHOPOIHBIMH
nHdopMannoHHbIMH pecypcamu. [Ipu aToM naHHBIE M3
pecypcoB HE MaTEpHAIM3YIOTCA B  IOCPEIHHUKE.
@denepaTyBHasg CXeMa IIOCPEIHUKA, OMHUCHIBAIOIIAS
HEKOTOPYI0 ~ IpeAMETHyI0  o0jJacTb,  CO3/aercs
HE3aBHCUMO OT CYHIECTBYIOIIUX pecypcoB. Pecypcel,
pelleBaHTHEIE MIPEAMETHON obnacruy, 3aTeM
peaucmpupyromcsi B TIOCPEIHUKE UX  CXEMBI
CBSI3BIBAIOTCS CHeunalTbHbIMU CEMaHTUYECKUMU
OTOOpaKEHUAMHU c (denepaTuBHON CXEMOH.
HcnonnurenbHas cpefa IMOCPENHHKOB MpPEAOCTaBIISET
BO3MOKHOCTb I0JIb30BATEISIM (TIpHUIIOKEHUSIM )
3a/aBaTh 3amnpocbl (IpOrpamMMbl) K TIOCPEIHUKY B
TepMHHaX (eaepaTHBHOW CXEMBl. OTH  3ampockl
NEepenuChiBalOTCd B YAaCTHYHBIE  3alpOChl  Haj
UH()OPMALIMOHHBIMU PECYpPCaMH, 3aTe€M HCIONHSIOTCS
Ha pecypcax. Pe3yapTaTel UYacTMYHBIX 3alpOCOB
OOBEMHSIOTCS U BBIJAIOTCS TIOJIL30BATENO TaKXKe B
TepMHHaX (ellepaTHuBHOIN CXEMBI.

BaxHbIM HIOHSTHEM TEXHOJIOTHUH cucTeM
UHTErpaluu 0a3 JaHHBIX SABIACTCS KAHOHUYECKAsl
MoOenb, ciryXalias OOLIMM SI3BIKOM, YHU(DHUIIUPYIOLUIUM
Ppa3Ho0Opa3HbIe MOJEIN PECYPCOB.

VYHuudukanmeid HEKOTOPOH  HCXOAHOH  MOAENH
JIAHHBIX Ha3bIBACTCS €€ OTOOpakeHHE B KAHOHUYECKYIO
MOJieNb, COXpaHsAIolee HHPOPMAUUIO U CEMAaHTHKY
orepauuii sA3pIKka MaHUITYAUpoBaHUA AaHHBIMU (SIM/)
[20].  Vuudwukauus  noKHa — OBITH  JIOKa3yemo
npaBuwibHOW. OueBHIHO, 4YTO YyHHUUKAIHMS Mojesel
peCypCOB ABISIETCSI HEOOXOAUMBIM IPEAYCIOBHEM JUTS
pETHCTpaIY PECYPCOB B IIOCPETHUKE — CEMAHTHIECKUE
oTOOpakeHus, CBA3bIBAIOIINE (pelepaTHBHYIO CXeMy H
CXEMBl PpECYpCOB, HYXHO IIPOBOAWUTH B EIMHOU
(xanoHn4eckoit monenu) [10].

B kauecTBe KAaHOHMYECKOM MOIENIH B JaHHOM
pabore paccmarpuBaercs s3ik CUHTE3 [11] -
KOMOWHHUpPOBaHHAS CITa0OCTPYKTYpHUPOBaHHAS u
00BEKTHAsI MOJICTh TaHHBIX, HAIleJICHHAs Ha pa3paboTKy
MPEIMETHBIX TOCPEAHUKOB JJIS peIIeHus 3adad B
cpemax  HEOJHOPOAHBIX  pecypcoB.  Pa3paboran
MPOTOTHIT TPOTPAMMHBIX CPEACTB UL TIONACPIKKH
Cpeapl MpeIMEeTHBIX TocpeqHUKOB ¢ si3sikoM CUHTES B
pou KaHOHWYEeCKOi Mozaenu [19].

C Touku 3peHuns npeaMeTHbIX nocpeannkos CYB/,

OCHOBaHHBIE Ha MHOTOMEPHBIX MacCHBaXx,
MPEJCTAaBIAIOT  COOOH  HOBEIM  BHA  PECYpPCOB,
TTOJUTeXKAIMUX HHTETPAllMd B TIOCPESIHHUKAX BMECTE C
MPUBBIYHBEIMA ~ pPECypcamMH —  PEIIUOHHBIMH U

oovextHEIME CYB/1, BeO-cepBrCcamMu 1 T.1I.
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Hyxno ormeruts, uro ADM mnozasepraercs
HEKOTOPOH KPUTHKE CO CTOPOHBI HCCIEHOBATENEH,
MPOAODKAIOIIMX Pa3BUTHE MOJETEH, OCHOBAHHBIX Ha
MHOTOMEpHBIX MacCHBaX. Tak, aBTOpHI s3bika SciQL
[12] ormeuarot, uto 51361k ADM siBnsercs cmecbio SQL
W JepeBbeB anreOpamdeckux omepanuii. Ilo wux
MHeHuto, s3eik it CYBJl, ocHOBaHHBIX Ha
MHOTOMEPHBIX MacCHBaX, JODKCH OBITh WHTECTPHUPOBAH
¢ cuHTakcucoM u cemantukod SQL:2003. Hecmotpst Ha
9TH  3amevaHus, Mozaenb ADM  mpencraBisier
HECOMHEHHBIN MPaKTUUYECKU UHTEPEC JUIsl UHTErpaluu
6a3 manHBIX. SciDB wucnomb3yercss Kak B Hay4HBIX
MmpoekTax, cBsazaHHbIX ¢ LSST (mpemmonaraercst mocie
3arrycka Teleckona) U (PM3MKOH BBICOKUX SHEPIHUil, Tak

M B KOMMEPYECKHX, CBSI3aHHBIX C TCHETHKOIi,
CTpaxOBaHHEM, ¢buHaHCAMHU. CpaBHHTENBHOE
tectupoBanne SciDB ¢ CVYBJ[  Postgres wu

cratuctuyeckum [0 R mokazano mnpeumyinecTsa
SciDB 1o npou3BoIUTEIFHOCTH U MacIITAOUPyeMOCTH.

CraTbsi oOpraHu3oBaHa CleAyIOIIMM oOpazoM. B
paszzmene 2 pPacCMOTPEHbl M MPOMWLIIOCTPHUPOBAHEI
OCHOBHBIE TPHHIMIIEI OTOOPa)KEHUs] MOJENU IaHHBIX
ADM B s3pik CUHTE3. B pasmene 3 paccmorpeH
METOJ] JI0Ka3aTelIbCTBA COXPAaHEHUs HHPOpPMalMu H
CEeMaHTUKH OIepalvidi Mpu OTOOpaKEHHH MOJeel ¢
UCIIONIb30BaHUEM (OPMaBHOTO SI3bIKAa CHEUU(HKAIUIA
AMN [1]. Meron nmpoWUTIOCTPUPOBAaH Ha CTPYKTYpax
maHHbIX W omeparusx  SIMJI momenedn SciDB  u
CHUHTES.

2 Oro0paxkenue moaeau ADM B s3bIK
CHUHTE3

SciDB mommepxuBaeT maBa sA3blka I pabOTHI ¢
maccuBamu: AQL (Array Query Language) u AFL
(Array Functional Language). AQL sBnsercs SQL-
HOOOHBIM JIEKJIAPATHUBHBIM A3bIKOM, BKIFOYAIOIINM KaK
omepauuu SO/, Tak wu omepammu SAMJ. AFL
NpEe/ICTaBIsieT  CO00M  (DYHKIIMOHANBHBIA  SI3BIK
MaHMITYJIMPOBAaHUs. MacCHBaMH, OIEpallid KOTOPOIro
MOXXKHO OOBEIMHATH B KOMHO3MLMH. Jlomyckaercs
ucnonb3oBanue onepanuit AFL B 3ampocax AQL.

Onepam ~ S3BIKOB W OTOOpaskeHHEe  OynyT
WIUTIOCTPUPOBATECS Ha aJalTUPOBAHHBIX NMPUMEpax W3
crieHapusi npumeHenust SciDB B oOmactu onTHYeckoit
acTpoHOMHH [2], a TaKke Ha MPOCTHIX MPHUMEpax M3
nmokymenrarun SciDB [17].

2.1 OTo0pa:keHue I3bIKA ONpeaeTeHUus JTaHHbIX

Otobpaxkenne  SI0[] B TAaHHOM paznene
OIMCHIBAETCS HE3aBHCHMO OT BHJAa WHTETPALUH
BUPTYaJIbHOW WJIM MAaTEPUAIN30BAHHOM.

OCHOBHOW enUHWIIEH ONpeAeiCHHUs JNaHHBIX B
momenn ADM sBisieTCs MacCHB, UMEIOINUA KOHEYHOE
KOITMIECTBO usmepenutl d;, d, ..., d, [17]. JdmuHOH
W3MEPEHUs Ha3bIBaeTCAd KOIMYECTBO YIOPSIOYSHHBIX
3HAYCHUH B 3TOM HM3MEpeHHH. [1o yMOIYaHUIO THIIOM
W3MEpCHUs SBISIOTCA  64-OWTHBIE IENBIC  YHUCTA.
[MonnepxuBatorcst TaKXKe HELIeJIOYHCIICHHEIC



M3MEpEeHNs], HallpIMep CTPOKH MIIH YHCIIA C TUIABAIOIICH
tToukoi. Kaxmas koMmMOMHAIms 3HaYEHWH W3MEpEHUH
COOTBETCTBYET SYEHWKE MacCHBa, KOTOpas MOXKET
COJEpKATh ~ KOHEYHOE  KOJIMYECTBO  3HAYEHUIA,
Ha3bIBaeMbIX ampuOymamu. Tumom aTpuOyTa MOXKET
OBITh OMH U3 BCTPOeHHBIX THITIoB ADM [17].

OcHoBHast onepauus IO ADM -
MaccuBa - BBITJISIUT CIIETYIOIIIM 00pa3oMm:
CREATE ARRAY source
< ampExposureld: int64 NULL,
filterld: int8,
apMag: double >
[ ra(double), de(double), objectld=0:*];
Co3naercst MacCHB ONTHYECKUX UCTOYHHUKOB source,
H3MEPEHUSIMH KOTOPOT'O SIBJISIOTCS KOOPJIUHATHI ra U de
tuna double W TENOYMCICHHBIA HICHTU(DUKATOP
o0bexTa. J{J1st HeTOunCIeHHOr0 M3MEPEHHS YKa3aHbl ero
mwkasis  (0) wm  Bepxuas (* - oOo3Hauaromas
OECKOHEYHOCTb) TpaHuIIbl. Sueiika MaccuBa COCTOHT U3
Tpex aTpubyToB: ampExposureld, filterld, apMag.
VYkazaHo, urto arpudyr ampExposureld wmoxer
OpUHUMAaTh HeompeneneHHoe 3HaueHne NULL. B
JAaHHOM TpPUMEpE IMpPHUBEAEHBI TOJBKO HEKOTOphIE U3
peabHO UCTIONb3yEMBIX aTPHOYTOB U M3MEPEHHH.

B SI3BIKE CHUHTE3 co3/IaHHue MaccuBa
MIPEJICTaBIISETCs ONpeIeIeHneM OJJHOMMEHHOTO Kilacca:

CO31aHNC

{ source; in: class;

instance_type:{

double ra;

ra2long: {in: function; params: {-ret/long}; };
double de;

de2long: {in: function; params: {-ret/long}; };
long objectld; metaslot lower: 0; higher: inf; end
objectldBounds: {in: invariant;

{{ all s (source(s) -> s.objectld >=0) } }

long ampExposureld;

short filterId;

double apMag;

key: { unique; { ra, de, objectld } };
definiteness: {obligatory;

{ ra, de, objectld, filterld, apMag } };

5
Kak wu3mepeHus, Tak U aTpuOyThl, COCTaBISIOLINE
sueiiky, mnpencraBmsrorcs B sa3pike CUHTE3

aTpubyTaMu TUTA PK3EMIULIPOB (instance_type) Kiacca.
Mexnay BcrpoeHHbIMH THIAaMH ADM (int§, int64,
double v T.1.) u BctpoeHHbIMH TUTIaMH s1361ka CUTHTE3
(short, long, double) ycraHaBnmUBaeTcI B3aUMHO-
OTHO3HAYHOE cOOTBeTCTBHE. COBOKYITHOCTH aTpHOYTOB,
COOTBETCTBYIOLIHX HU3MEPEHHSIM, 00BsBIISICTCA
YHUKAITBHON (mHBapMaHT key, BEIpa)kaeMBbIid
BCTPOCHHBIM  YTBEpXKACHUEM unique). OOBBISICTCS
TaKKe, YTO aTPHOYTHI, COOTBETCTBYIOIINE W3MEPEHHAM
nu He-NULL arpubyram ADM, n#OMKHBI OBITH
OTpEe/ICNIEHBl y BCEX AK3EMIUIIPOB Kiacca (MHBAPHAHT
definiteness, BbIpa)kxaeMbIii BCTPOCHHBIM yTBEPKJICHUEM
obligatory).

Takum obOpasom oOecrieuMBaeTCsl COXpaHEHHE
OTJIMYUTEIBHBIX CBOWCTB MHOTOMEPHBIX MAacCHBOB
(«xkyOOB  maHHBIX»), CYLIECTBEHHBIM obpazom
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Pa3IIYArOIINX U3MEPEHHS M aTPUOYTHI, COCTABIISIOIINE
SIUEHKY:

e 10 HaOOpy 3HAUYEHWH H3MEPEeHHH OIHO3HAYHO
ompezensercs HAO0Op 3HaUYeHWH aTpHOYyTOB
STYeHKH (YHUKaJIbHOCTh H3MEPEHHH);

e sueifka MaccuBa BCErIa OIpPEAENSETCS MOJIHBIM
HabopoM 3HaYeHUN HU3MepeHuit
(onpeneneHHOCTh N3MEPEHNUH).

3aMeTHM TakXKe, YTO OTCYTCTBHE B KOJUICKIIUU
00BeKTa C HEKOTOPHIM HAOOPOM 3HAYEHHI M3MEpEeHUi
O3HAYACT 71)CMYIO sYeliKy B MACCHBE.

Jlyis HeueToYNCIICHHBIX U3MEPEHHH ra U de Kpome
atpuOytoB B s3pike CUHTE3 onpenenstorest GpyHKIMN
rallong, dellong, npeoOpa3yromniue HEIeTOYNCICHHBIC
3Ha4eHHs B  LeJloYKcieHHble.  HeobxoaumocTs
NIPUBHECEHUS] 3THX (YHKIMH BBI3BAHA CIIETYIOIIUM.
IIpu momeITKe OmMHUCaTh ONEPALMH, XapaKTEepHbIE IUIs
MM-mopeneii, B 00beKTHOH Mopenu (B 4acTHOCTH, B
s3eike  CHMHTE3),  BhIACHSIEeTCS  HEOOXOIUMOCTH
MIPUMEHEHHUS CYIIECTBEHHO pAa3JIMYHbIX MEXaHHU3MOB
paboThl C IIENOYUCICHHBIMH M HELEIOYUCICHHBIMU
U3MEPEHUsIMH. OTO BBI3BAHO PAa3IWYMEM  THIIOB
HN3MEpEHUl, BO3MOXHOM HEPaBHOMEPHOCTBIO IlIara
u3MepeHuss u T.0. i Toro, 4TtoObl 0OecCreunTh
BO3MOXKHOCTh €AMHOOOPA3HOTO OIMUCAHMS OIepanuii
HaJ  LEIOYMCICHHBIMH U HEIeJOYUCIECHHBIMU
M3MEPEHUSIMH U HEOOXOMUMBI (DYHKIINH, TPHBOJISIINE
HEIeJIOYHMCICHHBIE U3MEPEHHS K L1EI0UHCIEHHBIM.

OFpaHI/I‘{eHI/IH, CBA3aHHBIC C HWKHHUMU U BEPXHUMU
rpaHvaamMu TEJIIOYUCIICHHBIX I/ISMGpGHI/Iﬁ,
npencrasusitorcsi B si3bike  CHMHTE3  Bo-mepBbIX,
METacJI0TOM COOTBETCTBYIOMIETO aTpubyTa (Hampumep,
objectld). B wmeracnore xpaHutcst MerauH(opmarms,
CBsI3aHHAs C aTpUOyTOM, KaK C OTACIBHON CYLIHOCTBIO
A3blKa. B JIaHHOM cilydae MeTacioT BKIIOYAaeT [Ba
ciora lower u higher, OTBEYalOIINX, COOTBETCTBEHHO,
BEpXHEH M HW)KHEW IpaHulle M3MepeHus. Bo-BTOpBIX,
co3zaercs WHBapuaHT (Hampumep, objectldBounds)
NpeauKaTHBHAS crenupUKaIys KOTOPOTo
YCTaHABIMBAET OrPaHUYCHMS HA 3HAYECHHS M3MEPEHUS
UL KaXIOro M3 OOBEKTOB KJacca, OTBEYAIOLIEro
MmaccuBy. Crienudukanusi dHBapHaHTa HMEET BHJ

dopmynBl TepBOro mopsnka, rae all — KBaHTOp
CYILIECTBOBAHMS, > — UMIUTHKALIMS.
Heobxonnmo OTMETHTb, 4To MaccHB

MPE/CTABISIETCST B OOBEKTHOH MOJEIH MHOKECTBOM
00beKTOB Kiacca ((pakTHdeckw, KOpPTEeKEH 3HAUCHHA
atpuOyroB). Ilpm »sTOoM HabmogaeTcss HEKOTOpPOE
MIPOTUBOPEYUE CO CTpeMJIEHHEM co3zaareneit MM-
Mozeleld OTOMTH OT MOJACICH, OCHOBAaHHBIX Ha
kopTexax. OHAaKo, B KOHTEKCTE WHTEIPALMH PECYPCOB
MM-Momenn - Wb OOWH KJIacC W3  OONBIIOro
MHO)KECTBA Pa3HOOOpa3HBIX KJIACCOB MOAENEH TaHHBIX.
[IpencraBnenne crnemudruecknx MM-momeneir B
OOBEKTHOM MOfeNN SBISIETCS METOIOJIOTHUECKH H
TEXHUYECKH Topas3io Ooee IPOCTHIM U €CTECTBEHHBIM,
HEXENNM HUCIONb30BAHUE MHOTOMEPHBIX MAacCCHBOB B
Ka4yeCcTBE KaHOHUUYECKON MOJIEIIH.



Wznoxxennsie npuHIMIBL oToOpaxkenust SOJ] moryt
ObITh 0000IIEHBI Ha CiIydai, KOrja KaHOHWYECKOH
SIBIISIETCST  OOBEKTHAasT WIH  OOBEKTHO-PEISIIMOHHAs
mozaens, oriaugHas ot seika CHMHTE3. Taxoke,
HETIPUHIMITHAIBHBIM SIBJISETCS BEIOOP MOZENH JAHHBIX,
OCHOBaHHOW Ha MHOTOMEpHBIX MacchBax. B obmem

BHJC, MNPUHIUIBI oToOpaxkeHus SO BeIDIAIAT
CIIETyIOIIM 00pa3oM:
® MaccuB oTobpaskaercst B KOJUIEKIHIO
THUIMU3UPOBAHHBIX OOBEKTOB (KJ1acc) OOBEKTHOM
MOJICTIH;

® WU3BMCPCHUA U anI/I6yTLI, COCTaBJIAIOIINC 5["1617[](}’

MaccuBa, OTOOpakaroTcs B aTPUOYTHl THIA
9K3EMIUBIPOB KIIacca;

® MEXKIYy  BCTPOCHHBIMH  THIAMH  MOJICIH,
OCHOBaHHOH Ha MHOTOMEPHBIX MAaCCHUBax, H
BCTPOCHHBIMH  THIIAMH OOBEKTHOW  MOJETH
YCTAHABIIHBACTCSI B3aMMHO-OTHO3HAYHOE
COOTBETCTBHE;

® COBOKYIIHOCTb aTpUOYTOB, COOTBETCTBYIOIIUX
U3MEPEHUsIM, OOBSIBIISIETCSl YHUKAJIbHOW (IIpu
MIOMOIITY MeXaHU3Ma KiItouel, yTBepKIeHUH Wil

WHBAapPHaHTOB);
e aTpuOyTHI, COOTBETCTBYIONINE H3MEPEHHSIM H He-
NULL aTpubyTam AYEUKU MaccHBa,

OOBSIBIAIOTCS ONpPEACTICHHBIME (TIPH  TIOMOIIN
YTBEP)KICHUIN HJIM MHBAPHAHTOB);
e IS HELENOYUCIEHHBIX M3MEpeHUd B THIIE

9K3EMILISIPOB  JIOTIOJIHUTENBHO — ONPENEIISIOTCS
METOJIbI, Mpeo0pa3yrolIue HeleIOuYHCIeHHbIC
3HA4YEHHs B 1IEIOYHCIICHHBIE;

® OrpaHHMYEHHs, CBSI3aHHBIE C HIDKHUMH U
BEPXHUMH rpaHuIAMA EJIOUUCIICHHBIX
W3MEPEHHU, O0TOOpaXKaloTCsI TMPH  ITOMOIIH

WMHBAapUAaHTOB WJIM BCTPOCHHBIX YTBEPKACHUH O
KapAWHAIBHOCTH COOTBETCTBYIOIIUX aTpUOYTOB.
B cnyuae wucnonp3oBaHUsT MHBAapUaHTOB IIPU

0TOOpakeHNH, TPaHULBI n3MepeHuit
HPECTaBIISAIOTCS TaKoKe MeTalaHHBIMH
aTpubyTa.

2.2 OTodpakeHue I3bIKa MAHUITYTHPOBAHMSA
AAHHBIMH

IIpn umHTerpammm 0a3 AaHHBIX A YCTAHOBJICHHSA

CEMAHTHUYECKMX  COOTHOLICHUH  MEXKIy  CcXeMaMu
pecypcoB U (emepaTHBHOW CXeMOH HEOOXOIMMO
oToOpakeHne A040 HUCXOIHON MOZEIN B
KaHOHUYECKYIO. AM/ KaHOHUYECKOU MOJICIIH,

HAIPOTHB, HeoOXoanMo otoOpaxkaTs B SAMJ] mcxomHOi
Mojeian. OTO CBS3aHO C TEM, 4TO 3alpochl K
MOCPE/IHUKY B KAHOHMYECKOW MOJETH HEOOXOAMMO
0TOOpaXkaTh B 3aMPOCHI K pecypcam.

Otmernm OTJINYNE BHPTYaJIbHOM u
MaTepUaIM30BaHHON HHTerpauuu. Ilpu BupTyanbHOH
uHTerpanu  orobpaxenne SIMJl  obecmeunBaer
BO3MOXKHOCTb ~ TPAHCISIUM NPOrpaMM Ha  SA3BIKE
MOCPETHUKA B 3aIIPOCHI Ha SI3BIKE PECYPCOB.

B cliydqac MaTepHaJ’IHBOBaHHOﬁ HUHTCrpaluu JaHHBIC
M3BJICKAIOTCA H3 pecypca W NPCACTABIAIOTCA B
XpaHWIAIIE B KaHOHHYCCKOM MOACIIN. HpI/I 3TOM
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MpOrpamMMBbl A3bIKE  KAHOHMYECKOM  MOJEeNn
WCTIONHSAIOTCSI ~ HENOCPEACTBEHHO  HAa  JIaHHBIX.
Otobpakenne SAMJ] HY)KHO UMb IUISI TOTO, YTOOBI
yOenutbesi, 9TO OTOOpaXKeHHE MoAeTeld CoXpaHser
nHpopMannio U ceMaHTHKY omneparmi. CeMaHTHYECKH
MPaBUIIBHOE OTOOpa)KEHHE CITY)KUT 0a30¥ JUIs mpomecca

Ha

W3Bneuyenus-IIpeobpazoBannsi-3arpy3xu (ETL),
¢opMmupyromero W3 JaHHBIX ~ pecypca  JaHHbIE
xpanwima: ETL-mpomecc MokeT OBITH BBIpakeH
TOJIbKO B TEPMUHAX KAHOHMUYECKON MOJIEIH.

S3pk  3ampocoB (mporpamm) wmoxemn CHUHTE3
npexactaBisier coboit  Datalog-nonoOHBIA  SI3BIK B

o0bekTHOM cpene. [Iporpamma mpezacTaBiIsieT CoOOM
Ha0Op KOHBIOHKTUBHBIX 3a1pOCOB (TIpaBwJiI) BUIA
qx/T) - Ci(x/Ty), ... , Co(Xn/Th),
Fi(Xy, YY), ... F(Xim, Ym), B.

Teno 3ampoca mpezacTaBisieT cO00H KOHBIOHKIIHIO
TPEINKATOB-KOJUTEKIIUH, (yHKIMOHATBHBIX
NpeiuKaToB W orpaHudenus. 3gecs C; - WMeHa
KOJIEKIUH (K1accoB), F; — UMeHa QyHKLHH, x; — nMeHa
MepEeMEHHBIX, 3HAUeHHs KOTOPHIX NpOOerarT Io
KnaccaM, T; — TUIIBI IEPEMEHHBIX, X; U ¥, — BXO/HBIE
BBIXO/IHBIE TapaMeTpbl (YHKIWH, B — orpaHu4yeHue,
Hajaraemoe Ha x;, X, Y. Ilpenukatsl, Haxoismuecs B
TOJIOBE TIpaBWJ, MOTYT OBITH HCIIOJb30BaHBI B Telax
JIPYIHX MPaBUII B KQUECTBE NMPEANKATOB-KOJICKIINH.

B nanpHeiimem Oymer 4acTto UCIOJIb30BATHCS
3alKCh TMPEAUKATa-KOJUICKIIMU BUaa source([ra, dej).
HedopmanbHO 3TO 03Ha4aeT, 4TO HAC HE MHTEPECYIOT
00BEKTHI KJ1acca source UeIUKOM, a JIUIIb UX aTPUOYTHI
ra, de. ®OpMaIbHO 3aMUCh O3HAYACT COKPAIICHHE OT
source(_/source.inst[ra, de]). 3nech 3HaK _ 0003Ha4YaeT
AHOHMMHYIO TIEPEMEHHYI0, Source.inst — aHOHUMHBIH
THUII 3K3eMIUIIpoB (instance) kmacca source, ra, de —
HEOOXOAMMBbIE aTPUOYTHI THIIA FK3EMILISIPOB KJIacca.

Byner Takxe mcrons3oBaThes 3amuch source([i, j,
vall/val]), o3Havarolas nepenMeHoBaHue atpuodyra val
B vall.

[Ipu  orobpaxenrmn SAMJl Oyayr cHayana
pacCMOTPEHBl ~ OCHOBHBIE  KOHCTPYKLIMH  S3BIKa
nporpamm CUHTE3, cooTBeTcTBYIOMIE KOHCTPYKIHSAM
s3pika AQL. 3atem OyayT paccMOTpPEeHBI KOHCTPYKIIUH
CHUHTE3, cooTBeTCTBYIOINE KOHCTPYKIHSIM SI3BIKA
AFL.

Haynem paccMOTpeHHME C KOHCTPYKUMH —s3bIKa
CHUHTE3, CcOOTBETCTBYIOIMX KOHCTPYKLIMSAM SI3BIKA
AQL, CBs3aHHBIX C U3s1eueHuem TaHHbIX.

Ipeouxamui-knaccwl, yenosus, no03anpochwl.
PaccmoTpuM TporpamMmy, M3BIICKAOIIYI0 KOOPAWHATHI
(ra, de) n amepTypHyI0 3Be3HYyI0 BennuuHy (apMag)
ACTPOHOMHMYECKHX HCTOYHHKOB M3 Kiacca source C
ycnoueM Ha ¢unbtp  (filterld) wm  anepTypHYyIO
3BE3JIHYIO BEIWYMHY, NPHYEM 3alpoC ¢ HCIIONb3YeT
Ppe3yJIbTaThI 3a1poca 7.

q([ra, de, apMag]) :- r([ra, de, apMag]), filterId= #filterId.
r([ra, de, apMag]) :-



source([ra, de, apMag]), apMag >= #apMag.

3neck #filterld u #apMag — HEKOTOpBIE KOHCTAHTBHI
COOTBETCTBYIOIIMX THIIOB.

Takas mporpamMma
CIIEAYIOIINM 3aIIPOCOM:

SELECT apMag FROM

( SELECT apMag FROM source

WHERE apMag >=#apMag )

WHERE filterld = #filterld;

[Ipocteie ycnmoBust orobOpaxarorcst B AQL  06e3
W3MEHEHUH, PEKYpCUBHBIEC 3alpoChl IPECTABISIOTCA
BJIOXKEHHBIMU 3alpocaMU. 3aMETUM, 4TO KOOPIUHATEHI
ra, de ne ykaspBatorcs B cekimu SELECT — onm
SIBIIIOTCSL  M3MEPEHUSIMH U M3BJIEKAIOTCS 10
YMOJIYaHHUIO.

mpencrasiasiercss B AQL

@yurkyuonanrbHvle npeduxamol. PaccMoTpuM 3ampoc,
KOHCTPYUPYIOIIMI U3 JABYX 3BE3JHBIX BeNWUMH uMag,
rMag B pa3HbIX (WIBTPAX IBETOBYIO PA3HOCTH:

q([objectld, ugColor]) :-

objectSummary([objectld, uMag, rtMag]),
diff(uMag, rMag, ugColor).
3ampoc  BKJIOYaeT  (YHKIMOHAIBHBIH  INPEIHKAT,
CeMaHTHKa KOTOPOro onpeaensieTcs: GyHkuuei diff:
{ diff; in: function;
params: {+min/float, +sub/float, -res/float};
{{ res=min - sub }}

B 1BoiiHBIX (UrypHBIX CKOOKax 3aKirOuYeHa
NpeAUKaTUBHAS cneruduKanys ¢byHKIMH,
CBS3BIBAIOIASl 3HAYEHHMs BXOMHBIX W  BBIXOIHBIX

napaMeTpoB B (JOpMyJsie THITU3UPOBAHHOTO MCHHUCIICHHS
IIEPBOI'O MIOPAIKA.

Jns  OpocTOTBI  M3JIOKEHHS  PacCMaTpPHBACTCS
(GyHKLHS, BO3BpAILAIOIIAs Pa3HOCTh [TApaMeTpPOB.

B AQL
obpazom:

SELECT uMag — rMag AS ugColor
FROM objectSummary;

r7Ie MaccuB objectSummary uMeeT BUf

CREATE ARRAY objectSummary

<uMag: float NULL, gMag: float NULL >

[ objectld=0:* ];

Takum  oOpazom, ecnu  pe3yiabTaT  (GYHKIMU
OITUCHIBAETCAd  BBIPAKCHHEM,  COCTAaBICHHBIM W3
oIepanrii HaJ MPOCTHIMH BCTPOCHHBIMH THIIAMH, TO B
AQL momobHOe BRIpa)KEHHE MOXKET OBITH B SIBHOM BHIE
BeHEeceHO B orepatop SELECT.

3apoc  MPEACTaBISACTCA — CICTYIOLIHM

Coeounenue KAACCO8. CoennHenne
oIpeeNieHHBIM aTpudyram (Hampumep, objectld)
q2([ra, de, filterld, uMag]) :-

source([ra, de, objectld, fliterId]),
objectSummary([objectld, uMag])

oo

npeactasisiercst B AQL xoHcTpykmmeit JOIN-ON:
SELECT filterld, uMag INTO q2
FROM source
JOIN objectSummary
ON Source.objectld = ObjectSummary.objectld;
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T'pynnuposanue. PaccmoTpum 3a1poc,
BO3BpAIlAIOIIMN  CpeJHEe  3HA4YECHUE  3BE3JHOU
BEeNWYMHBl uMag, BBIYHCIEHHOE HA Tpynme Io

uaeHTUPHUKATOPY 00BeKTa filterld:
q([objectld, avgMag]) :-
group_by({objectld}, q2(obj/[ra,de,filterld, uMag])),
avgMag = average(obj.uMag).
31ech KOIJIEKUUsl g2, Ha KOTOPOWM MPOU3BOAMTCS
TpYNIIApOBaHUE TO atpudyTy objectld — pe3ynbraT
COCIMHEHUS KJIACCOB source W objectSummary,
PaCcCMOTPEHHBIH BBILLIE.

OueBugno, B AQL 3ampoc mnpexcraBmsiercss npu
nomonu koHcTpykuuu GROUP BY:

SELECT avg(uMag) AS avgMag
FROM g2 GROUP BY objectld;

Aepezayusi 6 b6ecywem okne (Window Aggregation).
Takol BHI arperanuu SABJSETCS CHEHUPUUCSCKUM IS
MoOjieieif, OCHOBAaHHBIX Ha MHOTOMEpPHBIX MAacCHBaX.
Oxkno ompefensieTcsi CBOMM pa3MEPOM B  KakJIOM
M3MepeHur mMaccuBa. LleHTpous okHa pacronaraercsi B
KaXJIOM W3 3JIEMEHTOB MacCHUBa U JJIs KaXKIOro TaKOTO
OKHa  BBIUMCISIETCS ~ HEKOTOpas  arperupyromias
dbyakmmsa. Hampumep, Uis  BBIYHMCICHHS CPEIHETO
3Ha4YeHHs B OerymieM OKHe pa3Mepa 3x3 B KBaJpaTHOM
Matpuie 4x4, ompenensemoir B AQL cremyroumm
obpazom:

CREATE ARRAY source <val: double>[i =0:3,j = 0:3];
HEO00XO0/IMM 3arpoc

q([i, j, avgVal]) :- source(x/[1, j]),

windowAggr(i, j, avgVal).
rJie CeMaHTHKa TpenuKara windowAggr onpenesnsercs
dyHKIHEH

{ windowAggr; in: function;

params: {+i0/long, +j0/long, -res/double};
{{ source(x/[i,j,val]) &i>=i0-1&i<=i0+1&
j>=j0-1&j<=j0+1 & res = average(x.val) }}

}

BEIUUCIISIIONIEH cpeHee 3HA4YEHHE B OKHE C 3alaHHBIM
HEHTPOUIOM B KIIacce source.

AQL mpemaraer as arperanuy B OeryiieM OKHE
cnenuanbHyro KoHCTpykio WINDOW:

SELECT avg(val) AS avgVal
FROM source WINDOW 3, 3;

Paccmorpum  koHcTpykimm  si3eika  CMHTES,
COOTBETCTBYIOIINE KOHCTPYKIMSIM si3pika  AQL, u
CBSI3aHHBIC C U3MEHEeHUeM TAHHBIX.

Obnosnenue. PaccMOTpuM 3aIpoc, HW3MEHSIOIIHN
3HA4YCHUS B KBAJpPaTHONH MaTpuie (CM. TPEaBITYIIIHiA
mpUMep) Ha 3HAYCHUS C OOpaTHBIM 3HAKOM B TOM
ciIydae, eclid MOIYIb 3HaUCHUS OOIbIIe 5.

source(x/[i, j, val]) :-

source(x/[i, j, vall/val]), abs(val) > 5, val = -vall.

B AQL  naHHbId

CIIEAYIOIIMM 00pa3oM:

3arpoc TIPpEACTABIACTCA



UPDATE source SET val = -val WHERE abs(val) > 5;

Yoanenue. PaccmoTpuM mporpaMmy, yAaJSIONIYIO
13 6a3bl JAHHBIX KJIACC U BCE €TO COJEPIKUMOE:

-source(X) :- source(x).;

delete_frame(source).

B npaBunax co 3HaKOM — B TOJIOBE OCYILECTBIISAETCA
ynaneHne oObEeKTOB U3 KOJUIEKIUH. B J1aHHOM ciydae
W3 KOJUIGKIIMM YJIAJSIOTCS BCEe OOBEKTHl. DyHKIHS
delete_frame ynmaiseT KOJUIEKIIUIO KaK OOBEKT U3 0a3bl
naHHbIX. Ormepanyst ; 0003HAYaeT MOCIeN0BaTEIbHYIO
komno3uiuo nporpaMM. B AQL manHBIi 3ampoc
MpeAcTaBiseTcs npu nomou onepauuu DROP:

DROP ARRAY source;

IIponomxum  omucaHue OTOOpaKeHUSI  JUIs
koHcTpykuuid s3eika CHUHTE3, cooTBeTcTBYyrOMMX
koHcTpykumsim  AFL. [lns skoHommm wmecra Oyner

pacCMOTPEHO  JIMIIb  OIPAaHHYEHHOE  KOJIMYECTBO
KOHCTPYKIUI. PaccmatpuBaemblie KOHCTPYKLIUU
CBSI3aHBI TOJBKO C U3G1eyeHueM JaHHBIX.

Bviuucnenue  3nauenusi  Hoeblx  ampubymos.

PaccmoTpum 3ampoc, BEIYHCIAIONIUM 3HaAU€HHE HOBOTO
aTpuOyTa — pacCTOSIHUE B KMJIOMETpaXxX MO UMEIOIIEMYCs
PAacCTOSIHUIO B MUJIAX:
q([i, miles, kilometers]) :-
distance([i, miles]), kilometers = 1.6*miles.
B ADM naHHBI 3ampoc TMpencTaBiseTcs ¢
UCTIOJIb30BaHKEM orepauu apply si3bika AFL:

SELECT *
FROM apply(distance, kilometers, 1.6*miles);

Yeenuuenue pasmepHocmu Maccusa u
Kouxamenayuss maccugos. Ilonm maccueom wumeercs
BBHUJIY CTPYKTypa HAaHHBIX, MOJTYYEHHAs B PE3y/IbTaTe
orobpaxxenus: MmaccuBa mozien ADM B si3ik CUHTE3
(pazzmen 2.1). PaccmoTpum mporpaMMy, COETUHSIONIYIO
B JIByMEpHBIN MacCUB JIBa BEKTOpa:

q([x, y, val]) :- vector1([x, val]), y =1.

q([x, y, val]) :- vector2([x, val]), y = 2.

B ADM 3anpoc mpencraBisercs ¢ UCIONb30BaHIEM
ornepaunii adddim u substitute:

SELECT *
FROM concat(adddim(vector1, y), adddim(vector2, y));

Houcx (lookup). Tlpn ocoboM BHIE COCOUHEHUS -
TTOWCKE - HAOOpBI aTPUOYTOB U3 SUEEK OJHOTO MAacCHBa
(pattern) WCHONB3YIOTCS KaK KOOPAMHATHI  SYEEK
Ipyroro maccuBa (source). Pe3ynmbTupylOmuii MacchB
uMeeT Ty ke (QOopMy, YTO M TIEPBBIH MAacCHB, H
COJICP)KUT 3HAYCHHS U3 SUEeK BTOPOrO MacCHBa:

q([k, val]) :- pattern([k, i, j]), source([i, j, val]).

B ADM 3anpoc npencTaBisieTcs ¢ UCIOIb30BaHUEM
onepanuu lookup:

SELECT * FROM lookup(pattern, source);
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Pacwupenue snemenmos maccuséa 6 nooMaccugbi.
Kaxaplil 31eMEHT MaccHBa pacHIMpsiETCss B TOIMACCHB
OIIPEZICTIEHHOT0  pa3Mepa. 3HAa4deHHs BceX sUeeK
nojMaccuBa AYyONHPYIOT 3HA4YCHHE OpPUTHWHAIBHOU
suekiku. [IpuMep mporpaMMBl, pacIIMpSIOMEN KaXIyro
SUEHKY MaTpHLbI 3X3 B OAMATpULLy 2X2:

q([i, j, val]) - {x/[i, j, val] | exists y (

source(y/[il/i, j1/], val]) &
(i=il*2 &j=j1*2|i=il*2+1 &j=j1*2|
=i1*2 & j=j1*%2 + 1 |i=11*2 +1 & j=j1*2 +1)) }.
3neck Belpakenue {x/T | F(x)}, tne F — Gpopmyna co
CBOOO/THOW TepeMeHHOH X, 0003HA4YaeT KOHCTPYKIHIO
BBIJICJICHUsI MHOXKECTBA; exists OOO3HAa4aeT KBAaHTOP
CYIIECTBOBAHHSI.

B ADM 3anpoc npejcTaBiasiercs ¢ UCIOIb30BaHUEM
orepanmm xgrid:
SELECT * FROM xgrid(source, 2, 2);

Yunoorcenue mampuy. YMHOXKEHHE MaTpull B
00BEKTHOM Mopenu (Kak U B PENALMOHHON) Tpedyer
COeIMHEHUs] MaTpHUIl 10 pa3HbIM HHJAEKCaM |
JMANbHEHIICH  TPYNIOMPOBKH C  CYMMHPOBAaHHEM
MIPOU3BEICHUM IIEMEHTOB MaTPHIIL:

r([i, j, vall, val2]) :- left([i, j1/j, vall/val]),

right([i1/1, j, val2/val]), j1 =1l.

q([i, j, val]) :- group_by({i, j}, r(x/[1, j, vall, val2])),

val = sum(x.vall *x.val2).

B ADM 3amnpoc npezicraBisieTcss ¢ HCIOIb30BaHUEM
orepauuu multiply:

SELECT * FROM multiply(left, right);

Ha ocHOBaHMM pPaccMOTPEHHOTO OTOOpaXKeHUs
SAM/] MOXXHO 3aMeTUTh, YTO MHOTHE u3 omnepauuii AFL
(Hanpumep, xgrid) HMMEIOT JOCTaTOYHO  CJIOXKHO
YCTPOEHHBIN TMpooOpa3 B KAHOHHYECKOM MOJEIH.
Mex1y TeM, 3TH OIepaluH SBISIOTCA €CTECTBEHHBIMU
Juii MaccuBoB. IloaToMy, MpH HMHTErpanuu pecypcos,

OCHOBaHHBIX ~Ha  MHOTOMEpHBIX  MaccuBax, B
KaHOHMYECKOM MOJIETM BO3MOXKHO HCIIOJIb30BaHHE
CTELUaIbHOI0 Kllacca array, WHKAICYIHPYIOIIETo
cremuduyeckue  omepanyu, — XapakTepHble Ul

MHOTOMEPHBIX MAaCCHBOB:
{ array; in: class;
instance_type: {
xgrid: { in: function;
params: {
+dimensions/ {sequence; type of element: string;},
+scales/ {sequence; type of element: integer;} };

5o
}

B npuBeneHHOM NpUMepe pacCMOTPEHA CUTHATypa
€IMHCTBCHHOW OIIepannu xgrid, mapaMmeTpaMu KOTOP O
SBJIIIOTCSL  TIOCJICIOBATENFHOCTD HMMEH — HM3MEpPeHUi
dimensions W TIOCIEAOBATENbHOCTh  MacHITaOoB
YBEIMYEHUsI 10 KaXIOMY U3 HW3MEpeHuil scales.
[TapamerpoM omepamuu 1O  YMONYAaHHIO  TaKXKe
CUMTaeTCs KIacC array Kak KOmaeKnus oObekToB. Ilpu
orobpakernn IO/l kaxmplii Kimacc - o0pa3 MaccHBa
(mampumep, Kiacc source w3 paszzuena 2.1) cTaHOBHTCS
TIOZIKJIACCOM KJ1acca array:



{ source; in: class; superclass: array;
instance type: { ... };

AHanorn4Ho xgrid, omnepanmsAMH Kiacca array
MOT'YT OBITH MpencTaBieHsl Takue onepanun AFL, xax
substitute, sort, multiply v T.11.

3amMeTuM, YTO pemICHWEe O  MPEICTaBICHUH
orepanuii, XapaKTePHBIX JJIT MHOTOMEPHBIX MAaCCHBOB,
B paMKax CHEIUAIFHOrO KJIAcca KAHOHMUYECKOW MOJICITH
JIOITyCKaeT 0000IIeHre Ha OOBCKTHBIC KAHOHHYCCKHEC
mojenu, otiaudyHbie oT s3pika CHMHTE3, u monenw,

OCHOBAHHBIC HAa MHOI'OMEPHBIX MAaCCHUBaX, OTJIMYHBIC OT
ADM.

B nanHOM cTaThe HEe paccMaTpUBAIOTCA OIEpALUU
AFL, wumMmeromue anbTepHATUBHOE IpEACTaBJICHHE
koHCcTpykuusamMu  AQL - coeguHeHue, arperanus,
¢unpTpanmss u 1.4. He paccmarpuBaroTcs Takxke
ollepalliy, TECHO CBs3aHHBIE C peanu3anueil, a He ¢
MOJIENBIO JJAHHBIX — YTEHUE U 3amuch (aiyio, 3arpyska
NOJAKIIOYAaeMbIX ~ MOAYJEH,  BBIBOJ  CIIy)KeOHOU
uH(OpPMALIUH U T.JI.

3 CoxpaneHue uHGpOPMALUMN U CEMAHTUKH
onepaunuii M/l npu orodopakeHnu

Merox noka3atenscTBa COXpaHeHuss HHPOpMaIy U
CEMaHTUKH ONepalnuii mpu OTOOpa)KeHHH MoJesen
JNaHHBIX [8] OCHOBBIBaeTCS Ha  TPEACTABICHUU
CEeMaHTUKH  Mozeneil B QopmanmbHOM  s3BIKE
crierdukammii AMN [1].

SI3eik - AMN  mpejcraBisier  co0OH  TEOPETHUKO-
MOJENbHYI0 HOTALMIO, OCHOBAHHYI0 Ha TEOPHUH
MHOXECTB ¥ TUITU3UPOBAHHOM S3bIKE IIEPBOTO IOPSIIKA.
Crneunduxammn AMN  Has3bBaroTcs a0CTPaKTHBIMH
MamuHaMH.  AMN  [O3BONSET  MHTETPUPOBAHHO
paccMaTpHuBaTh crienuQUKanuIo IPOCTPAaHCTBA
COCTOSHMH M TIOBEIECHHS MAaLIMHBI (OIpeNeIeHHOro
ornepanusaMu Ha coctosiuusix). B AMN ¢dopmanuzyercs
CIIeIMabHOE OTHOLICHHE MEXIy CHeU(UKALUIMH —
ymounenue. HedopmainbHo, cienndukanusi B yrodHseT
cenupuKanuoo A, eclM  IONb30BaTeNlb  MOXKET
HCIONb30BaTh B BMecTO A, He 3ameuast (pakTa 3aMmeHbl 4
Ha B.

Wnes wmeroma 3akimioyaeTcs B CIIEAYIOUIEM.
PaccmoTpuM HCXOAHYIO MOZENb S W HENEeBYI0 MOAETb
T. Toctpoum otobpakenue & momenu S B monens I’
(momoOHO W3MOKEHHOMY B TMpPEIBIAYIIEM pasJerne).
BripasuM cemMaHTHKY Momened B BHIEC aOCTPaKTHBIX
MammH AMN, MOCTpOWB TpH A3TOM MamwHB Ms U My

COOTBETCTBEHHO. [Ipm 3TOM CTPYKTYphl IaHHBIX
MoAened — KJIAcChl, MAacCHBBI  MPEICTABIISIIOTCS
MEpEMEHHBIMHA MAIMH, PAa3IHMYHbIE CBOWCTBA CTPYKTYP
JaHHBIX TPEACTAaBISAIOTCS WHBAPHAHTAMU  MAIIWH,
XapaKkTepHbIe ornepanun MoJIenei JTAaHHBIX
MIPECTABIISIOTCS onepanusIMu MAIlIUH.

PaccmarpuBaembie omnepandd HUCXOAHOM M 1€NE€BOU
MOJIETIM JIOJDKHBI OBITH CBsi3aHBI oToOpaskeHMeM SIMJI.
Otobpaxkenue IO/ mpexncraBisiercs B BUAC
CIECNHANBHOTO  CKIeUsaouie2o  UH8APUAHmMA
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3aMKHYTOM  (OpPMYIBI, CBS3BIBAIONIEH  COCTOSTHHMS

MamuH Mg u Mr.

Bynem cumrath oroOpaxkeHne 6 COXpaHSIIOIINM
nH(pOpMaMIO M CEeMaHTHKy OIlepanuii, ecliu MalnHa
Mjs, cooTBeTCTBYIOIIAsi HCXOOHOM MOJENH, YTOUYHSET
MalMHy M7, COOTBETCTBYIOIIYIO IIEJIEBOM MOZIEIH.
YTo4uHEeHHE NOKa3bIBAETCSl MHTEPAKTUBHO IPU IOMOIIHU
CIEeMaNbHBIX IPOrPaMMHBIX CpercTB [3].

B kadecTBe WUIIOCTpallid OCHOBHBIX TPUHIUIIOB
BbIpaxkeHus: cemaHTuku mojaenedd ADM u CUHTE3 B
AMN paccmotpum dactruHble AMN-crierudukanmy,
COOTBETCTBYIOIIIME JAHHBIM MOJIEIISIM.

Yacts crnienuduKaImy,
OOBEKTHOM MoOzenu  sI3bIKa
CIEIYIOIMM 00pa3oM:

COOTBETCTBYIOIIAS
CHUHTE3, BeIrasaur

1 REFINEMENT ObjectDM

2 ABSTRACT VARIABLES

3 typeNames, classNames, attributeNames,

4 instanceType, typeAttributes, attributeType,

5 unique, obligatory,

6 intAttributeLowerBound, intAttributeHigherBound,
7 objectIDs, objectType, objectsOfClass,

8 integerAttributeValue

9 INVARIANT

10 typeNames: POW(STRING Type) &

11 classNames: POW(STRING Type) &

12 attributeNames: NAT +-> STRING Type &

13 instanceType: classNames --> typeNames &

14 typeAttributes: typeNames -->

15 POW(dom(attributeNames)) &

16 attributeType: dom(attributeNames) +->BuiltInTypes&
17 unique: typeNames --> POW(dom(attributeNames))&
18 obligatory: typeNames -->

19 POW(dom(attributeNames)) &

20 intAttributeLowerBound:

21 dom(attributeNames) +-> INT &

22 objectIDs: POW(NAT) &

23 objectType: objectIDs --> typeNames &

24 objectsOfClass: classNames --> POW(objectIDs) &
25 I(cc).(cc: classNames =>

26 1(00).(00: objectsOfClass(cc) =>

27 objectType(oo) = instanceType(cc))) &

28 integerAttributeValue:

29 dom(attributeNames) +-> (objectIDs +-> INT) &
30 !(00, aa).(0o: dom(objectType) &

31 aa: typeAttributes(objectType(00)) &

32 aa: obligatory(objectType(00)) =>

33 (attributeType(aa) = Integer =>

34 oo: dom(integerAttributeValue(aa)))) &

35 !(00, aa).(0o: objectIDs &

36 aa: typeAttributes(objectType(00)) &

37 00: dom(integerAttributeValue(aa) =>

38 (aa: dom(intAttributeLowerBound) =>

39 (integerAttributeValue(aa)(0o) >=

40 intAttributeLowerBound(aa))) ) &

41 (001, 002).(0o1: objectIDs & 002: objectIDs &
42 objectType(ool) = objectType(002) &

43 unique(objectType(ool)) /= {} &

44 !(aa).(aa: unique(objectType(ool)) =>

45 (attributeType(aa) = Integer =>

46 integerAttributeValue(aa)(ool) =

47 integerAttributeValue(aa)(002)) ) =>
48 0ol =002)

49  OPERATIONS



50 update(cls, attr, exp, cond) =
51 PRE cls: classNames &
52 attr: typeAttributes(instance Type(cls)) &
53 attribute Type(attr) = Integer &
54 exp: INT --> INT & cond: NAT --> BOOL
55 THEN
56 integerAttributeValue =
57 integerAttribute Value <+
58 { xx | xx: (NAT*(NAT<->INT)) &
59 #(00, val).( 00: objectsOfClass(cls) & val: INT &
60 xx = attr |-> ({oo |->val}) &
61 (cond(integerAttributeValue(attr)(oo)) = TRUE =>
62 val = exp(integerAttribute Value(attr)(00))) &
63 (cond(integerAttributeValue(attr)(oo)) = FALSE
64 => val = integerAttribute Value(attr)(0o0)) ) }
65 END
66 END
HepeMeHHHe, COCTaBJIAIOIIUC MPOCTPAHCTBO

COCTOSIHUIM OOBEKTHON MOJENH, OOBSBICHBI B pa3ieie
ABSTRACT VARIABLES wmammusl  ObjectDM  n
turmzupyores B pasgene INVARIANT. Tak, umena
THUIIOB M KJIAacCOB IPEACTAaBIICHbl IEPEMEHHBIMU
typeNames, classNames, TUII KOTOPBIX — IIOJMHOXKECTBO
MHOXKECTBa CTpPOK (cTpoku crnenudukamun 10-11).
ATpuOyTHI (nepemeHHas attributeNames)
NPE/ICTaBICHBl YaCTUYHOW (YHKIHMEH, cTaBsimed B
COOTBETCTBHE YHUKQJILHOMY ueHTU(HUKATOPY
atpuOyra (HaTypaJlbHOMY 4HCIy) HMs arpudyra
(ctpoka 12). Tunbl 5K3eMILISIPOB KJIACCOB (TIepeMeHHast
instanceType) TIpeACTaBIeHbI TOTAIBHON (yHKIMEH U3
MHOXKECTBAa MMCH KJIaCCOB B MHOXCCTBO HMMCH THIIOB
(13). IpunaanexHOCTh aTpUOYTOB THUTIAM (TIepeMeHHast
typeAttributes) BbIpakeHa TOTalbHOW (YHKIUEH U3
MHOXKECTBAa HMMCH THIIOB B MHOXCCTBO ITOJIMHO>XKCCTB
atpubyroB  (14-15). Tunel 3HauyeHWid aTpuOyTOB
(nepemennas attributeType) npencraBieHsl QyHKUUEH
U3 MHOXECTBAa aTPUOYTOB B MHOXKECTBO BCTPOCHHBIX
tunoB  AaHHbIX (16). Takumu ke  QyHKIMAMH
IpEJCTaBICHBl MHOXECTBAa YHHKAJIBHBIX aTpUOyTOB
tunoB unique (17) W MHOXeECTBa OIpeIeIeHHBIX
atpubytoB obligatory (18-19). HwmxkHue rpaHHIbI
HEeTOYUCTICHHBIX aTpuOyTOB (mepemenHas
intAttributeLowerBound) TipeAcTaBlI€HBl YaCTUIHON
¢GyHKIMEeH W3 MHOXeCTBa aTpHOYTOB B MHOXECTBO
nenbix yucen (20-21). AHaIOrMYHO TIPEACTABISIOTCS
BepXHHE TpaHUNObl. VneHTupuKaTopsl  0OBEKTOB
(mepemeHHas objectIDs) TIPEACTaBICHBI
MMOAMHOKECTBOM ~HATypaibHBIX umcen (22). Tumsl
00beKkToB (mepemeHHas objectType) TIpenCTaBICHBI
TOTATbHOM (YHKIWIEW W3 MHOXECTBa OOBEKTHBIX
AOCHTU(PHUKATOPOB B MHOXECTBO WMEH THIOB (23).
CocraB  kmaccoB  (mepemenHast  objectsOfClass)
MPEACTaBIICH TOTAIBHOM (YHKIMEH W3 MHOXECTBA
MMEH  KJIacCOB B  MHOXECTBO  ITOIMHOXKECTB
AOCHTU(PHKATOPOB 00BEKTOB (24). 3HayeHns
LIEJIOYUCIICHHBIX aTPUOyTOB OOBEKTOB (NIEpEMEHHBIC
integerAttributeValue) mpencTaBiIcHBl (QYHKIMAMH W3
MHOXKECTBAa aTpuOyToB B (YHKIMM U3 MHOXKECTBA
HWAEHTH(HUKATOPOB OOBEKTOB B MHOXKECTBA 3HAYCHUH
aTpuOyToB (28-29). DyHKIMHM A HEUETOYMCICHHBIX
aTprOyTOB ONPEEINISIOTCS aHAJIOTUIHO.
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HCKOTOpI)IC JOIIOJTHUTCIIbHBIC H€O6XO,HI/IMI)I€
CBOMCTBa NEPEMCHHBIX  COCTOSIHHUSA  MPCACTABJICHBI
KOHBIOHKTUBHBIMU KOMIIOHCHTAMHW MHBApHUAHTA:

e Tun OOBEKTa - DK3EMIUIIpa Kiacca eCTh THII
9K3EMIUISIPOB ATOTO Kiacca (25-27);
e Ui TFOO0T0 OOBEKTA M JFOOOTO OIMpPEIeIICHHOTO

atpuOyra THIA 3TOro OOBeKTa (QYHKIUS
3HA4YEHMH aTpruOyTa onpenenena Ha oobekTe (30-
34);

e JuIs IFOOOr0 00BEKTA U JTF000r0 1ET0UHCICHHOIO
atpubyra THma O0ObEKTa, OMNPENeICHHOr0 Ha
00beKTe U Il KOTOPOrO OMpeelieHa HUKHSSA
(BepxHsis) TpaHMIa, 3HaYeHWE arpudyra He

MeHblle (He Oonble) HIDKHEH (BepxHEH)
rpanuisl (35-40);
e 00BeKT OJTHO3HAYHO UJICHTUHUIIUPYETCS

Ha0OpOM CBOMX YHHKAJIbHBIX aTpuOyToB (41-48).

W3 Bcero SAMJ] B crnenmudukammu paccMOTpeHa
SMMHCTBEHHAsI orepalus update OOHOBICHHS 3HAUCHUIT
aTpubyta B o0bekTax Kiacca. [lapamerpamu omepanuu
SBJISAIOTCS MMs  Kiacca cls, WMs [EIOYHCICHHOTO
aTpubyTa attr TAIA SK3EMIUIAPOB Kiacca, GYHKIHUS exp
oTBevaromas 3a npeodpa3zoBaHue aTpuOyTa U QYHKIHS
cond, OTBevarollas YCIOBHIO Ha 3HAYCHHE aTpulyTa.
[TycTb 0 — HEKOTOPBIN 00BEKT Kiacca cls, Uit KOTOPOro
OTpeIeSICHO 3HAUYCHHE aTpHOyTa atftr W 3TO 3HAUCHHUE
ectb v. Torma omeparus update (50-65) u3MeHseT
3Ha4yeHHe arpubyra Ha exp(v) B Cciydae, eciiu
BBIpOKEHUE cond(v) TPUHUMAET 3HAYCHHWE WCTUHA H
OCTaBJIICT 3HAueHHWe arpubyra 6e3 HU3IMEHeHWd B
npoTUBHOM citydae. OUYeBHIHO, Takasl orepalus update
ecThb 0000mIeHEe npuMepa OOHOBIIEHUS,
paccMoTpeHHoro B pasnene 2.2. JledcTButenbHO, s
PacCMOTPEHHOT0 IpuMepa cls ecThb source, attr ectb val,
exp(v) = -v, cond(v) = abs(v).

3amernM, 4YTO B JaHHOM cHenudukanuy s
IOPOCTOTHl HE  PAacCMOTPEHbI  HEKOTOPBIE  YEPTHI
00BEKTHOI MOZIeNH, HaIpUMep OTHOLICHUS THII-TIOATHII
U KJIacC-IIOJKIace.

Paccmotpum  Temepp  uWacTh  cHenM(pUKAIH,
cooTBeTCTBYIOMIEeH Monenu ADM:
1 REFINEMENT ArrayDM
2 REFINES ObjectDM
3 ABSTRACT_VARIABLES
4 arrayNames, dimensionNames, cell AttributeNames,
5 arrayDimensions, arrayCellAttributes,
6 cellAtrributeType, nullable,
7 dimLowerBound, dimHigherBound,
8 cells, dimensionValue, integerCellAttributeValue
9 INVARIANT
10 arrayNames: POW(STRING Type) &
11 dimensionNames: NAT +-> STRING Type &
12 cellAttributeNames: NAT +-> STRING_Type &
13 arrayDimensions:
14 arrayNames --> POW(dom(dimensionNames)) &
15 arrayCellAttributes:
16 arrayNames --> POW(dom(cellAttributeNames)) &
17 cellAtrributeType:
18 dom(cellAttributeNames) --> BuiltInTypes &
19 nullable: dom(cell AttributeNames) --> BOOL &
20 dimLowerBound: dom(dimensionNames) --> INT &



21 dimHigherBound: dom(dimensionNames) +-> INT &
22 cells: arrayNames --> POW(NAT) &
23 dimensionValue:
24 NAT*dom(dimensionNames) +-> INT &
25 integerCell AttributeValue:
26 NAT*dom(cellAttributeNames) +-> INT &
27 I(arr, celll, cell2).(arr: arrayNames &
28 celll: cells(arr) & cell2: cells(arr) &
29 !(dim).(dim: arrayDimensions(arr) =>
30 dimensionValue(celll, dim) =
31 dimensionValue(cell2, dim))
32 =>celll =cell2) &
33 I(arr, cell).(arr: arrayNames & cell: cells(arr) =>
34 !(dim).(dim: arrayDimensions(arr) =>
35 (cell |-> dim): dom(dimensionValue)) &
36 #(attr).(attr: arrayCell Attributes(arr) &
37 cellAtrribute Type(attr) = Integer &
38 (cell, attr): dom(integerCellAttributeValue)) )
39 OPERATIONS
40 update(cls, attr, exp, cond) =
41 PRE cls: arrayNames & attr: arrayCell Attributes(cls) &
42 cellAtrributeType(attr) = Integer &
43 exp: INT --> INT & cond: NAT --> BOOL
44  THEN
45  integerCellAttributeValue =
46  integerCellAttributeValue <+
47  {yy|yy: NAT*NAT)*INT &
48  #(cell, val).(cell: cells(cls) & val: INT &
49  yy=((cell |-> attr)|-> val) &
50  (cond(integerCellAttributeValue(cell, attr)) = TRUE =>
51 val = exp(integerCell Attribute Value(cell, attr))) &
52 (cond(integerCell AttributeValue(cell, attr))= FALSE=>
53 val = integerCell AttributeValue(cell, attr)) ) }
54 END
55 END
MMeHa MacCUBOB IIPEACTABIICHbI IEPEMEHHOU
arrayNames (ctpoka cneundukamun 10); wnmeHa

U3MEpeHUil — mepeMeHHoil dimensionNames (cTpoka
11); umena aTpuOyTOB S4E€EK MaccHBa — MEPEMEHHOI
cellAttributeNames (12); npuHaIIe)KHOCT M3MEPEHUI
MaccuBaM — THepeMeHHOU arrayDimensions (13-14);
NPHHAUISKHOCTh aTPUOYTOB s4€eK — MepeMEeHHOH
arrayCellAttributes (15-16); tun atpuOyrta sueiiku —
nepemennoit  cellAtrributeType (17-18); atpuOyTs
SYeeK  MAacCHBOB, KOTOpbIE MOTYT  IPHUHHUMATh
HeollpeeNieHHbIe 3HaueHus — TepeMeHHou nullable
(19); BepxHme (HIWKHHE) TpaHUIBl HM3MEPEHUN
nepemenHoit dimLowerBound (dimHigherBound) (20-
21); MHOXeECTBa HICHTH()UKATOPOB SUEEK MACCHUBOB —
nepeMeHHoi cells (22), 3HaueHNS M3MEPEHNH B STUEHKaX

— mepeMeHHON dimensionValue (23-24); 3HaueHHA
aTpudyTOB STIEeK - TepEeMEHHOI
integerCellAttributeValue (25-26). ITepemennsie

TUTA3HAPYIOTCS] TIPH TIOMOIIM YaCTHYIHBIX M TOTAIBHBIX
(YHKIMI aHAJIOTHYHO TIEPEMEHHBIM, HCIIONB3YIOIIUMCS
JUTSl TIPUJAHUS] CEMAHTHKN OOBEKTHONW MOJIENH.

JononuurensHbIE HEO0OXOINMEBIE CBOICTBa
TIePEMEHHBIX COCTOSIHHS TIPECTaBIICHEI
KOHBIOHKTUBHBIMU KOMIIOHEHTAMU MHBapHAHTA!

e mr00asg suelika JHOOOr0 MaccHBa OJHO3HAYHO

AOCHTUPUIHAPYETCS HabopoM 3HaYCHUI
n3Mepennii (27-32);

e Juig ar000M  sueWkM — ar000ro  MaccHBa
OlpeNIeNIeHBl 3HAYCHWS BCEX W3MEPCHUU W
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3HA4YEHHWE I10 KpaiHel mepe oxHOro arpudyra
(33-38).

AHanorn4Ho OOBEKTHOW MOJIEIH paccMOTpeHa
enuHCTBeHHAs oneparws SIM]] — oneparust 0OOHOBICHHS
update (40-54). CurHatypa omepanuyl COBIAIaeT C
CHTHaTypoil orepanmu oO6bekTHON Monenu. CeMaHTHKa
olepalMy TaKKe aHaJOTMYHA: 3HAYCHWE V aTpudyTa
attr MaccuBa cls 3aMeHseTcs Ha exp(V), eclli 3HaYeHUe
cond(v) ecTh WCTHHA W HE W3MCHICTCA B MPOTHBHOM
ciryJae.

3aMeTnM, 4YTO B JAHHOW cHemU(UKAIUHA JUIs
MPOCTOTHI HE PACCMOTPEHBI HEKOTOpble 4epTel ADM,
HamnpuMep, HELEIOUNCICHHbIE H3MEPEHNS.

Jns  ¢dopmanbHOro J0Ka3aTeNnbCTBAa TOTO, YTO
mammHa ArrayDM  yrounser wMammny ObjectDM
HEOOXOAUMO IIOCTPOUTh  UHEAPUAHM — YIMOYHEHUS,
CBSI3BIBAIONINIT TIEPEMEHHBIE MalllH W JOOAaBUTH €ro K
WHBApPHAHTY YTOYHSIONIEH MalIiHbI.

WuBapuant
obpazom:

YTOYHCHUA  BBIIVIAAUT  CICAYIOIIHUM

classNames = arrayNames &
attributeNames=dimensionNames\/cell AttributeNames&
!(arr, dim).(arr: arrayNames &

dim: arrayDimensions(arr) =>

#(attr).(attr: typeAttributes(instance Type(arr)) &

attr = dim & attributeType(attr) = Integer) ) &

I(arr, cattr).(arr: arrayNames &

cattr: arrayCell Attributes(arr) =>
9 #(attr).(attr: typeAttributes(instance Type(arr)) &

I ANN DWW~

10 attr=cattr& attribute Type(attr)=attribute Type(cattr)))&
11 I(arr, cattr).(arr: arrayNames & cattr /: dom(nullable) &
12 cattr: arrayCell Attributes(arr) =>

13 cattr: obligatory(instanceType(arr)) ) &

14 !(arr, dim).(arr: arrayNames &

15 dim: arrayDimensions(arr) =>

16 dim: unique(instanceType(arr)) ) &

17 !(dim).(dim: dom(dimLowerBound) =>

18 dim: dom(intAttributeLowerBound) &

19 dimLowerBound(dim) =

20 intAttributeLowerBound(dim)) &

21  cells = objectsOfClass &

22 I(cell, dim).(cell: NAT & dim: NAT &

23 (cell |-> dim): dom(dimensionValue) =>

24 cell: dom(integerAttributeValue(dim)) &

25 dimensionValue(cell, dim) =

26 integerAttributeValue(dim)(cell) ) &

27 !(cell, cattr).(cell: NAT & cattr: NAT &

28 (cell |-> cattr): dom(integerCellAttributeValue) =>
29 cell: dom(integerAttributeValue(cattr)) &

30 integerCellAttributeValue(cell, cattr) =

31 integerAttributeValue(cattr)(cell) )

WuBapuanT GopMamm3yeT IPUHIMIIEI OTOOpAKEHUST
SO/, m3noxeHnHslie B paszaene 2.1:

e MHOXXECTBO HMEH MAacCCHBOB COBIaJaeT C
MHOXECTBOM MMEH KJIACCOB (cTpoka 1);

® MHOXCCTBO I/I,Z[GHTI/I(i)I/IKaTopOB n HUMCH
PI3MCpCHPII>'I n anI/I6yTOB AYECK COBIAOacT C
MHO>XXECTBOM I/I,Z[GHTI/Iq)I/IKaTOPOB n HUMCH

aTpUOYTOB THITOB 3K3EMILTIPOB K1accoB (2);

e 000My H3MEPEHHIO MacCHBa COOTBETCTBYET
aTpulyT THIIA IK3EMILTSIpa KJacca,
COOTBETCTBYIOIIET0 3TOMY MaccHuBy (3-6);



e 00OMYy aTpuOyTy sUeiiku Jro00oro MacchBa
COOTBETCTBYET aTpuOyT THMa SK3eMIUIIpa
KJlacca, COOTBETCTBYIOLIETO 3TOMY MAacCHBY M
THITBI aTpHOyTOB coBmazaaroT (7-10);

e atpuOyT SYEHKHM MacchBa, KOTOPBI MOXET
TIPUHUMATh Heonpe/ielIeHHbIE 3HAYEHMS,
COOTBETCTBYeT ompeneneHHoMy (obligatory)
atpuOyty Tuna (11-13);

® U3MEpeHus COOTBETCTBYIOT
aTpuOyram turos (14-16);

e BepxHHUE (HWKHHE) TPaHUIBl W3MEPEHNI paBHBI
BEPXHUM (HMKHUM) rpaHUIllaM
COOTBETCTBYIOIIMX aTprOyTOB THIOB (17-20);

® HEmycThle SYEHKHM MAacCHBOB COOTBETCTBYIOT
oObexTaM kiaccoB (21);

e s JMO0OW SYEHKM 3HAYeHUs ee U3MEpPEeHUH U
OTpEe/IeNeHHbIX  aTpuOyTOB  COBMAJalOT  CO
3HaYEHWSMH  COOTBETCTBYIOIIMX  aTpHOYTOB
00beKTa, COOTBETCTBYIOIIETO stuekike (22-31).

YHUKAJIBbHBIM

Crneunduxamuu ObjectDM w ArrayDM BMmecte ¢

WHBAPUAHTOM  YTOYHEHHs ObUTM  3arpyKeHBl B
UHCTpyMeHTallbHOe  cpeactBo  Atelier B [3].
ABTOMATHYECKH OBUIM  CICHEPUPOBAaHBI  TEOPEMBI,
BBIpQKAIONME ~ yTOYHeHHe  crenubpukarmii. B

YaCTHOCTH, IS OTIepalun update ObUT CTEHEPUPOBAHEI
10 TeopeM. 3 u3 HUX OBLIH JOKa3aHbI aBTOMATHYCCKH,
JUIL  JIOKa3aTeNnbCTBa  OCTAIBHBIX  HEOOXOIAMMO
NPUMEHSTh UHTEPAKTUBHBIC CPECTBA J0KA3aTE/ILCTBA.

4 PoacTBeHHBIE HCCIETOBAHUS U
HANPaBJICHUs JajbHel el padoTsl

PoncTBeHHbIME TaHHOW paboTe ciegyeT CUuTaTh
paboThl, CBsSI3aHHBIE C OTOOpa)KCHHEM MOJEJIeH,
OCHOBaHHBIX ~Ha  MHOTOMEPHBIX  MacCHBaxX, B
PeNALNOHHYI0 MOAENh JaHHBIX. OOBIYHO 3TH PaboTHI
HalleJIeHbl Ha peaju3alldi0 MHOIOMEPHBIX MAacCHBOB
npu nomotnn pessiuuonHbix CYBJI. Takue pabotsi
HayaJluCh OJHOBPEMEHHO C HCCIIEJOBAaHUAMHU MOJEINEH,
OCHOBAaHHBIX HAa MHOTOMEPHBIX MaccuBax [5], u
TIPOIOIDKAIOTCA B HacTosmee Bpems [4].

OcHOBHBIE OCOOCHHOCTH AaHHOW pabOTBHI COCTOAT B
cienymomeM. B kauecTBe HCXOOHOM MOAEIM MNpHU
OTOOpaXXKEHNU HCTONB3yeTcsl crenupuueckas MoIeb,
OCHOBaHHasi Ha MHOroMepHbix MaccuBax, CYB/] SciDB,
SI3BIK  KOTOPOW TPENCTaBIsIeT CO0OH KOMOWHAIHIO

JEKJIAPaTUBHOTO SQL-mogo6HOTO SI3BIKA "u
(G yHKIIMOHATIBHOTO SI3BIKA, BKJIIOYAIOILIETrO
creiduueckue  onepalMd  HAJA ~ MHOIOMEPHBIMU

MaccuBaMU. B kauecTBe 11€51€BOM MOJEIH UCIIONbB3YyETCS
oObekTHass Momenb ¢ Datalog-mogoOHBIM — SA3BIKOM

3ampocoB (mporpamm) — 3k CHUHTE3. s
OTOOpaXKeHHUS obecrieunBaeTcst hopmanbpHOE
JIOKa3aTeNbCTBO  COXpaHeHHMs  MHDOpMAmMK |

ceMaHTHUKH onepauuid AM/I.

OtMeTnM, 9TO Pe3yabTaThl pabOTBI MOTYT OBITH C
JIETKOCTBIO  00OOIIEHBI W WCIOJB30BaHbI  TPH
HHTETpaLun B CHCTeMax, HCTIONB3YIOIINX
KaHOHMYECKYIO MOJIeNb, OIN4Hyio oT si3pika CUHTE3
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HampuMmep, apyrylo oObekTHyio (ODMG) wm
00BEKTHO-PEIAIIOHHYIO MOJIENb (SQL:2003).
Pe3ynpTaThl TakKe MOTYT OBITH HCIIOIB30BAHBI IS
MHTETPAIliH PECypCOB, ITPEACTaBICHHBIX B MOJIEIH,
OCHOBaHHOW Ha MHOTOMEPHBIX MacCHBax, HO OTIMIHOH
or ADM.

Hexoropele  Bompockl  0TOOpa)keHHs
JIATBHEHIIINX HCCIICI0OBaHU, Harpumep,
UMETh B KAHOHMYECKOH MOJENU IIPH HHTErpanuu
MacCHB-OPHEHTHPOBAHHBIX Mozenei JTAaHHBIX
olepalyy, CBI3aHHbIE ¢ pa3MepoM mopimu (chunk size)
nanueix B BJI [17].

JanbHelyro paboTy MOXKHO pa3OHTh Ha TPH dTara:

TpeOyroT
ClenyeT Jn

® [MOCTPOCHHE TpaHC(HOpPMAIMH, PpeaTu3yoIeH
H3JI0KEHHOE OTOOpaKEeHHE;
® DpACIIUpEHHE  HMHCTPYMEHTAJBHBIX  CPEICTB

MOMJCPKKMA MPEAMETHBIX MOCPESIHUKOB IS
BUpPTyaJIbHOM HMHTerpaimu SciDB-pecypcos: (i)
pacumpeHre CpeiCTB PETHCTPallii PECypcoB B
nocpenauke [19] tpancpopmanueit 10/ ADM
B KaHOHHMYECKYIO Monenb; (ii) cozganue SciDB-
aganrepa - crnenuainsHoro I1O, cBs3bpIBaromiero
HCIIOJIHUTEIBHYIO CPENy MOCPeaHUKOB ¢ SciDB-
pecypcamMu  (COCTaBHOW  4YacTBlO  ajamnTepa
sBisiercs TpaHchopmanmst AM);

® TpUMEHEHHUE TEXHOJIOTUH MpEeIMETHBIX
INOCPECAHUKOB [JIsI PEHICHUS HAaYYHBIX 3aJad B
HEKOTOp O MpeAMETHON obnactn Hal
MHOXKECTBOM HEOJTHOPOJIHBIX pecypcos,
BKIrouatomumM SciDB-pecypcbl.

Baaronapuocru

ABTop BbIpaxkaer 6maromapHocts JI. A. Kanuamuenko,
II. E. BenmuxoBy u A. E. BoOBYeHKO 3a TOJI€3HBIC
3aMeYaHMsl, BBICKa3aHHBIC B XOJI€ OOCYKICHUS AaHHOH
pabots! Ha cemunapax UITU PAH.
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Unification of an Array Data Model for the
Integration of Heterogeneous Information
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Sergey Stupnikov

In the paper a mapping of an array-based data model
— the SciDB DBMS model - into a canonical model
used for virtual or materialized database integration is
presented. To be precise, a mapping into an object
model - the SYNTHESIS language is considered. The
SYNTHESIS language is used as the canonical model in
the subject mediator technology.

A method for proving of preserving the information
and the semantics of operations by the mapping is
illustrated. The method uses a formal specification
language.

An aim of the work is developing of a sound
theoretical basis for the integration of array-based
resources.



