O630p pasBUTUS METOI0B JIEKCUYECKOM
onTUMKM3aLNM 3aNpoCcoB

Menakosuy H. A., Ky3Heuos C. 4.,
mend@rambler.ru, kuzloc@ispras.ru

AHHOTauus. CTaTbsl MOCBfLLEHA JIEKCMYECKON OMTMMM3aLMM 3anpocoB W OMMUCLIBAET
paboTbl, ONy6/IMKOBaHHbIE B TEYEHME MOCNEAHUX YETbIpEX AeCATUNEeTM. Ocob0e BHUMaHMe
yAenseTca TakuM noAxofam K onTMMU3aLmn Kak MOaUtMKaLms, YKpalleHne 1 CoKpaLleHue
3anpocoB. O6CYXAAKTCsA aNropuTMbl ONTUMM3ALUN A8 PENSALMOHHBIX U HEPENSALMOHHBIX
CYB.

Knwo4eBble cfoBa: ONTMMM3AaUMA  3anpocoB;  YMPOLLEHWe 3arpocoB; NleKCUYecKas
onTuMmn3alma 3anpocoBs; Marn4yeCcKne MHOXXeCTBa

1. BBegeHue

3a 40 net, nmpoweawmnx ¢ MOMeHTa BbixoAa NepBoii paboTbl, B KOTOPOW Oblna
chopmynmpoBaHa nNpobnemMa oNTUMMU3aLMKU 3anpocoB K 6a3am faHHbIX [1], BbIWwIo
MHOXeCTBO NyOMMKaLWi, MOCBALLEHHbIX 3TOW TemaTwke. [MonHbIA MX 0630p,
aKTyasnbHbIi Ha HaCTOALLMIA MOMEHT, OTCYTCTBYET, 1 HEKOTOPOE MpeAcTaB/eHne 06
MX YUCNEHHOCTUM MOXET faTb aHanu3 6ubnuorpaguii BbllLeALWNX Ha HACTOALLMIA
MOMEHT 0630pHbIX paboT.

Tak, uccnegosaHue M. Apke (M. Jarke) n KO. Koxa (J. Koch) BkntouyaeT B cebs
nepeyeHb 253 pabot [2], M. MaHHuHO (M. V. Mannino), M. Yy (P. Chu) n T.
Ceinpxepa (T. Sager) — 64 pa6oTbl) [3], A. MoHHmanca (Y. E. lonnidis) — 50 pa6oT
[4], C. Yayaxapw (S. Chaudhari) — 61 pa6oTa [5], C. [. Ky3HeuoBa — 128 pa6oT [6].
O630pbl METOAOB OMNTUMM3ALIMM 3aMPOCOB TAKXKe COLEPXaTcs B TeMaTUYecKux
rnasax pa6ot I'. Mpelidia (G. Graefe) [7, pasgensbl 6, 11, 14], K. fevita (C. Date) [8,
cTp. 639-690], M. T. Oucy (M. Ozsu) u I. Bangypesa (P. Valduriez) [9, pp. 228-
273], P. PamakpuwHaHa (R. Ramakrishnan) n Ox. lepke (J. Gehrcke) [10, pp. 412-
413]. Kpome 3TOro, cnegyetT YyyeCTb KpaTkyio 6ubnuorpaguio  pa6ort,
MOCBALLEHHbIX OMTUMM3ALMM 3aMpPOCOB, B KOTOPOA COAEPXUTCS Knaccugmkaums
aTux pabot no Temam [11]. MHOXeCTBa pPacCMOTPEHHbIX WCCMeLOBaHUIA B
MepeynCNEHHbIX  Bbllle  NyBAMKaUMAX — 4YaCTWYHO — MEepeceKaloTcs,  OfLHaKo
npvBeAeHHbIe fJaHHble Jat0T 06LLee NpeacTaBieHne 0 Ny6aMKaLumsax, NOCBALLEHHbIX
npo6siemam ONTUMMU3aLMK 3arpOoCoB.

HapaBHe C akagemMmuecKUMW MWCCMef0oBaHWAMM, MOCBALLEHHbIMU ONTUMMW3ALMM
3anpocoB, NapanenibHO BbIXOAAT Ny6AMKALMM KOMMaHWIA, NOCBALLEHHbIE PELUEHMIO
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3TOW 3afjaun B paMKax BbiMycKaeMbix umu CYB/, (Hanpumep, MySQL [12], [13,
rnaea 19], Oracle [14-15, 92-93], DB2 [16], PostgreSQL [17]). Moapo6HbIii 0630p
ontuMmsaTopoB CYB/[, pasnnuHbixX npoussoguTeneli 6bin npeactaBneH B [9], HO
noy»ke NOJO6HbIE UCCNEAOBAHUA He MPEANPUHAMAINCL, BO MHOMOM MO NPUYMHE
HEroTOBHOCTM KOMMaHWiA Noapo6HO onucaTb COOGCTBEHHbIE pa3paboTkM B 061acTh
onTUMM3aLMmM 3anpocos. VcknoyeHmamu Mornm 6el cnyxxuts CYB/L ¢ OTKPbITbIM
KOZIOM, B YacTHoCTK, PostgreSQL, HO ny6aMKaummn ¢ ON1cCaHMEM MCMO/b30BaHHbIX
B HUX a/ITOPUTMOB HaM HEWN3BECTHbI.

Kak nokasbiBaeT MpeAcTaBfeHHas Bble CTaTUCTMKa My6nukaumii B 06/1acTu
ONTMMM3aLMK 3aMpPOCOB, NX MOSHON 0630p ABNSETCS HETPUBMAILHONW 3ajayeit, U C
BbICOKOI BEPOATHOCTHIO B UTOre Takoi 0630p MOXET ObITb HEMOMHbLIM. Mo3TOMy
6onee pasyMHbIM MPEACTaBASETCA COCPEAOTOHMUTLCS Ha OAHOM M3  KNaccoB
ONTMMM3ALMOHHBIX anropuTMoB. PaHee ny6aMKoBanncb MNOJOGHbIE 0630pbl,
MOCBSALLEHHbIE MPUMEHEHWIO TUCTOrPaMM, B TOM 4ucie, AN Leneil onTuMusaumm
3anpocoB [18], MpMMeHEeHWO MaTepuann3oBaHHbIX MPeACTaBfieHWA B MpoLecce
06paboTKuM 3anpocoB [19], pelueHnto BbIGOpa nopsgka coeanHeHunin [20].

[aHHasa paboTa NOCBsLLEHa MeTO4aM TaK Ha3blBaeMOM EKCUYECKO ONTUMM3aLIMM
3anpocoB, HO  4TOObl OMpeaennTb, 4YTO COOOM NPeAcTaBAAOT 3TW METOAbI,
Heo6X0AMMO NPeLCTaBUTb KPaTKWMiA OYepK OCHOBHbLIX 3TanoB ONTUMMU3ALUU W
NPY3HAKOB, NO3BOAIOLLMX OTHECTN KOHKPETHbIA METOA K OAHOMY U3 3TUX 3TanoB.
Bcneg 3a A. VIoHHMAUCOM Mbl Onpejenim onTUMmU3aumio 3anpocoB Kak «M3yyeHune
anredbpanyecknx BblpaXeHW, 3KBMBANIEHTHbIX 3afjaHHOMY 3anpocy, W Bblbop U3
HMX O[JHOr0, OLEHMBAEMOTO KakK Hanmbonee geliesoe» [4, p. 1041].

Ha ocHoBe Knaccugmkaummn, NpUHATOR B [2], B paMkax 3agayv ONTUMM3aLUM
3anpoca BbIJEeNMM YeTbipe OCHOBHbIX 3Tana, WM Kfnacca ONTUMU3MPYHOLLMX
onepawui:

i npeob6pa3oBaHue 3anpoca B CTaHAAPTHYH BHYTPEHHIOK (lopMYy;

ii  Mogudmkauwms 3anpoca, T.e. NpuBeeHMe ero K hopme, Npy KOTOPOI
BbINOSIHEHWE Hanbonee ahheKTUBHO;

il aHanu3 3anpoca, BbIGOp MOTEHLUMANIbHBIX HU3KOYPOBHEBLIX MPOLEAYP,
UCMO/b3YEMbIX MPY €r0 BbIMO/HEHNN;

iV reHepaums n CpaBHUTENbHBIA aHa/IN3 Pas3fIMYHbIX MaHOB AOCTyNa —
BO3MOXXHbIX CMOCOOOB BbIMO/IHEHMS 3amnpoca.

Ha npaktuke u4eTBepTblli Kfacc onepauuii - BOCMPUHWUMAETCA Kak OCHOBa
ONTUMW3ALMOHHBLIX  a/ITOPUTMOB; MEPBbIE  TPW  Knacca WCMONb3ylTCA  A/iA
MOArOTOBKN reHepauuu MnnaHoB AOCTyMa, B TO BPeEMS Kak Ha YeTBEpTOM 3Tane
ONTUMU3ATOP MCMONB3YET 3TW MNaHbl, OLEHVNBAET U BbIOUPAET NYULIWIA U3 HUX 41
BbIMOSIHEHWA 3anpoca. VIMEHHO YeTBepTbIl Kiacc onepauuii CerofHs npusexaet
HambosblLee BHUMaHWe 1UccneaoBaTeseil, U ero ONncaHnIo yaenseTcs HanbonbLiee
BHVMMaHWe B KOPMNOPaTUBHbLIX 0630pax ONTUMMW3ATOPOB Bbinyckaembix CYB/. Tak,
Hanpumep, onTumuzatop CYB[ komnaHuu Oracle, cyas no JOCTYMNHbIM Ham
onucaHusaM [21], OpueHTMpOBaH B MEPBYID Ouepedb Ha CPaBHUTESbHbIN

196



«OLLeHOYHbIN» aHann3 CyLLeCTBYHOLWMX MyTeld [JOCTyna, U BO MHOrMX 0630pax,
MOCBSALLEHHbIX ONTUMKU3ATOPY fAaHHOV CYB/, MeToAbl NEKCMYECKON ONTUMM3aLNN
He ynomuHatoTCcsi BOBCe [Hanpumep, 22, ¢. 417-445]. B ontummsatopax Starburst n
DB2 0CHOBHOE BHVWMaHWe Y[enseTcs CeMaHTUYEeCcKOW OnTuMM3aLmy 3anpocos U
COBEPLUEHCTBOBAHWNIO CUCTEMbI BbI6GOPA NNaHOB BbINOAHEHWS 3anpocoB [16].
OfHako, HECMOTPS Ha MOAYUMHEHHYI PO/b, KOTOPYH WrpalT MOAM(UKaLMs W
nepBuYHbIE NPeobpa3oBaHKs 3anpocoB, PacCMOTPeHMe Hambonee 3PHEKTUBHBIX
NMOAXOA0B K PELUEHWIO [aHHOM 3afjadun NpeAcTaB/seTCs BrOMHE aKTyallbHbIM, Tak
Kak ONTMMK3ATOP MO-MPEXHEMY HYXKAAETCS B TFeHepauun [OCTATOYHOrO 4mcna
CybONTMa/IbHBIX, B paMKax TOr0 UM MHOTO KPUTEpUs, NNaHoB JoCTyna.

Mpwn aHanu3e NoJO6HbLIX NOAXOA0B K ONTUMM3ALLMM 3aNpoCcOB MOXHO BbILENUTL [Ba
BMAA MOANDMKALWIA:

Nekcuueckas  onTumusauma®l  3anpoca, NpM  KOTOPOW  €AUHCTBEHHbIM
MCTOYHMKOM WHAOpMaLIMM SBMSIETC caM TeKCT 3ampoca Kak JieKcuyecKast
KOHCTPYKLWSI, U UHbIE CBEfleHNst 0 6a3e [JaHHbIX U ee CTPYKTYpe B aHann3e He
“cnonb3ytoTes. MpoLecc NeKcMUeckoli onTUMM3aLIMK BKOYAET B Ce6st aHanm3
OrpaHUYeHUs 3anpoca, CPaBHEHWE U aHaNM3 COAEPXKALLMXCS B HEM YCIOBUIA C
Lie/bHO BbISBNEHMS U3GbITOYHOCTY;

CeMaHTuyeckas OnTUMM3aUMs, BK/OYalolwas B cebs  UCMONb30BaHME
OrpaHnyeHuii LenocTHOCTM B, 1 camn XpaHuMble flaHHbIE C Lie/b FeHepaLmi
ONTUMa/IbHbIX MNAHOB AOCTyMNa K AaHHbiM (0630p METOAOB CEMAHTMYECKO
ONTUMU3ALMK NPEACTaBNEH B [2, rnaea 3], a psg anropMTMoB paccmMaTpuBaeTcs
B HEKOTOPbIX 60/1ee No3aHUX paboTtax [23-24]).

MeToabl NEKCUYECKOM ONTUMM3ALMKM NPEeLCTaBAOTCA 0C060 WHTEPECHbIMU B
CBA3NW C TeM, 4TO, BO-MEPBbIX, MX MOXHO Jerye afanTUpPoBaTb AN HYX[
ONTUMM3aLMM 3aMpPOCOB B 6a3ax [aHHbIX C HEPENSLUMOHHON CTPYKTYpOli, BO-
BTOPbIX, B Psfe CYLEeCTBYHOLWMX pa3paboToK NpesycMaTpyvBaeTcs BbIHECEHME
HEKOTOPbIX ONTUMMW3UPYHOLWMUX Onepauuii 13 cepsepa 6asbl JaHHbIX B yAaleHHOe
KNEHTCKoe npunoxeHue [25]. Kpome TOro, moCKOMbKY HambOMbLUMIA UHTEPEC K
uccnefoBaHMAM B [JaHHOM o6nactu mposensncs B 1990-e u gaxke 1980-e rr.,
MHOre COBPEMEHHbIE UCC/ef0BaTeNIN MOTYT ObITh HEOCTATOUYHO 3HaKOMbI C 60/1ee
paHHUMK paboTamu, afiropuTMbl U METOAbl, NPEeACTaBNEHHblE B KOTOPbIX, MOryT
ObITb BHOBb BOCTPEO0BaHbI B HACTOSALLIEE BPEMS.

1 B 3apy6exHoit niuTepatype AN 0603HaYeHKs Nofgo6HbIX Npeo6pasoBaHuUii YacTo
ucnonb3yetcs TEPMUH «nepesanuce» (rewriting) [4, p. 1044]. OpHako Ham
MpeACTaBNsAeTCA, YTO 3TOT TEPMWH B HELOCTATOYHON CTEMEHW BbIpXKaeT CyTb
[aHHOro Brda onTMMM3aLmmn 3anpocoB. Kpome Toro, B psge paboT OH Mcnosnb3yeTcs
Mo  OTHOWEHWIO K  npeobpa3oBaHMsM  3anpocoB  C  WCMOMb30BAaHUEM
MaTepuann3oBaHHbIX MpeAcTaBneHWA 3anpocoB [19], T.e. BbIXOAUT 3a PamKu
MCNO/b3YEMOr0 ONpeaeneHus.
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C TOUKM 3pEHUs JNIOTWKW, JIeKCUYecKas ONTUMU3AUMs MOXET YCTPaHsTb TpK
Pa3/IMYHBIX BIAA HEOMTUMAbHOCTM 3arpoca TPeMs PasNYHbIMK CrocoGamm.

CoKpalligHVe 3ampoca — YfaseHue W3BbITOYHbIX YC/OBUIA, HampuMmep,
AyG/MpYIOLMX OfHO [PYroe WM TOXAECTBEHHO WCTUHHbIX, 06paboTka
KOTOPbIX SBMSETCA U3NMLIHEA C TOUKM 3PEHMS BbIMOIHEHMS 3aMpoca, a Takxke
YCNOBUIA, JenatoLyx 3anpoc HEeBbINOMHUMBIM, NPOTUBOPEYALLMX APYr ApYry
UMM TOXAECTBEHHO MNOXHbIX. [pW 0BHAPYXXeHWW TaKOBbIX YCMOBWIA Bce
OrPaHWYeHWe WM ero YacTb TMPU3HAETCA JIOKHOM W WCKIHOYaeTcs U3
BbINOMHEHNS 3anpoca.

YCOBEpLUEHCTBOBaHME (YKPALLEHWE) — YCMOXHEHWE CTPYKTYpbl 3anpoca,
KOTOPOE, 0fJHaKO, BEJET K ONTUMM3ALIM €70 BbINOMHEHUS.

Mpeo6Gpa3oBaHMe 3ampoca — W3MEHEHME 3ampoca, He OTHOCSsLUEeCs HU K
COKpALLEHMsIM, HU K YCOBEPLUEHCTBOBAHWSIM 3anpoca, U MrpatoLlee posib,
CNY>XeGHYI0 MO OTHOLUEHWIO K MHbIM (hOopMaM OMTMMM3aLMM  3amnpoca,
HanpuMep, cTaHAapTV3aLmMs HopMbl NMPeaCTaBeHMs 3anpoca.

[anee B cTaTbe MPMBOAATCA  KnacCUMKALMA  anropuTMOB — NIEKCUYECKOM
onTUMM3aLLMK, 0630p paboT B AaHHOW 06/1acTy, a TakkKe 0TMEYaroTC BO3SMOXHbIE
HanpaBfeHus AanbHeLINX NCCNea0BaHuiA.

Mbl  CTpeMUAMCb CBECTM K MWHUMYMY BO3MOXHble MOBTOPbI CBEAEHWIA,
M3M0XKEHHLIX B MNpeablaylinx 00630pHbIX paboTax, MO3TOMy B psge Cryyaes
0TKa3blBaeMCsi OT MNOAPOGHOr0 aHanM3a TeX WM WHbIX BOMPOCOB, OTCblNas
ynTatenein K 6Gonee paHHUM ny6AMKaumsm. [onyckaeTcsi KpaTKoe MNOBTOpeHue
HEKOTOPbIX CBEAEHWIA B psfie Cy4vaeB C LieNIbl0 MOKa3aTb pa3BuTWeE UCCNeA0BaHMA
MO COBEPLLEHCTBOBAHMID METOLOB ONTMMM3aLMN 3aMPOCOB.

2. NMpeobpazoBaHus 3anpocos

KpuTepuem Knaccugmkaumm anroputma Kak OTHOCALLErocs K 4uciy airopuTMOB
NpoCTOro npeobpasoBaHus ABASETCA ero yHKLMOHabHOe NpefHa3HaveHne. Ecnn
UTOrOM PaboTbl HEKOTOPOrO asiropuUTMa O/MKHO CTaTb 06peTeHMe 3anpocom bonee
OMTUMaNbHOM HOPMbI C TOUKM 3PEHUS TOFO UM MHOTO KpuTepus (HanpumMep, Yucna
YCNOBWUIA B OFpaHNYEHNM), TO a/IFOPUTM MOXET BbITb OTHECEH K YMC/Y a/irOpPUTMOB
COKpaLLEHUs WU YCOBEPLUEHCTBOBaHMS. Ecnn ke anroputM, Kak ynoMWMHaoch
BbllUe, MrpaeT MNOAYMHEHHYIO PO/b, Npeobpasys 3anMpoc K WHOMY Buay, B
YaCTHOCTM, MeHss MOPsSAOK ornepauuii, TO pedb MAET WMEHHO O NPOCTOM
npeo6pasoBaHKm 3anpoca.

Mpexae BCEro, K TEXHOMOrMAM MpeobpasoBaHMst HY)XHO OTHECTU anropUTMbl
CTaHAapTM3aLMM 3anpocoB, NPUBEEHNS UX K YHUBEPCA/IbHOWM CTaHAapTHOI dopme
B LeNsiX ganbHeiweii 06paboTku. Takve npeo6pa3oBaHus TPEBYHOTCS HE TOMbKO
NS HYXA, AabHEALWEro ynyylleHus Wan YhpoLeHUs 3anpoca, HO Takke fAns
COMOCTaBNeHNst 0bpabaTbiBaeMbIX 3anNpPOCOB C OrpaHUYEHNSMU LENOCTHOCTM 6asbl
JaHHbIX W COXpPaHSeEMbIMX MaTepuann3oBaHHbIMW NPeAcTaB/ieHNsMN  3arpocoB.
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Bo3MOXHble NOAX0Ab! K NPEACTaBNEHNIO 3aNPOCOB K PESIALMOHHBLIM 6a3aM AaHHbIX
B Buae rpadoB, Tabno, PENSUMOHHBbIX BbIPOKEHWIA U T.N. PacCMOTPEHbl B [2,
pasgen 3.1], KakoBOIi UCTOHYHMK, HECMOTPS Ha JaBHOCTb, BMNOJSIHE aKTyaneH.

Y npeacTaBneHnii 3anpocoB B HepensumoHHbIX CYB/[, nmeetca cBos creumguka.
OcCHOBbI  NPeACTaBfieHMs  3ampocoB  Ha A3blke XQuery yxe onucaHbl B
pekomeHfaumsx W3C [26], ofgHako psif OCOGEHHOCTE  BHYTPEHHEro
NpeAcTaB/IeHNs 3anpoCcoB 3aCNY)XXMBAET OTAENbHON0 PaccMOTpeHus. B nHTepecax
ONTMMM3aLMKN 3aNPOCOB, (POPMYNNPYEMBIX HA HOBbIX A3blKax, TPebyeTcs co3paHme
HOBbIX anrebp ¢ y4yeToM 0COGEHHOCTEN MOAENe AaHHbIX, NEKCMKU, CUHTaKcuca U
CEMaHTVKM 3TNX A3bIKOB.

MOXHO BblfennTb fABa MOAX0A4Aa K peLleHWto 3TOM 3ajaun: pensiymoHHO-
LUEHTPWYHbIA 1 anrebpamuyecknin. [epBbIi  NOAXOL  OCHOBbLIBAETCA  Ha
npeobpa3oBaHUM 3anNpPOCOB Ha HEPENALMOHHBIX A3blKax, a MNPy HeobXoAMMOCTM 1
CaMUX [aHHbIX K PensauyuMoHHOMY BWAY W WX TMPEACTaB/eHNO0 B TEPMMHaX
pensunoHHbix  CYBMA, [27-30], u4T06bl MMETb BO3MOXHOCTb  MO/IHOCTbIO
MCMO/Mb30BaTh A1 ONTUMMU3ALMM HOBbIX BMAOB 3arMpOCOB apCeHasl HaKOM/EHHbIX
paHee cpeacTs. O630p NOAOGHbLIX paboT NnpeacTasneH B [31].

Bo BTOpOM Mogxofje npegiaraetca He MpubKaTb HOBbIE SA3bIKM WM MOAENN
JaHHbIX K CTapbiM anropuMTMam, a co3faBaTb HOBble a/irebpbl ANA NpeacTaBneHNs
3anpocoB C Y4eTOM OCOGEHHOCTel HOBbIX A3blkOB. [Mpobnema npeacTaBieHUs
3aMnpocoB K HepenauMoHHbIM 6a3aM AaHHbIX PeLlaeTcsi ¢ MOMOLLbI0 PacLUMpeHms
pensunoHHON anrebpbl 41 COOTBETCTBYHOLLMX A3bIKOB 3anpocos: OQL [32-33] u
XQuery [34-37]. MNMpobnema anrebpanyeckoro nNpeAcTaBAeHMs 3anpocoB K 6asam
XML-AaHHbIX TaKkxKe paccmaTtpmBaeTcs B [38-39].

Mprmepom npeobpa3oBaHNsA 3anpoca MOXET Takke CAYXUTb MepeMeLleHne
NOTNYeCKUX YCMOBWIA BHU3 B fepeBe 3anpoca. Llenblo psaga  ynydwarowmx
npeobpasoBaHUii  ABNSETCH  MWUHMMM3AUMA  pasMepa  KOHCTPYMPYEMbIX,
COXPAHSAEMbBIX U CUUATLIBAEMbIX MPOMEXYTOUHbIX Pe3ynbTaToB. BaxkHas aBpucTmKa
nepemeLLaeT CenekTVBHbIE Onepauum, Takne Kak OrpaHUYeHue 1 MPOEKLUNs, HIKe
KOHCTPYKTVBHbIX Onepauuii, Takux Kak COefMHEHWE 1 [eKapTOBO MPOV3BefeHME,
4TO6bI BLIMO/HATL CENEKTUBHbIE OMepauun Kak MOXHO paHblue [2, 40]. B nonb3y
KakK MOXXHO 60/1ee paHHEro UCMOJIHEHMSA CETEKTUBHBIX OMepaLyii BbICKa3bIBA/IUCH U
gpyrve astopbl [41]. JaHHbli MOAXOA CuUMTaeTca ceiiyac ecim W He
ONTUMW3MPYIOLLMM 3anpoc, TO, MO KpaiHei mepe, He MOBbLILIAKLLMM CTOMMOCTb
ero o6paboTkn, M OH aBTOMATMYECKM MNPUMEHSETCA KO BCEM 3arnpocam. Takke
nMetoTcs paboThbl, MOCBSLLEHHbIE MEpPeMELLEHUI0 MO [epeBy 3anpoca onepaumi
copTmpoBkn [42] n npeamkatoB (B Tex CAy4asx, KOrga 3anpocbl He WMelT
MepapxXnyeckoim cTpykTypsbl) [43].

B page paboT aHanM3vpyroTCA CMocobbl YNopsAaoveHns onepaumini Npoekumn 1
COEAIMHEHNA C LENbi0 YMPOLLeHNs 06paboTKy 3anpocoB (Hampumep, [44-47]).
OfHako Hapsgy C HEKOTOpbIMW &IropuTMamu, KOTOPblE MOXHO OTHECTM K
NEKCUYECKUM, B 3TMX MOAX04aX MPUMEHAKOTCA METOLbl, KOTOPblE OCHOBbLIBAKOTCS
Ha MCMO/b30BaHWN OMWCAHWUIA AaHHbIX, COAEPXKALMXCH B 6ase, U MO3TOMY Mbl He
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MMeeM [JOCTaTOYHbIX OCHOBAHWIA OCTaHaBNMBAaTbCA HA TakuMX Mogxojax K
OnNTMMK3aLMKN B HacTosAeM 0630pe. bonee Nogpo6HO CYLLECTBYHOLLME BapuaHTbl
pelleHns 3ajaun  OMpedeneHws Mopsfka COeAVHEHWIA  aHanM3MpyloTes B
[2, pasgen 4], [5, pa3gen 4.1] v [20].

HapasHe ¢ NoaxofoM K ONTUMM3aLMK, OCHOBAHHLIM Ha YMOPS0YeHUr onepauuii,
nMeeTcs psg paboT, OPUEHTUMPOBAHHBLIX Ha COKpaLLeHWe WX 4ucna; 3T paboTsl
noApo6HO paccMaTpuBatoTCs B pasaene 4 JaHHOW CTaTby.

Ewe opHy rpynny anroputmMoB npeobpa3oBaHWs COCTaBAAT — anropuTMbl
YCTpaHeHWs1 BIOXKEHHbIX MOA3aMpoCcoB, 4TO A1 CTaH4apTHbIX SQL-3anpocos
03HayaeT ucknoveHne n3 610koB SELECT-FROM-WHERE BfIOXEHHbIX B HUX
aHaIornyHbIX 6/10KOB MyTeM WX YAANEHUS WX CAUAHUA C TEIOM OCHOBHOIO
3anpoca. MNpuBeaem npumMep 3anpoca O MOMCKE BCEX MOCTaBLMKOB aeTann P2 u3
[8, c. 683]:

SELECT S.Name

FROM S

WHERE S.S# |IN (SEL query optimization; query simplification; lexical query
optimization; magic sets

ECT SP.S#

FROM SP

WHERE SP.P# = “P27);

Ero cemaHTUYeCKM 3KBMBAIEHTHOM, HO 60/1ee TaKOHWYHOM 1 GbICTPOI B 06paboTKe
(hopMy/nIMPOBKOIA ABASETCS CReAYHOLMIA 3ampoc:

SELECT S.Name

FROM S, SP

WHERE S._.S# =SP.S#

AND SP.P# = “P27;

Bnepsble peLleHne Npob6sieMbl BNOXEHHbIX 3aNpocoB 6bl10 NpeAnoXkeHo B paboTe
[48]. ABTop BbisSIBUA 5 TUMOB BIOXKEHHLIX 3aMpoOCOB W OMNWCa anropuTMbl
yCTpaHeHMst 3TWUX BNOXeHWi. [Moxe paboTa [48] nogsepranacb KpuUTUKe C
yKasaHWeM Ha TO, YTO B psfe CAy4yaeB NPeS/IOKEHHbIE anropuTMbl pabdoTatoT
HEKOpPEKTHO [49-51]. B 3Tux paboTax npegsiaraiMcb CBOM BapuaHTbl airOpPUTMOB,
B KOTOPbIX WCMPaBAsSMCL HEAOYETbl, AONylleHHble B [48], M obecneunBanach
6onblias 3PEeKTMBHOCTb. ANbTEPHATMBHOE pelleHne 3afjaun Obino HeAaBHO
npeanoXxxeHo B [52].

MockonbKy nNpo6nema BNOXEHHbIX NOA3ANPOCOB CYLLECTBYET U B HEPENALMOHHbIX
CYB/[],, B HeCKONbKMX paboTax nNpeACTaBAAOTCS anropuTMbl  UCKIKOYEHUS
BNIOXKEHWI U3 3anpocoB, chopMynmnpoBaHHbIX Ha OQL [32-33] n XQuery [34-35,
53-54]. BaXXHO OTMETUTb, YTO M3y4eHUe 3TO NPOBIEMbI NCTOPUYECKM COBMAO C
pa3paboTKON HOBbIX HEPENALMOHHLIX anrebpanyeckmx MpefcTaBleHNi 3anpocoB
[/191 3TUX A3bIKOB.

bonee noapo6bHO paboThl MO NPOG/EME BAOXKEHHbLIX MOA3aNPOCOB PaCCMOTPEHbLI B
[8, c. 682-684], [5, pasgmen 4.2.2] u [35, pa3gen 2]. Mpumepbl NpUMEHEHUS
a/ITOPUTMOB YCTPaHEHUS BIOXKEHHOCTY B Pa3/INYHbIX CUCTEMAX onmcaHbl B [55-56].
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3. Jlekcmueckas onTumMmusaumsi Ny TeMm yydllieHus

OnTuMmMzaums 3ampoca MyTeM YAYYLIEHWs OCHOBLIBAETCS Ha  YC/IOXHEHUM
CTPYKTYpbl 3anpoca, BK/IKOYEHWW B HEr0 HOBbIX TabGAUYHBIX BbIPKEHWIA,
MCMNO/b30BaHME KOTOPbIX MO3BONSET COKPATUTL PacxXofbl Ha 06PaboTKy UCXOAHOI0O
3anpoca. BOMbLWMHCTBO anropuTMOB, PELIAOWMX 3Ty 3afjady, OTHOCATCS K
TEXHOMOTUW «Mar M4ecKMX MHOXECTB.

ANTOPUTM Marnyeckmx MHOXKECTB OTHOCMTCS K UMCNy anrOpUTMOB NIEKCUYECKOI
onTuMmzaummn 3anpoca. OH O3HA4aeT Mepesanuchb 3amnpoca, WCK/HYaroLLYH
FeHepaLUuio HepeneBaHTHbIX KOPTEXEeW MNyTeM BbIYMCNEHUS AOMONHUTENbHBIX
Tabnuu, KOTOpble COAepXKaT CBA3bIBaHMSA, WCMO/b3yeMble ANS  OrpaHUYeHus
Tabnuupl, N AeNCTBYHOT Kak (huNbTpbI.

Mepe3anucb MCXOAHONO 3ampoca C WCMOMb30BaHWEM 3TUX (PUILTPOB BKIOYAET
CNeAytoLLMe OCHOBHbIE 3Tanbl:

aHann3 CBA3eil B paMKax peanmsalym 3anpoca, X oTpaxKeHue nyTem
aHHOTMPOBaHMs NPeANKATOB;

CO3/aH1e Ha OCHOBE MOJyYeHHbIX ONMUCAHWUIA LONOMHUTENBHbLIX (Marnyeckux)
Tabnuu;

MHTErpaunto marm4ecknx Ta6I'II/ILI, B YXe CyLLECTBYHOLLEE OrPaHNYEHNE U
M3MEHEHME ONnCaHNA CyLLECTBYHOLWNX yCJ'IOBVII7I.

M3Haya/lbHO  a/irOpUTM  MarmyeckMx MHOXECTB  Obll  cO34aH AN HYXA
JeAyKTMBHBIX 6a3 AaHHbIX, NOAAEPXKMBAIOLLMX A3bIK 3anpocoB «Datalog»[57], rae
3amnpoc Ha BbIGOPKY AaHHbIX OMMCLIBAETCS C MOMOLLbLH cucTeMbl npasun (rules) u
(pakTOB (facts).

ANTOpUTM Marnyecknx MHOXECTB NpefiaraeT co34aTb JOMOMHUTE/bHLIE NpaBuaa
1 (haKTbl, KOTOPbIE YCMOXHAT 3annchb NMPaBUI CUCTEMbI, HO NO3BOAAT UCK/THOYUTL U3
06paboTKN MHAMBMAOB, 3aBELOMO HEpeneBaHTHbIX 3anpocy. [ns 3aToro B cuctemy
npaBun BKKOYAETCS OTHOLLIEHME magic(X), 0603HavatoLLee PeneBaHTHOCTb 0ObEKTa
Mo OTHOLLUEHMIO K 06pabaTbiBaeMOMY 3arnpocy.

MpeanoXKeHHas nepesanuchb YBENMYMBAET YMCIO MPaBUN W YAAMHSAET UX 3amnuchb,
0JHaKO OYEBUAHO, YTO CKOPOCTL 06paboTKM 3anpoca Npu 3TOM BO3PACTAET, Tak Kak
[06aBfeHHbIE MarmyeckmMe OTHOLLEHUS WUCK/OYAKOT U3 aHa/v3a HepeneBaHTHbIe
00ObEKTbI 1 YCKOPAIOT paboTy.

[na cosgaHuMs  Marvyeckoro BapuaHTa 3anpoca Bce Mpeavkatbl  Mpasun
CHabXarTCs «yKpalleHUAMU», CBOEOBPAa3HbLIMU aHHOTaLMAMM, MOKA3bIBAKOLWMMU,
Kakne aprymMeHTbl CBA3bIBAOTCA C KOHCTAHTAMW W OrpaHnyMBAtOTCA Mpasunamu,
a Kakue $BNSOTCA CBOGOAHLIMU. «YKpallleHWe» AN HEKOTOPOro Nn-apHOro
npegukara, rae N — YMC0 3N1EMEHTOB, — 3TO CTPOKa 13 cumeonos b (bonded) u f
(free). B [58] 6blna BBeAeHa TpeTba nTepa  ykpaweHus ¢ (condition),
ucnonb3yemast TOMbKO ANS He3aBUCMMbIX YC/0BWIA. YCnoBue Ha aTpubyte X
Ha3bIBAaeTCA HE3aBMCMMbIM, E€CAIM OHO MOXET ObITb BblpaXXeHO 6€3 CCbIIKA Ha
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KaKoin-nnbo cBO6OAHbLIN aTpubyT. Hanpumep, ycnosne X > 10 saBnseTcs
He3aBMCKMbIM. YcnoBme X > Y He3aBUCUMO, ecnv aTpubyT Y SIBNSETCS CBA3AHHbIM,
B MPOTVMBHOM C/y4ae 3TO YC/IOBME 3aBUCUMO.

N3  «yKpalleHHbIX» MNpeaukaToB  cO3daeTcs  rpad npaBun UM Uenen,
NPeACTaBNAWMIA CTPYKTYPY MpaBui U (HakTOB M UX B3aMMOLENCTBME MeEXAY
coboii. Ha rpade [omkHbl ObITb NpeACTaBneHbl CBA3M MEXAY NpegukataMu u
npasuiaMun, ¢ NOMOLLBK0 MYHKTUPHBIX IMHWUIA — MapLUpyT Mepefayn AaHHbIX Mpu
BbINOMIHEHMM 3anpoca. Ha ocHoBe aHanm3a 3Toro rpada cosgaetcs crtpaterus SIPS
(Sideways Information Passing Strategy), onpegensiowas, Kak nepefaBaTb
MH(OPMaUMl0  CTOPOHHMM 06pa3oM B Tenle  Tab/IMYHOIO  BbIPaXEHWS Npw
BbIYMCIEHNM TabIMUHOTO BbIPKEHNS.

Mo3e aBTOpPbl MPEAIOKWAN  YCOBEPLUEHCTBOBAHHYIO  BEPCUIO  anropuTMa
«MarnyeckMx MHOXECTB» AN PEeNALMOHHbIX 623  [aHHbIX. DopMaibHOe
onpefeneH1e anroputMa OCTaBa/IOCh MPEXHWUM, WCKMHOYas 3aMeHy TepMUHOB:
«MPeAMKaT» Ha «Tabnuily», a «MarMyeckoe MpaBWIo» - Ha «Marmyeckoe
BbIpaXKEHME.

Ha ocHOBe Nony4YeHHbIX faHHbIX NMPOM3BOAMTCA Nepesanich 3anpoca, BKAoUaroLLas
B cebsi cnegytolme anemeHTbl [59]): cosgaHMM 3anpoca M MycTOro MHOXECTBA
Tabnuu, cosfjaHne [ANns Kaxaoi Tabnvubl M3 HayanbHOro 3anpoca HOBO
Marmyeckoii BepcuM U MOAM(PMLIMPOBAHHOIO Tab/INMYHOIO BbIPaXKEHWS, CO3faHue
HayanbHOW Tabnuubl W3 MPEeAMKATOB CPaBHEHMS MO PaBEHCTBY B Hambonee
BHeWHeM 6/10Ke 3anpoca. Mocne 3Toi nepesanucy 3anpoc COKpallaeTcst MyTem
00beAVHEHNs1 TabMMUYHBIX BbIPOKEHWIA C OAHWM WM TEM >Ke 3aro/loBKOM B OfHO
BbIp)KEHME, B TeNe KOTOPOr0o COAEPKUTCS 06beANHEHNE COOTBETCTBYHOLLMX TeN.

MpefcTaBuM paBoTy airopuTMa Ha crefytollem npumepe. McxodHblii 3anpoc,
BbIGUpAtOWMIA hamMuaMK CTapLUMX MPOrpamMMMCTOB, KOTOPbIE MOYYarOT 3apnnary,
6ONbLUYIO, YeM CPEAHSS 3apn/aTta UX OTAeNa, BbIrsAAUT CNeLytoLm 06pasom:

SELECT Ename FROM emp el
WHERE Job = “Sr Programmer” AND
Sal > (SELECT AVG(e2.Sal)
FROM emp e2
WHERE e2.Dno =el.Dno)

WcxoaHblit 3anpoc 06/1aaaeT HabopoM HeAOCTaTKOB, CHMMKAOLLMX 3(heKTUBHOCTb
ero 06paboTKN: CPeAHss 3anfiata OTAena MOXET BbIYUCNSTLCS HECKONMbKO pas,
poctyn K el u e2 gomkeH NPoM3BOAMTLCS B CTPOroM Mopsiike, 06paboTka e2
ABMSIETC MOKOPTEXHOMW, @& He OPWEHTMPOBAHHOM [N MHOXECTBa, YTO AenaeT
HefOCTYNHbIMW B AAHHOM  CAyyae MPerMyLLecTBa PefsALMOHHOA Mogenu,
OPUEHTMPOBaHHOI Ha 06PabOTKY MHOXECTB.

Mpeo6pa3oBaHHblii C MOMOLLLIO aNropuTMa Maruyeckmx MHOXECTB 3ampoc
BbIFIAAUT CNeAyoLLM 06pa3oMm:
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SELECT Ename FROM s _mag, mag_avgsal
WHERE Sal > Asal AND s_mag.Dno = mag_avgsal .Dno
mag_avgsal(Dno, Asal) AS
(SELECT Dno, AVG(Sal)
FROM mag, emp
WHERE mag.Dno = emp.Dno GROUPBY Dno)
mag(Dno) AS
(SELECT DISTINCT Dno
FROM s_mag)
s_mag(Ename, Dno, Sal) AS

(SELECT Ename, Dno, Sal FROM emp
WHERE Job = *““Sr Programmer’)

[JaHHas (hopmMynMpoBKa 3anpoca Mo3BONSET U36exaTb NOBTOPHOIO 06palLeHus K
OHUM U TeM >Ke AaHHbIM W MaKCMMalbHO MCMO/b30BaTh BbIrOAbl PENSLUOHHON
mogenn. [Mogzanpoc S_mag BblOMpaeT CAyXaluX, SBASHOWMUXCA CTapLnMu
nporpamMmcTaMun, mag OnpeaensieT, B KakUX OTAenax MMeeTcs XoTa 6bl OAWH K3
Takux chnyxawmx, mag_avgsal BblUMCNSET CPefHIO 3apniaTy TOMbKO ANS 3TWX
oTAenoB. HecMoTps Ha TO, 4TO [faHHbIA  anroputm TpebyeT BbIYUCNEHMS
[AONOMHNTENbHLIX TabauL, 04EBMAHO, YTO €ro BbINOMHeHMe 60/ee 3hEeKTUBHO MO
CPaBHEHMIO C  M3HAYa/lbHO  NPeACcTaBNeHHbIM  3anpocom. Ha  npumepe,
npegcTasneHHoOM B [59], nokasaHo, 4YTO nNpeobpasoBaHMe METOAOM AEKOPPeNsLmm
He [aeT aHasIorM4yHoro aggekra.

HapaBHe ¢ npeo6pa3oBaHMEM «Marumyeckux MHOXeCTB» 18 paboTbl B pamkax
pensunoHHoli CYB/ B anropnTm BHECEH psif, YCOBEPLLEHCTBOBAHWIA: B YaCTHOCTMH,
rnocne BBEAEHWS| YKpalleHWsi C CcTaja BO3MOXHON 06paboTKa YCMOBWIA, He
CBA3aHHbIX C PaBEHCTBOM, MpegfiaraeTcs cnoco6 paboTbl anroputma Ans
HEpeKyPCUBHbLIX 3anpocoB. AHaloruMyHasi npobnema Ans paboTbl Marv4ecKmx
MHOXecCTB B cpefie Datalog paccmarpusanacs B [60].

3HaunTenbHO npo6neMoli OcTaBafacb WMHTErpauust ONTUMM3ALUM  METOLOM
«MarMyeckmMx MHOXECTB» C OLEHOYHbIM OMTUMK3ATOPOM, T.e. paspaboTka
a/IrTOPUTMOB BbIGOPA 3TOr0 OMTUMM3ALMOHHOIO anropuTMa M3 YKMcia WHbIX Npu
06paboTKe pas/NYHbIX 3aMpoCOB OMTMMK3ATOPOM. Tem 60fiee, UTO pesynbTaT
paboTbl @/IropuTMa OYeHb CWIBHO 3aBWCUM OT W3HAYa/lbHOro MNpefcTaB/eHuUs
3anpoca: eciv  Mepef «Marvyeckoi» OnNTUMM3aUMeli OH yke noABeprcs
repesanucu, ero NpeobpasoBaHHbIi BUA ByAeT O0TAMYaTLCA OT BMAA, NOAYYEHHOrO
npu 06paboTKe ero Ha4anbHOro NpeaCcTaBIEHUS.

PelueHmne 3Toil Npobnembl 66110 NpeacTaBneHo B [61]. ABTOPbI NPeAIOXUAN METOA
BK/IOYEHMA  airopuTMa  «Marv4yeckMx MHOXECTB» B CXeMY OLEHOYHOro
ONTMMK3aTOPa B KAYeCTBE O4HOTO M3 METOAO0B COEAMHEHUI, CXOXErO C onepaLmeli
nonycoeauHeHns. ABTOpbl 0TMeYatoT: «OLeHOYHas ONTUMM3aLMs NpefoTBpaLLaeT
MCMNO/b30BaHWe Nepesanncy Ha OCHOBE MarmyecKnx MHOXECTB, KOrja aToro genatb
He crefyeT, U NO3BONSET BblOpaTh OAMH U3 JTyULIMX BapuaHTOB, KOrAa nepesanich
Ha OCHOBE MarnmyeckMx MHOXECTB LiefiecoobpasHo npumeHaTb» [61]. B cratbe
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TakkKe npefnaraetca  pacluvpeHue  anrebpbl  3anpocoB  MyTeM  BBEAEHWS
MY/IbTUMHOXXECTBEHHOI anrebpanyeckoin onepauynm Q-nonycoeanHeHUs, KOTOpoe
no3B0/1510 bl MOAENMPOBATL MarMyecKyto nepesanunch 3anpocos.

Mo3Xe BO30OHOBMACA WHTEPEC K MNPUMEHEHWIO MarM4eckmx MHOXECTB [N
onTUMM3aLMM 3anpocoB B cpede Datalog, B 4aCTHOCTM — BO3MOXKHOWA
M30bITOYHOCTU Marnyecknx aktoB 1 npaswn. B psge paboT 6binv NPeanoXeHsbl
Cnoco6bl YCOBEPLUEHCTBOBAHUS aNropuTMa Marmyeckmx MHOXECTB U MPOBEPKM
UTOrOBOr0 NPeACTaB/EHNS 3anpoca C Lie/blo YCTPaHEHNS U30bITOYHOCTEN[62-64].
Cyga  no  JOCTynHbIM  HaMm  ny6nukauwsam, — panbHeiwve  NOMbITKM
YCOBEPLUEHCTBOBATb METOL «Marvyeckmx MHOXECTB» [/ PensuuoHHbIX 6a3
JaHHbIX He npeanpuHumanvcs. bonee nosgHWe paboTbl KacarTca NPUMEHEHNUS
Marmyeckmx MHOXECTB A1 3a4ady, OT/IMYHbIX OT ONTMMM3ALMK 3anpocoB, B TOM
ymncne, NHTerpaummn gaHHbix [65], NpMMeHeHMs K 3anpocaM Ha Ai3blKax, OT/IMYHbIX
0T «Knaccuyeckmx» Datalog n SQL [66, 67] u T.n.. OTAeNbHO cnefosano Obl
BblENNTb PaboThbl O NPUMEHEHNN «MarMyYecKnX MHOXECTB» [/1 3anpocoB K XML-
[aHHbIM [68, 69].

4. lekcnyeckas onTuMM3aLmsi Ny TEM COKpaLleHUs

CokpallieHne 3anpoca - 3TO MOBbILIEHWE NaKOHUYHOCTU W YMEHbLUEHWE 4ucna
YCMOBWI, KOTOPOE MOXET MPOU3BOAUTLCA TONBKO MPW COXPAHEHUM CEMAHTUKM
3anpoca. KoHeuyHo, Kak nokasblBaeT psj NpMMepoB (CM. MpeAblaywuii pasgen), OHO
He MOXET SBMATLCA CaMOLE/bH, OAHAKO YAANEeHWe CeMaHTUYECKU W36bITOYHbIX
YCMOBWiA, OyO6NMPYIOWMX WH(OPMaUUIo, yKe cofepkaulytocs B 3ampoce, 6yget
Cnoco6CTBOBaTb YCKOPEHUO ero 06paboTKu.

Kaxgoe ycnoBwe B cCOCTaBe OrpaHWuYeHWsi TPeOyeT OMnpefeneHHbIX CUCTEMHbIX
PECYPCOB Ha CBOO peanm3auymio. CnefosaTesibHO, N06ble CEMaHTUYECKME NMOBTOPSI
B COCTaBe OrpaHWyeHusi NPUBOAAT K POCTY M3AEPXXEK Ha 0OpabOTKy 3ampoca.
AHanornyHbIM 06pa3om, BbIMOHEHWE TOXAECTBEHHO NIOXHbIX WU TOXAECTBEHHO
WCTVHHBIX YC/OBWIA MOBbILIAET PacxXofbl Ha WCMOMHEHWWU 3anpoca. YCTpaHeHue
NOAO0GHbIX MPOSBNEHNI CEMaHTUYECKON M30bITOYHOCTM 3ampoca Ha CTaauu Ao ero
BbINO/IHEHWS ONTUMU3MPYET 3anpoc.

Mogo6Hoe  npeobpa3oBaHWe  yCcnoBus  CTaBUT  33favyy  pacrnosHaBaHus
3KBMBAIEHTHOCTX 3anpoCcoB W WX OrpaHuYeHuin. Mbl He Oygem noApo6HO
0CTaHaB/IMBATbCA Ha TEOPeTUYECKUX paboTax B 3TOM 06/1acT, N OTMETUM MIULLb,
YTO OHW aKTyaslbHbl 1 cerogHs (cm., Hanpumep, [70-71]). iHTepec K 3Toli 06nacTm
TaKkkKe BO3POC B CBA3W C TeM, YTO OblN0O [OKa3aHO CXOLCTBO [AaHHOW 3ajauu C
npo6/1emMoii NOMCKa A0NYCTUMOrO peLleHns B 06/1aCT UCKYCCTBEHHOTO MHTENNEKTa
1 Teopum onepaumii [72-73].

PacnosHaBaHMe 3KBUBANEHTHOCTU aKTyafbHO He TOMbKO MPU  NIEKCUYECKON
ONTMMM3aLMM  3amnpoca, HO W NPU  UCNOMb30BAHWM  MaTepuasM3oBaHHbIX
MpeAcTaB/ieHNi, KOTOPble MO3BOMAKT OMTUMM3MPOBATL 3anpoc MyTeM MoucKa
06WWMX MNOABLIPAKEHWIA, C 3ampocamu, paHee 06pabOTaHHLIMKM CUCTEMOW, YbM

204



MPeACTaBNEHNS XPAHATCA B MaMSATX U MOTYT BbITb MCMO/b30BaHbI NPU peann3aLmm
HoBOro 3anpoca. OfHako NOCNeAHWIA BWA ONTUMU3ALMM HAXOAWTCA BHE TEMbl
Hallero 0630pa, M Mbl OrpaHUYMMCS CCbIKOM Ha paboTbl, MOCBALLEHHbIE
HenocpeAcTBEHHO emy [cMm., Hanpumep, 19, 74-75], a Takke KpaTKuili 0630p
[5, pasgen 7.3].

VccnegoBaHusam B 061acTV YNPOLLAMOLLEA NeKCUYeCKol OnTUMM3aLmm 3anpoca
Crnoco6CcTBOBaMa, B TOM uucne, pabota [76], rae Obino AoKasaHO, yTO /H06oe
KOHBIOHKTVBHOE OrpaH1yeHye 3anpoca Brga

X1 AND X2 ... AND Xn

MMEEeT MWHVMa/IbHOE 3KBUBASIEHTHOE MPELCTaB/IEHNE, KOTOPOe MOXeT OblTb
onpejeneHo C MOMOLLBIO NOCNefOBaTeNIbHOCTM Onepauuii. OTa 3ajadva ABMseTCS
NP-cnoxHoli. Tem He MeHee, N060e KOHBIOHKTMBHOE OrpaHuyeHrne MOXEeT ObiTb
npeo6pasoBaHO K 6onee KpaTKoi (hOpMe NyTEM WCKIOYEHWS U3ObITOUHBIX
YC/IOBWIA.

TeopeTnyeckyto OCHOBY YNpOLLAIOLLeli NEKCUYECKOM ONTUMM3ALMM, anropuTMam
KOTOpPOIi MOCBALLEHA HacTOALaA 4acTb CTaTbW, NO BCEW BMAMMOCTW, COCTaBW/a
pabota M. A. B. Xonna (P. A. V. Hall) [41], B KOTOpOin paccmaTpuBaeTcs
NpMMeHEHNe MPUEMOB PeNLMOHHON anrebpbl MO MPeobpas’oBaHWI0 NOrMYecKUx
BbIP&XKEHUIA B Liensx onTMMu3aLmm 3anpocoB. OCHOBHble CROPMYIMPOBaHHbIE UM
MOen NeKCUYecKom OonTUMM3aLMM MyTeM YMPOLLEHUA 3amnpoca CBOAATCA K

CNeaytoLemy:
O6beanHeHVe NOCNeA0BaTENILHOCTY NPOEKLUIA B OAHY;
VICKNtoUeHMe U36bITOYHBIX ONepaLinii;

YNpOLLeHMe BbIPXKEHWIA, UCTIONb3YIOLLMX MYCTble OTHOLLIEHWS U TPUBUA/IbHbIE
YCNOBUS;

BbIHOC 06LLUMX BbIPaXKEHWI «3a CKOOKMN».

Psg 06Wwyx CcOOBpaXeHWid N0  MCMO/b30BAHUKO PENAUMOHHON anrebpbl npu
OMTUMM3aLLMM 3aNpPOCOB paccmaTpuBaeTcsa Takke B [77]. Mpu pelieHun 3agad
ONTMMM3aLMN 3aNpOCOB B HEPENALMOHHLIX 6a3ax [aHHbIX psf aBTOPOB TakXke
NPUMEHANN MOAX0[, NPeACTaBNeHHbI, B TOM uucne, B [77]. B ero pamkax
COKpAaLLaTCA M3ObITOYHbIE YCI0BUS, 06BEAVHEHHbIE NIOTUYECKUM KOHBHOHKTOM C
MPeAcTaB/IEHNEM OrpaHWYeHWin B BuAe Tabno, T.e. TabnnyHbIX HOTauuid [78, 79].
Mo3)e 3TOT anropuTM Oblf YCOBEPLUEHCTBOBAH A8 OFPaHUYEHWUiA, COAEepXKaLimX
onepauun AU3LHOHKLUK 1 oTpulanHms [80].

CrefywoLwmid Wwar B peLUeHnn 3agadn CoKpalleHns 3anpoca chenaH B [43, pasgen
4.5], rae npoueaypa NepemeLLeHVs NpegukaTa Mo AepeBy 3ampoca MCMo/b3yeTcs
Cpeay MpoYero Ans CONocTaB/eHUs ero ¢ NpegukaTaMn B Apyrux y3nax Ha pasHbiX
YPOBHSX BIOXKEHHOCTU C LEMbI0 UCKIHOYEHUA M3ObITOYHOCTU. DaKTUYECKM peyb
ngeT o0 cnocobax COMOCTaBMEHWS OFPaHUYEHMIn 3aMpPOCOB, OCHOBaHHbLIX Ha [73].
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O630p HEKOTOPbIX POACTBEHHLIX METOA0B ONTUMMU3ALMM 3aNpoca, OCHOBAHHbLIX Ha
nepegave npegukaTos Mexay 610kamu, npeacTtasneH B [5, pasgen 4.3].

Cyga no onyb/MKOBaHHbIM  [aHHbIM O paboTe OMTUMM3ATOPOB  LUMPOKO
pacnpocTpaHeHHbIX CYB[, C Uenbl yAaneHus K36bITOUHLIX YCAOBUA B HUX
peann3yoTCa TOMIbKO anropUTMbl MOMCKA OOLLMX NOABLIPAKEHUN B KOHBIOHKTaX
ycnoBuiA. B yacTHocTu 310 Kacaetcs MySQL [81], PostgreSQL [82] u Oracle [21,
p. 9]. Mpuuem B cnyyae PostgreSQL aHanM3 OTKPbLITOrO Koda MNO3BONseT
YCTaHOBWUTb, UTO MOMCK O6WMX  MOABLIPKEHWUI  peann3oBbiBasics 63
MCMOMb30BaHMA MpeACTaBfeHnst Tabno Ha OCHOBE CHHOPMY/MPOBAHHLIX A/s
pa3nyHbIX Map YCMOBWIA MpaBun. HecmoTpsa Ha TO, 4YTO 3TOT aaroputm, B
CYLJHOCTW, AOCTaTOYMHO TPUMBMANEH, [OMrOe BpeMsi He OblN0 COOOLUEHWA O
MOMbITKax ero yCcoBepLIEHCTBOBaHMS.

OTKa3 0T 06pabOTKN AU3BIOHKTOB OrpaHMYeHni i MOXHO pacCMOTPETb Ha Npumepe
paboTbl onTumMu3aTtopa M3 onucaHus MySQL 5.5 [12], rge npy paccMOTpeHUK
MPMEMOB /IEKCMYECKO ONTUMU3aLLMN NPUBOLUTCA NPeobpasoBaHye:

((a AND b) AND ¢ OR (((a AND b) AND (c AND d)))) = >
(a AND b AND ¢) OR (a AND b AND c AND d).

OfHako O04yeBMAHO, 4YTO [aHHOe Mpeobpa3oBaHVe He 3aBepLleHO0 W WUTOroBoe
KpaTyalillee NpeacTaBfieHne 3Ton yHKLUMK

a AND b AND c,

TaK KaK
X OR (X AND @) = > X.

MpVMeHVMbIE AN PELeHNs 3TOM 3afayun cnocobbl MUHMMK3ALMU NTOTUYECKNX
(hyHKLMIA O6blny pa3paboTaHbl elle B Havane 1950-x rr. [83, 84] (T.e. ewle A0 Havana
cneymanbHbIX UCCNeA0BaHMIA B 0611aCTM ONTUMM3aLMK 3anpocoB [1]), no3xe OHW
OblMM  NPUMEHEHbI AN NPOrpammHON  peanusaumm [85-86]. BO3MOXHOCTb
ucnonb3oBaHust anroputma KgaiiHa-Makknacku (Quin-McCluskey) [85-86] npu
ONTUMM3aLLMM 3aMPOCOB Jonyckanack B [87, p. 234], [88], [89, ¢. 171-172.].

ABTOpbI JaHHOro 0630pa B CBOMX HefaBHMX paboTax [90-92] npemnoxunm psg
aNropMTMOB, MO3BO/IAOWMX ONTUMU3MPOBATL 3amMpoc, WCMOMb3ys aropuTMbl
anre6pbl NOMMKN U NIMHERHON anrebpbl, B TOM YKCE YNOMSHYTbINA Bbillie anropuTm
KBaiiHa. Mpu 3TOM OrpaHMYeHMs 3anpoCcoB paccMaTpuBaIUCL Obl Kak NIOrMYeckime
(DYHKLMMN UK CUCTEMBI TIMHEHBIX HEPABEHCTB.

Hamu 6binn npeanoXeHbl:

anropuTM NOrNOLLEHNS YCNOBMIA-AYBNNKATOB N UX KOHBIOHKTOB, OCHOBAHHbII
Ha pacno3HaBaHUW fy6/MKaTOB He TOMbKO B paMKax OfHOrO KOHBIOHKTA, Kak B
paHee YNoMsiHYTbIX PaboTax, HO 1 PasHbIX KOHbHOHKTaX OHOTO OFpPaHUYeHNS,
MPeACTaBNEHHOTO B AU3bHOHKTBHO HOPMaNIbHOM (hopME;

/IMOPUTM MUHUMM3aLMKN 3anpoCa Ha OCHOBE A0MOJ/IHEHHOIO a/IrOPUTMa
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KBaliHa (fononHeHns MakKnacku Hepeanmsyembl AN AaHHOMO BMAa 3ajay),
npu KOTOpOM orpaHuyeHuve B IH® paccmarpusaeTca Kak MHOXKECTBO
YTBEPXKAEHNIA;

/IMOPUTM MUHUMUM3aL N OTPpaHNYEHUA 3arnpoca KakK CUCTEMbI NNHEAHbIX
HEPaBEHCTB.

Kpome anroputmoB, yAansloWwmUx W30bITOYHbIE YCNOBUSA, WCMOMb3YETCS TaKXKe
MEeTOAbl YMPOLLEHNs 3ampoca NyTeM 0ObLEAMHEHUS U COKPALLEHNA He OTAENbHbIX
MpeavKaToB M NX FPYNM, a BOXEHHbIX NoA3anpocoB. Hanprmep, B cucteme Oracle
[93, pasgen 2] nogobHas npouedypa MPOM3BOAWTCA Hah nNoAsanpocamy Ha
OCHOBaHWM «CBOWCTBa BK/HOUeHNs» («610K 3anpoca X BKOYaeT APYroin 610k
3anpoca Y, ecnu pe3ynbtaT Y ABNSETCA MNOAMHOXECTBOM (He 0653aTeflbHO
CO6CTBEHHbIM) pe3ynbTaTa X» [93, p. 1368]).

BaXHbIM HampaBfieHMeM B 06/1aCTM ONTUMM3aLMM 3arpoCOB MYyTEM COKpaLleHWs
SBNAETCA afanTaums CYLLECTBYIOWMX W pa3paboTOK HOBbIX anropuTMOB /15
06paboTKM 3anNpocoB K HepensaumoHHbiM CYB/, B 0CO6EHHOCTH, Ha A3bike XQuery,
npegHa3Ha4YeHHOM A5 B3aumogeiicTemst ¢ XML-gaHHbIMU.

OfHako B CyllecTByHOWMX paboTax K ontumusaumn XQuery-3anpocoB B
3HaYMTE/IbHOM Mepe MPUMEHSIIOTCS YXKe XOPOLLO M3BECTHbIE Npuembl. PaboTbl [34,
35] copepxaT npeobpas3oBaHMs AN anrebpbl XQuery, TAroTelowme, 0f4HaKO, K
npuemam u3 [41]. AsTopbl [54] 0C060 MNOAYEPKMBAIOT BaXXKHOCTb Pa3BUTUS
anrebpanmyeckoro npeacTaBleHWs  3ampocoB € LENbl0  MPUMEHEHWUA  Af1s
onTMmum3aummn XQuery-3arnpocoB NprUeMoB, A0Ka3aBLLUNX CBOH 3(EKTUBHOCTb A/1S
PENAUMOHHBIX 6a3 pgaHHbIX. B [30] gaxke onuvcbiBaldTCA OMTUMU3MPYIOLLME
npeobpasoBaHus Hafg XQuery-3anpocoMm, Mpeo6pasoBaHHbIM B PENALMOHHYHO

hopmy.

5. 3aknouyeHue

HecmoTpa Ha 60/1bLUOe YMCNO pa3paboTaHHbIX METOA0B ONTUMM3ALUK 3arnpocoB,
3Ta 3aja4a BCe elle OcTaeTcs akTyanbHOW ana cywectsylowmx CYBMA. Kak
0TMeYaeT M3BECTHLIN cneyuanncT B gaHHoi obnactu C. Yaygxapu: «OnTummsaums
3amnpocoB CTO/b XKe, ecn He 6onee, akTyanbHa, YeM B NpoLioM. COBpeMEHHbIe
6asa [JaHHbIX BKKOYAKOT B Ceb6si CMCTEMbI 0O6PabOTKM TpaH3aKUMil B peasbHOM
BpemeHn, ERP-cuCTeMbI, CUCTEMBI YNpaBneHWs B3aMMOAENCTBMEM C K/MEHTaMU,
aHanMTMUYeckyto 06paboTKy B  peasbHOM  BPEMEHW, aHanu3  faHHbIX €
MCNo/b30BaHMEM XpaHuAuL, AaHHbIX (Data-warehouses). 3anpochbl, reHepupyemble
3TUMW NPUNOXEHUAMM, BCE CMOXHEe, a 6a3bl faHHbIX — 60/bLUE, YeM Korga bbl TO
HY 6b110. Takum 06pa3om, LeHTpasbHas posib ONTUMM3ALMU 3arpocoB, KOTopas
WLLET pa3/fnyHble CTpaTernyn 06paboTkM U BbIOMpaeT NyYWWiA NfiaH UCMOHEHWS,
OCTaeTCsi HECOMHEHHOW» [94, p. 961]. B ToM umucne, onpeaeneHHOro BHUMaHWS
3aCNy>XUBAKOT a/ITOPUTMbI IEKCUYECKOW ONTUMM3aLMK 3anPOCOB.

B gaHHOM 0630pe Mbl NOCTapasMCcb PACCMOTPETHL BbILLEALLIME 3a NPOLLeALLINE oAbl
paboTbl B 061aCTW NIEKCUYECKOro MoAxoja K onTumm3aLum 3anpocos U BbIAENUTb
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OCHOBHble MPeAMETbI UCCEA0BaHMNIA B 3TO 061acTW. Mbl Npeanaraem creayroLLyo
Knaccugmkaumio.

Mepe3anuck 3anpocos:

Co3pgaHve anrebpanyeckmx NpPeAcTaBAeHNA A5 YNpaBneHns 3anpocamu

MepecTaHOBKa M YNOpAA0YeHNE 31EMEHTOB 3anpoca C Liebio MOBbILLIEHMSA
CKOpOCTM 06paboTKn

WHTerpaums BNOXEHHbIX N0A43anpocoB
YnyullieHye noazanpoca:

Maruyeckne MHOXecTBa
CokpalleHve noA3anpocos:

Y paneHvie 36bITOYHBIX YCIOBMWIA W TPyNN YC0BWIA B paMKax 04HOTO
OrpaHNyeHUs

ConocTaB/ieHVe U COKpaLLieHUi orpaHuYeHMiA NoA3anpPoCoB Ha PasINYHbIX
YPOBHSIX BMOXXEHHOCTU

Kpome ToOro, 06WMM Ans BCEX YKa3aHHbIX HanpaB/feHWin ABnseTcs ajanTtauus
CYLLECTBYIOLLMX B HUX pa3paboToK K HepesiaLUMOHHbLIM 6a3aM [aHHbIX, B TOM YuMChe,
K 06paboTke 3anpocoB Ha XQuery, npefHasHauyeHHOM Ans obpaiieHus Kk XML
JOOKYMeHTaM. PS4 CYLLECTBYIOWMX anropuTMOB Jerko MpUMEeHUMbl K HOBbIM
3anpocam, Apyrve HyatTcs B CYLLECTBEHHO J0paboTKe A1 HOBbIX 3ajay.

Kak nokasbiBaeT npumep [90], Gofee BHUMATENLHOTO W3Y4YeHUs 3aCyXWBAOT
CYLLECTBYIOLIME MATEMATWYECKUE aNTOPUTMbl, MPUMEHUMbIE A1  PELUEHUs
pasNMYHbIX 334ay, CBA3aHHbIX C ONTUMM3aLMell 3aNpocoB.
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Abstract. The presented overview is concerned with lexical query optimization and covers
papers published in the last four decades. The paper consists of five sections. The first section
— Introduction — classifies query optimization techniques into semantic optimizations and
lexical optimizations. Semantic optimizations usually relies on data integrity rules that are
stores within metadata part of databases, and on data statistics. This kind of optimizations is
discussed in many textbooks and papers. Lexical optimizations (more often called rewriting)
use only a text of query and no other information about database and its structure. Lexical
optimizations are further classified into query transformations, query amelioration, and query
reduction. The second section of the paper discusses techniques of query transformation such
as predicate pushdown, transformation of nested query into query with joins, etc. Query
amelioration is a topic of the third section with a focus on magic set optimizations. The forth
section covers query reduction optimizations. The section briefly describes traditional
approaches (such as tableau-based) and considers in more details three new algorithms
proposed by authors. The fifth section concludes the paper.

Keywords: query optimization; query simplification; lexical query optimization; magic sets
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