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APXITEKTYPA OPTAHI3AIIII CACTEMMU 3AXMCTY BA3 JAHHUX 3
KOJIOHKOBUM NNPEACTABJIEHHAM JAHUX

Y emammi pozenaoaomuvca noei npunyunu ma nioxoou 00 nPOEKMy8aHHA CUCHIEM 3AXUCHY 0a3
OaHUuX 3 KONOHKOBUM npeocmagnenuam. Onucana 3a2anvHa apxXimeKkmypa opeanizayii cucmemu 3axXucmy
0a3 oanux 3 GUKOPUCHAHHAM 000AMKOB0OI NPOZPAMHOI cUCHEMU, WO 3a0e3neuye 36'A30K 36UYAIHOT
penauiiinoi CYB/l 3 kononxkoeum npeocmasnenuam oanux. Konoukoei indexcu cmeoprowomovca ma
RIOMPUMYIOMbCA 6 PO3NOOLIEHITI onepamueniil nam'ami oduucioeanvnozo knacmepa. Ilpu cmeopenni
iHpopmayiiinux cucmem 3 makor Kou@icypauicro HeoOXiOHO RIOKIIOYUmMU RIOCUCHEMY Gi0HO6T1EHHA
KOJIOHKOBUX [HOeKcie nicna 30010. Pe3ynomamu excnepumenmis noxazanu, w0 nioxoou i memoou
napanenvnozo euxkonanusa 3anumis kiacy OLAP na 6a3i 00MeHHO0-KOIOHKOBOT MOOeNi 0eMOHCIPYIONtb
Xopouiy macuimadoeanicme 014 3aNUMIE 3 6eNUKOI0 CEIeKMUGHICHIO, AKI € MUNOGUMU O CXO08UUY
oanux. Ehexmugnicmo eukopucmanna cucmemu 3HUMNCYEMbCA NPU 3MEHWIEHHI po3mipie 6azu Oanux i
npu 30inbuienHi po3mipie pe3ynvmyrouo2o eionowienna. Pe3ynvmamu, ompumani 6 x00i podomu,
MOHCYMb 3ACMOCOBYSAMUCA NPU CHEOPEHHI MACUIMAd08aAHUX KOJIOHKO8UX chienpouecopie SQL-CYB/I,
W0 003807 1UMDb 00POOIAMU HAOGEUKI CXOGUUWLA OAHUX HA KIACHEPHUX 00YUCTIOBATbHUX CUCHEMAX, Y
momy Yucii 3 ey3namu, w0 6KII0UAIOMy 6 cede dazamondephi npuckoprosayui muny GPU aoo MIC.

Knrouosi cnoea: naosenuki 06’emu oanux, KoaoHKo6L iHOeKcu, Konoukoel oa3zu oanux, OLTP,
OLAP, inpopmauiiini cucmemu.

Beryn. [MoctiiiHO mporpecyrode iH(popMaIliiiHe HaBaHTKEHHS, M0 TMOB'sI3aHE 3 PO3BUTKOM
COLIAJIbHUX MEpeX, EJEKTPOHHHX 0107i0TeK, TreoiH(GOpMaliifHUX CUCTEM, IHTEICKTyaJlbHUM
aHai30M JaHUX Ta 1H., MPU3BOJAUTH [0 HEOOXITHOCTI BIOCKOHAJCHHS METOHIB OOpOOKHU
HaJBEIUKHX 00’ eMiB iHpOpMAITii.

3rigHo 3 mporHo3amu aHamitnaHOi komrianii IDC 1o 2020p. KiTbKICTh IaHUX Yy CBITi JOCATHE
40 zerrabaiiT. Y 3B'I3Ky 3 MOSABOIO 3ajay, [0 BUMAararoTb OOpOOKM HaJBEIMKHX 0a3 JaHUX,
HeoOXiJH1 HOBi1 €(EeKTHBHI METOIM MapajeabHOi OOpoOKM Ta aHaNi3y TakuxX OOCSATiB JaHMX Ha
6araTonpouecopHux OOYMCIIOBATBHUX cHcTeMaX. DaKTUYHO €JUHUM €(EKTHBHUM BUPIIICHHSIM
npobnemu 30epiraHHsd, OOpoOKHM 1 3aXHMCTy HAABEIUKUX OO’€MIB JaHUX € BHUKOPUCTAHHS
napajelbHUX cHCTeM 0a3 JaHux, [0 3a0e3neuyioTh MapajelnbHy oOpoOKy 3amuTiB  Ha
6araTonpouecopHUX 0OUNCITIOBAILHIX CHCTEMAX.

Benuki koMnanii 3aBXau BiquyBajld HEOOXIAHICTh y BHUPIIIEHHI 33734 aHANI3y AaHUX, K1
NEPeTBOPATh BEJIMKI 00CATH BXIIHUX JaHUX B 1H(MOpMAaNilo, HEOOXiJHY Ui CBO€YACHOIO
OpUUHATTA pimieHb. [lapanensHi cuctemu 6a3 ganux («Gammay [1], «Teradatay [2]) Oynu ogHEMH
3 MEPIIMX CUCTEM JIJIs BUPILICHHS JaHO1 POOJIEMH.

bararo iHHOBalili Ta MOKpalleHb B MPOJYKTUBHOCTI MOTPEOYIOTh B CBO€YACHOMY 1
€KOHOMIYHO €()eKTUBHOMY aHaNi31 BEIMKUX OOCSTIB TaHUX. 32 OCTAaHHE JACCATUIITTA JaHa moTpeda
MpHBeNa J0 MOSIBM HOBUX 3HAYHUX IHHOBAIlM B CHCTEMax aHATITHKU HAJBETUKUX 00’€MIB JaHUX.
HasBHicTh mapanenpHUX 0a3 JaHUX OJANM Taki METOIM, SK KOJOHKOBE 30epiraHHs i oOpoOka
nanux [3]. OpHouacHo 3 nuM Oyiu po3po0sIeHi HOBI PO3NOALICHI MACUBH JIAHUX Ta 00YMCITIOBAIbHI
cucremu (MapReduce [4], Bigtable [5]). ®aktuuno, eAMHUM e(hEeKTUBHUM BUPILICHHSM MPOOIeMHU
30epiranHs 1 0OpoOKM HaABENUKUX 0a3 MaHMX € BUKOPUCTAHHA MapajelIbHUX CUCTeM 0a3 JaHHX,
mo 3a0e3NnevyloTh PO3MOAUIeHy OOpOoOKy 3amuTiB Ha OaraTONMPOLIECOPHUX OOYMCIIOBATHHUX
CUCTEMaXx 3 PO3MOALICHOI0 MaM'sITTIO [2].

IMocTanoBka 3agaui. [lapanensHi cuctemu 6a3 JaHUX JOCATIIM BHCOKOI MPOJYKTHBHOCTI 1
MaciTaboBaHOCTI CEKIIOHYBaHHA Tabiuipb mo By3nax B ‘“‘shared-nothing cluster”, B skiii koxeH
BY30JI € HE3JICXKHHUM 1 caMoJlocTaTHIM. Taka ropu3oHTanbHa cXema po30UTTs BKIOYAE pEsiiHi
omepalliii, Taki K (UIBTPH 3'€IHAHHS 1 arperyBaHHs JUIsl MapajieabHOI0 3aIMyCKy 3 PI3HUX PO3JLTIB
TabuIi, 30epexkeHol Ha PI3HUX By3Jax.
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TpamuiiiiauM TiAX0AOM 10 OpraHi3amii 30epiraHHS JaHWX € CTPOKOBE TMOJAHHS JIaHUX.
OpHak, MpU BUKOHAHHI THUMOBUX aHAITUYHUX 3aMHTIB 70 0a3 JaHUX HEOOXITHO YUTATH TLIHKU
HEBEJIMKY YacTUHY MOJIIB, TOMY CTPOKOBE IPEICTABICHHS JAaHUX BHBIAETHCS HEC(PEKTHUBHHM B
JaHoMYy BUNAAKY. [[pUYMHOIO IIbOTO € YUTAHHS 3 TUCKY «3aliBUX» MOJIIB Ha AOAATOK J0 TUX IOJIIB,
aKi HeoOXimHI B AaHoMy 3amuTi [3]. MOXIMBUM BHpPINICHHSIM Ii€l MpoOjeMu Moxe Oyru
BUKOPHUCTAHHSA MEXaHI3MIB KOJIOHKOBOT'O IPECTABICHHS JaHUX, 1110 103BOJISIOTH OTPUMATH 3HAYHO
Kpaly IpoaAyKTHBHICTh NPpH 00poO1i aHaniTnyHuX 3anuTiB [5]. KonoHkoBe npecTaBieHHs TaHUX
MOJISITAE B TOMY, IIIO JaHi 30epiratoThCsl HE MO PANKax, a Mo KoJoHKax. Lle o3Hagae, Mo 3 TOYKH
30py SQL-kiieHTa naHi mpencTaBieHi y BUIIISLII TaOnuib, ane Gi3sudHO 11 TaONHUL € CYKYIHICTIO
KOJIOHOK, KOXHa 3 SKUX sBig€ coOoro Tabnuuio 3 oaHoro mousd. JlogaTkoBoro mepeBaroro
KOJIOHKOBOTO TPEJICTABJICHHS € MOXKJIUBICTb BUKOPUCTAaHHS €(DEKTUBHUX ANTOPUTMIB CTUCHEHHS 1
3aXUCTY JaHWUX, OCKUIbKH B OJTHIN KOJIOHIII TaOIHII MICTAThCS JaHi OAHOTO TUy. CTUCHEHHS MOXeE
MPU3BECTU [0 3HAYHOTO MiABUIICHHS MPOJYKTHBHOCTI JITOPUTMIB CTUCHEHHS 1 3aXUCTy JTaHHX,
OCKLUIbKHM MEHIIIE Yacy 3aiiMaoTh orneparlii BBeJACHHA-BUBEICHHS.

TakuM YMHOM, aKTyaJbHOIO € 3a7aya po3pOOKH HOBUX €(PEKTHMBHHUX METOJIB Ta aJrOPUTMIB
napaneiabHOi OOpoOKM JaHMX B ONEpaTHBHIA naM'dTi Ha CydacHMX 0araTompolecOpHHX
OOYMCITIOBAILHUX CHUCTEMax 3 0OaraTOsJepHMMM TPUCKOPIOBAYaMU Ta 3 BHKOPHUCTAHHSIM
KOJIOHKOBOTO TIPEJCTABJICHHS 1 CTUCHEHHS MAaHuX. J[ns BupimieHHs [gaHO1 3a;adi MOXKHA
BUKOPUCTATH 1HJEKCHI CTPYKTYpH CIIELIAJIbHOTO BHJY - pPO3MOALICHI KOJIOHKOBI IHAEKCH.
PosmopineHi KOJTOHKOBI 1HAEKCH JO3BOJSIOTH IPOBECTH AEKOMIIO3UIIIO PENSIIIIHUX ONepartii, 1o
3a0e3MneyuTh iX eeKTHBHE MapajielbHe BUKOHAHHS HA KJIACTEPHHUX OOYMCITIOBAIILHUX CHCTEMax 3
OaratosiiepHUMH  T[IPUCKOpIOBayamMu. Y JaHid poOOTI ONUCYETbCS apXITEKTypa, Mpolec
MPOEKTYBaHHS 1 peasi3allii KOJJOHKOBUX IHAEKCIB 3a JJOIIOMOTOI0 IPOTrPaMHOI CUCTEMHU.

Bukjag ocHOBHOro Marepiany jgociaizkeHb. CucremMa yIpaBlIiHHS pO3MOIUICHUMH
KOJIOHKOBMMH 1HJEKCaMH, II0 PO3MIlIeHI B ONEepaTHBHIA MaM'dATi KJIacTepPHOI OOYMCIIIOBAIBHOI
CHCTEMH, MpeicTaBiieHa Ha puc. 1. [Ipu3HaueHHs JaHOT CHCTEMH — ONEPeAHE O0UHCIEHHS Ta0IuLi
JUISL PECYPCOEMHUX peJsIiiHUX onepariii 3a SQL-3anutom.

Cucrema Briowyae migcucremy «KoopaunHatop», 10  3amyCKaeTbcs Ha  BY3I
oOuncIoBaIbHOTO KilacTepa 3 HomepoM 0, 1 mporpamy «BukoHaBelb», 10 3allycKaeThCsl Ha BCIX
IHIIUX BY3JaX, BUJAUIEHUX i poOoTtu cuctemu. Ha SQL-cepBepi BCTaHOBIIOETHCS CHELIaIbHUI
npaiiBep, 1110 3a0e3redye B3aeMOIi0 3 KOOpAuHAaTOpoM 1o nporokony TCP/IP.

SQL-cepsep KiaacrepHa o04YHc.IFOBAIBHA CHCTEMA
o » -
JPAHBFP Koopan- Buro- Buro-
& HaTop HyBa4 HyBaq
PE3YIIETAT
l T Byaox 0 Byzor 1 Byzox 2
CVBE[
S
bBA
g PO TR

Puc. 1. B3aemonis SQL-cepBepa 3 KJIaCTEpHOIO 00UHUCITIOBAILHOIO CUCTEMOIO

Cucrema KepyBaHHS PO3MOJAUICHHUMH KOJIOHKOBHMH IHIEKCAMHU MPAIIOE 3 JAHUMH IUTHX
tuniB 32 abo 64 Oira. IIpu cTBOpeHHI KOJIOHKOBHUX IHIEKCIB JUIs aTpUOYTIB IHIIMX THIIIB, iX
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3HAYEeHHS KOAYETHCS y BUIIIAMI IIOTO Ynciia abo BEKTOpa LUIMX Yucen. B ocTaHHbOMY BUMIAIKY
JIOBXXMHA BEKTOPA € (DIKCOBAHOIO 1 HA3UBAETHCS PO3MIPHICTIO KOJIOHKOBOTO 1HJEKCY.

Cucrema miATpuMye HAcTynHI OCHOBHI omeparii, mo poctynHi CYBJl uepes intepdeiic
npaiBepa:

— Create Columnlndex (TableID, Column ID, Surrogate, Width, Bottom, Top, Dimension) -
CTBOPEHHSI PO3MOICHOr0 KOJOHKOBOro iHnmekcy i arpulyty ColumnID tabmuui TableID 3
napametpamu: SurrogatelD — inenTudikarop cyporarHoro kitoua, Width — pospsanicts (32 abo 64
6ita); Bottom, Top — HWXHS 1 BepXHs MeXi JOMEHHOTo iHTepBasly; Dimension — po3MipHICTbH
KOJIOHKOBOTO 1iHJeKkcy. 3HaueHHs, 1m0 moBepTaeThes: ClndexID — igentudikatop cTBOpeHOr0
KOJIOHKOBOTO IHJIEKCY.

— Insert (CIndexID, SurrogateKey, Value [*]) — momanus B xononkoBuii ingexc ClndexID
HOBOTO KOopTexy (SurrogateKey, Value [*]).

— Transitivelnsert (ClndexID, SurrogateKey, Value [*], TValue [*]) — nonmanus B
kosnonkoBuii iHAekc ClndexID noBoro koprexy (SurrogateKey, Value [*]) 3 ¢parmenraniero i
cerMeHTalliero, o0yMmoBiIeHNMH 3HaueHHsAM T Value [*].

— Delete (CIndexID, SurrogateKey, Value [*]) — BumaneHHs 3 KOJIOHKOBOTO IHJEKCY
Koprexy (SurrogateKey, Value [*]).

— TransitiveDelete (TCIndexID, SurrogateKey, TransitiveValue [*]) — Bumanenas 3
KOJIOHKOBOTO iHAeKcy Koprexy (SurrogateKey, Value [*]) 3 ¢parmenrarnieio i cerMeHTamiero,
obymoBnenumu 3HaueHusM T Value [*].

B3aemoniss mix «JpaiiBepom» 1 «KoopamHaropom» 3AIHCHIOETHCS IUISIXOM OOMIHY
noBigomaeHHsME Y Gopmati JSON. KoxeH KOJOHKOBHH 1HIASKC AUTUTHCSA Ha (parMeHTH, SIKi B
CBOIO 4Yepry JAUIATbCS Ha CErMEHTU. BeCi CerMeHTHM OJHOro (parMeHTy pO3TAIIOBYIOTHCS B
CTHCIIOMY BHIJISA/II B ONEPAaTHBHINA MaM'saTi OJHOIO MPOIECOPHOTO By3ia. IlaH BUKOHAHHS 3aMUTy
IPEJCTaBICHO Ha pHC. 2.

leftSon. 1= rightSom 1

I ORDERS _ID CUSTOMER GlefiSon 2=5000

I ORDERS TOTALFRICE

Puc. 2. JlepeBo miany 3anury

Cxema Bkmouyae B cebe BiacTHBICTh queryPlan, mo omucye 1miaH BUKOHaHHS 3amuTy. Y
JAHOMY OIUCI PO3PI3HAIOTHCS BY3JIM TPHOX THUIIB: JIMUCTS, BHYTPIIIHI BY3JIM 1 KOpiHb Aepesa. s
JHMCTKIB HEOOXiTHO BKa3aTH IJEHTU(IKATOP BXIJHOTO BIJHOIICHHS (KOJIOHKOBOTO iHAEKcy). s
KOPEHsI 1 BHYTPIIIHBOTO BYy3Jla BKa3yIOThCA MOPSAKOBI HOMEpH JIBOTO 1 MPaBOro (3a HasBHOCTI)
CHHIB y JiepeBi miaHy. Kopinp Bimpi3HS€ThCS THUM, IO Y HHOTO HeMae momnepeanukis. HaBenemo
NPUKIIAJ BUKOPUCTAaHHS omeparopa Execute /s oOuucieHHs TaONMI MOMEpEeNHIX pe3ylbTariB
P(A_ORDERS, A CUSTOMER), mo 3aaa€eThcsi BUpa3oM pelsiiiHoi anredpu. BinnoBigHuii miax
OyayeTbCcsl IpalilBEpOM CHCTEMHU 3a HACTYIHUMH TNpaBWIaMH. ATpUOYTH BXIIHUX 1 MPOMDKHHUX
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BIJTHOIIIEHb HyMEPYIOThCSI HATYPAIbHUMH YHMCIaMU 3JiBa-HanpaBo. [yl yHapHUX omeparliil 3aBxIu
€ TIOCWJIAaHHS Ha JIBOTO cHMHA B JiepeBi miaHy. [TosHauenns leftSon.1 iMeHye 3HaueHHsS mepuIOro
37miBa aTpuOyTy BiJHOLICHHS, OOYMCIIOBAHOTO JIIBUM CHHOM. AHaioriHo, rightSon.2 imenye
3HA4YEHHs APYroro 3jiBa aTpuOyTy BiTHOLICHHS, OOUMCIIIOBAHOTO MPaBUM CHHOM. Bci By3nu nepeBa
IUTAHY HYMEPYIOThCS B MOPSAKY 3BOPOTHOTO 0OXO1y AepeBa (JiBUI CHUH, MpPaBUMl CHH, KOPIHb).
[Ticnst 3akiHUeHHA 0OpOOKM 3aMUTy CUCTEMA Iepesiae ApaiBepy TaONHUI0 MOTepeIHiX 0OUUCICHD B
crucinomMy Burisil. Jpaiisep 3abe3neuye qoctyn 10 nonepeaHix oduncnens aus SQL-cepsepa.

Jlani (KOJOHKOBI IHAGKCHM Ta MeETaJaHi), 3 SKHUMH IMpaIloe CcHUCTeMa, 30epiraroThCs B
pPO3MOJUICHOT MaM'siTi  KJIACTEPHOI OOYMCIIOBANBHOI CUCTeMH. /[l KOJOHKOBHX IHICKCIB
HIATPUMYETHCS ABOPIBHEBA CUCTEMA iX PO3OUTTS HAa HEMEPETUHHI YaCTHHU. PO30OUTTS KOJIOHKOBOTO
iHzekcy, moOynoBaHoro Juist arpudyTy B npencrasieno Ha puc. 3.

B ocHoBI po36uTTs nexuth nomed Dp=[0,99] B.D, Ha sxomy Bu3Hauenuit atpudyt B. Jlomen
pO30MBaEThCS HA CETMEHTHI iHTepBanu piBHOI noexunu: [0; 11), [11; 22), ..., [77; 88), [88; 99].
CerMeHTHI iHTepBaJu pPO30MBAIOTHCS HA MOCTIOOBHI T'PYNH, SIKI HA3UBAIOTHCS (hparMEHTHUMHU
iHTepBanamMu. Y MpUKIaAl Ha puc. 3 e HacTynHi iHTepBanu: [0; 22), [22; 55), [55; 99]. KinbkicTb
(parMeHTHUX IHTEpBaJliB Ma€ 30iraTucs 3 KUIbKICTIO BY3J1iB-BUKOHABIIB. JIOBXHHU (parMeHTHUX
iHTEepBaJIiB MOXKYTh He criBnaaatu. Lle HeoOX1aHO AJisi OaaHCyBaHHS 3aBAaHTAKEHHS MPOLIECOPHUX
BY3JIIB B yMOBax Iepexocy aaHux. Ha mepmiomy erami po3mojily JaHUX BXIIHUH KOJOHKOBHH
iHJIeKC po30uBaeTbcs Ha (parmMeHTH. KoxHOMY (parMeHTy BiAmoBijae NMeBHUN (parMeHTHUN
iHTepBas. Koprex (a, b) morparuise B AaHuil ¢parMeHT TOJI 1 TUIBKM TOJi, KOJU 3HAYEHHS b
HaJISKHUTh BIAMOBIAHOMY ()parMEHTHOMY IHTEpBay.
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Puc. 3. Tlpuknan 1BOpiBHEBOTO PO3OUTTS IHIEKCY Ha ()ParMEHTH Ta CETMEHTH
Bci xoprexi, Imo Hanexartb OJHOMY (parMeHTy, 30epiraroTbcs Ha OJHOMY 1 TOMY XK

mporecopHomy By3ii. Ha npyromy erami koxkeH parMeHT po30MBaEThcs HA cerMeHTH. KokHOoMYy
CerMEHTY BIANOBiZa€ MeBHUM cerMeHTHUH iHTepBai. KopTex (a, b) moTparuise B 1aHuii cerMeHT
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TUIBKM TOJi, KOJHM 3HAYEHHS b HANEXKUTHh BIANOBIAHOMY CETMEHTHOMY IHTEpBaly. YcepeauHi
KOKHOTO CETMEHTHOTO IHTEPBAILy 3allCU COPTYIOTHCS B MOPSIKY 3pOCTaHHS 3HAUEHHs aTpuOyTa.
VY pa3i HepiBHOMIPHOTO PO3MOALTY 3HaYeHb aTpUOYTIB, MO SIKUX CTBOPEHHI KOJIOHKOBUH IHJIEKC,
MOKHA JIOMOTTHCS TNPHUOJIM3HO OJHAKOBOI'O pO3MIpy (parMeHTIiB, 3CyBOM MexXi (pparMeHTHHX
IHTepBaJIiB, AK Ie 3po0ieHo B mpukiaii Ha puc. 2. Ilpu 1poMy MOXYTh BHMTH CEIMEHTH DPi3HOI
noBxkuHU. CerMeHT € HalMEHIIIOK OJMHUIICIO PO3MOALTY POOIT MK MPOIIECOPHUMHU siApaMu. SIKIo
KUIBKICTh CETMEHTIB HEBEJIMKA B MOPIBHSAHHI 3 KUIBKICTIO MPOLIECOPHUX SJIEP HA OJTHOMY BY3Ili, TO
IpY BUKOHAHHI 3alUTy OTPUMAEMO AMCOAlaHC y 3aBaHTa)KEHHI MpolecopHux siaep. [Ipobrmemy
OaraHCyBaHHS 3aBaHTA)KEHHS MOXKHA €()EKTUBHO BUPIIIUTH, 3MEHIIMBIIU JOBXHHY CErMEHTHHX
IHTEepBaJiB, 1 THM CaMHUM 30UTHIIMBIIN KUTBKICTh CerMeHTiB. CHcTeMa MpaIoe TUTbKU 3 JTaHUMU
X TamiB (32 abo 64 Gita). [lani iHIIUX TUIIIB MOBUHHI OyTH MONEpPeIHbO 3aK0J0BaHI ApaiBepoM
y BUIJISII1 TOCIIIAOBHOCTI IUTKX yncell. [Tpu npoMy MOXyTh OyTH BUKOPUCTAHI BiMOBIIHI METOH.
VY BUINAAKY, KOJH 3HAYCHHS aTpUOyTa KOAY€ETHCS y BUTIISAI LUIOYMCEIBHOTO BEKTOPA PO3MIPHOCTI
n (HampuKiIag, e MoXxe OyTH 3acTocoBaHE [UIsl JIOBFUX CHUMBOJIBHHX PSIKIB), JOMEH
NIEPETBOPIOETHCS B N-MipHUM KyO. Y naHiil curyamii n-MipHUN Ky0 MOXke po30UBaTHUCS HA N-MipHI
napajiesenineay Mo YUcay NpolecOpHUX BY3IiB (aHANIOT (parMEHTHOTO IHTepBaily), KOKEH 3 SIKUX
pO30MBAETHCS HA I1I€ MEHIII N-MipHI Hapajiesenineay Mo YUCiay IPOIeCOPHUX Aep B OJHOMY BY31i
(aHamor cerMeHTHOro iHTepBaly). Jlis CTHUCHEHHS  3aKOAOBAaHMX CETMEHTIB  MOXYTb
BUKOPHUCTOBYBATUCS SIK «TsDKKID» MeTOaM (Hanmpukian, Xaddmana ado Jlemmnens-3iBa), Tak 1 «I1erki»
(nampukinaza, Run-Length Encoding a6o Null Suppression), abo ix komoOinanii. «Jlerki» meroan
tuny Run-Length Encoding, y pa3i Koj0HKOBOro mojganHs iH(opMallii, MOXXyTh BUSIBUTHCS OUIBII
e(EeKTUBHUMHU, HDK «TSDKKDY, OCKUIBKH JONYCKAIOTh BUKOHAHHS OMEpaliii Hajg JAaHuMU 0e3 iX
PO3MaKyBaHHS.

3aranpHa Jiorika poOOTH CHCTEMH IMpeacTaBiieHa Ha puc. 4. baza gaHux ckiagaeTscs 3 1BOX
BigHomieHb R(A, B, D) i S(A, B, C), mo 36epiraetscs Ha SQL-cepBepi. Hexait nam HeoOxigHO
BUKOHATH 3aITHT:

SELECT D, C
FROMR, S
WHERE R.B =S.B AND C<13.

[Tpunyctumo, MO cucTeMa Ma€ TUIbKH J[Ba BY3/1a-BUKOHABI 1 Ha KOXXHOMY BY3Ji € TpHU
NpPOIECOPHUX sifpa (TpolecopHi siapa Ha puc. 4 mpomapkoBadi mo3HadyeHHAMHU (Ppy, ..., Pa3).
[Tpunyctumo, mo arpudyru R.B 1 S.B Bu3HaueHi Ha JoMeHI LuMX yucen 3 iHTepBany [0; 120).
CermenTHi inTepBanu a1 R.B 1 S.B Buznauumo nHacrymaum uyunom: [0; 20), [20; 40), [40; 60),
[60; 80), [80; 100), [100; 120). B sikocti hparmenTHux iHTepBadiB 11 R.B 1 S.B 3adikcyemo: [0;
59] 1 [60,119]. Hexait atpubyr S.C BH3HaueHWil Ha JOMEHI LITUX uducen 3 iHTEepBany [0; 25].
Cnoyatky anMiHicTpatop 0a3u JaHUX 3a JOMOMOTOI0 JpaiiBepa cTBoproe mis aTpudyTtiB R.B 1 S.B
po3nojiieHi konoHkoBi iHaekcH Irp 1 Isp. Ilotim mst arpubyty S.C cTBOPIOETHCS PO3MOILICHUN

KOJIOHKOBHI1 iHmekc I ., AKUil (DparMeHTYeThCS i CErMEHTYEThCS TPAH3UTHBHO W00 iHaeKcy Isp.

. . .. B . ‘o . .
Poznonineni kononkoBi iHaekcu Irp, Isg Ta g, 30epiraloThCsi B ONepaTHUBHIM mam'saTi BY3IIiB-

BUKOHABIIB. TakuM YHMHOM, OTPUMYEMO PO3MOILUT JAaHUX BCEPEAMHI CUCTEMH, IO MPUBEJICHO Ha
puc. 4. Ilpu HaaxomxeHHi SQL-3amuTy, BiH NEpeTBOPIOETHCA JpallBEpOM B IUIAH, SKHH
BU3HAYA€THCSI HACTYITHUM BUPa30M peJsILiiiHOI anreOpu:

T pppd Ap,Lsp-A—> Ag| Iy Il><]7(1s.3 >0 g3 (]f.c )) .

R.B-P=
Igp.B

[Tpu BuKOHaHHI ApaiiBepoM omepailii Execute Bka3aHHii 3aUT MePeIAETHCS KOOPAUHATOPY Y
BuriAal omneparopa y ¢opmari JSON. 3anuT BUKOHYETHCS HE3aJEKHO MPOLECOPHUMHU SAPAMHU
BY3JIIB-IIPUCKOPIOBAaYIB HaJ BIAMOBIAHUMU IpynmaMu cerMeHTiB. [1pu 1ipoMy 3a paxyHOK JOMEHHOI
(dbparMeHTaIlii i cerMeHTallii He BUMAararoThCsi OOMIiHU JAHUMH K MDK BY3JIaMU-BUKOHABIISMU, TaK i
MDK MPOLIECOPHUMH SpaMU OJHOTO By3na. KojkHe mpolecopHuil sipo 00UYHCIIOE CBOIO YaCTUHY
MOTIEPETHBOTO PEe3yJbTATy, SIKUM MEePecHSIaeTbesi Ha By30J-koopauHaTop. Koopaunarop ob'ennye
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(dparMeHTH MonepenHiX pe3yabTaTiB B €AMHY TaOJIMIIO Ta HAACHIAE il ApaiiBepy, SKUH BUKOHYE
MaTepiaiizamito 1iei TabmuIll y BHUTJSAI BiJHOMIEHHS B 0a3i JaHuUX, mo 30epiraerhcs Ha SQL-
cepBepi. Ilicms mporo SQL-cepBep 3amicte BxigHoro SQL-omepaTopa, BUKOHYE HACTYIMHUI
oreparop:
SELECT D, C
FROM
R INNER JOIN (
TIIB INNER JOIN S ON (S.A = TIIB.AS)
) ON (R.A =TIIB.AR).
[Tpu npOMY BUKOPUCTOBYIOTHCS 3BMUAlHI IPYMNOBI 1HACKCH Yy BUIIAAlL B-nepes, 3a3nanerinb
noOynoBani s atpubytiB R.A 1 S.A. Ilicna BHKOHaHHS 3amUTy MOMNEPEIHI pe3yabTaTu
BUJIAJISIFOTHCSI, & PO3MOJIUICHI KOJIOHKOBI iHAekcu Irp, Isp Ta [ f ¢ 30epiratroTbcs B ONepaTUBHIN

nam'sTi By3J1iB-BUKOHABIB [l TO1AJIBIIOTO BUKOPUCTAHHSI.
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SQl-cepsep Oo0uncIroBaJIBHHH KIacTeD

Puc. 4. Tlpukmnan o6unCIeHHs MONepeIHiX pe3yIbTaTiB

Ha puc. 5 npezacraBieHa giarpama po3ropTaHHs CHCTEMH, 3aCHOBaHA Ha HOTALll CTaHAAPTY
UML. Jlama cucrema € pO3MOJUICHOIO CHCTEMOI0 1 BKIO4Yae B cebe JBa THUIM BY3IIB:
KOOPAMHATOPH Ta BUKOHABIL. Y HANMPOCTIIOMY BHUIAJIKy B CUCTEMI € OJMH BY30J-KOOPJHHATOP 1
KUTbKa BY3JIIB-BUKOHABIIIB, SIK I1¢ MOKa3aHo Ha puc. 5. OnmHak, SKIIO NPHU BEIUKIA KUTBKOCTI
BHUKOHABI[IB KOOPJIMHATOP CTA€ BY3bKHM MICLIEM, B CUCTEMI MOKe OyTH AEKiIbKa KOOpAUHATOPIB. Y
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[IbOMY BUIAJIKy BOHH yTBOPIOIOTH i€papXil0 y BUIJIAALI 30aJaHCOBAHOTO JIEPEBa, JUCTAM SKOTO €
BY3JIM-BUKOHABIII.

Byzor «KoopgHEEaTOpy Byzon « BEEOHABEIE»

=subsysteme El | =subsystems EJ =subsystems El wsubsystems a

Commutator Executor 1 1..* Commutator Executor
=subsysteme El =subsystame E
Compressor Compressor

Puc. 5. Jliarpama po3ropTaHHsi CHCTEMH

Koopaunatop 1 BHMKOHaBelb MaloTh YHI(IKOBaHY CIPYKTypy, IO Tependadae Tpu
komnoHeHTn: Commutator (Komyrarop), Executor (Bukonaseusr), Compressor (Momayns
crucHenHs). IIpore, ix peamizauii B KoOpauHaTOpi ¥ BUKOHABLI PO3PI3HAIOTHCA. KoMIOHEHT
Commutator B KOOpMHATOP1 BUKOHYE JB1 (QYHKIIi: 0OMiH moBigomieHHsMu y ¢opmati JSON 3
npaiiBepom no npotokony TCP/IP; 0OMiH MOBIIOMIIEHHSIMHM 3 BUKOHABIIEM 3a TexHoJoriero MPIL.
Kommonenr Commutator y BUKOHaBII 3IMCHIOE OOMIH MOBITOMJICHHSMU 3 KOOPIMHATOPOM 3a
texnosorieto MPI.  KommonenT Executor Ha BHKOHABLI OpraHi3oBye NapayeibHy OOpOOKYy
CerMEHTIB KOJIOHKOBHMX IHJCKCIB, BUKOPHCTOBYIOUH TexHoJorito OpenMP, 1 ¢hopmye pparmentu
nomnepenHix pe3ynbratiB. Komnonent Executor Ha koopanHaTopi 00'eHY€E (parMeHTH HONEpeHIX
pe3yibTaTiB, OTPUMAHUX BUKOHABISMH B e€quHy TaOnniuio. Kommonentu Commutator i Executor
BUKOPUCTOBYIOTh KOMIOHEHT Compressor /Uisi CTHCHEHHS Ta po3MakyBaHHs AaHuXx. [Ipu BukoHaHHi
oneparopa CreateColumnlndex koopauHatop nojgae iHGOPMAIIO MPO CTPYKTYPY KOJIOHKOBOTO
IHJIeKCY B CBif JIOKaJIbHMU CIIOBHMK 1 BIANpABIIS€ BUKOHABISIM BKa3IBKYy CTBOPUTH B CBOiX
JIOKAJIbHUX CJIOBHUKAX JECKPUIITOP 3 IH(OpMAIli€r0 MPo HOBMH KOJOHKOBUH iHIekc. [Ipu npomy
KOOpAMHATOP BHM3HAYA€E JIOBKMHY CETMEHTHOIO IHTEpBally 1 MeXi (parMeHTHHX iHTepBaiB. L{s
iH(opMalis 30epira€Tbesi B JECKPUITOP] KOJOHKOBOrO iHAECKCY. KpiM 11bOro, AECKpUNTOp BKIIOYAE
0ITOBY MIKaTy CETMEHTIB, B sIKiii 3HA4YeHHsS | BiANOBiNae HEMYCTHMM CerMeHTaM, 3HaueHHS 0 -
nyctuM. Ilpn moyaTkoBOMYy CTBOpPEHHI KOJIOHKOBOT'O IHJIEKCY BCl CEIMEHTHM Ha BCIX BY3Jax-
BUKOHABIIIB € mycTuMHU. [Ipu BuUKOHaHHI omeparopa Insert KOOpIMHATOPY MEPEeNacTbCsi KOPTEK
(SurrogateKey, Value) nns noganss B 3a3HaYeHMN KOJOHKOBUH iHaekc. KoopuHatop Bu3Havae, B
MEX1 SKOTO (pparMeHTHOTO IHTepBaly MOTparuisie 3HaueHHs Value, 1 mepecuiae neil Koprex Ha
BIZITIOBIJTHUH BY30J-BUKOHAaBEelb. BUKOHAaBEIh BU3HAYa€ HOMEP CErMEHTHOTO IHTEepBaly, 10 SKOrO
HAJICKUTh 3HadyeHHs Value. SIKIIO BIANOBIIHMI CErMEHT HE IMYCTHH, TO KOPTEX JOJAETHCS B
CErMEHT 31 30epeXeHHAM BIOPSIIKYBaHHs MO Moo Value. SIKIo BiAMOBIAHUN CErMEHT MOPOXKHIMN,
TO CTBOPIOETHCS HOBUI CErMEHT 3 OJHOro KopTexy. IIpum BukoHaHHI omneparopa Transitivelnsert
KOOpJAMHATOPY KpiM HOBOro koptexy (SurrogateKey, Value) mepenaerbcsi 10AaTKOBE 3HAYECHHS
TValue, sike BUKOPHUCTOBYETHCS UIsi BU3HAYEHHs HoMepa (parmeHTHOro intepBaiy. Koprex
(SurrogateKey, Value) pa3zom 31 3HaueHHsMm TValue mepecunaeTbcs Ha BIAMOBIIHUN BY30.I-
BUKOHaBellb. BukoHaBelb 3a 3HadeHHs T Value BU3Ha4ae HOMEp CETMEHTHOIO IHTEpBally 1 A0fae
HOBMH KOpTeX Yy BiaAmoBigHMNA cermeHT. Ilpu BukoHaHHI omepartopa Delete koopaunaTopy
nepefaeTbcss cyporatHuit kimod  SurrogateKey 1 3HauenHss Value, sxe Tpeba BUAAIMTH.
Koopaunatop BHU3Hauyae, B MeXi SIKOTO (parMEHTHOTO IHTEpBajy HoTparuisie 3HayeHHs Value, i
nepecusiae 1ei KOpPTeX Ha BIINOBIIHMIA BY30J-BUKOHaBellb. BHKOHaBenb BHU3HAYaE HOMEDP
CEerMEHTHOTO IHTepBally, /10 SIKOTO HAJEKUTh 3HaUeHHs Value, BupoOIisie y BIANOBIAHOMY CEIMEHTI
HOUIYK KopTexa 3 kimoyeM SurrogateKey 1 Bukonye ioro Bunanenss. Onepartop TransitiveDelete
BUKOHYETHCSl aHAJIOTIYHO omepatopy Delete 3 Ti€to nuie pi3HULEIO, 110 HOMEPU (PAarMEHTHOTO 1
CErMEHTHOT'0 IHTEPBaJIiB BUPAXOBYIOTHCS IO TPaH3UTUBHOCTI 3HaYeHHIo T Value.

Bukonanus omeparopa Execute Bkmouae B cebe aBi (asu: oOumcieHHs (parMeHTiB
HOTEPEIHIX pe3ysIbTaTiB Ha BY3JIaX-BUKOHABIAX; 3MUTTA (PparMeHTIB MONEpEeIHIX pe3y/lbTaTiB B
€IMHY TaOJUII0 Ha BY3li-KoopauHaTopi 1 mepecwnanHs il Ha SQL-cepsep. Ha mepmriii dasi
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MPOLIECOPHI siipa BHOWPAIOTh HEOOpPOOJEHI CEerMEHTHI IHTEpBalM 1 BUKOHYIOTH OOYHMCIICHHS
CErMEHTHHUX TOTEPEIHIX Pe3yNIbTaTiB I BiNOBIAHUX CETMEHTIB KOJOHKOBUX 1HIEKCIB, 3aITHUX
B 3anuTi. Ilicng Toro, sik BCi CErMEHTHI iHTEepBanu oOpoOIieH], OTpUMaHui (parMeHT MOoNepeHIX
pe3yibTaTiB MEePEeCHIAETbC Ha BY30JI-KOOPIMHATOP B CTUCHeHOMY BuUIsal. Ha npyriit ¢asi
KOOPAMHATOP PO3MAKOBYE OTPHUMAaHI CETMEHTHI MONIepeaHi pe3ynbTaTH 1 00'eHye iX B €qUHY
Tabmuio. [{ng po3mapainentoBaHHs TpOIECY BUKOPUCTOBYEThCA TexHousoris OpenMP. Otpumana
TaONMUI TONepenHix pe3ynbraTiB mepecunaetbess Ha SQL-cepep. Ilpu mpomy Takox Moxe
BUKOPHUCTOBYBATUCS CTUCHEHHSI TaHUX.

BucHoBku. Omnmcana 3arajgbHa apxiTekTypa opraHizauii cucremu 0a3 JgaHHX 3
BUKOPUCTAaHHAM JOJAaTKOBOI IPOTpaMHOI cCHCTEM, IO 3abe3nevye 3B'SI30K 3BUYANHOI persiiHO1
CYBJl 3 KOJIOHKOBMM HpeAcTaBieHHsAM naaHux. Jlo ckmagy cucremu BxoauTh SQL-cepBep i
obOuncmoBansHuil knacrep. Ha SQL-cepBepi BcranoBmoetses pensitiiina CYBJl 3 BnpoBakeHUM
KOHEKTOpOM Ta JipaiiBep. Ha o0unciaroBaibHOMY KJIacTepi BCTAHOBJIIOETHCS KOOPAUHATOP CUCTEMHU.
KosI0HKOB1 1HAEKCH CTBOPIOIOTHCS Ta MIATPUMYIOTBCS B DPO3IMOJAUICHIH ONEpaTHBHINA mam'sATi
oOuncmoBasibHOTO Kiactepa. [Ipu cTBOpeHHI HQOpPMALIHHUX CHUCTEM 3 TaKOI KOH]Irypaiiero
HEOOX1THO MiIKITIOYUTH MiACUCTEMY BITHOBIEHHS KOJOHKOBUX iHJEKCIB micist 36010. J{isi mporo
KOIIl KOJIOHKOBHMX IHJIEKCIB 1 METaJaHUX MOXKYTh CTBOPIOBATHCS Ha JMCKaX, BCTAHOBJIEHUX Ha
KOXXHOMY O0YHCITIOBAIbHOMY BY3IIi.

PesynpTaTu eKcnepyMMEHTIB MOKa3aiM, L0 MIAXOAM 1 METOJAM IapajesIbHOTO BHKOHAHHS
3anmuTiB  kmacy OLAP Ha 0a3i [IOMEHHO-KOJOHKOBOI MOJEN, JEMOHCTPYIOTH XOPOIILY
MacIITaboOBaHICTh JUIsl 3alUTIB 3 BEJIUKOIO CENEKTHUBHICTIO, SIKI € THUIOBHUMM JUISI CXOBHII] JaHUX.
Buxopucrtanus kojoHkoBoi cuctemu y B3aemonii 3 CYBJl PostgreSQL mo3Bonwio migBUIIMTH
e(eKTUBHICTh BUKOHAHHS 3alUTIB y cepeaHboMy Ha 12%. OpHak, epeKTHBHICTh BUKOPUCTAHHS
CUCTEMHU 3HWXKYETbCS MPH 3MEHIICHHI pPO3MIpiB 0a3u AaHuX 1 mpu 30UIbIIEHHI PO3MIpIB
PE3yIbTYIOUOTO BiIHOIIEHHS.

PesynpTaTH, OTpHMaHi B XOAi pPOOOTH, MOXYTh 3aCTOCOBYBATHUCS TIPH CTBOPEHHI
MaciTaboBaHUX KOJOHKOBHUX COIPOLECOPIB Ul ICHYIOUMX KOMEPIIMHUX 1 BUIbHO-TOIIMPIOBAHUX
SQL-CYBJI. Ile pno3BoauTh O0OpoONSTH HAABENMKI CXOBHINA JAHMX Ha KJIACTEPHUX
00YMCITIOBAIBHUX CHUCTEMax, y TOMY YHCJl 3 By3JaMu, IO BKJIIOYalOTh B cebe OaraTosnepHi
npuckoprosaui Tuny GPU a6o MIC.
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K.T.H. /zkyimii B.H., k.T.H. Yemnyn B.H., Jleakon A.C.
APXUTEKTYPA OPTAHU3AIIUU CUCTEMBI 3AHIUTHI BA3 JAHHBIX C KOJIOHKOBbIM
HOPEJCTABJEHUEM JAHHBIX

B cmambve paccmampuearomcs HO6ble HPUHUUNDBL U HOOX00bl K NPOCKMUPOGAHUIO CUCHEM
3auumesl 6a3 OAHHBIX C KOJIOHKO8bIM npedcmagieHuem. Onucanna oowas apxumexkmypa op2anu3auuu
cucmempl 3auumel 0a3 OAHHBLIX ¢ UCHONL3IOGAHUEM OONOJIHUMENbHOU NPOZPAMMHOU CUCHIEMBL,
obecneuusaem cea3v o00viunou penayuonnoi CYBJ/] ¢ Konoukoevim npeocmasnenuem OAHHbBIX.
Kononkoevie unoekcol cozoaromca u noooepicusarOmces 6 pPAacnpeoeienHoll OnepamueHol namamu
eviuucaumenvnozo knacmepa. Ilpu co3oanuu ungopmayuonnwvix cucmem ¢ makoil KoHguzypayuei
Heo0X00UMO RNOOKIIOUUMbL NOOCUCHIEMY B0CCHAHOGIEHUA KOJIOHKOGbIX UHOEKCO8 nocie coos.
Pe3ynomamel IKCnepUMEHMO6 NOKA3AU, YMO NOOX00bl U MemOoObl HAPANIEIbHOZ0 BbINOJHEHUA
3anpocoé knacca OLAP na 6aze 00MEHHO-KOAOHOYHOU MOOeIU, OEMOHCHIPUPYIONL XOPOULYIO
Macwmaoupyemocmy 015 3anpocog ¢ GONbULOll CeNeKMUBHOCHbIO, KOMOPblE AGNAIOMCA MURUYHbIMU
011 XpaHuauuy OAHHbIX. IPPeKmueHoCmb UCHOIb30BAHUA CUCHIEMBL CHUMNCACHCA HPU YMEHbUICHUU
Pazmepos 6azvl OGHHBIX U NPU YEeUUEHUU PAZMEPOE Pe3Yabmupyiouieco omnouienusn. Pesynvmameot,
noyueHHbvle 8 X00e padomovl, MOZym HPUMEHAMbCA HPU CO30AHUU MACUIMADUPYEMBIX KOJIOHKOBBIX
conpoueccopoe SQL-CYHBJ], umo nozeonum oopadamplieams ceepxoonvuine Xpanuauuia OAHHLIX HA
KJ1ACMEPHbIX GbIUUCTIUMEIBHBIX CUCHIEMAX, 8 MOM YUCe C Y31aMU, 6KTI0OUAIOWUX 6 Ce0s1 MHO20A0epHble
yckopumenu muna GPU unu MIC.

Knrwouegvie cnoea: ceepxoonvuiue 00vemvl OAHHLIX, KOJOHKOBblE UHOEKCbl, KOTOHKOBble 0aA3bl
oannvix, OLTP, OLAP, ungpopmayuonnsie cucmemol.

Ph.D. Julie V.M., Ph.D. Cheshun V.M., Lenkov A.S.
ARCHITECTURE OF THE PROTECTION SYSTEM DATABASE WITH COLUMNS
SUBMISSION OF DATA

The article deals with new principles and approaches to the design of database systems coring data
representation. Described the general architecture of the organization database system using the optional
software system enables communication with a conventional relational database coring data
representation. Coring indexes are created and maintained in a distributed memory computing clusters-
ra. When you create information systems with such a configuration is necessary Connectivity chit
subsystem index of core recovery after a crash. The experimental results showed that the approaches and
methods of parallel query class OLAP-based domain-column model show good scalability for queries with
pain-Scheu selectivity, which are typical for data warehousing. System efficiency decreases with
decreasing size of the database and increasing the size of the resultant relation. The results obtained in
the course of the work, can be used to create scalable coring coprocessor SQL-database will allow to
handle extremely large data warehouse on cluster computing systems, including units, including multi-
core accelerators such as GPU, or MIC.

Keywords: extremely large amounts of data, core index, core database, OLTP, OLAP, information
systems.
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