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Awnnoramusa. Ilpodunakruka morepu JaHHBIX C UG POBBIX HOCUTEIEH BKJIOYAET TAKOU MIPOIIECC,
Kak pesepBHOe KonmpoBanwe. OH MOXKET MPOBOJUTHCS BPYUYHYIO MPOCTHIM KOIMMPOBAHUEM JIAHHBIX Ha
BHEIITHIE HOCUTEJIM UM ABTOMATH3UPOBAHHO 0 PACIICAHUIO C [TOMOINBIO CIENUAIBHBIX IPOTPAMMHBIX
cpeacTB. CyIIecTBYIOT CUCTEMBI YIAJIEHHOTO PE3EPBHOTO KOIMPOBAHUSI, KOTJa JAHHBIE COXPAHSIIOTCS 110
CeTH B yAaJieHHOe XPaHWIUIe. Takue CUCTeMbl sIBJISSIOTCS MHOT'OIOJ/IB30BATEIbCKUMEI 1 00pabaAThIBAIOT
6osbIie 00bEMBI TAHHBIX. B 00IeM XPaHWININE MOTYT BCTPETUTHCs (DAMIBI, COAEPKAIINE OIMHAKO-
Bble (bparMenThl. JIJIsT UCKIIIOYEHNsT TIOBTOPSIONIMXCS JIAHHBIX MPUMEHSIETCST MEXaHU3M JIe/1yOJINKAIIT
(anrur. de-duplication). On upencraBisier coboii MeTox, cxKaTust HHGOPMAIH, KOIJIA IIOUCK KOIMIA I1PO-
U3BOJMTCS 110 BCEMY MAaCCHBY JIAHHBIX, & HE B IIpeJleJIaX OJIHOrO (baiiyia. [JIaBHBIM IIPEUMYIIECTBOM KC-
[TOJTb30BAHUsI JAHHOM TEXHOJIOIUY ABJISIETCs CYIeCTBEHHAs 9KOHOMUS JIMCKOBOrO ripocTpancTia. OmHako
MEXAHU3M HMCKJIIOUYEHUs] TIOBTOPSIONINXCS JAHHBIX MOXKET CYIIECTBEHHO CHU3UTH CKOPOCTHh COXPAHEHUSI
U BoccTaHOBJIeHUsT nHpOpMaruu. Hacrosimas craThs MOCBAINEHa TpobjieMe peau3aiud TaKOro MeXa-
HU3Ma B CHCTEME PE3epBHOIO KOIMPOBAaHUs C XpaHeHHeM WH(MOPMAIUU B PEJISIIIUOHHON 0Oa3e JTaHHBIX.
B nannOil pabore paccMaTpuUBaeTCs IPUMEP PEAJM3AIME TAKOW CHCTEMBI, pabOTaIOIIel B JBYX PeXKU-
Max: ¢ jenybsimkanyeil JaHHbIX 1 O6e3 Hee. B craTbe mpuBejieH mpuMep CXeMbl KJIACCOB Jjisl pa3paboTKu
KJIMEHTCKOM 9aCTH TPUJIOYKEHNS, & TAKYKe OIMCAHNE TabJIUI] U CBA3el MeXK Iy HUMHU B 0a3e JaHHBIX, 9TO
OTHOCHTCsI K cepBepHOil qactu. /lajiee aBTop mnpeiaraeT aaropuT™M COXPaHEHUs JAHHBIX C J1e/1yOJInKaIm-
eil, a TaK»Ke NMPUBOJIAT PE3YJIHTATHI CPABHUTEJBHBIX TECTOB CKOPOCTH PAbOTHI aJrOPUTMOB COXPAHEHUS
U BOCCTAHOBJIEHUsI MH(OPMAIUH ITpU paboTe € PEJISIIUOHHBIMY CHCTEMAMY YIIPABJIEHUsT 0a3aMU JAHHBIX
PAa3HBIX ITPOU3BOIUTEJIEI.
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BBenenue
OOl U3 Yyrpo3 1EJI0CTHOCTH JAHHBIX HA aBTOMATU3UpOBaHHOM pabouem mecte (APM)

SIBJISIETCS BBIXOJI U3 CTPOsi IU(POBOr0 SHEProHE3aBUCHUMOI'O YCTPOWCTBA XpaHEHUS WH-
dopmarpn. [Tpumepamn Takux ycrpoiicTs siBisiioTcs »kectkue jqucku (anria. hard disk
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drive HDD), TBeprorenbubie nakomuresn (anri. solid-state drive, SSD), a rakzke rubpui-
Hble ycrpoiicTBa (anru. solid-state hybrid drive, SSHD), npeacrasisioniue coboit Kom-
IIPOMECCHOE PeIeHne MeXK Iy CTOMMOCTBIO TIEPBBIX M ITPOU3BOIUTETBHOCTHIO TIOCTIETHUX.
Hapyrenune 1eocTHOCTH JTAHHBIX Ha MU(MPOBBIX HOCUTEIAX MOXKET ITPOU30NTH BCJIEI-
CTBUE PA3/JIMIHBIX NPUIHH. [J1aBHBIM (aKTOPOM, OrpaHUINBAIOIIIM JJIUTEIHHOCTD Xpa-
HeHUsl WHOPMaIUl Ha IUQPPOBBIX HOCUTENISIX, sIBJASETCS CPOK UX CJIy:KObl. OH MOXKeT
OBITH PA3HBIM B 3aBUCUMOCTHU OT IIPOM3BOJUTE/IsI, OJHAKO JIA2Ke Y CAMBIX Ka9eCTBEHHBIX
1 JIOPOTUX YCTPOHCTB CPOK CJIYZKOBI COCTABJISIET B CPETHEM IIATH JIET.

[IpodunakTuka morepu JJAaHHLIX ¢ NUMPOBLIX HOCUTE I BKJIIOYAET TAKOM Iporiecc,
Kak pesepBHOe Komuposanue [2|. OH MOXKeT POBOJAUTHCS BPYIHYIO MIPOCTHIM KOMUPOBa-
HUEM JIAHHBIX HA BHEIIHHE HOCHTE/]N WU aBTOMATUYECKU 10 PACIUCAHUIO C ITOMOIIBIO
CIEIUAIbHBIX ITPOrPpaMMHBIX cpeAcTB. CyIIeCTBYIOT CHCTEMBI VAAJEHHOI'O PE3epPBHOIO
KOIIUPOBAHMUS, KOTJIa JAHHBIE COXPAHAIOTCS 110 CeTH B yAaJeHHOe XpaHuuiie. Takue cu-
CTEeMBI SIBJISTIOTCSI MHOTOIIOJIb30BaTEIbCKIMU 1 00pabaThIBalOT O0JIbINNE O0bEMBI JJAHHBIX.
B obmem xpanmmine MOTYT BCTPETUTHCS (DAIBI, CO/IepIKAIIe OJMHAKOBbIE (hparMeH-
ThI. JI19 UCK/TIOUEHNsT TTIOBTOPSIONINXCs JTAHHBIX TPUMEHSETCS MeXaHU3M JIe/TyOJIMKaIum
(aurs. de-duplication)[7,8]. On npejcrasisier coboit MeTos1 czkaTHst KHOOPMAIMH, KOIJIA
IIOMCK KOIIHMil IIPOU3BOIUTCS 110 BCEMY MACCHBY JaHHBIX, & HE B IIpeJiesiax oJHOro (aiiia.
[naBHBIM TPEUMYIIIECTBOM MCIIOJIB30BAHUS JIAHHON TEXHOJIOTUH SIBJISIETCS CYIIECTBEHHAST
9KOHOMMUS JIMCKOBOTO MpocTpancTBa. OIHAKO TIPU 3TOM CHUZKAETCS TPOU3BOIUTETHBHOCTD
CUCTEMbI PE3€PBHOTO KOIMPOBAHUSI.

Hacrosiias crarbs mocBsimeHa mpodjieMe pean3alui MexXaHu3Ma HCKII0UeHns 1y0-
JINPOBAHUSA JAHHBIX B CHCTEME PE3ePBHOTO KOIMPOBaHUs ¢ XpaHeHHeM HH(MOpPMAIIUKA B
6aze mannbix (B/1). B pamkax manHOil paboThl pACCMOTPEHO UCIIOJIL30BAHKE DEJISIIIMOH-
HBIX cucTeM yrpasienus 6asamu qanueix (CYBI), aro cBs3aHO ¢ UX MIMPOKOI pacipo-
CTPAHEHHOCTBIO U BCTPOEHHBIME MexaHum3Mamu obecriedenus meioctHocrn [10,11,12]. B
X0J1e pabOTHI OYJIET TPEJIJIOYKEHA, CXeMa PeaJM3allid KJIUNEHTCKON U CepBEPHOI YacTh CH-
crembl |9], aaropuTs™ coxpaHeHus JaHHBIX ¢ Jeayonnkarmeii. Takzke OyyT IpUBEJIEHbI U
[IpOaHaIN3UPOBAHbI PE3Y/IbTaThl CPABHUTEIBHBIX TECTOB IIPOU3BOIUTEIHHOCTH CHCTEMbI
€ BKJIFOYEHHBIM M BBIKJIIOUEHHBIM MEXaHU3MOM UCKJIIOUEHUS TyOINPOBAHUS TAHHBIX IIPH
pabore ¢ CYB/I pasHbIX IPOU3BOIUTEIEN.

1. PeaJII/I3aI_[I/IH CHUCTEeMbI pe3€epPBHOI'O KOIIMPOBaHMNA

B pabore [1] onucan noaxos K peajnsaliy CHCTEMbI PE3EPBHOIO KOIMMPOBAHUSI ¢ XPa-
nenuem B B/ 6e3 nenybsmkanuu. B takom ciydae i XpaHeHHs MOJIb30BATEIHCKIX
JIAHHBIX Ha cepBepe Iipejyiaraercsd 3asectu B b/l e Tadmunst Model n Data. B nepsoit
xpanurcs wHdopMaIus 00 00bekTe pailjIoBoil cucTeMbl, a BO BTOPOl — JIAHHBIE 9TOIO
obbekTa, pazdbuTbie Ha OJOKN pUKCHpoBaHHOM JuHbI. CBa3b Mexk Ty Taburavu M odel
n Data «oauH KO MHOTUM» COOTBETCTBEHHO. TaknM 0Opa30M, Ha KarKJblil OJIOK JTaHHBIX
YKa3bIBAET TOJILKO OJIMH (hailJI.

Jl1st mckJiovuenHus MOBTOPSIONINXCA JAHHBIX B Tabsmie Data, ee CBA3b ¢ Tab/IUIEiH
Model nomxkua ObITH «MHOI'HME KO MHOTHMM», KOTJIa Ha OJWH OJIOK JJAHHBIX MOTYT CChI-
JIaThCs HECKOIBKO (haitiioB. [l opranmsaum Takoil CBSI3M Ipe jIaracTcs BBECTH JIOTIOJI-
HUTeJbHYIO Tabauiy Link.
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Onmucanne tabmuier Model ocraercs Kak B IepBOHAYAIbHOM Bapuante |1], a u3 tab-

smtbl Data ynaseno none FILETD. Tabmuna Link coaep:KuT cJieyIoniie moJis:
1. ID IlepBu4HBII KJIIOY.
2. FILEID Buemmunit kao4a. nearudukarop 3amnucu B Tabauie M odel.

3. DATAID Bremmnunii xmrou. Uneatudurkarop 3anucu B Tabuie Data.

4. ORD Ilopsnkosrit Homep 6J10Ka ¢ uaentugukaropom DATAID B daiiie ¢ naen-

tuduraropom FILEID.

[Topsimok Gs10k0B BHYTpH (haitia obecreunBaercs 3a cdet 3uadennit O RD. Cremyrommmii
SQL-3amnpoc no npentudukaropy 3amucu Tabdbaumbl M odel BepHeT 1mocsenoBaTe/IbHOCTD

0JIOKOB B TOM TIOpsIJIKe, B KOTOPOM OHU UJIyT BHYTpPH aiiia:

select Data.BLOCK
from Link
inner join Data
on Link.FILEID = [upenTudukatop| and Link .DATAID = Data.ID

order by Link.ORD;

Kimmenrckast 9acTh cUCTEMbI PE3EPBHOIO KOIMUPOBAHMSA MTPEJCTAB/IIET COOOH MPUIIo-
JKeHHe, KOTOPOe JIOJIZKHO YMETh YUTATh U 3alUCHIBATH COJIEPKUMOE MOJTb30BATETHCKIX
daitnos, BlanmoseiicrBoBarh ¢ CYBJI myrem Bbinosinenusi S()L-3a11pocoB, a TakKe
mudpoBaTh JAaHHBIE IPU HEOOXOIMMOCTH. BBIIe/ MM OCHOBHBIE KOMIIOHEHTHI KJTUEHTCKO-
r'O TPUJIOKEHUS:

1.

Anpo. ComepkuT peanns3anuio KJIACCOB JJIs MPEJCTABICHUS I0IH30BATEIHCKIX
JIAHHBIX B Bujie HaOOpa 3amuceil TabjuIbl, a TakyKe orucaHue nHrepdeiicoB s
B3aumoyieiicteust ¢ CYB/I u daitioBoii cucremoil moib30BaTeS.

Konrpostep s BzanmogeiicrBus ¢ CYB/I. Peamusyer unrepdeiic s B3auMo-
neticteust ¢ CYB/I. Takux KOHTPOJLIEPOB MOXKET OBITh HECKOJIBKO, TI0 KOJTHIECTBY
noyiiepkuBaemMbix CYBJI pasubix mponszsoguteseir. OOIy0 9acTh, KOTOpas O~
nakoBa Jijist Bcex CYB/I, MOKHO BbIHECTH B OA30BBIil KJjacc.

Konrposutep jyist paborsl ¢ daiisiosoit cucremoit [15]. Peamusyer unrepdeiic st
B3auMoJIeiicTBusI ¢ (ail/;IoBOil cHCTEMOI 1OIb30BaTE s, PEATU3aIUI0 AJITOPUTMOB
coxpanenust (¢ jepybukarueil 1 6e3 Hee), BOCCTAHOBJICHUS JIAHHBIX, & TaKyKe CKa-
HUPOBAHUA NUPEKTOPUH HA HAJIUINE U3MEHEHUI.

Kpunronposaiizep. Peamuzyer ajropurmbl mudpoBanusd 1 XeMTUPOBAHUS JTAHHBIX.

Moyiesib KonmpyeMoii JmpekTopun. fBjagercd TpeJcTaB/IeHrneM Hadopa 3allrceit
tabymuiel Model Ha cTOpoOHE K/IHEHTA.

Ha pucynke 1 npejcraBiieH IpuMep CXeMbl KJIACCOB JIJIsI Pean3alliid KJIXEeHTCKOIO
[IPUJIOKEHUSI.

fAnpo cucrembr coctapisiior Kiaacchl Record n RecordSet. Knace Record neobxomum
JIUTsI TIpEJICTaB/IEHNs JAHHBIX Ha CTOPOHE KJMEeHTa B Buje 3amucu, a RecordSet — B Buje
YIOPSAJIOYEHHOTO HAOOPA 3aITHCE.



Modeauposanue u anaausd ungopmavyuornoz cucmem. T.24, Ne2 (2017)

218 Modeling and Analysis of Information Systems. Vol. 24, No2 (2017)
b3 FsController FSController CryptoProvider | % CryptoProvider
- >
1 1
FSController 4 1 PSContrc-IIer’l
DBCUnh’nIIer___ 1 Record3et J2
¥  DBController ¥ RecordSet

¥ LinterController ¥ MssQLController

Puc. 1: Cxema K1accoB KIMEHTCKOTO TPUIOKEHUST

Fig. 1. The classes schem of client application

Kmaccer MSSQLController nu LinterController npeactaBiasioT cobOil peaTn3anuto
KoHTpOJIIepoB g B3anmogeiicteus ¢ CYBI MSSQL u Linter coorBercrBenno. [Ipu
HEOOXOIMMOCTH MOYKHO PACHIUPATH CucoK nojyiepxkusaembix CYBJL, peanusys 1o100-
HbIE KJIACCHI 110 HEeKoTopomy obiemy unrepdeiicy. Takoit uarepdeiic MokeT BKJIIOYATD
dyHKIUN coXpanenus, OOHOBJIEHU, yJ/IaJl€eHUs U YTE€HUs 3aluceil TabJIUIL IO UJIeHTU(U-
KaTopy, (PYHKIN YIAJCHUT U CO3JaHusd Tab/IuI, (DYHKIINIO BRIOOPKY 3aIuceil mo 3nade-
HuIO ToJtelt u apyrue. Abcrpaktabiii kiacc DBController copep:kuT onmcanne o0IIEro
unrepdeiica Bzanmozeiictsus ¢ CYBJ/l u dynkiun, peasmsanus KOTOPHIX OJINHAKOBA
JJIs BCeX Tojiep:kuBaeMbix cucreM. Hanpumep, dyHKIms yiaienus Tabauibl 10 UMEHI
st Beex CYB/I Boimonasier SQ) L-3atmpoc Buja:

drop table [ums_ Tabnuus];

Knace CryptoProvider comep:KuT peagu3aliio aJrOpUuTMOB MIMPOBAHUS XEIIPO-
BaHAd JaHHDbIX.

Knace F'SController npencrapisier coboil peann3aiiuio KOHTPOJLIEPa it paboThl ¢
draitiosoit cucremoit osib3oBaresisd. OH COJIEPKUT aKTYaJIbHYIO Kormio Tabsmibl M odel
B BuJle 00beKTa Tuna RecordSet, sK3eMILIsp Kaacca KOHTPOJLIepa JIJIsi B3auMOJIeHCTBUS
¢ CYB/I u sx3eMIuIsip Kjacca KPUIITOIIPOBAiiiepa.

1.1. CoxpaHeHue U BOCCTAaHOBJIEHUE JaHHBIX

[Ipenaraercs cieayoOnuil peKypCUBHBIN aJrOPUTM COXpaHEHUs JAHHBIX C ey nKa-
ueit:

1 s kaxkioro daityia u3 TeKyIiei JUPEeKTOPUH:

1.1 Cozmaem zammch s Tabsmnsl M odel n coxpamsieM ee insert-sampocom K B /1.
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1.2 Tlomyuaem mjenTrdUKATOP COXPAHEHHON 3aIUCH.
1.3 Coxpansiem 3amuch B Tabsiuiie Model na cropone KaneHTa.

1.4 Ywuraem daitn ¢ gucka 610Kamu, GOpMUPYsT MACCUB 3aIUCeil JIJId COXPaHEHU
B Tabauity Data.

1.5 g xaxkoro 6J10Ka coxpaHsgeMmoro daiiia:
1.5.1 Cumraem xemr-Koz 0Ji0Ka

1.5.2 Eciu B Tabmune Data mer 6ji0Ka ¢ TaKUM XeI-KOJIOM, COXPAHIEM HOBYIO
zaruch B Tabsiuiy Data insert-anpocom K B/I.

1.5.3 Cozmaem 3amnuch s Tabauisl Link u coxpansem ee insert-zampocom K BJ1.
2 Jlnsg KaxKJ10ii Mmanky u3 TeKyIeil TUPeKTOPUN:

2.1 ®opmupyem 3anuch s Tabsminsl Model n coxpansieM ee insert-3ampocoM K
BJI.

2.2 3amyckaeMm JAHHBIN aJTOPUTM JIJIsi (DAMIOB B 9TOH JIUPEKTOPUN.

3 CunmraeM X3II-KOJ JjIsd TEKYyIIel JUpeKTopun u coxpaHsem ero B nojge HASH
cootBercTByIomeit 3amucu tabunbt Model update-3amnpocom.

Kak u B ciydae 6e3 jieyOukanum, BbIBEJIEM 3aBUCUMOCTDH KOJUYIECTBA 3alIPOCOB K
B/l or pa3mepa 6Ji0Ka IIpu IOJHOM COXpaHEHMH BCeX JAaHHBIX. IlycTh n — KoamdecTBo
daitIoB B TeKyIIe INPEKTOPHUH, 1, — KOJMIECTBO TMAITOK B TEKYIIeil IUPEKTOPUH, a SGm —
jguHa 6sioka. Yuesao 6710koB daiiia JIMHbL [ paBHO:

l -1
sgm

rie floor(x) — DyHKIWS HAXOXK IEHUS OJIMKANIIEro 1eJIoro, He IpeBbimaoniero «. Torma
KOJIMIeCTBO 3a11pocoB K b/ ipu coxpaHeHnn co/IepKUMOro TeKyIIeil TUPEeKTOPUN MOYKHO
BBIPA3UTH CJIeytomieit hopmyiioii:

n

F(m,n) =Y (2si+e&+1)+m+1,

=1

rae sgm < l;, l; — nuHa 1-ro daitaa B TeKyIeil JUPeKTOpUun, §; — INUCI0 OJIOKOB 2-I'0
daitna, a 0 < ¢ < 5; — KOTTIECTBO COXPAHEHHBIX OJIOKOB.

Jitsg Kazkjioro aiiia BBIIOJIHAETCS S; Select-3anpocoB sl OIpejie/IeHUsT HaJIATHIsT
O/10Ka ¢ 3aJlaHHbIM XereM B Tabsmuie Data u CTOJIBKO 2Ke insert-3alpocoB B TabJIUILY
Link, €; insert-3ammpocoB jjid 3anucu 0JI0KOB B Tabuiy Data, OJuH 3a1Ipoc JIJisd 3aIlliCh
nadopmaruu o gaitie B Tabsmiy Model, m 3a1mpocoB Jijisd 3aliuc nHGOPMAIUN O Tall-
kax B Tabsmiy Model n eme oguH 3ampoc it oOHOBJIeHHs 3amucu B Tabsuie M odel
(coxpaHeHHe Xerla TEKYIIeld JUPeKTOpun). € OyJeT paBeH HYJIIO B CIydae, eCd JIUPeK-
TOPHUS COAEPIKUT TOJBKO KOIHMHU YK€ COXPAHEHHBIX (DaiiIoB, U IIPUMET 3HAYEHHE S;, €CJII
B JINPEKTOPUHU OTCYTCTBYIOT KOIIUU COXPAHEHHBIX (DailIoB.
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Kommaecrso 3anmpocos k B/l mipu coxpanennu coJIep:KUMOTO JTUPEKTOPUU U BCEX €€
BJIOYKEHHBIX ITAIIOK MOYKHO ITPEJICTABUTH CJeIyIomeil (hopMyJIoit:

Nk

my
F, = Z (2sg, + €x,) + ZF(mkj,nk].) +m+1,

i=1 j=1

rjae k — uneHTnduKaTop TeKyIei JUPpeKTOPHUH.
B ciygae coxpanenus JaHubIxX 0e3 jeayoukanun, popMysia uMeeT BU/I:

nk my

Fk: = Z(Skl) —l—ZF(mkj,nkj) +m+41.

i=1 j=1

Takum obpasom, 3a cuer jieayOJUKAIUN, CKOPOCTDL COXPAHEHUs] YMEHDLIITUTCH W3-3a
JIOIOJIHUTEJIBHBIX Yo%) (Sk, + €x,) 3aIPOCOB.

AJIropuT™ BOCCTAHOBJIEHUS JIAHHBIX OCTAETCS TAKMM Ke, KaK U B CIydae 6e3 j1e1y0.u-
kaiuu [1]. Mensiercst TOJILKO TEKCT 3a1poca, KOTOPbIii BO3BpaInaeT cojep:kumoe daiiia.
COOTBeTCTBeHHO ,ZLe,ZLy6J'H/IKaHI/IH IIPpaKTUI€CKU HE BJINACT Ha CKOPOCTbH BOCCTaHOBJIECHUA
JTaHHBIX.

1.2. TecTtupoBaHue

[Tocmorpum, Kak 910 padboTaer Ha MpakTUKe. TeCcTOBBIN CTEHJ IPe/ICTaB/IsIeT CODOM TBa
nepcoHasbHbIX KoMmbiorepa (I1K), obbemurentpix B cerb. OMuH U3 HUX UrpaeT POJIb
cepsepa ¢ ycranosiennoit CYB/I (mpomeccop: Intel Core i5-2500K 3,3 GHz L3 6MB,
namsith 8 GB). Bropoit TIK npescrasiser coboii KIMEHTCKYIO 9aCTh CHCTEMbI, KOTOPast
COJIEPKUT T0JIb30BaTesbekie Janubie (mporeccop: Intel Celeron 2,8 GHz L2 256KB,
namath: 3 GB). ZKecrkue mucku oboux IIK ordopmarupoBanst 1o/ daitioByio cucremy
NTFS(3,15). Pasmep kiracrepa cocrasiser 4 KB.

Cucrema tecrupyercs ¢ npumenenneMm CYB/I Linter 6.0.18.9 Demo n MSSQL 2008
R2 ¢ macrpoiikamu o ymosraanuio [13,14].

CYB/ MSSQL cojepKuT KOMIIOHEHT yIpaB/jeHusd OydepoM, COCTOSIIUN U3 JIBYX
MEXaHU3MOB: jucierdep O0ydepoB Jijis JTocTyla U OOHOBJIEHHS CTPAHUI] Oa3bl JAaHHBIX,
a Takke OydepHbIii K311 (M3BeCTHBINH KaK OydepHBIi IyJ1) [ COKPAIeHUs Oneparuii
BBOJIa-BbIBOJIa (haiiia ba3wl maHHbIX. Ha TecToBOM cTeH e 3a/1aHbl CJIe/IyOIIe HaCTPONKM
OydepHOro KaIa: KOJIMIecTBo H0CTyIHON dhusmaeckoit mamsit (bpool commit target)
530358 KB, o6bem dusndeckoii mamsitu B qucterdepe (bpool committed) 8945 KB.

CYB/I Linter myst cBoeit paboThl HCIIOIB3YET TaK Ha3bIBaeMble ouepein TabJmil, daii-
JIOB, KOJIOHOK TaOJIUI U TI0Jib30BaTe eil. PazMepnl ouepe/ieit 3a/1a10TCst KOJIMIECTBOM dJIe-
MEHTOB, pa3Mepbl KOTOPBIX B PA3HBIX ouepe/iax Kojebmored B cpeganeM ot 50 1o 1500
OaifT, coriacHo JOKyMeHTaIn. TecToBble JaHHbBIE OBLIH MTOIYIeHbI IPY CJIeIYIOMNX Ha-
cTpoiikax: K31 ¢aityioB — 20 s/1eMeHToB, K311 Tadaui; — 100 371eMeHTOB, K31 KOJIOHOK —
500 snmemeHnTOB, K311 KaHayoB — 100 371eMeHTOB.

Ha cTopone kjnenTa 3aiyckaeTcs IpUIoKeHe, KOTopoe 00padaThiBaeT JaHHbBIE T0Thb-
30BaTeIs U OTHPABJISIET UX Ha cepBep 0Oe3 mpeaBapuTebHoro mudposanus. [locte Toro
KaK BCe JJAHHBbIE YCIIEITHO COXPAHEHBI, KJIMEHTCKOe PUJIOYKEHIEe 3aIpallinBaeT nx o0parT-
HO U COXpaHdeT WX Ha CTOPOHE KJMEHTa B JIPYToil gupekTopun. B KadecTBe TECTOBBIX
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JIAHHBIX ObLIN BbIOpaHbI (hailjibl pa3Horo pasmepa. [ljis mepBbIX JIBYX TECTOB OBLIO OTO-
opano 76 daiisiop pazmepom 0,6 MB u cronbko ke daitio o 3 MB. B Tpéx apyrux
TecTax IPOUCXOJUT coxpaHeHue oiHoro daitia pasmepom 22 MbB, 162 Mb u 1,36 I'B.
s xkaxkjoro Ttecra Bce (ailbl pacloJIOKEHBI B OJIHON JTUPEKTOPUN 0e3 BJIOYKEHHBIX
TIATIOK.

Harmra 3aja1a 3ak/odyaercs B BBIOOpPE ONTHMAJILHOIO pasmepa OJioKa st haiiyioB
pa3Horo pasmepa MpU BKJIIOYEHHOM MeXaHU3Me HCK/IIOYeHUs JTyO/IMpOBaHUs JTAHHBIX.
CkopocTh 00pabOTKM JIAHHBIX IpU uctoJib3oBanuu pa3ubix CYB/I cunbHO oTymaaercs,
OJTHAKO XapaKTep BJUIHUS JeTyOTNKaIul Ha CKOPOCTH COXpPaHEHHsT B OOOWX CIydasx
nienTudern. Yem Oosibine pazmep 6J10Ka, TeEM MEHbIIE Jie/1yOJIMKAIS BIUIeT Ha CKOPOCTD
coxpanenus Janubix. C jiemy0/mKaryeil, Ipu yBeJindeHnn pa3mepa 0JI0Ka, CKOPOCTh pa-
OOTBI COXpaHEHUsT AJITOPUTMa PacTeT OBICTPee 0 ONPEIEICHHOI0 MOMEHTA.

Munumasibablit pasmep 6s10ka, 4 KB, paBen pasmepy kJiactepa »KeCTKOTO JIUCKA, OT-
dopmartupoBannoro oy daitiosyo cucremy NTFEFS, a makcumanbubiit — 1 MB. Bwibop
MaKCHMAJIbHOIO pa3Mepa 0JI0Ka CBsI3aH ¢ TeM, 9T0 00beKThl pa3dMmepoM 1 MB u 6ostee ad-
dexTuBHEE XpaHuTh B (haitnoBoit cucreme, gem B b/1, mockosbky NTFS sryurire cripabiisi-
ercd ¢ pparmeHTanueit Takux oobekToB. [l xpanenus Janubix pazmepom 256-1024 Kb
uu daityioBas cucrema, Hu B/l #e mator asaoro npeunmytiecrBa. O6bekTo Menee 256 Kb
s¢derrusnee xparnuts B B/ [5].

Pacemorpum pesysbrars! mepsoro tecta (pucynok 2). s CYBJ/] MSSQL ckopocts
COXpaHeHUs JAHHBIX PACTeT NpU yBeJndeHnn JmHb 010Ka 10 16 KB, a moTom He nzme-
usiercs. CKOPOCTh BOCCTaHOBJIeHUs HaunHaeT naaath cpasy ¢ 4 KB. g CYB/I Linter
npu Jyinae 6si0ka 6osee 32 Kb ckopocTh coxpanenus JaHHBIX PACTET MeJIJIEHHEe, a CKO-
POCTH BOCCTAHOBJIEHUsI HAYMHAET YBEJIUUUBATHCA. TakuMm oOpa3oM, ONTUMAJILHBIN pa3-
mep Osoka coctapisger 32 KB mra Linter m 16 KB mma MSSQL. Ilpu stom daitsr
nojiesiaTed mpuMepHo Ha 19 n 38 JacTeil cOOTBETCTBEHHO.

0:11:31

0:10:05

0:01:26

Linter

Linter
0-05-46 0:00:52 (AenyGanKaLma)

Bpema, mic

MSS0L

0:02:53 MsSaL
0:00:17 {memyGnukaumMa)

4 g 16 32 64 128 4 B 16 32 64 128

Anuna cermenTa, Kb Dnuna cermenTa, KB

Puc. 2: Coxpanenue (ciieBa) n BoccranoBsierne (cupasa) 76 daiiios mo 0,6 MB

Fig. 2. The saving (left) and recovery (right) of 76 files by 0,6 MB

Pacemorpum pesysbrarsl Broporo tecra (pucynok 3). Jias CYBJ] MSSQL npu yse-
JIMIeHun JInHbI 0J10Ka 6ojiee 16 KB ckopocTh coxpaHeHus JaHHBIX pacTeT Me/lJIeHHee,
a CKOPOCTHh BOCCTAHOBJIEHUSI, TAK K€ KaK U B IIEPBOM TeCTe, HAMMHACT 1aJaTh cpa3y ¢ 4
KB. Ina CYB/I Linter ysemaenne 610ka 6osbiie 64 KB e Biusier Ha ckopocTh BoccTa-
HOBJIEHUSI, & CKOPOCTh COXPAHEHUsI pacTeT MejjeHHee. TakuM oOpa30M, ONTHMAJIbHBIH
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pasmep Os1oka MoxkeT coctapiaTh 64 KB g Linter u 16 KB myra MSSQL. [Ipu stom
daitabl OyayT pa3zdouThl npuMepHo Ha 47 n 187 vyacTeil COOTBETCTBEHHO.

Linter

=)
s
pre}
iy
=}

Linter
{neayBaukauma)

MssaL

Bpema, m.c

MSssaL
{neayBaukauma)

4 8 16 32 64 128 4 8 16 32 64 128

Anuna cermenTa, KB Onuxa cermenTa, KB

Puc. 3: Coxpanenmue (ceBa) n BoccranoByienne (cupasa) 76 daitros mo 3 MB

Fig. 3. The saving (left) and recovery (right) of 76 files by 3 MB

s CYBJ MSSQL, upu coxpanenun daiina pazmepom 22 MB (pucynok 4), cko-
POCTb COXpaHEHUsI pacTeT OBICTPO, a CKOPOCTb BOCCTAHOBJIEHUSI HE MEHSIETCs IIPU yBe-
JmdeHun Jmnabl O710Ka. g Linter mpu yBenudennu 6Jioka 6osibiie 64 KB ckopocTb
COXPaHEHUsI PAacTeT MeJJIEHHO, & CKOPOCTh BOCCTAHOBJIEHWS HE MeHsieTcs. Lakum obpa-
30M, ONTUMAJILHBIN paszmep 6jioka MoxkeT cocTaBiadTh 64 KB s Linter u 128 KB s
MSSQL. IIpu stom daitn 6yaer pazout npumepro Ha 344 u 688 yacTeil COOTBETCTBEHHO.

0:03:36

Linter

0:02:53
Linter
(AemyBAnKaLMA)

Bpema, m:c

0:02:10
MSSOL
0:01:26
MSSaL

(menybamnkaLpa)

0:00:43

=]
1=}
=
=]
=

4 8 16 32 64 128 4 B 16 32 54 128

AnuHa cermenTa, KB [nuHa cermenTa, KB

Puc. 4: Coxpanenue (cieBa) u Boccranossenue (crpasa) daiina, 22 Mb

Fig. 4. The saving (left) and recovery (right) of file, 22 MB

g CYBJL MSSQL, npu coxpanenun daiiia pasmepom 162 MB (pucynok 5), cko-
POCTH COXPAHEHNUs U BOCCTAHOBJIEHUS PACTET OBICTPO U PABHOMEPHO JIJIs1 OJIOKOB OOJIBITIE
64 KB. [Inga Linter ysesmuenne jnummnnt O10ka 6osee 256 KB nesnaunTesbHo BiInseT Ha
CKOPOCTH COXPaHEHUs JAHHBIX, a yBejndenue 6osee dem Ha 128 KB neznauutesbno Bu-
deT Ha CKOPOCTHh BOCCTAHOBJEHUHA. TakmMm oOpaszoM, ONTHUMAJILHBINA pa3Mep OJIOKa JijIsd
Linter moxxer cocraButh 256 KB, a a1 MSSQL — 1 MB. IIpu srom daiir 6ymaer paszour
npuMepHO Ha 633 m 158 JacTeit cOOTBETCTBEHHO.
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0:50:24 0:05:02
0:43:12 0:04:1%
0:36:00 0:03:36
—— linter
Y
= 0:23:48 0:02:53
3 Linter
i (neayBnukaLma)
B 0:21:36 0:02:10 ne Ay GAMKaLY
= MSSaL
0:14:24 0:01:26
N MssaL
(oeayBaukaLma)
0:07:12 0:00:43

4 B 16 32 64 128 256 512 4 8 16 32 54 128 256 512

AnuHa cermendTa, KB AnuHa cermenTa, KB

Puc. 5: Coxpanenne jganneix (1 daiir, 162 MB)
Fig. 5. The data saving (1 file, 162 MB)

B nocsiennem recre (pucysok 6) miast CYB/I Linter xapakrep 3aBHCHMOCTH HE H3Me-
uuicsa. Jla MSSQL ysenuuenue pmuaer 610ka 6ostee 1 MB HesnaumTebHO BnsieT Ha
CKOPOCTb COXpaHEHUs JIaHHBIX, a CKOPOCTh BOCCTAHOB/IEHUSA OBICTPO PacTeT Jijist OJIOKOB,
jumaa Kotopbix 6osbiie 64 KB. Onnako mist 6osiee 3ddekTuBHOrO XpaHeHus He0OXO-
JIIMO OCTaBUTH JINHY Osioka Ha ypoBHe 1 MB. Takum ob6paszoM, onTuMaIbHBIN pa3mMep
6s1oka MoxkeT coctaBaaTh 256 KB mms Linter w 1 MB s MSSQL. Ilpu stom aiin
OyzeT pas3but nmpumMepHo Ha 5312 u 1328 gacTeii cOOTBETCTBEHHO.

2:52:48
2:24:00

1:55:12

0:14:24 ——Linter
1.26:24 0:11:31 Linter
(oenyBnvKaLmMa)

057:36 \ 0:08:38 MSsaL
0:05:46 MssaL

0:28:48 (oenyEaukaupma)
0:02:53

Bpems, m:c

16 32 654 128 256 512 1024 2048 4056 16 32 64 128 256 512 1024 2048 4096

DNnuHa cermenTa, Kb Jnuna cermenTa, KB

Puc. 6: Coxpanenue nannbix (1 daitr, 1,36 I'B)
Fig. 6. The data saving (1 file, 1,36 GB)

Takum obpazom, YTOOBI J10OUTHCA HanbOsbIIEH dPHEKTUBHOCTU PabOTHI CUCTEMBI
PEe3epBHOIO KOIIMPOBAHUs C JiejlyO/iuKalueii, HeoOXoIMMO MEHATh pa3Mep 0JIOKa B 3aBU-
cumoctn ot pasmepa daitia u CYB/l, kotopas ycraHoB/IeHa Ha cepsepe (ajanTuBHAs
neny6inkanust) [4]. Pesyabrarer Tectos npusenensl B tabsmie 1.
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Tabnuma 1. Pe3ynbrarsr TecToB

Table 1. The tests results

TecTnr CYBA
Tests DBMS
MSSQL ‘ Linter
Jlamubie
Homep | xommdectBo daitios / pasmep daitna, MB | Onrumanssiii pasmep 610ka, KB
Number Data The optimal size of block, KB
the files count / the size of file, MB
1 70 / 0.6 16 32
2 76 /3 16 64
3 1/ 22 128 64
4 1/ 162 1024 256
5 1 /1360 1024 256
3akJIroueHmne

B crarbe 6bLT TTpeJ/IOZKEH TOJXO/] K Peain3aliul MeXaHu3Ma, JIe/lyOTUKAIlU B CHCTEME
Pe3epBHOIO KOMMPOBAHUS ¢ XpaHeHueM wHpopMannu B 6a3e JTaHHBIX. APXUTEKTypa Ta-
KOl CHCTeMBI ITO3BOJIsIET BHEJIPUTH JTAHHYIO TEXHOJIOTUIO O€3 CyIeCTBEHHOIO N3MEHEHUS
IpOrpaMMHOTO Kojta. B 3aBucuMocTn ot cereBoit nHMPACTPYKTYPHI, B KOTOPYIO YCTaHAB-
JINBAETCS JIAHHAS CUCTEMA, MEXaHU3M UCKJIIOUEHUs JyOJUPOBAHNS JAHHBIX MOXKET ObIThH
BBIKJTIOYEH JIJId JIOCTUZKEHNS MaKCUMAJIBLHON IMpon3BonTesbHocTu. Eeym nemybmkanms
HeO0OXO/IMMa, TO JIJIs TIOBBITIEHUS 3(PMHEKTUBHOCTU PAOOTHI CUCTEMBI CJIEIyeT MEHATH MeJI-
KOCTh pa3bmennst GailjloB B 3aBUCUMOCTH OT MX pasmepa, a Takxke or CYB/I, koTopas
obpabaTbIBaeT JaHHbIE Ha CTOPOHE cepBepa. B crarbe ObLIM MPUBEIEHBI PE3YJILTATHI CO-
OTBETCTBYIOIIUX TECTOB.

Hanpasjennem jrasibueiinneit paboThl siBJISIETCs UCCIIEI0OBAHNE TTOBEICHIS KJINEHTCKON
U CEepBEPHOIl YaCTH IIpe/jIaraeMoil CHCTEMBI TTPU U3MeHeHnn (haiijioB Ha KJIMEHTE, a TAKKe
CETEeBOI HAIPY3KU IIPU ITOM.
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Abstract. Prevention of data loss from digital media includes such a process as a backup. It
can be done manually by copying data to external media or automated on a schedule by using special
software. There are the remote backup systems, when data are saved over the network to the remote
repository. Such systems are multi-user and they process large amounts of data. Shared storage can
meet files containing the same fragments. The elimination of repeated data is based on the mechanism of
de-duplication. It is a method of information compression, when the search of copies is performed in the
entire dataset rather than within a single file. The main advantage of using this technology is a significant
saving of disk space. However, the mechanism of eliminating repetitive data can significantly reduce the
speed of saving and restoring information. This article is devoted to the problem of implementing such
a mechanism in the backup system with information storage in a relational database. In this paper we
consider an example of implementation of such a system working in two modes: with the de-duplication
of data and without it. The article illustrates a class diagram for the development of a client part
of application as well as the description of tables and relationships between them in a database that
belongs to the backend. The author offers an algorithm of saving data wiht de-duplication, and also
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gives the results of comparative tests on the speed of the algorithms of saving and restoring information
when working with relational database management systems from different manufacturers.

Keywords: file, data, backup, de-duplication, database
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