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AHAJIN3 DOPEKTUBHOCTHU
N I3BOJIOIUA CTPYKTYP JAHHBIX

B.B. poxnun, A.M. Bosoaun

[leH3eHCKUI rOCYIapCTBEHHBIN MEIArOTHYECKU YHUBEPCUTET
uM. B.I'. beaunckoro,
r. Ilen3a, Poccus

PaccmoTpena mpobGnema opraHu3andi U OOpaOOTKM JaHHBIX B MH(OPMALMOHHBIX CHCTEMaXx.
[MpoBeneH aHamm3 3¢ deKTHBHOCTH peanm3aiyii CTPyKTyp naHHeix B Java Collection Framework.
OtMeueHbl HEAOCTaTKU KJIACCHYECKOIro IO/XO/a K OpraHu3alvu AaHHbIX. [IpeisioxkeHbl MeTobl
HBOJIFOLIMH U TTOBBIIIEHHS (P ()EKTUBHOCTH CTPYKTYP JaHHbIX.

Drozhdin V.V., Volodin A.M. The analysis of effectiveness and evolution of data

structure.

The problem of data organization and processing in the information system is taken up. The
effectiveness of data structure realizations in Java Collection Framework is analyzed. The disadvantages
of the classical approach to the data organization are pointed out. The methods of evolution and increase
of effectiveness of data structure are suggested.

O dexTuBHOCTH 00PAOOTKH JaHHBIX SBISIETCS OJTHOM U3 BAXKHEHUIITNX XapaKTEPUCTUK
mo6oit napopmanmonHon cucreMsl (MC). DddextuBnocts 00padoTku nanubsix B MC
oOecrieunBaroT (usznueckue CTpykTypbl naHHbIX (DPCJI), ompenenstonme crnocoo
pa3MEICHNS] TAHHBIX B TaMSITH U METOJIbI AocTyna K HuM [ 1]. ®CJ] M0o>XHO cpaBHHMBaTh
MEX]Ty COOOM TO CIIETYIOIIM OCHOBHBIM KPUTEPUSM:

- joruyeckas opranuzanus JaHHbix (JIOI);

- crnoco0 (HU3MYECKOTO XpaHEHHs NaHHBIX — (U3WYEecKas OpraHu3alus JaHHBIX
(POL);

- METO/IbI IOCTYTA K JIaHHBIM;

- 3 PEeKTUBHOCTH Onepaluii 00pabOTKU TaHHBIX.

JIO/I oTpaxaeT MHOKECTBO AJIEMEHTOB AHHBIX CTPYKTYpPbl U OTHOILIECHUS MEXKIY
Humu. Hanpumep, JIOJ] moxer ObITh mHpeAcTaBi€Ha B BUAE YNOPAJOYEHHOM WM
HEYTOPSIOYCHHON TOCIIEIOBATEIbHOCTH 3JIEMEHTOB (OJIOKOB), B BHUJE TaOJMIIbI,
MHOT'OYpPOBHEBOT'O MHJIEKCA U T.1.

Crioco6 (hr3nyecKoro XpaHeHUs TAHHBIX OTPEICTISICT MPEACTABICHUE U Pa3MEIIICHUE
AIIEMEHTOB JAaHHBIX B MaMATH KOMITbOTepa. Pu3nyecKasi CTPYKTypa JaHHBIX MOXKET
XPaHUTHCA pa3uuHbIMU criocobamu. [Tpu arom DOJI MoXKeT OBITh peaTu30BaHa B BHJIC
KOMITO3UIIMHM HECKOJIbKMX CTPYKTYp, COJEp)KaTh 3HA4YEHUS JaHHBIX CXKAThIMU
OIpENICTICHHBIM METOAOM, a TaKXe BKIII0YaTh JONOJHUTEIbHbIE (YIPABIISIOLIUE)
MOJICTPYKTYPbI, CIIOCOOCTBYIOIIME TOBBIIIEHUIO 3((PEKTUBHOCTH OOpaOOTKH JTaHHBIX.
Pasznoo6pazue @O/ nyst onnoit JIO/I He BiusieT Ha joruky oopadotku OCJI, a uameHser
TOJIEKO A (HEKTUBHOCTH 0OPAOOTKH.

Metop noctyrma ornpenensier To, KakuM 00pa3oM MOKHO MOTyYUTh JOCTYIT K OJTHOMY
WIK HECKOJbKAM »3JEMEHTaM JlaHHbIX. Hampumep, 37€MEHT MOXKHO TMOJyYUTh IIO



WHJIEKCY, TI0 KJIIOYY WJIM IyTEM BBINOJHEHUS UTepaluu. B cBs3M ¢ 3TUM pa3nuyaroT
nocye10BaTeIbHbIN, MPSIMON, UHAEKCHBINA U JPYTUe METOIbI ocTyma [2].

Metop pocTyna mpeanosiaraeT COBOKYITHOCTh CPEJICTB M aJITOPUTMOB JIOCTYIA K
naHHbiM. Hampumep, B s3pIKax MpOrpaMMHUpPOBAHMS ISl JOCTyHa K AIIEMEHTaM
KOJUICKIT HEOOXOMMO TOJIh30BATHCS CIICUATBHBIME (DYHKITUSMHU WM OTICPAITUSMHU.
Haubomnee mpoctoii u 3¢ GhEeKTUBHBIA METOI JOCTyMa K 3JIEMEHTaM IPEIOCTaBIISCT
MaCCHB, TTO3BOJISIOLIHI MOJYYUTh IOCTYH K MPOU3BOJIBHOMY 3JIEMEHTY IO €r0 UHJIEKCY,
npeodpazyeMomy B asipec (U3NIECKON TaMsITH.

B 00beKTHO-OpMEHTUPOBAHHBIX S3bIKAX MPOrpPaMMHUPOBAHMS, TaKUX, Kak Java, Jis
cnenu(@uKalyM METOJOB JIOCTYNa YacTO HCIOJB3YIOTCs uHTepdeiichl. MHTepdeiic
MPEJCTABISIET COOON MHOMXECTBO TPEOOBAaHUH, MPEABIBISIEMbIX K COOTBETCTBYIOIIEMY
kiaccy [3]. UaTepdeiic KOUIeKIUU COAEPKUT CUTHATYPY (DYHKIUI (METOJIOB IOCTYTIA),
peasm3aiusi KOTOPBIX OCYILIECTBIISIETCSI B KOHKPETHBIX KjlaccaX, M TEM CaMbIM
OIpENENSIET TUIT KOJUIEKIIHH.

Onpenenenuie 3PpGHeKTUBHOCTH oniepaluii 00pabOTKH TaHHBIX MPOBOIUTCS HA OCHOBE
OLICHKA BPEMEHHOM M E€MKOCTHOM CIJIOKHOCTH COOTBETCTBYIOIIMX QJITOPUTMOB [4].
Kaxnasi cTpykTypa JaHHBIX HMEET CBOM OCOOCHHOCTH BBIMIOJHEHUS Omepaiuit
00pabOTKMU JIaHHBIX M, CJIENOBATENLHO, pa3HbIe OICHKH CIOKHOCTU. [losromy suis
CTPYKTYp CYIIECTBYIOT YCIJIOBHSI, NMPU KOTOPBIX UX OMNEpalui OYAYT BBIIOIHITHCA
HanOosiee A(PGEKTUBHO (OMPEIETICHHBIE pa3Mep M KOJMYECTBO SJIEMEHTOB JIaHHBIX,
YacTOTa UCTIONB30BaHUS U JIp.). DDPEKTUBHOCTh CTPYKTYPHI JAaHHBIX B 11€JIOM 3aBUCHUT
OT COOTHOIICHMSI M CTAIIMOHAPHOCTH YAaCTOT BBIMOJHEHUS PA3IMYHBIX OMNEpaluidl B
OIPENIETIEHHOM KOHTEKCTE.

Haubonee BaxHbIMU MOKa3aTensaMu 3(PPEKTUBHOCTH CTPYKTYPbI TaHHBIX SIBISIFOTCS
CKOpOCTb JIOCTyIa K 3J€MEHTaM JaHHbIX M 3()()EKTUBHOCTh MCHOIB30BAHUSA MAMSTH.
CKOpOCTh IOCTYTIa 3aBUCUT OT KOJIMUYECTBA CBSA3EH, TI0 KOTOPHIM HEOOXOAUMO MPOUTHUCH
JUI JTOCTHKEeHUsT TpeOyeMoro siemeHTa. D¢ (GEeKTUBHOCTh HUCIOJIB30BAHUS TMaMSITH
OTIpeIeNsIeTCsl OTHOIICHUEM TOJIE3HOTO 00beMa MaMsATH, HEOOXOAUMOTO TS XPaHEHHSI
AIIEMEHTOB JIAaHHBIX KOJUIEKIIUH, K 00111eMy 00BEMY BBIJICIIEHHON TTAMSITH.

Yacto ckopocTh goctyna U 3(P@PEeKTUBHOCTb HMCMOIb30BAHUS MaMSTH SIBJISTFOTCS
B3aMMHO OOpaTHBIMU XapaKTepucTUKaMu. Hampumep, cTaHIapTHbIE MAacCCHUBBI UMEIOT
(uKCUPOBaHHBIN pa3Mep U aJIpecallio HA OCHOBE CMEILIEHUS] OTHOCUTEIbHO HAYaJIbHOTO
anemMeHTa. [1oaToMy CKOpOCTh AOCTyIa K MPOU3BOIBHOMY 3JIEMEHTY MaccHBa OYEHb
BbIcOKa. O/THAaKO 00bEM MaMATH, HEOOXOTUMBIN JIJIsl XpPaHEHUS MHOTOMEPHOTO MaCcCHBa,
BO3pacTaeT B TEOMETPUUYECKON MPOTPECCHH MPU YBEIIMYEHUH Pa3MEPHOCTH MacCUBa U B
apru(METHIECKOMN — MPH YBEIIMYCHUN KOJIMYECTBA SJIEMEHTOB B OJTHOM U3MEPEHHH.

C apyroil cTOpOHBI, BpeMsl JOCTyNHa K MPOU3BOJLHOMY 3JIEMEHTY B Pa3peEHHOU
MaTpUIE, PEATU30BaHHON COBOKYITHOCTBIO CBS3aHHBIX CIIMCKOB, SIBISIETCS MIEPEMEHHOM
BEJIMYMHOM U TIPEBBIIIAET BPEMsI JOCTYTIA K 3JIEMEHTY CTaHIapTHOro MaccuBa. OJIHAKO B
pPa3peKCHHOM MATPHUIE XPAHATCS TOJBKO JJIEMEHThI C HEHYJIEBBIMH 3HAUYCHUSMH,
MO3TOMY 00BEM MaMSTH JJIsl €€ XPaHESHUS JIMHEHHO 3aBUCUT OT KOJIMYECTBA HEHYJICBBIX
AJIEMEHTOB M HE 3aBUCHUT OT KOJIMYECTBA U3MEPEHUI U UX PA3MEPHOCTH.

[Tpumepsl pa3paOOTaHHBIX CTPYKTYP JAHHBIX MOXXHO HANTH B CTaHIAPTHBIX
OnbImmoTeKax KOMIIOHEHTOB, Takux, kak Standard Template Library, Java Collection
Framework, Apache Common Collections, Google Collections. Paccmorpum
peamm3anuio kosekiuii B Java Collection Framework. Jlannast OnbaroTeka ocCHOBaHa Ha
peanm3alu ciaeayomux narepdeiicos, onpeaesnstomux tumn kosutekimu (JIO u meton

JIOCTYTIA):



- uarepdeiic Collection comepuT OCHOBHBIE ONeparyy, YIPaBISIONHAE CONCPKUMBIM
KOJUIEKLUY: 100aBJICHUE, yAAICHUE, IPOBEPKA HAJIMYKS 3JIEMEHTA U JIP.;

- uHTepdeiic List ompenenser KOUIEKIHMIO YIIOPSIOYEHHBIX 3JIEMEHTOB, 3HAYCHHUS
KOTOPBIX MOTYT OBITh JIOCTYIIHBI IO HOMEPY MO3ULINY;

- uaTepdeiic Set — KOMIEKIHs YHUKAIbHBIX 110 3HAYSHHUIO 3JIEMEHTOB;

- uaTepdeiic Map — KoJIeKIus, 37EMEHTHI KOTOPOM XPaHSITCA U U3BJIECKAIOTCS TIO
KJIFOUYy.

[IpuBeneHHbIe BbIMIE UHTEPGEHCH PeaTU3yIOTCS C TIOMOIIBI0 MAaCCHBOB, CBSI3HBIX
CIIMCKOB WM 0O0Jiee CIOXKHBIX CTPYKTYp, TaKUX, KaK JEPEBbs MMOMCKA, IBOMYHBIE Ky4H
WK XelI-Ta0auiibl. BBIOOp KOHKPETHON peann3aluu CIeAyeT JIe/1aTh IPEUMYIIECTBEHHO
Ha OCHOBE IIPOU3BOAUTEIILHOCTH (CKOPOCTH JIOCTYIA), TAK KakK 3PPEKTUBHOCTh XPaHEHUSI
ITUX CTPYKTYpP IPHUMEPHO OJMHAKOBA, MIOCKOJIBKY B HMX HMCIIOJIB3YETCS TUHAMUYECKOE
BBIJICTICHUE TAMATU. Pa3mep CTpyKTyp, PEaIM30BAHHBIX HA OCHOBE MAaCCHUBOB, TaKXkKe
U3MEHSETCA JMHAMUYECKH, UCXO/I U3 KOJIMYECTBA COACPIKAIUXCS B HUX 3JIEMEHTOB.

JUis  WccnenoBaHWs — TPOM3BOJIWTENILHOCTH — PA3IMYHBbIX — peanu3aluii  Oyaem
UCMOJIb30BaTh MHPpacTpykTypy, onucanHyto K. bexom [5]. TectupoBanue Oynem
IIPOBOJIUTH Ha CTPOKOBOM Ha0OpE JaHHBIX.

B pesynprare aHanm3a ObLIM HOITYYEHBI CIETYIOLINE HKCIIEPUMEHTATIBHbIE JaHHBIE.
[Ipu webGombmiom kommyectBe meMeHTOB (0T 1 g0 1000) cKOpPOCTH BBIIOTHEHUS
ornepanuii 00pabOTKH JaHHBIX MPUMEPHO paBHA JuIs Bcex Kosuiekiuid. [loatomy mpu
HE3HAYUTENBHOM 00BbEME JaHHBIX 11€1eCO00pa3HO UCIIOIb30BaTh HAMOOIIEE MPOCTYIO U3
BO3MOXKHBIX peanmm3anuii. Ha puc. 1 mokaszan rpaduk c pe3yibTaTaMH CpaBHEHHS
IIPOU3BOIUTENBHOCTY PA3IMYHBIX KOJUIEKIMA. [Ipyu KOJIM4YECTBE 3JI€MEHTOB, pPaBHOM
1024, makcumanbHOE BpEMsI BBITOJIHEHUS OJTHOM OIEpaliii HEMHOTO IpeBbImaet 40 mc.

1 2 4 8 16 32 64 128 256 512 1024
Konnuectso 351eMeHToB

HashSet nposepka unercTea — LinkedHashSet nposepka unencTea — TreeSet nposepka uneHcTea  ArrayList npoBepka uneHcTea
LinkedList nposepka uneHcTea — HashSet utepauma — LinkedHashSet urepauna — TreeSet utepauna — ArrayList utepauma — HashSet mogudmkauna
— LinkedHashSet Mogudmkauma — TreeSet moandmkauma — ArrayList Moaudmkauma — LinkedList Moaudmkauma

Puc. 1. Cpasnenue npouzsooumenvnocmu KoieKyuil
Ha HebObULIOM HAOOpe OaHHbIX

CKOpOCTH BBINOJIHEHHS PA3IMYHBIX OINEpalii i1 OJHOM U TOM K€ CTPYKTYpbI
JAHHBIX MOTYT CYLIECTBEHHO OTIHMYarhcs. PazHuia craHoBUTCA OoJiee 3aMETHOW MpH
CYIIECTBEHHOM YBEJIMYEHUHU KOJMUYECTBA AJIEMEHTOB (0ojee oJHOro MuwiUiMoHa). Tak,
ArrayList oGecnieunBaeT OBICTPBIM JOCTYI K JJIEMEHTAM M MEIJICHHO J00aBJsIeT W
ynaiseT ux, a LinkedList MeaneHHO pe0CTaBsIeT JOCTYII K SJIEMEHTaM, HO ObICTPO HX
N00aBIISICT U yajsgeT. ITo CBA3aHO ¢ TeM, uTo ArrayList peaar3oBan Ha OCHOBE MacCHBa,
a LinkedList — Ha ocHOBe IBYCBSI3HOT'O CITUCKA. Pe3ylbTaThl SKCIIEPUMEHTOB IPUBEICHBI
Ha puc. 2.
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LinkedList moandmkauma — ArrayList goctyn

a)

1024 2048 4096 8192 16384 32768 65536 131072 262144 524288 1048576
Konuectso 351eMeHToB

— ArrayList Mogndmkauma — LinkedList goctyn

0)
Puc. 2. Cpasnenue ArrayList u LinkedList:
a — bvicmpuvle onepayuu;
O — MeOoneHHble onepayuu

JOCTYyTIa K 3JICMEHTaM T10 UHIeKcaMm, To — ArrayList.

MuoxectBo Set peanmmszoBano B Java Collection Framework kak cioBaps Map, y
KOTOPOT'O KITFOY — JIEMEHT MHOYKECTBA JTAHHBIX, a 3HaUeHHe — 00BeKT Kiacca Object. B
nakere java.util umeroTcs TpuM Kiacca peanm3anuu uHTepdeiica Map: HashMap,
LinkedHashMap u TreeMap. Ha puc. 3 npuBeeHbI OLICHKH TPOM3BOAUTEIBHOCTH ITHX

KOJUIEKIINH.
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1024 2048 4096 8192 16384 32768 65536 131072 262144 524288 1048576

Kon/uectso 3nemMeHToB

— HashMap nposepka uneHctea — LinkedHashMap nposepka uneHcTea — TreeMap nposepka uneHctea — HashMap Mogndmkauma

LinkedHashMap Mogudmkauma — TreeMap MoaudmKauma

Puc. 3. Cpasnenue HashMap, LinkedHashMap u TreeMap

npopUIN MNPOU3BOAUTENBHOCTH PACCMOTPEHHBIX
peanu3anuii CIMCKOB SABJISIFOTCS 3ePKATbHBIMU O0TOOpaskeHUsIMU ApYT apyra. [loatomy B
NPUIOKEHUSIX, MCHOJB3YIONINX YHOPSIOUYEHHYIO (IO MECTOMOJIOKEHHIO SJIEMEHTOB)
KOJUISKIIMIO C TpeoOfalaHieM oOmepauuil No0aBiIeHUs WIM yIAJICHUS 3JIEMEHTOB,
nesecoodpaszHo ucnonb3oBaTh LinkedList. Ecou moMUHHpYIOT omnepanuy MOTy4YeHHs



HashMap — ranGoee OBICTpBIN M MPOCTON CIOCO0 pea3aiyi, OCHOBAaHHBIA Ha
UCTIOJIb30BAHMU XEII-Ta0NUIbl (KOTOpasi, B CBOIO OYEPE/b, PEATU3YETCS C MOMOILBIO
MacCuBa U OJJHOCBSI3HOTO crucka). OHAKO €ro IEMEHTHI He HaXOAATCS B KaKOM-TTHO0
nopsiake. LinkedHashMap coxpansier mopsiiok 271eMEeHTOB, B KOTOPOM OHH OBbLIH
N00aBIEHbI, HO TPEOyeT AOMOIHUTENBHBIX 3aTPaT BPEMEHH MPH BHITIOJIHEHUH OTEpalnii
n00aBIeHUs U YAAJICHUs dJIeMEeHTOB. TreeMap peanusyeTcst Ha OCHOBE KPacHO-4EPHOTO
nepesa. TreeMap xpaHUT CBOM 3JIEMEHTHI B OTCOPTUPOBAHHOM TOPSJIKE, HO JOCTYIl K
HHMM M OTIepaIiii MOTU(UKAIIUK BBITIOIHAIOTCS 32 BpeMsi, IIPONopIroHaisHoe 10g2n.

Takum oOpazoM, Hambosiee MPOCThIE peau3alKi KOJUIEKIIMA HMMEIOT Hambosee
BBICOKHE OIICHKM CKOpPOCTH JIOCTyna K 3jieMeHTaMm. He ciydalitHO B OOJBIIMHCTBE
npuiioxeHuit ucrons3ytores ArrayList u HashMap [5]. Onnako naHHBIE KOJUICKIIUH
MOTYT CYIIECTBEHHO MPOUTPHIBAThH JAPYIMM pEaIM3allvsM MPU BBIOJIHEHUH ONEpaInii
Mogudukanuyd  (Hampumep, ArrayList) wam  MOryr  IMOSBUTBCS — HEKOTOPBIC
cneruduyeckue TpeOOBaHUS (HANPUMED, YMOPSAOYECHHOCTh AJIEMEHTOB, OTCYTCTBHUE
TyOIMKaToOB U Jip.). B 3TOM ciiydae HEOOXOUMO HCIOIb30BaTh CHCIMATU3UPOBAHHBIC
KJ1aCCHI KOJIICKITHM.

Opnako HE Bcerda yaaercsl JISTKo W ObICTpo (He mpuberaro K CyIIECTBEHHOMY
pedakTOpUHTY) 3aMEHUTh OJIHY PeAJIM3alMI0 KOJUICKIIMK Ha JpYry0. MeTobl 10CcTyma
Pa3IUUHBIX CTPYKTYp JAHHBIX CYIIECTBEHHO OTIMYAIOTCS JIPYT OT Jpyra (Hampumep,
unTepdeiicer List 1 Map). KpoMe Toro, B KOHTEKCTE TMPUIIOKCHUS MOXKET BOSHUKHYTh
NOTpeOHOCTh B HCIOJB30BAHUM OIEpaliid, HE MPETYCMOTPEHHBIX CYIIECTBYIOIIUM
untepdeiicoMm. Jlob6aBneHre HOBOW (PYHKIIMOHAILHOCTH M HM3MEHEHHE peau3alliu
CTPYKTYp JAaHHBIX YacTO SBISETCA 3aTPYAHUTEIBHBIM, IIOCKOJBKY TpeOyer
CYIIECTBEHHOW MOJU(PUKAIMN HCXOJHOTO KOJAAa M MOXKET CYIIECTBEHHO CHHUXATb
3¢ heKTUBHOCTL 00pabOTKU omepaiuii JaHHbIX. bojee moapoOHO maHHas mpobiema
HccleIoBaHa B pabote [6].

Jlnst obecriedeHnst He3aBUCUMOCTH TIPUIIOKEHU OT OCOOEHHOCTEW MCIOJIb3YEMBIX
CTPYKTYp JAHHBIX MOTYT WCIOJIBb30BaThCs OMOIMOTEKH, TO3BOJISIONINE T€HEPUPOBAThH
JOCTaTO4YHO S(PPEKTUBHBIN KO Ui peav3aluu crenupuyeckux KoJuiekiuii. B
KadyecTBe mpumepa MoxxHo npuBectr DISTIL [7] u Predator [8]. dis cnenmdukarum
KOJUIGKIIMA B TporpamMmax  HCIONB3yeTCsl  JIeKIapaTUBHBIA  TPEAMETHO-
OpPHEHTUPOBAaHHBIN s3BIK MporpammupoBanus (domain specific language, DSL), Ha
OCHOBE KOTOPOT'0 T'€HEepUPYETCs COOTBETCTBYIOIINI Ko Ha CH++.

Hcrnonb3oBanne mog00HBIX OHMONMMOTEK IMO3BOJISIET OOECHEYHTH  IMOICPKKY
NPOU3BOJIBHBIX, 3apaHee He npeaycMoTpeHHbix (ad hock) 3ampocos u crieruanu3aruio
uHTepdeiica KOJUIEKIIUU ISl peIeHns] KOHKPETHBIX 3a1ad. OTHaKo 3TO HE perraeT BcexX
npo0JieM, CBSI3aHHBIX C HCIIOJIB30BAHUEM CTPYKTYp JAHHBIX B TPUIOKEHHUIX. Bo-
MIEPBBIX, HE CYIIECTBYET d(PPEKTUBHON pean3aliuu il ACKJIApPATUBHBIX S3bIKOB, €CIIH
OHU YHUBEPCAJIbHBI.

Bo-BTOppIX, MpH TeHepalu NPOrPAaMMHOTO KOJa HCHONB3YIOTCS pa3IndHbIC
ACTIEKTHl peaTu3aliy KIACCHYECKUX CTPYKTYp AaHHBIX. KOIM4ecTBO Takmx acmeKTOB
OTPAaHMYCHO YHCJIOM peaTM3alliii CTPYKTYp HaHHBIX, HM3HAYAJIBHO 3aJI0)KEHHBIX B
oubmoteke. bubmmoreka He MOXKET CreHEepUpOBaTh KOJ Ha OCHOBE MHBIX CTPYKTYD,
KOTOpPbIE NIPU OMPEACTCHHBIX YCIOBHUSIX MOTYT OBITh CYILIECTBEHHO Oojiee 3(h(PeKTUBHEI.
Harpumep, B DISTIL u Predator ucronb3yroTcs TOJIBKO OUHAPHBIC IEPEBbsI, HECMOTPSI
Ha TO, YTO KJIACC JIPEBOBUIHBIX CTPYKTYP CYIIECTBEHHO IIMPE M BKIIIOYAET B cebOs 2-3
nepesbsi, B-nepesbs, B*-nepeBbs, R-nepesbs u ap.



B-tpetpux, mns permenus mpoOsieM, CBS3aHHBIX C MPOU3BOIUTEILHOCTHIO, MOXKET
MOTPeOOBATHCA PYYHOE M3MEHEHHE HMCXOJHOTO KOJia MPWIOXKEHHUS, T.e. MPOrpaMMUCT
JOJDKEH OYIeT UCTIOIh30BaTh HEKOTOPHIE MHBIE KOHCTPYKIHH si3bika DSL. TIpu a3Tom oH
MOJKET 3aMEHHTDH CIEIUPUKAIINIO0 OJHOW CTPYKTYphl Ha IPYTYIO, KOTOpas, MO €ro
MHeHuIo, Oynier 6ornee apdextuBHA. TakuM 00pazom, 3TH OUOIMOTEKU HE MO3BOJISIOT
MIOJTHOCTBIO OTCTPAHHUTh YEJIOBEKa OT PEIICHHS MPOOJIeM ONTHMH3AIWK B IPOIIECCE
pa3pabOTKH U UCIIOJIL30BAaHUS TPOTrPAMMHOTO 00ECTICUEHHUSI.

Knaccuueckue moaxojipl K OpraHu3aliiyl JaHHBIX CTPOSITCA Ha MPEIOJIOKEHUH O
CTallMOHAPHOCTH TOBE/ICHUSI BHEIIHEH Cpelbl U PAaBHOBEPOSTHOM JIOCTYIE K JIIOOBIM
AIIEMEHTaM CTPYKTYPhI JaHHBIX. Bce MOACTPYKTYpBI CTPYKTYPhI JAHHBIX OPraHU30BaHbI
OJIMHaKOBO. Bpemsi 00pabOTKK Ka)I0Tro AJIEMEHTa MPU TaKOW OpraHu3alluu SIBISIETCS
MOCTOSIHHOM BennunHOW. [loBeeHre CTpyKTyphl ¢ TEYEHHEM BPEMEHU HE U3MEHSETCSI.
He yuuthiBacTcs €€ B3aMMOJICWCTBHME C BHEIIHEW cpenor. BcemeactBue 3Toro mpu
YBEJIMUEHUU KOJIMYECTBA DJJIEMEHTOB B CTPYKType JaHHBIX €€ XapaKTepUCTUKU
YXYALIAIOTCA.

Eme OonbliieMy yXyAlIEHUIO XapaKTEPUCTUK CIIOCOOCTBYET HECTALIMOHAPHOCTh
Cpellbl, B KOTOPOU MCTIONB3YETCs CTPYKTYpa JaHHBIX. JIOCTYI K pa3InyHbIM JIEMEHTaM
KOJUIEKIIMA OCYIIECTBIISICTCS ¢ pa3HOM MHTEHCHUBHOCTHIO. He Bce naHHBIC SIBISIFOTCS
OJIMHAKOBO BOCTPEOOBAaHHBIMU M PAaBHO3HAYHBIMHU JJIsl MOJb30BaTesicl. B peaibHbIX
YCIOBUSIX paOOThI MPUIIOKEHUS BHICOKAsi MHTEHCUBHOCTD OJIHUX oOreparuii 00padoTKu
JAHHBIX CMEHSAETCS aKTUBU3aLMEN IPYruX orepaiuil. YenoBeK HE MOXKET U HE JI0JKEH
MOCTOSIHHO 3aHMMAThbCsd HACTPOMKONM M ONTHUMH3alUEd MNpOrpaMMbl, 3aMEHSAS OJHY
peaNn3aluio CTPYKTYpPbl JAHHBIX Ha Jpyryro. CUTyalusi OCIOXKHSAETCA TEM, 4YTO
pe3yNbTaThl, MOJNYYEHHBIE MM B PE3YJIbTaTe€ HArpy304YHOIO TECTHUPOBAHUS, MOTYT
CYIIECTBEHHO OTJINYATHCS OT TE€X YCIOBUH, B KOTOPHIX peasibHO Oy1eT PyHKIIMOHUPOBATH
Iporpamma. [loaToMy  HaiiieHHOE MM  pELICHHE MOYET 0Ka3aTbCsl
HEYJIOBJIETBOPUTEILHBIM Ha TIPAKTHUKE.

[lepeurcieHHble HETOCTATKH CBUJIETEIBCTBYIOT O HEOOXOJMMOCTH MPUMEHEHUS
MPUHIUIHAIILHO WUHBIX MOJAXO0JI0OB M METOJIOB K OpraHm3aivu JaHHbX. K coxaneHuro,
ClleyeT OTMETUTh, YTO MHOTHE€ COBPEMEHHBIC TOAXOJbI CBOISATCS JIMIIb K
COBEPIIICHCTBOBAHUIO MPUEMOB MporpaMmupoBanusi. [Ipu 3ToM UrHOpUpPYETCS OIBIT
CO3/1aHUS UICKYCCTBEHHBIX CUCTEM, HAKOIIJIEHHBIN B IPYTUX 00JIACTSIX 3HAHUS, TAKUX, KaK
KUOEpHETHKA, CHHEPT€TUKA, TEOPHUS CUCTEM.

Crnoxnbie IC nenecoobpa3HO CTPOUTh U3 aBBTOHOMHBIX KOMIIOHEHTOB OpPTraHU3aINH
nmanabix  (AKOJ) [9], cmocoOHBIX — caMOCTOSITENbHO — (DYHKIIMOHUPOBATH U
aIanTUPOBATHCS K M3MEHEHUSIM BHEIITHEH CPEIbl M BHYTPEHHEH OpraHn3alliu B IITUPOKUX
npenenax. AKOJl dbopMupyloT U TOIAEPKUBAIOT CTPYKTYPhl JTaHHBIX B paMKax
ABOJIIOLIMOHHON Mozenu naanubix [10, 11]. Jlns aganTanmmu CTPYKTYp MOTYT
WCIOJIb30BAThHCA:

- TapaMeTpuiecKkas HaCTpouKa,

- BKJIFOUCHUE JIOTIOJTHUTENILHOM nH(opmarnuu [12],

- TpaHchopMaIysi CTPYKTYpBHI.

HexkoTopsle kinaccuueckue CTpYKTYpbl JaHHBIX COJIEPIKAT MapaMeTphl, OKa3bIBAIOITUE
BJIMSTHUE Ha JIOTMKY OOpabOTKH CTPYKTYyphl. [lapamerpamu SIBISIOTCS JTOMYCTUMBIN
pasMep OJIHOTO DJJIEMEHTa JIaHHBIX, KOJIMYECTBO JJIEMEHTOB (KapAWHAIBHOCTH) B
MOJICTPYKTYpe (HampuMmep, B y3je M-apHOro JepeBa), 00beM (U3NYECKOW MaMsTH B
oOmactu niepenoHeHus (1711 B-nepeBbeB) u T.11.



Jins xemr-Tabiuil, 3JeMEHTHl KOTOPBIX XPaHATCSI B MAacCHUBE S4YEEK, OIHUM W3
HanOoJiee BaKHBIX MapaMeTpoB sBISETCS KOI(D(MUIMEHT 3aroJIHEHUS — OTHOIICHHUE
yyclia 3ar0JHEHHBIX SYeeK K o0meMy uuciy sueek. Ecim 3HaueHue ko3dduimenra
3aII0JTHEHUS CTAHOBUTCS paBHBIM HEKOTOPOU KOHCTAHTE Crax (0,5 < Crax < 1), TO Xemm-
Ta0uIly HeOOXOAMMO PaCIIMPUTh, BBIJICIIUB HOBBIM MacCHB C OOJIBIIMM YHCIOM STUEEK.
Ecnu 3Ha9eHue ko3¢ dunmenTa 3anoaHeHns 1ocTiraeT HkHer oueHKH Crin (0 < Cpin <
0,5), xem-tabnuiyy HE0OXOaUMO CXKaTh sl Oonee A(H(OEKTUBHOTO HCIIOIb30BAHUS
namsati. [lo takomy npuHimny paboraror HashMap m HashSet. Oanako oneparuu
PaCIIMPEHUs U CKATUS XEUI-TaOJUIIbI BBITOIHSAIOTCS BMECTE ¢ 00pabOTKON JAHHBIX, YTO
CHIDKAET OBICTPO/ICHCTBUE BBITIOJTHEHUS OTIEPALIHIA.

JIjiss TOro 4ToObl MPUCIIOCOOUTHCS K M3MEHEHHSIM BHEIIHEH CpeJlbl, 4acTO ObIBacT
JIOCTATOYHO PaCIIMPUTh CYHIECTBYIOIIYIO CTPYKTYPY IAaHHBIX IyTEM COXPAaHEHHS U
UCIIOJIb30BaHUsI B HEW JIOTOJIHUTEIbHOM MH(popManuu. JlononHuTtenbHas UHQOpMaIs
MOKET OBITh TIPE/ICTABIICHA CIICAYIOIINMHU 3JIEMEHTaAMU:

- TMpHU3HAKH, TMPEACTABIAONIMEe HHPOpMAIMIO 00 OMpeNeNeHHbIX CBOMCTBAX
(acmiekTax) Bceil CTPYKTYPHI B LIEJIOM, €€ OT/ICNIbHBIX TIOACTPYKTYP U DJIEMEHTOB IaHHBIX;

- TIapaMeTphl, TMO3BOJISIONINE HACTpaMBaTh CTPYKTYPY [aHHBIX Ha TpeOyemoe
HCIIOJIb30BaHUE U 00pabOTKY.

[Ipu3HaK — 3TO HEKOTOPOE CBOWCTBO, KOTOPHIM 00JIa/IaeT UK HE 00JIaIaeT CTPYKTypa
JTAHHBIX WJIM HEKoTopas ee 4acTh. [IprMepaMu Takux CBOWCTB SIBIISIFOTCSI HAJIMUYUE WU
OTCYTCTBHE IOBTOPSIIOLLMXCSI 3JEMEHTOB JIAHHBIX, KOJIMYECTBO JJIEMEHTOB B
HOACTPYKTYpE, CIIOCO0 YIOPsI0YEHUS, AUaa30H 3HAYEHUH U Jp.

[Ipy3Haku TO3BOJISAIOT BBINOJHATH ONPEAEICHHBIE ONEpaluu ObICTpee, a TaKkKe
peanu3oBaTh JIONOJHUTENbHBIE onepauuu. Hanpumep, B [12] omumcano nepeBo
HOPSIIKOBOM CTATUCTUKH, SIBJISIOLIEECS pacllMpeHreM KpacHO-4epHoro aepesa. [lomrmo
OOBIYHBIX TIOJICH (AJIEMEHT JTaHHBIX, IIBET, CChUIKA HA JICBOE W IPAaBOE TOJIACPEBHS), B
K)XIIOM y3JIe JiepeBa UMEETCs T0JIe, B KOTOPOM XPaHUTCS pa3Mep Mmojaepena (JIEBOTo 1
MpaBoOTo, BKIIFOYAs JaHHKIN y3ei). C TOMOIIBIO ATOTO MPU3HAKA CTAHOBUTCSI BO3MOKHBIM
ObICTPO HAWTH 3HAYCHHUE C I-M MOPSIKOBEIM HOMEPOM WIIM OMNPEICTHUTh TOPSIKOBBIN
HOMEp TpeOyeMoro 3JeMEeHTa B yIOpsAA0YeHHOM MHOKecTBe. [Ipu 3ToM nokazaHo, 4To
NoJIep>KaHne IOTIOJIHUTEIBHON HH(POPMAITUH B aKTYaJIbHOM COCTOSTHAU B K&KIOM Y371€
JiepeBa MOPSAAKOBOM CTATUCTUKM HE BIMSET HA aCUMITOTHYECKHE OIICHKU OTIepaIlvii
BCTaBKU W yAaJeHus dJIeMeHTOB. OIHAKO Ui IPYTUX CTPYKTYP MOXKET OKa3aThCs HE
BCErJa BO3MOXKHBIM d(PPekTruBHO (0€3 YyXYIIeHUS aCUMITOTUYECKHX OIIEHOK)
MOJIZICPKUBATH TOTIOJTHUTEIbHYIO HHPOPMAIIHIO B aKTyaIbHOM cocTOsTHUH. Kpome Toro,
JUT XpaHeHus 3Toi nHdopmMaiuu TpeOyeTcst TONOTHUTEIbHAS TTAMSITh.

[TapameTpbl — S3TO HM3MEHSEMBIE SJEMEHTHI CTPYKTYPHI, BBITIOJIHSIONIME POJIb
HACTPOEK, KOTOpBIE MOC/IC HA3HAUEHHs CTAHOBSITCS OTPaHMYEHUSIMU. [[OMOTHUTENBHO
BKJTIOYAaEMBIMH ~ TIapaMeTpaMud  MOTYT  OBITh  JOMyCTUMOE (MakCUMallbHOE M
MUHUMAJIBHOE) KOJMYECTBO AJIEMEHTOB B CTPYKTYpe, OOBEM BBIJICICHHON (hHU3MUECKOMN
MaMsTH, JIOTHYECKOe OorpaHrueHHe (TpeArKaT) Ha 3HAUCHHUE DIIEMEHTA, JOITyCTUMOCTh
TyOJTMKATOB, JIFOOBIE CBEICHHS O HEOJHOPOIHOCTH TIOACTPYKTYP M 3JIEMEHTOB JTaHHBIX.
V3MeHsss  3HAa4YeHHsT  COOTBETCTBYIONIMX  TapaMeTpOB, MOXKHO  BIUSTh  Ha
TPOM3BOAUTEIEHOCTh, KOMIIAKTHOCTD U IPYTHUE XapaKTEPUCTUKU CTPYKTYPhI TaHHBIX.

DNeMEeHTHI, TOTIOTHUTETIHFHO BKIIFOYaeMbIE B CTPYKTYPY JAHHBIX C HENBI0 H3MEHEHHS
CYIIECTBYIOIIMX WJIM TPHUAAHUS CTPYKTYpE HOBBIX CBOWMCTB, HAa3bIBAIOTCS
Mogudukaropamu. B kadectBe MOAM(UKATOPOB MOTYT BBICTYNAaTh NPU3HAKH,



napameTpbl, TOTIOJIHUTEIbHBIE 3JIEMEHTHI JaHHBIX (KITIOYEBbIE 3JIEMEHTHI, TyOIUKAThI U
Jp.), yKa3aTeny Ha HEKOTOPBIE BbIIEIEHHBIE JIEMEHTHI (HapuMep, Ha HanOoJiee 4acTo
UCTIOJIb3YEMbIE WM SJIEMEHTHI C ONPEICICHHBIMU CBOMCTBAMHM), CIICIMAIN3UPOBAHHbIC
METO/IbI JJOCTyMa U 00pabOTKU TaHHBIX.

MonnhrkaTopsl MO3BOJISIOT MOBBICUTH HAIEKHOCTh U AP(HEKTUBHOCTE 00pabOTKH
CTPYKTYpBI IaHHBIX, HE HapyIllasi IOTUKH €€ OpraHnu3aliy U (PyHKIIMOHUPOBAHUSL.

[Ipornecc amanrauu CTPYKTYpPhI TaHHBIX K N3MEHEHUSIM BHEUTHEW Cpelbl Ha OCHOBE
MOU(PHUKATOPOB MOXKHO pa30UTh Ha CIICTYFOIINE TAITbI:

1. Onpenenennie MoIU(UKATOPOB, T00ABISIEMBIX B 0230BYIO CTPYKTYPY AaHHBIX.

2. OueHKa aCUMNTOTHYECKUX XapaKTEPUCTUK OOpaOOTKU CTPYKTYPhI JAHHBIX C
UCIIOJIb30BaHUEM MOTU(PUKATOPOB.

3. Moaudukanysi CymecTBYIOINX AITOPUTMOB 00Pa0OTKU TAaHHBIX IS TTOIICPIKKH
JIOTIOJTHUTENILHON HH()OPMAITMU B aKTyaTbHOM COCTOSTHUM.

4. HacTtpolika mapaMmeTpoB CTPYKTYpPbI HA ONITUMAIBHOE UCTIOJIB30BaHNUE.

5. ®opMupoBaHrE HOBBIX CIEIUATU3UPOBAHHBIX METOJOB JOCTyNa M 00paboTKu
JTAHHBIX.

[Iponiecc apanTanyu CTPYKTYpbl AAHHBIX MOXET MOBTOPSTHCS MHOTrokpatHo. [Ipu
TOM MOTYT BKJIFOYAThCS HOBbIE MOJU(HUKATOPHl U YIAIATHCS CYIIECTBYIOLIME, HE
oTBeuaronme TpeboBaHuAM cpeabl. OIHAKO C TEYCHHEM BpPEMEHH KOJIMYECTBO
MOJIU(PHUKATOPOB YBEIMYMBACTCS, CTPYKTypa AAaHHBIX BCE OOJBIINE OTKIOHSETCS OT
0a30BOM M ee CBOMCTBa yXyAIIaroTcs. B 3ToM ciiydae HEOOXOAUMO BBIMOJIHUTH
TpaHCOPMAIIMIO K CTPYKTYpe JMAaHHBIX JApyroro Tuma. [lis 3Toro Ha OCHOBE
NPEABICTOPUH U IIPOrHO3a UCTIOJIb30BAHHUS IAHHBIX HEOOXOAUMO OIIPENEIIUTh CTPYKTYPY
JAHHBIX, MAKCUMAJIbHO MOJHO Y/I0BJIETBOPSIIOILYIO BCEM TPEOOBAHUSIM.

Tekymas peopranuzanusi CTpyKTypbl JAHHBIX HE JOJDKHA MPUBOJAUTH K OCTAHOBY
nporpaMmbl  (HEBBITIOJHEHHIO ~ OCHOBHBIX  (pyHKiuit). [lostomy  HeOosblme
npeoOpa3oBaHusl CTPYKTYPhI JAHHBIX MOTYT OCYILLECTBIISTHCS B pEaJIbHOM BPEMEHH, T.€.
B TCUCHHE OTHOCUTEIHHO HEOOJBIINX MEPEPHIBOB MEXKAY BBIMOJHEHUEM OIeparui
00pabOTKU JaHHBIX.

Bornee cnoxxHyro peopraHuzaiuio CTpYKTyp JaHHBIX 11€71eC000pa3HO OCYIIECTBISTh
BO BpeMsi «0e3[eiCTBUSI CUCTEMBI», KOT/Ia HE BBIOJHSIOTCS 3alpochl HA 00pabOTKY
JAHHBIX JTMOO UX MOCTYIJICHUE MaJIOBEPOSITHO.

Takum o00pa3om, NpPOBEACHHBIN aHATN3 MCHONB3YEMBIX CTPYKTYp JaHHBIX MU
NpeIIoKEHHbIE METObl aJanTalid TO3BOJAIOT pa3paldaThiBaTh U IMOJJIEPKHUBATH
CTPYKTYpBl JIaHHBIX, OOECIIEUMBAIOIINE BBICOKYIO HAACKHOCTh U I(HHEKTUBHOCTD
00paOOTKHU JAHHBIX B TEUCHHUE BCETO BPEMEHH CYIIIECTBOBAHMUS CHCTEMBI.
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