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IMpoxemoHCcTpHpOBaHa (B caMOM OOIIEM ClIydae) BO3MOXKHOCTH COTTTACOBAHHOTO ONMICAHMUS [TOTOKOB YIPaBICHHS, JAHHBIX ¥ HH()OPMAIHOH-
HBIX CBsI3eH B Iporecce pa3paboTKH aIrOPUTMOB CPEACTBAMH TPEXOCHOBHOM allreOpandeckoil cucTeMsl (anredpbl aArOpUTMOB € JTAHHBIMHU).
IToka3aHbI CBOMCTBA MOJIy9aeMbIX CXEM alITOPHTMOB.

The possibility of the concerted description of management streams is shown, data and informative connections in the process of algorithms’
development facilities of the tribasic algebraic system (algebras of algorithms with data) is shown (in most general case). The properties of
the got charts of algorithms are rotined.

BBenenune

ITocKonbKy ajdropuTM SIBJISETCS MHOTOACIEKTHOH CYIIHOCTBIO, TO aKTyajbHa 3ajada TaKoro ero OIHCAaHUs, B
paMKax KOTOPOrO OTOOpa)karOTCsl OCHOBHBIE €T0 acNeKThl: TIOTOKK YIPAaBJICHUS, CTPYKTYpPbl 00pabaThiBaeMbIX JaHHBIX
1 MHGOPMaMOHHBIE CBSI3H. [IpH 3TOM Ha KaXKI0M 3dTare pa3padoTKU TH acleKThl JOJDKHBI OBITh COTNIACOBAHBI MEXIY
co0oii.

VYuuTeBas BaXHOCTb POJH JAHHBIX B IpOIEcCe pa3padOTKH anroputMmoB [l, 2], Ans pemreHus 3TOH 3amadu
TpeuIoKeH anrebpanmdeckuii ammapat [3—5] B KOTOPEIA, B pe3yibTaTe MOAu(UKaIuN U3BecTHOH Monenmu DBM [mym-
KoBa [6], “BCTpOeHBI” TaHHEIC.

Jlanee npuBeIeHBI HEKOTOPBIE 3JIEMEHTHI ATOTO aNreOpanyecKoro anmnapara HeoOX0IUMbIEC PEIICHUs YKa3aHHOH
3a7a4H.

AJiredpa aJropuTMoB € JaHHBIMU
YhoMsHyThI anreOpandeckuii ammapaT MPEICTaBsIeT CO0OM TPEXOCHOBHYIO alnreOpandecKkylo CHCTEMY
CAAV::= <{U,L, D};Q> (anmrebpy amroputmoB ¢ JaHHBIMH), Tae U — mHOXecTBO [[-omepaTtopoB, L — MHOXecTBO

JIOTHYECKUX YCJIOBUH, D — MHOXECTBO NaHHBIX, () — 0a30BbIii HAOOp onepaunuii anreOpbl, BKIOYAIOUIMN ONepalun
€, onpeneneHuble Ha MHOXecTBe U, €, , ompeneneHHble Ha MHOXKecTBe L, (5, onpeneneHHsle Ha MHOXKeCTBE D.
B pamkax anreOpsl JaHHbIC OMPEIEIICHBI CIICAYIONIMM 00pa3oM.

Onpenenenue 1. CocTaBHBIMY JaHHBIMH ~ OyJleM Ha3bIBaTh Mapy D:<N A ,3>, rae 3:<31,...,3n> — KOPTEX 3Haye-

HUH, TPOCTEIMH — d=<NAi ,3>, rge 3 — 3HauCHHUe, HOCUTENIb KOTOPhIX N, , OJHO3HAYHO MAEHTH(ULUPYETCS aApecoM
]

Ajel. B Kaxablii MOMCHT BDEMEHH JJAHHBIC XPAHST HEKOTOPbIH KOPTEXK 3HAYCHUH 3, 3HAYCHHUE — 3, ONPEACIISIOLIHI

TEKyIL[ee COCTOSHUE [aHHbIX.
Hcnonbs3yemble [anee THIIbI JaHHBIX COOTBETCTBYIOT TPaJULMOHHOMY [UIS S3bIKOB IIPOrPaMMUPOBAHUS IIOHS-
tHIO ¥ OynyT obo3Hauatsest f;,rme f; e F={f, f,,...,f,}, a F— MHOXecTBO BO3MOXHBIX THIOB JJAHHBIX.

HepBI/I‘IHLIMI/I CTPYKTYpaMH JaHHBIX SIBJISIFOTCS. COCTABHBIC JaHHBIC (HCpBI/I‘-IHLIG 3an1/1c1/1) DS TaKue€, 4TO

f f o :
3:<31*,...,3k*> roe  f,— OpPOM3BONBHBIN THUI JAaHHBIX, M OJHOMEPHBIE MAaCCHBBI (BEKTODBI) "D Takue, 4TO

f; o o
3:<31' ,,,.,3;' >, rae fi_ KOHKPETHBIY THII JAHHBIX, N — YMCJIO 3THUX 3HAYCHHUU (pa3M€pHOCTI) MaCCI/IBa). 3aM€TI/IM, 4qTo

BEKTOP MOXKET HHTEPIIPETHPOBATHCS PA3IMYHBIM 00pa3oM, HalpuMep, Kak CTpoKa.

Ha MHOXECTBE yIODSIOUCHHBIX TIEPBUUYHEIX CTPYKTYP JAHHBIX, KOTOpbIe B o0lieM ciiydae oGosHaunm DS
OTpesieNM OIepanuio 00beIMHeHUsl (KOMIIO3UINH) JaHHBIX — “* ”. B pesynpTare MpuMEHEHHS 3TOW ONeparyu K
IEPBHYHBIM CTPYKTYpaM JaHHBIX D° *D’Sleign, B o0IIeM city4ae Dls *...*D%le?“, MOJly4yaeM HOBYIO CTPYKTYpPY AaH-

HBIX, Ha3bIBAEMYIO 3aIIUChIO, '/l JIEBbIA HUKHHUI MHIEKC — YKa3bIBA€T YPOBEHb BIIOXKEHHOCTU CTPYKTYp. ITpumensis
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OTIepanrio KOMITO3UINN K TOJTYYCHHBIM 3aIHCIM 1Df” *.H Dg” = ZDJ?“, MOJTy94aeM HOBYIO 3aIIFICh BTOPOTO YPOBHS BIIO-

KCHHOCTH, B KOTOPYIO MOTYT OBITh BJIOKECHBI KaK MEPBUYHBIC, TAK M NPOU3BOJHBIE CTPYKTYPH! HaHHBIX. [Ipomomkas

TaKou nmpouecc MOKEM IMOJydaTh 3alIucCu nD?H C MPaKTU4YCCKU HeOFpaHI/I‘{eHHOﬁ BJIOXKCHHOCTBIO. HonyqaeMLIe TaKHUM

00pa3oM 3ammMcH Ha KaXZIOM YPOBHE BJIO)KEHHOCTH MOTYT TPAKTOBAThCA KaK KOPTEXK CEMEHCTB MHOXKECTB
nDj3H =<n—l Dfn,...nleEH> TakuX, 4TO A7 I000ro ,_, D?jnen_l D" Bemonusercs |, D?jnen_l DSH JUISL BCEX
p=i.
Jns mocTpoeHus MPOU3BOJHBIX CTPYKTYp JAHHBIX BBEJEM IPOM3BOJHBIE ONEPAINH, NEPBOM U3 KOTOPHIX SBIS-
eTcs oneparisi MTepaluu JaHHBIX, TONy4eHHas B pe3yabTaTe 0000IIEH s ONepalliy KOMIIO3UIUN Ha N OJMHAKOBBIX
5J€MEHTOB M 3anMchiBaemas B Buge “{}"”.

TIpuMeHsis 3Ty OMEPAIHI0 K HEKOTOPOMY OJHOMEPHOMY MACCUBY pa3Mepa M, TOJyd4aeM JBYMEpHBIH MaccuB
{"Dfi}==""ph =k peymepHomy — Tpexmepmbii maccus  "™"D' u 1., Ha k-oM mare mnoayuaem

{'nk'l"“’nz’”lDfi Y= e f k-MepHBIi MaccuB.

n:nD3l'I

PacrpoCTpaHuB ONeEpalyio HTEPAIMK IAHHBIX HAa MHOXKECTBO 3amuceif, momyuaem {D’} OJTHOMEPHBIN

MaccHB 3amucedl (B manbHeifieM MaccuB 3ammceil). [IpUMeHss 3Ty omepaiiio K MacCUBY 3amucedl k pas, monydaem

MHOTOMEPHBII MacCHB 3amuceil B BUIE {‘nk‘l‘”'“ngﬂ}nk = Mommp 3T

BBenenHast onepanys MO3BOJIMIA TONIYYUTh IPONU3BOJHBIE CTPYKTYPHI JaHHBIX MHOTOMEPHBIE MACCHBBI, OJHO-
MEpHbIE 1 MHOTOMEpPHBIE MaccuBbl 3amuceil. Onepanus KOMIIO3UINH PAaCTIPOCTPAHEHHAS Ha IOJMy9YEeHHBIE IPOU3BO -
HBIE CTPYKTYPHI JTaHHBIX, TI03BOJISIET OPraHM30BBIBATh 3AIMCH, BKIIOYAIONINE B CBOW COCTAB IPOCTHIE JaHHbIE, OJHO-
MEpHbIE 1 MHOTOMEPHBIE MAaCCHBBI, OJTHOMEpPHBIE ¥ MHOTOMEPHBIE MAaCCHBBI 3alMCEH, TO €CTh IOJIy4aTh CTPYKTYPHI
JITAaHHBIX IPOU3BOJILHOM CIIOKHOCTH BJIOXKEHHBIE Ha ITPOU3BOJIEHYIO TITyOUHY.

st ciydasi, Koraa HeoOXOJMMO OIMKMCHIBAaTh B BUJIE €AMHOTO LEJOr0 MPOHU3BOJIBHO PACIIONIOKEHHBIE, B YACTHO-
CTH, CEMAHTUYECKH HECBA3AHHBIE JAHHBIE, BBEIEM OIEPAIUI0 IPYNINHAPOBKH AAHHBIX, KOTOpYI 0003HaumMm “U”. B

pe3ynbTare IPUMEHEHMS] 3TOM OIepalii K IIPOU3BOJIBHBIM CTPYKTypaM JaHHbBIX DS U D"S=1DiF , @ B 00IIIeM citydae

Dls ..U DS = Dir , IOJIy4aeM HOBBIE JJaHHBIC, Ha3bIBAIOLUECS IEPBUYHBIMY IPYIIIaMU AAHHBIX. PacrpocTpaHuB 3Ty

OIIEPALMI0 HA MHOXKECTBO IPYIII 4 D1F U..\y Drg =5 Dlr [10JIy4aeM HOBYIO I'PYIILY JaHHBIX BTOPOI'O YPOBHSI BIOXKEHHO-

CTH, B KOTOPYIO MOT'YT OBITH BJIOJKEHBI KaK TNIEPBUYIHBIC, TAK U IPOU3BOAHBIC I'DYIIIbI.
DIIeMEHTHI TpynIbl JaHHBIX MOT'YT 6LITB, KaK ynopsaa04CHbl, TaK U HEC YHOPAAOYCHBI, @ OTIIMIUC UX OT CTPYKTYpP
JAHHBIX COCTOUT B TOM, YTO Ha MHOXKCCTBC I'PYHII JaHHBIX OINCPpalsd KOMIIO3UIUNU HE OIIPEAC/ICHA. HOCHCI[OB&TCHLHOG

TpUMEHEHHE ONepaIiy IPYIIHPOBKH K IPYIHaM AaHHBIX D U..U Di = nDjr TIO3BOJISIET MOJYYHUTh BIIOXXEHHOCTh
TPYMII JaHHBIX Ha MPAKTUYECKH MTPOU3BOJIBHYIO TIyOHHY.
Ha mo6oM, HauMHAS CO BTOPOTO YPOBHS BIOKEHHOCTH I'PYIII JaHHBIX, OHH MOTYT TPaKTOBaThCS KaK CEMEHCTBO

r r r

muoxectB  ,Dj ={, 1D ,...n 4Dy} Takux, uro ans moGoro | _, Dﬁen_1 D{ nomycTumo Kak , Dﬁen_l Dy, Tak u
r r ;

N2 Dij €1 Dp s Beex p#i.

JJis meranu3anuy JaHHBIX BBEAEM OIICPALIUH.

Ornepanyst pa3rpynnupoBKH “ U 7, IpUMEHEHHE KOTOPOH K TPYIIIE TaHHBIX
= Nl r r
“n Di _n—lDl ""n—le (1)

MOPOXKAaeT TPYIIIBl JaHHBIX MPEIIISCTBYIONIETO YPOBHS BJIOKEHHOCTH. B YacTHBIX CIy4asx M B CiIydae NMEpBUYHOM
IPYIIIBI JAHHBIX TOTy4aeM CTPYKTYPbI JaHHBIX U\WJIH TIPOCTHIE JaHHbIE.
Bropas Takas orepanus — 3TO oneparys AeTaJTn3anud (1eKOMIO3UINN) TaHHBIX, 0003HAYeHHAs — ©“ *
[IpuMeHeHHE 3TOM ONepanry K MOITYISHHBIM BBIIIEC CTPYKTYPaM JaHHBIX BEHIOJHACTCS CIIEIYIONIINM 00pa3oM:
— M3 MHOT'OMEPHOI'0 MAacCUBa 3alucell mosyyaeM N, MacCHBOB 3amucei

ER)

;(nk,...an) _ nk_l,...,nl,nD13HYm,nk,l,...nl,n Dn3:1 : (2)
— M3 OJTHOMEPHOTO MaccHBa 3aluceil mojiyyaemM N 3amucei
;(nD31'I) — D1317’m’ Dgﬂ : (3)
— U3 3anucel Noay4yaeM 3alucu

;n Di317 ~n-1 Dl317 yeeen-l Dr?ln (4)
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Wn/u moOble ApyTHe CTPYKTYPHI JaHHBIX (MAacCHBHI 3aIlUCEH, MAacCHBHI, IPOCTHIC JaHHEIC). B ciryuae mepBUYHOI 3a-
> f
nucu *D; =d;* ,...,dnfx — KOPTEX MPOCTHIX TaHHBIX POU3BOIBHOTO THIIA;

— U3 MHOT'OMEPHOT'0O MacCuBa IMOJy4acM nk MaCCHUBOB
Mo nfiy - N i [ T
(k 1D|)_ k-1 1D1|’“I,k1 1Dn|k' (5)
— U3 OMHOMEPHOT'O MaCCHUBa IIOJTYyJa€M KOPTEXK U3 N MPOCTHIX JaHHBIX THUIIA fi
* f; fi f;
("D%)=d)",... 4. ®)

[puBeneHHbIE OMEpalUy MO3BOJIAIOT JETATM30BaTh BCE BO3MOXKHBIE CTPYKTYpBI AaHHBIX. B pe3ynbrarte Takoin
JIEKOMITO3UIIMHA MAaCCHBHI pa3OMBaroTca Ha 00pasyromue uxX KOMIOHEeHTH. OIHaKo He0OX0AUMOCTh OCYIIECTBIIATH JIe-
TaIHM3ALHUI0 CIOXKHBIX TIYOOKO BIIOKCHHBIX CTPYKTYP MAHHBIX TPEOYeT JOTOIHUTEIBHBIX CPEACTB. JlOCTATOUHO JIETKO
YBHUJICTh, YTO HA OCHOBE BBEACHHBIX JICTKO MOTYT CTPOUTHLCS IIPOU3BOIHEIC OTICPAIIHH.

B yactHOCTH, [T TPYIII TAHHBIX OMEPALIU

r;s(nDiF):n—lDlr’"'n—lDrr!nD{Fvn—lDf!"'n—lDFl (7)

'r_ r - . r
rae D" =,4D U..\0p1Dg_y, OTOENAET I NEPBBIX U S IOCICIHUX IPYIII JaHHBIX IPEABIIYLIEr0 YPOBHS UX BJIOXKEH-

HocTu. OrpaHHYeHNEM Ha IPUMEHEHHUE 3TON ONepaliy SBISIETCS COOTHOLICHHE I <S. 3aMeTHM, 4To MpH I =S omepa-
IINH BBIPOXKIAIOTCS B HCXOMHYIO OTEPALHio pa3rpynupoBky (cM. (1)). 3amMeTnM Tak ke, 4TO 3TH OIEpaIuy, OYEeBU]I-
HO, MOTYT HCIIOJIb30BaThCA U B CiIydae, KOTJa AeTalnu3yeMble IPYIIbl JaHHBIX BKIIOYAIOT HE TOJIBKO IPYIIIBL, a U JII0-
Oble CTPYKTYpHI JaHHBIX.

Jlis 3anmceit IpOU3BOIHBIMY OTIEpAllUAMU JeTaTU3aIH JAHHBIX SBJISIOTCS !

%P1 P2seePs (n Di3U):n Difn,...nDi;))H , (8)

31 _ 311 : : 311 .
rae nDij _n*le1+...+pj71+1U"'Un*lDM‘F..:ij d

* 31\_ 30 311 1311 31 311
r s(nDi )—n—lDl l"'n—1Dr !nDi ’n—le v"'n—le ’ (9)
130T _ 3T % % 317
rae nDi _n—lDr+l n—le—l'

~ Nyt
I[J'IFI MAaCCHUBOB U MaCCUBOB 3aIlUCCH, KOTOPLIC B O6H.[CM MHOTOMEPHOM CJiy4yac 0003HaUUM ¥’ ¢! D , IPOU3BOA-
HBIMHU ONICpallUsIMUA ACTAJIN3alU JaHHBIX SIBJISTFOTCS:

% P Do, -Ps (sk,---lejfa):pl,skflv---lejfli,_'_’ps,skfl,---lejfi i % PuPaPs (Sk""'?]lDij'H)zplvsk—lv'-"leifH,_“,psvsk—ll-"ilDin7 (10)
S

B pPE3yJbTAaTe BBINOJIHEHHUS KOTOPBIX KAXKIbIM M3 HMCXOJHBIX MAacCHUBOB paclajaeTcsi Ha S MAaCCUBOB TAKUX, YTO
P+ Py +...+ Ps =Sy, UTO ABIAETCA OTPAHNYEHUEM HA IPUMEHEHHUE DTOM ONEPALUH.
Ota onepanus, IpUMEHEHHas K OJHOMEPHBIM MacCHBaM

% P Pooe.e fin_ P fi f; ol O 3T\_py 3T 37
* P P2 ps(sDj )_plel’___’PsDjs u *PuP ps(rfDi )_l?]lDil 1'-'vpr§Dis 1 (11)

HOPOXKIAET S ONHOMEPHBIX MACCUBOB, IIPH YCJIOBUH, UTO P; + Py +...+ P =S.
PacrnpocTpaHuB MPOU3BOHYIO Oneparyio (4) Ha MHOXKECTBO MACCHBOB, ITOJTy4YaeM CIICAYIOLINI Pe3yIbTar:

r;S(sk,---lejfi ):Sk—l!""lejfli ,_._'sk,lv---lejf: ,(Sk_r_s)v"'!le]fi ,skflv---lejf:ﬁ Scresp

yes
Jris

u (12)

* (S 3T\ __Sk_1,--S1 3T Sk_11-S1 3T (S—T—S),..., 1311 Sg_q,--- S~ 3 S1re--SL 3T
PG RDT )= D) RN D 2D XD, b

T N1 pyy 10000 res !

IIPH yCIIOBHH [ +S < S .

Beenennbie onepaunu (1)—(12) mo3BossIOT pasrpynnupoBaTh (IEperpymniupoBaTh) IPYMIBI U IETATH30BATH
CTPYKTYpPBI JIaHHBIX HPOU3BOJIBHOW CIIOKHOCTH M pa3Mepa BIIOKEHHBbIE Ha IIPOM3BOJIbHYIO. [IpOM3BOHbIE OMEpaIiH,
HA0Op KOTOPBIX, OUEBHIHO MOXKET OBITh PACIIMPEH, YIPOIIAIOT MPOIECC JeTANN3AIMN CII0KHO OPraHU30BaHHbBIX JIaH-
HBIX.

K jorndeckum omeparusm, onpeiesieHHBIM Ha MHOXKECTBE JIOTHUECKHX YCIOBHM L, OTHECEHbI H3BECTHBIE Ole-
pary AM3BIHKIAS, KOHBIHKIUS OTPULAHME CO CBOUMH TabJINIIaMH HCTHHHOCTH [ 6].
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DyHIaMEHTAIBHBIM 3JIEMEHTOM ONHCAHWS aJrOPUTMOB, B paMKax 3TOTO armapara, sSBISIOTCS Jl-omepaTopsl
(D)X (D'), obpabatsiBatoiine JaHHBIC U OTIPEICIICHHBIE B padoTe [4] ciemyromum 06pa3oMm.

Omnpenenenne 2. Ha Bxone [-oneparopa (D)X (D') cneuuduunpoBaHo MHOXKECTBO BXOJHBIX MaHHbIX D (B

YaCTHOM Clly4ae MpocThie jaHHbie d ), 00pabaThiBas KOTOPbIE OH B OOIIEM CIydae M3MEHSET MHOXECTBO BBIXOJHBIX
(cnenudUIMPOBaHHBIX HA €ro Beixojae) naHHeix D’ (B yacTHOM ciyvae mpocThix AaHHBIX d'). Jl7ist MHOXKECTB BXO-
HBIX M BBIXOJHBIX JaHHBIX TakuX, uT0 D= u D' =, MoxKeT BBIIONHATHCS Kak cooTHomenne D ND'=J (B
gyactioctd, Dc D" u D'c D), Tak u DD’ ' =¢J. B nepBoM cityuae, M3MEHSIOTCS 3HAUYCHHUS TOJMHOXKECTBA BXOI-
HBIX gaHHBIX D o D" =(D N D’) (B yacTHOCTH, BCe BXOIHbIE MaHHbIe, eciii D < D'). Bo Bropom — 3HaueHHs BXOJI-

HBIX JJAHHBIX OCTAlOTCS HeH3MEHHBIMU.
Onpegensrommedl s JanbHEHIINX pacCyXIEHUH ABILETCS ONepauds KOMHO3uuuu /[-omepaTopoB ompene-
JIeHHAs CTIEYIOIUM 00pa3oM.
Kommnosuuus Jl-onepatopos (omepanust 06o3Hagaercs “*”) (D)X (D)*(D)X (D) O3HAYAET MOCIEAOBATEILHOE

BBINIOJIHEHHME CHadaia Jl-omeparopa (D)X (D') 3arem [J-omeparopa (D)X (D). To ects, [-omeparop (D)X (D') memo-
CPEICTBEHHO TpeamecTByeT J[-omeparopy (D)X(D), a Jl-omepatop (D)X(D') HeNOCpeAcTBeHHO cienyer 3a J-
oneparopom (D)X (D').

EcrectBeHHOE 00001IEHHE 3TOI oneparuu 3anucbiBaeTcs B Bune (D)X, (D))*...*(D;) X; (D))*...*(D,) X4 (Ds) .

Kpome omepanuu KOMIO3UIMKM CUTHATYpa anreOpsl J[-omepaTopoB BKIFOYAET MHOXKECTBO IPYTHX OMEpAIUii
(cm. [3, 4]), koTOpbIe B AaHHOM pabOTE TOJIBKO YIIOMHHAKOTCS.
Ha ocHoBe n31n0XeHHOT0 nepeiieM K pelieHnIo OCTaBICHHOM 3aJauH.

Pa3zpaborka agropurmosn

Iepen Tem, Kak pa3pabaTHIBaTh AJITOPUTM, OTIPEICIHM €TO.
Omnpenenenne 3. AnroputMoM HaseBaercs Jl-onepatop (D)A(D’), Ha BX0Jie KOTOPOTO CIIEIM(UIIMPOBAHbI BCE

rio0agbHBIE JaHHBIE MOJUIeKaIne 00paboTKe, a Ha BBIXOJIE BCE IMI00ATIbHBIC JaHHbIE, SBIIONINECS PE3YIbTaTOM 3TON
00paboTKH (pe3yTBTHPYIOIIHE).

OueBuHO, 4TO 00pabaThiBaeMble — 3TO OINpeJeNieHHble (MHUIUATU3UPOBAHHBIE), TO €CTh NMEIOLINE HEKOTO-
pble HadaJbHbIe 3HAUEeHUS JaHHBIC, B YACTHOCTH KOHCTAHTHI, WK JJaHHBIE, BBOJAUMBIE C BHEIIHUX YCTPONCTB (KJIaB -
aTypbl, MArHUTHBIX AMCKOB, aHAJOro-IM(POBEIX MpeodpazoBareseid U T. 1. U T. I.). Pe3ynpTUpylonie — 3TO JaH-
HBIE, SBISIOIIUECS PE3yJIbTATOM pabOThl MPOTrPaMMHOI CHCTEMBI, OTOOpakaeMble (HalpuMep, Ha HSKpaHe JUCILIes)
W/WIIH COXpaHsieMble Ha BHELTHUX YCTPOWUCTBAX.

Hcxons u3 onpeneneHus U IPpUBEIEHHBIX COOOPaKEHHH, alTOPUTM 3allUIIEM B BUE

(DI/ICX’ DI/ICX_R)A(DPE3) |

DI/ICX DPE3

e — ucxonnbie, DYCXR _ pponumble McXonHbIE TaHHbIE,
DX ymu DP® moryr otcyTcTBOBaTH, 2 MHOXKecTBO DTF £ 5.

PaccMotpenue nporiecc pa3paboTKy ajirOpuTMa HAYHEM CO CIIEIYIOIIEro TPEOOBAHUS MIPEABSIBIISIEMOTO K 3TOMY
mporeccy. Hapsay ¢ peannzaiuei! W3BeCTHBIX NPUHIMIOB ((OPMaTIBHOCTH, a0CTPAKTHOCTH, HEPAPXUIECKOH yHopsi-
JOYEHHOCTH M T. JI.), B IIpoLecce pa3paboTKH HEOOX0IUMO 00eceYnTh, YTO Obl Bce ClIeHU(UIIMPOBAHHBIC B allTOPUT-
Me JTaHHbIe OBLTH 00paboTaHbl, a Bce 00padaThIBaeMbIe — CIICIU(UITIPOBAHBIL.

B xa4ecTBe OCHOBBI [UIsl OPraHU3aLMHK Ipolecca pa3paboTKH BOCIIONb3YEMCSl TEOPEMOH, J0Ka3aHHOU B paboTe
[7], cMbIca KOTOPOI, ecin OTOPOCUTH HE CYLIECTBEHHBIE IS PACCMATPHBAEMOT0 ClIydast MOJAPOOHOCTH, COCTOUT B Clie-
JYIOIEM.

[MpownsBoneHeid [-oneparop (D)X (D')MOXKeT ObITh JEKOMIO3UPOBAH, TO €CTh, IPEICTAaBICH B BUJC JKBHBA-

— pesynpTHpylomue naHHble. [Ipu sTom

JIEHTHOM eMy KOMIIO3UIMK JBYX Apyrux Jl-omeparopos ((D)X (D) =(D)X(D)*(D)X(D"). O606iueHne 3T0ro pe3yib-

Tara M03BOJISIET BBECTHU CIEYIOLIYIO dbopmy [PEICTaBICHHS J-onepatopa,
(D)X(D") = (D)) X1(D)) *(D,) X, (D3) *...* (D) X (Dy ) , koTOpas HaspiBaercs ero kommo3uuornoi cxemoii (KC), B
kotopoit (D)X (D) — ucxomusiit, a (D)) X1(D)), (Dy)X5(D3), ..., (D)X (Dy) — nmpoussoansie {-omeparopsi.

C npyroii cTOpoHBI mpejcTaBieHue Jroboro Jl-omeparopa depe3 0Opasyioliue 3JIEMEHTHI  CHCTEMBI
<{U,L};{Ql,§22}> HA30BEeM peryJsipHOil cxemoii artoro J[-omeparopa (PCJ). Ilpu atom B padore [4] mokaszaHo, 4TO
mo0yIo omeparuio u3 {); Ha HEKOTOPOM 3Tale pa3pabOoTKH MOXKHO TPAaKTOBaTh Kak J[-omeparop, a Jl-omepaTop ¢ coot-

BETCTBYIONIEH (QYHKIIMOHAILHOCTBIO, KaK omepaliust anredpsr JI-oneparopos. M3 3Toro ciemyer, 4To BO3MOXKEH Mepe-
XO0Jl OT KOMIIO3UIIMOHHBIX K PETYJISPHBIM cXxeMaM JI-0mepaTopoB B MPOLIECCE ONUCAHUS aJITOPUTMA.

ITpencraBnenue JFOOBIX JaHHBIX Yepe3 00pa3yIOIIUE 3JIEMEHTbl CHCTEMBI <D;Q3> MOCPEACTBOM Ollepanuii a-

reOpbl TaHHBIX, Ha30BeM cxeMoit qaHHbIX (C).
[IpencraBnenne moodoro J[-omnepaTopa yepe3 00Opa3yronye 3JIeMEHTbl CHCTEMbI <{U, L, D};Q> HAa30BEM MOJHON

cxemoti atoro Jl-oneparopa (I1C).
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ITpouecc pa3pabOTKH anropuTMa HAYMHAETCS C 3Tala MPOESKTUPOBAHMS apXUTEKTYPHI IPOrPAMMHOMN CHCTEMBI,
KOTOPBII UTPaeT KIIIOYEBYIO POINIb, TaK KaK OT Ka4eCTBA €ro Pealn3alliid B CYILIECTBEHHOH Mepe 3aBUCST BCE MOCIENY-
IOIIME JTAIBI M, B KOHEYHOM CYETE, Ka4ECTBO IIPOTrPaMMHOro npoaykra. Ha s3Tom sTane pemarorcs JBe B3aUMOCBSA3aH-
HBIE OCHOBHBIE 3aJJa4u:

1) ompenensieTcss COCTaB MOJCHCTEM, 0OPA3YIOIINX alTOPUTM, U CIICIUPHIUPYIOTCS 00pabaThiBacMbIe H TIPO-
TyLIUPYEMBIE THMHU MOACUCTEMAMH JNaHHBIE;

2) cretubHIUPYIOTCS B3aUMOCBSI3H MEXIY STHMH TOICHCTEMaMH.

YuuThIBast 3TH 33Ja4¥ MOACUCTEMY ONPE/IEIINUM CIEAYIOIUM 00pa3oM.

Onpenenenne 4. [loncucremoit Hazosem Jl-omepartop (D;)P(D}), peanusyronuil yacTs GyHKIHOHAIBHOCTH aj-

roputMa, 00padaThIBAIOIMIA W MPOAYIUPYIOIIUI YaCTh TaHHBIX, CICIM(UIIMPOBAHHBIX HAa €ro BXone U Bbixoje. CoBo-
KYIHOCTh MH(OPMAIOHHO CBSI3aHHBIX MOJCHCTEM, 00pa3yIOIINX aJrOPUTM, PEATH3YIOT BCIO ero (PYHKIHMOHAIBHOCTS,
o0OpabaThIBaeT BCe NaHHbIE, Crieln(UIUPOBAHHBIC HA €r0 BXOJE, U, C MOMOIIBIO TOMOIHUTEIBHBIX (BCIIOMOIaTeIbHBIX,
MPOMEXKYTOUYHBIX) JIAHHBIX, TPOAYLUPYIOT BCE IaHHBIC, ClIeHU(HIIMPOBAHHBIC HA €r0 BBIXOJIE.

IMockonbKy aaroput™ — 310 J[-omeparop, TO [Uis pelieHUs] MPUBEISHHBIX 3a/1a4 3alHIIEM €ro, ¢ y4eToM orpe-
nenenus 4, B Buze cnenytomeit KC:

(DI/ICX, DI/ICX_R)A(DPE3) — (DFCX, D]I_/]CX’R)P:L(DEES)*---*(DEICX, DECX7R)P|< (DEES) ) (13)

Bynem monarate, 4To JaHHbIE, CIEHU(HUIUPOBAHHBIC HA BXOJIE M BBIXOJIC aITOPUTMA, SIBIISIIOTCS IPYIIIAMU JaH-
HBIX M PACCMOTPUM IIPOLIECC UX OMHICAHUSA Ha IPUMEpPEe UCXOTHBIX JaHHBIX.
B pesynpraTe npUMeHEHHUS K 3THM JaHHBIM OIEpallii Pa3rpyHIHPOBKH

O DMX = DX DI (14)

pa3buBaeM HCXOAHYIO TPYHITy JaHHBIX Ha MOATPYIIIBI, KOTOPbIE HEOOXOANMO “pacHpeneiIuTs” MEXAY IMOACHCTEMa-
mu. Ecnu s=k u kaxknast momydeHHas TpyIna JaHHBIX COTJAacOBaHa ¢ (DYHKIMOHAIBHOCTHIO OJHOM M3 MOJACHCTEM, TO
€CTh MOTYT 00padaThIBATHCS MMH, TO JAHHBIE COOTBETCTBYIOIIMM OOpa3oM paCHpEnelNsioTCs, a MPOLECcC ONMUCAHHS
JTAaHHBIX Ha 9TOM 3aBepIIaeTCs.

B mpoTuBHOM ciIy4ae, BO3MOXKHO HECKOJIBKO BAPHAHTOB ONMHMCAHUS JaHHbIX.

Ecnu nonmy4yeHHble TaHHBIE HE COTJIACYIOTCS ¢ (PYHKIMOHAIBHOCTBIO MOJCUCTEM, TaK KaK CTEIEeHb JAeTali3aluu
MOJYYSHHBIX JaHHBIX WU3JUIIHSSA WM S>K, TO JaHHBIE JOJDKHBI OBITH MeperpynmnupoBanbl. [t 3Toro, NpUMEHUB K I10-
JIy4eHHBIM JaHHBIM OTIEPALUIO TPYIIIMPOBKH CIEAYIOIIUM 00pa3oM:

D}X ..o DIICX = pHCX;

.............................. (15)

rae | j e{l,...s} (mns Bcex j), momydaeM I TPYII JaHHBIX C MPOU3BOJBHBIM COCTABOM TaKUX, 4TO I <S, TO €CTh

DYCX = DX DX, Mpu r =K u cormacoBaHHOCTH MOTYUEHHBIX JAHHBIX C (DYHKIHOHATBHOCTBIO TOJICHCTEM,
HPOLECC UX OMMCAHUS HA 3TOM 3aBepIuaercs. [Ipy 3TOM MeperpynnupoBKe MOKET MPEIIUIECTBOBATH PA3IPYIIIUPOBKA

tCX tUCX
DX . D}

Ecim Tpe6yeMBII>i pe3yabTaT HC MOJYYCH, TO HPOUCCC OMMCAHUA JAHHBIX MOXCT ObITh HA4YaT CHayaja (C pas3-
DI/ICX

TOJYYCHHBIX TPYII JaHHBIX nIn HeKOTOpOfI X YaCTH.

TPYNIHPOBKA JTAaHHBIX
IPYNIHUPOBBIBATECS.

Ecnu nony4eHHble TaHHBIE HE COTJIACYIOTCS C (QYHKIIMOHAIBHOCTBIO MOJICHCTEM, TaK KaK CTEIEHb JeTalH3alun
JTAaHHBIX HEJOCTaTouHa WK s<K, TO JaHHBIE HEOOXOAMMO MOJABEPrHYTH AaJbHEHIIEH pasrpynnupoBKe, HAIIPUMED, C
MTOMOIIIBIO IPOU3BOJHOM oneparuy (4). B pe3ynapTraTe HEKOTOPBIE TPYIIIBI JAHHBIX OYAYT OT/CICHBI

) C LIeNbIO TOJTyYEeHHUs APYTUX TPYI JIaHHBIX, KOTOPBIE, B CBOIO OYepenb, OynyT mepe-

) Ur(DI/ICX) _ DlI/ICX,m,DIl;lCX’ D'HCX. D:/ICX'“.’DanICX (16)
U, B CIy4ae HEOOXOJMMOCTH, NEPETPYNITUPOBAHbI, a TPYIIIA JaHHBIX D'MX Moxer GpITh NeperpynnupoBaHa OTAEIb-
Ho. JIt00ast U3 MOyYEHHBIX TPYII JaHHBIX WM OHH BCE MOTYT ITOJIBEPTaThCs AajbHEHIIel pasrpynmpoBKe W/ WK T1e-
perpynmnupoBke. B iro0oM cirydae nmporece onucaHus JaHHBIX NPOJOJDKAETCS JI0 TeX IMOp, MTOKa KOJINYECTBO TTOJTydeH-
HBIX TPYHII J@HHBIX HE OYZET COOTBETCTBOBATH YHCIY IOJCHCTEM, & (YHKIMOHAIBHOCTh KaXKIOH IOACHUCTEMBI HE
obecnieunt 00pabOTKy crielMPUIIMPOBAHHBIX JaHHBIX, TO €CTh, HE OyJIEeT COTJIacOBaHA C HUMH.
CoBepIICHHO aHAJIOTMYHO OIMCHIBAIOTCS M COIIACYIOTCS C ()YHKIMOHAIBHOCTBIO MOACUCTEM OCTaJIbHBIE TaHHbIE

* DUCX R _ DlI/ICX_RllmlDIEICX_R ’ (17)

*DPB —pfB, .. D"
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DiP By DiHCXfR) crenuUIMPYIOTCS HAa BXOJE U BBIXOAC KaXKIOU i-OM MOJACHUCTEMEI.

B pe3yJbTaTe Yero oHu (

Takum o0pa3oM, mosrydaeMm coBOKymHOCTh CJI, TIOCPEACTBOM KOTOPBIX 00ECIIEYMBACTCS COTIIACOBAHHOCTD CIIC-
HU(UIHPOBAHHBIX CTPYKTYP JAHHBIX C YHCIOM U (HYHKIHOHAIBHOCTH MMOACKCTEM anroputMa. B obiem ciydae B mpo-
Hecce JeTannu3alii MOTYT ObITh MOJIY4EHbBI CTPYKTYPBI JaHHBIX, KOTOPBIE OYAYT PACCMOTPEHBI Ha CIEIYIOIIEM JTare.

IMpemmoxennas KC anropurma (13), o4eBHIHO, HE TIOJHOCTHIO OTBEYACT ONMpPEACICHHUIO 4, Tak KaK B HEH CIerm-
(UIMPOBAHBI TOJBKO TII00ANBHBIC TAaHHEIC, B CBA3U C YeM, BBE/IEM MOHSATHUE JIOKAJIBHBIX JaHHBIX.

JlokanpHbIMH OyIeM Ha3bIBaTh JaHHBIC, KOTOPhIE MOXXHO pacCMaTpUBATh KaK WHKAICYJIHUPOBAHHBIC B
Jl-onepaTope W KOTOpHIC, SBISSICH BCIIOMOTATCIBHBIMH, CHCIM(DHUIMPYIOTCS HA BXOAEC U BBIXOJC MPOU3BOIHBIX
JI-oniepaTopoB Aist peanu3aluy uX GyHKIHOHATBHOCTH.

ucx _ R
DI -

JIOKaJIbHBIM JJaHHBIM i-oit nOJACUCTCMBI OTHECEM X HUCXOJHBIC — BBOJHMMBIC UCXOJHBIC, — BBO-
K Dy , ,

mmsre, DY — BeBogumbie. DY
Tousitre cBs3u B KC BBeEM IOCPEACTBOM CIEYIONIETO OTPEIEICHHS.
Onpeneaenne 5. Jl-oneparops (D;)X; (D)) n (D;)X (D)) (rae i<j), Bxonsmue B KC

(D)X(D) =(Dy) Xy (Dr) *..* (D) X (D) * (Dy11) Xia (Bisg) * .. * (D) X3 (D) *...* (D) X (Di ),

IPSMO CBSA3aHbI, €CJH JUIsl HUX BhionHseTcs cootHomenue D MDj # I, a nannbie ;D; = Dj N D; — npsamo cas-
3pIBatOlMe 3TH Jl-OHepaTopsl Wi mpsiMble cBsi3u. B ciyuae, korna Dj N D,y # @, d-onepatoper (D;)X;(D{) u
(Di;1) X1 (Dj4) cBsi3aHbI HEMOCPEACTBEHHO, a AaHHBIC ; Dj,; — HEMOCPEICTBEHHO CBA3BIBAIOIINE 3TH [-0mepaTophI

W HETOCpenCcTBeHHbIe cBsi3u. Bcee cwssu [[-omeparopa (D;)X;(D) co Bcemu ciieqyommmu 3a HAM M BCEMH

k -1
TpeIIeCTBYIOMUME eMy J[-onepatopamu o6osHauum DB = U ) j u DB :U i D, | Ha30BEM NPaBBIMH U Jie-
j=i+l j=1

BBIMH €T0 CBS3SIMHU.

W3 onpenenenus 5 cnenyer, uro kaxasii J[-oneparop (D;)X;(D]) moxer GbITh CBA3aH CO BCEMH CIIEAYIOLIH-
MU 3a HUM [[-omepaTopaMu M BCeMHU IpeAlecTByomuMH J[-oneparopamu. B nanpHeimem OyaemM roBOpUTh, UTO HEKO-
TOpOE MOAMHOXKECTBO BBIXOAHBIX AaHHBIX omeparopa (D;)X;(D/), kOTOpHIil sBIsSETCS UCTOYHMKOM ITHUX JAHHBIX,
nocrynaer Ha Bxoxasl [[-onepatopoB (D) X4 (Diy),.--(Dy) X (Dy) , koTopbIe siBisitoTes nx npueMankamu. Otme-

THUM, BBCACHHBIC CBA3BIBAIOINUC JAHHBIC HA JJAHHOM 3TallC SABJIAIOTCA JIOKAJIbHBIMU.
VuwuteiBas BBCJICHHBIC JIOKAJIBHBIC U CBA3BIBAIOIIINEC JaHHBIC, KC aJIropuT™Ma 3anuiieM B CICAYIOIIEM BUIC

(DI/ICX DMCX*R)A(DPES) —
= (0%, by, by, by, DY)R (D, By DrP) ..
. -*(ﬁiCB, DIMCX, DiI/chfR, Dil/lCX’ Di"CX*R, DIR )F)I (D|PE3, D|VV, [3iCB)*- .

.. *(DSB, DX, DJICXR pyex DR DRYP (DEE, DY),

rae, DI =@, DF® - @, Tak kak HET MpeIIECTBYIONIX H MOCIEYIOUHX J[-0mepaTopos.

B pesynbraTe BBINMONHEHHBIX MOCTPOEHHH aNTOPUTM Pa3OUT HA TOJCHCTEMBI, COOTBETCTBYIOIINE OMPENEICHHIO
4, y KoTOpBIX crienn(pUIMPOBaHbI ITI00aIbHbIE, JIOKAJIbHBIE U CBs3bIBaolIue naHHble. B mnpuBeaenHoit KC cneundu-
[UPOBAHBI JAHHBIC JJIsI CAMOI'O OOIIEro Ciydasi, KOTOPBIA Ha MPAKTHKEe OOBIYHO HE peanusyercs. YTo Obl OLEHHUTH pe-
aJNbHOE IOJIOKEHHE Bellel OCTAHOBUMCS Ha CBOMCTBAX CrieU(UIIMPOBAHHBIX JaHHBIX.
DiI:ICX DiI;ICX =D/"X, a cemeiictro muowects D'“* Gynem TpaktoBaTh KaK dIEMEHT MHO-

TTocKoNbKY ..U

JKECTBA, I HCXOAHBIX FJ'IO6aJ'lBHBIX JAHHBIX BBITTIOJIHSICTCSA COOTHOILICHHUE
NCX HNCX HNCX
DYX = ({Df}u...u{ DY), (18)
AHaJ'IOFI/I"IHBIC COOTHOLICHHSA BBIIIOJIHAKTCA AJIA OCTAJIbHBIX FJ'IO6aJ'H:HI)IX JaHHBIX:

DYCX R _ ({DFCX*R}U...U{DECX*R}) ’ (19)

DB = ({D/®}u...u{D}®}).

DJ-HCX DJHCX— R MOTYT OBITh MYCTHIMH TIPU YCIOBHH BBIMOJIHEHUsT cooTHOmIeHus (18) u (19),

MHoxecTBa 70071

a D}JB #J, ipn ;mo60M j. [TycTbIMH MOTYT OBITB: MHOXKECTBA JIaHHBIX D?B n/unm D?B , ecu Jl-onepaTop He CBsI3aH
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C TPEIIECTBYIOMUMH W/uitu mocneytomumu Jl-onepatopamu; D™ w/nm D}“"—R , ecnu J[-omepaTop He UMeeT Jio-

KaJbHBIX UCXOIHBIX TaHHBIX; DJR n/unu D\JN , ecu J[-orepaTop He OCYIIECTBIISICT ONEpaIiA BBOJa-BBIBO/IA.

Teneps mepelfeM K CIELYyIONIEMY 3Tally, Ha KOTOPOM pa3pabaThiBAIOTCS aJdrOPUTMBI IIOJCHCTEM, AJIS YEro
Ka)k/as U3 MOACHCTEMA IEKOMIIO3UPYETCs, a crnelu(UIUpOBaHHbIE y He€ NaHHbIE JeTaNu3yIoTcs. B pesynbraTe clie-
JYIOLIMI YPOBEHb ONMCAHUE ANTOPUTMa IPENCTABIAET CO00M coBOKYNHOCTE [IC BCeX MOACHCTEM, KOTOPYIO HA30BEM
HEPBHIM CJI0EM aJITOPUTMA.

Hamnee 3ammmem KC Bcex moacnucTeM, BXOAAIINX B 3TOT CIIOH, C IOCIIEAOBATEIFHON HyMepaIiel IpOU3BOIHBIX
Jl-omepaTopoB U CIEAYIOMUMY 0603HadeHusAMHE. [losaras, 4To Bee cnenu(pHIMPOBAHHEIE Y BCEX MOACUCTEM (I BCEX
i) MaHHBIE SABISIOTCA TI00ATBHBIMHA, MHOKECTBA JaHHBIX DiHCX U D u DiMCX—R U Di”CX—R 0003HaYUM lDiMCX—F,
1~ HCX 1RXCB 1RCB

Di Di™, "Dj

, CBSI3BIBAIOIMC JAaHHbIC , a TIOICUCTEMY — 1Pi , TIIe JEBBI BEPXHHUI MHICKC yKa3bIBaeT yPOBEHb

(3Tal’[) ACTaJIU3allii aJirOpUuT™Ma. B kxauecTBe NOKadbHBIX JAHHBLIX, aHAJTOTHYHO BBINICPACCMOTPECHHOMY Clly4aro, 6y-
2uex _R
Di

JIEM HCIIOIB30BaTh ZD{‘”‘ — HCXOJIHEIE, — BBOJMMBIE HCXOIHEIE, 2 Dir — BBOJUMEIE, 2DiW — BBIBOJUMEIE U

cBsspIBaomuMe aanusie 2D, 2D .
1 UCX 1 UCX R 1nR\1p /1N PE3 1nW 1R CB
(Dl 1D1 B 'Dl)Pl(Dl !Dl 'Dl ):
2~UCX 2 HUCX R 2 2 R 2~R 2~ "\2y (2RPE3 2qW 2w 2RCB 2R
=("D; ", DT, Dl”c", Dl“cxf DDy ) X (°Dy oD,y Dy, Df")*...
...*(ZﬁiCB ,2DiHCX,2DiHCX_R,2DiHCX 12DiHCX_R|2DiR 12Dir)2xi (ZDiPE3 ,ZDiW ,ZDiW 126iCB12|3iCB) *
*(215¢B 2UCX 2 UCX R 2uex 2ucx R 2R 2rF 2 2~PE3 2RW 2R CB
...(Dml, Dml ,Dml 'Dml'Dml anl' Dml)Xml(Dml anlval)
15CB 1 UCX 1y MCX R 1nR\1p (1NPE3 1nW 1XCB
(Dz sz aDz B :Dz)Pz(Dz :Dz sz )=

_(2RCB 2~UCX 2UCX R 2ncx 2mucx_ R 2R 2T 2 2PE3 2W 2w 2R_RCB 2RcE =%
_( Dm1+1v Dm1+l7 Dm1+1 ! Dm1+l7 Dm1+1 J Dml+1v Dm1+1) Xm1+l( Dm1+1’ Dm1+1v Dm1+l7 Dm1+11 Dm1+1)

*(2RCB 2R~ 2 UCX 2 UCX R 2uex 2Hex_ R 2R 2T 2
( Dm1+il Dm1+il Dml+i1 Dm1+i ’ Dm1+i1 Dm1+i ’ Dm1+i! Dm1+1) Xml+i X

2~PE3 2W 2w 2RCB 2~cB *
x( Dml+il Dm1+il Dml+il Dm1+i’ Dm1+i)

*(2RCB 2R~cB 2 UCX 2 UCX R 2ucx 2ucx_R 2R 21 2 2~PE3 2W 2w 2RCB
(sz! sz’ sz J sz ) sz J sz ) sza sz) sz( sz ) Dm21 I:)m21 sz)

(lf)iCB ,lDiHCX ,1DiHCX—R ,lDiR )1PI (1DiPE3 ,lDiW ,16iCB)

_ (2RCB 2RUCX 2 UCX R 2wucx 2mucx_R 2R 2R 2
—( Dmi_1+]_y Dmi.1+1’ Dmi-l+1 ’ Dmi_1+1| Dmi-1+1’ Dmi_1+l’ Dmi_1+1) Xmi_1+lx

2~nPE3 2W 2w 2RCB 2RcB *
x( Dmi_1+1' Dmi_1+1! Dmi_1+1! Dmi_1+l’ Dmi_1+1)

*(2RCB 2~cB 2UCX 2 UCX R 2pucx 2wucx_R 2R 2R 2
. ( Dmi_1+il Dmi_lJria Dmi_1+ia Dm|_1+i ] mi_lJriy Dmi_1+i ’ Dmi_1+i’ Dmi_1+i) xmi_1+i x

2~PE3 2W 2w 2RCB 2RcB *
x( |:)mi_lJrii Dmi_l+il Dmi_1+i’ Dmi_1+i' Dmi_1+i)

*(2RCB 2~cB 2UCX 2UCX_R 2uex 2HeX_R 2R 21 2 2RPE3 2W 2w 2R_RCB
-*("Dry, »"Dry,» Dy, ™, Dy Dy D" "Dy, Dy ) X, (“Dry,~ "Dy “Digy ‘D)

1NCB 1§ UCX 1 UCX R 1R\l (INPE3 1nW

(Dlek 'Dk 7'Dk)Pk(Dk ka):

_(2HWCB  2UCX 2~ UCX R 2~wucx 2myucx R 2R 2T 2

_( Dmk_1+l’ Dmk_1+l’ Dmk_1+1 ' Dmk_l+1' Dmk.1+1’ Dmk_1+l’ Dmk_1+l) ka_1-¢-1><

2PE3 2W 2w 2R cB *
x( Dmk_1+lv Dmk_1+lv Dmk_1+1v Dmk_1+1)

*(2NCB  2~cB 2UCX 2 UCX R 2~uex  2pwuex R 2R 2T 2
( Dmk_1+iv Dmk_l+il Dmk_1+i’ Mg+ ! Dmk_l+il My g+ ? my 4+ Dmk_1+i) ka_1+i X

2HPE3 2 W 2w 2RcB *
X( Dmk_1+i' Dmk_1+il Dmk_1+i’ Dmk_1+i)

*(2[3CB 2[5cB 2yUCX 2UCX_R 2[nex 2nex_R 2R 2r )2 2~ PE3 2W 2w
("D, "D, "D, Dmk "D, Dmk "D+ D ) X, (‘D ”“Diy, , “Di, )-
OmnucaHue JaHHBIX PACCMOTPUM Ha MPUMeEpPe HEKOTOPOHl j-Oi MOJICHCTEMBI.
['pynimbl JaHHBIX ACTANTU3YIOTCSA aHAIOTUYHO BBIIIEPACCMOTPEHHOMY ciydaro (cM. (14) — (17)) u 3anuckiBaroTcst

B Buge CJI. Ecim B pesynbrate aeranuzanuu OyleT NOJNIyYeHa CTPYKTypa JaHHBIX (3alMCh, MHOTOMEPHBIN MM OJHO-
MEpHBII MAaCCUB 3aIHCei, MHOTOMEPHBIH MM OJJHOMEPHBIH MAaCCUB), TO OHA JICTATIHU3YETCs IIOCPEACTBOM orepauui (2)

— (6), (8) — (12). Hanpuwmep, npu pasrpynmnupoBanin -D jHCX MOJTYYHIN
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~ A~ UCX\_ 2~ UCX 2 UCX 3AIl 2~ UCX
O('D;"X)=2D}ICX, .. 2pJICX3AT | 2plex

2 DfI_/lCX}An

rae — 3aInCh. BHIMOTHUB MambHEHITYIO JeTaTH3anio 3aiCH,

* (2 DII’/ICX73AH):2 DEICX}AH, L2 D:;ICX}AH

MOJTy4aeM 3alliCH MPEIIECTBYIONMIETO YPOBHS BIOKEHHOCTH, KOTOPBIE MOTYT OBITh MEPETPYNIUPOBAHBI, B PE3YJIBTATE
YEero MOTYT OBITh BKJIIOYEHBI (BCE WM MX 4acTh) B HOBBIC TPYNIBI CIEHU(UIMPYEMBIX AAHHBIX. JTH IOIyYCHHBIE
IpYNIbl JaHHBIX W/WIN TOJy4YeHHblE 3anucy (IeperpyrnnupoBaHHbIE, B Clydae HEOOXOAMMOCTH) PaCHpeAeNsIOTCS
MeXly IPOU3BOIHBIME [[-onepaTopaMu.

ITockonbKy JuIst 3arucel BBINOJIHACTCS COOTHOILICHHE

2 D:/ICX}AH * R D:/ICXjAn:zDrucx;An’
1 P

a JIUI1 KCXOIHBIX JAaHHBIX

2 DFCX O L:)ZDE/ICX_3A1'[ O .k:)ZDSHCX =leI/ICX 1

TO CeMeICTBO MHOXKECTB ZDI;CX U yTOPAI0YEHHOE CEMEHCTBO MHOXECTB 2DE/ICX73AH MOTYT TPaKTOBAThCS Kak 3Jie-

MEHTBI MHOXKeCTBa. [IOCKOIIBKY TaK jK€ MOTYT JICTAIH30BAThCS U OCTAJIbHBIC IMI00ANbHbIC JaHHBIC, CICHU(PUIIMPOBaH-
ubie B KC, To 171 HUX BBITIONHSAIOTCSA COOTHOIICHUs (aHanorunyubie (18) — (19)):

m; m; m; m;
i=mj_;+1 i=mj_;+1 i=mj_;+1 i=mj;+1

m; m; m;
lDfB _ U{ZDiPE3} ; leCB: U{ZDiCB} : 1ch3: U{z DBy

i=m;_+1 i=m;_;+1 i=mj_;+1

IIpU YCJIOBHHU BBIMIOJTHCHNA KOTOPBIX MHOXKECTBA JaHHBIX

23CB 2UCX 2HHUCX R 2R 2~PE3 2HW 23CB
D7, "D, °Dy , "Dy "Dy, Dy, Dy,

rae pefl...m}, Moryr GbITh IycTEIME. Kpome Toro, 2D1CB,...,2D,%1B =, 2D5E1+1,...?D,§f =@ u *Df, ZD;ﬁH .
2cB — . 2R\cB 2CB —
.y DY =0 D2, D2 =0

I[J'IFI ri00aIbHBIX JaHHBIX aJITOPpUTMaA B 3TOM CJIOC BBIIIOJIHAKOTCA CICAYIOMINE COOTHOLICHMS !

DI/ICX c ({2 Df/ICX} .. _\_){2 DnIf]IkCX}) :
Dl/lCXfR c ({2 D]?ICXfR} ... L){2 DrIT/]IkCX7R}) :

D™ = {®D"}u..uf’DrY).

k

ITo mMOBOY CBSI3BIBAIOIIMX TAHHBIX OyIEeM yTBEPIKAAThH CICAYIOIIEE.
YTBepxkaenue. B 1aHHOM ciioe alropuTMa Il TI00aNbHBIX CBSI3BIBAIONIMX JAHHBIX BBITIONHSETCS COOTHOIIIE-

HHUEC
Mg M
UzDgB _ UZDCB ,
J p
j=1 p=2

a g JJOKAJIBbHBIX CBA3BIBAOIINX JAHHBIX B Ka)K)IOﬁ KC — coorHOmIEHUS: N

m;—1 m;
2R _ 2~Ncs
Uy - ey
j=m;_y+1 p=m;_;+2

Jloka3aTenbCTBO OYEBUIHO U CIIEAYET U3 ONpeIeNIeHus 5.
Ha OCHOBEC 3TOTI'O0 yTBep)K)IeHI/IH, IIOKa>XEM BO3MOXHOCTH CHCHI/I(i)I/IKaHI/II/I I/IH(i)OpMaHI/IOHHBIX CBHSQﬁ B CJIOC aJI-
FOpI/ITMa u KC, JACTAJIN30BaB CBA3BIBAOIIINEC JAHHBIC B BU/JIC:

2R 2R 2R 2 2R 2~
Dj:.Dj+1""’ij’ Dj:].Dj""’j_ DJ!
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Teopemuuni ma memooon02iuni OCHOGU NPOZPAMYBAHHA

T'JIC JICBBIM M MPaBbIil HIKHUN WHAEKC COOTBETCTBYIOT HCTOYHUKY M MPHUEMHHUKY JAHHBIX, M, 0003HAYMB IJISI KPATKOCTH
JTaHHBIE, OTJIMYHBIE OT CBA3BIBaOmMX, Du D'.

C yueroM BBEJICHHBIX 0003HAYCHHIA CIIOH ajJropuT™Ma JUls ciydas, Koraa Bce mojacucteMsl u Bce KC, Bxosiue
B TIO/ICHCTEMBI, CBSI3aHbI, 3AMHUIIEM CICAYIONHM 00pa3oM:

(D)'RGD;",...1Dc") = (P)* X110, 4Dy sas-+£Dm, »1D5" 4D, ) *...
*GED" ZD“HZX( Drii ¢ Dy 1Dff D) *(D5 - 1D ) X, (1 Do+ Diy )
(57 2D.... DR OF) -
~CB 2RCB 2 ~CB 2R¢cB
_(lD 4L Dmi,1+1) Xmi,ﬁl(m 1+1Dm +10 1+1Dmk m; 1JrlDr%-,ﬁZ!' 1+l m; )*
* 2\ CB 2DCB 2X D ZDCB ZDCB *
o (mi,1+1 my_g+i = m_+(i-1) m-,l+i) mi,1+i(m Ly P my oy P my (i) m, 1+| )

*({Ds - 2D X (1 Dipag oo D

~CB RHCB B 2~CB 2 2RcB 2B \ *
(1Dk 12Dk 1"'k—lD )Pk (D ) (1Dmk atlm Dmk l+1) Xmk,1-¢—1(mk,1+1Dmk,l+2v"'mk,l+1Dmk)
* CB 2R 2 cB *
. (1 Dmk g+ my g +(i-1) Dmk 1+|) ka i (mk g+ DmH+(i+l)l T 1+| )

- *(Dp v+ 1D ) Xy, (D).

B MNPCAJIOKCHHOM BApHUAHTC 3alMCH CJIOA aJIrOpUTMa CHCL[I/I(I)I/ILII/IPOBEIHLI HC TOJIBKO BCC BO3MOXKHBIC CBA3H, a
HUCTOYHHUKHU U TIPUECMHHUKHU JAaHHBIX MMOCTABJICHBI B OJHO3HAYHOC COOTBCTCTBUC.

3akiao4yeHue

Ha onmcanHoM starne pa3paOOTKH MOCTaBJIeHHas 3a1aua penieHa. CpeicTBaMU paccMaTpHBaeMoOro anredpanye-
CKOTO amnmapara COrJIaCOBaHHO ONMCAHbl TPH BAKHEHILUX acleKTa ONHCAHMS alrOpUTMa: MOTOK YIpaBiieHus, oopada-
ThIBaGMbIC TAaHHBIC W MH(GOPMAIIMOHHBIC CBsI3U. B mpoliecce peleHus yka3aHHOW 3a]aui BbISBICHBI CBOWCTBA TaHHBIX,
13 KOTOPBIX BUJHO, YTO BCE CHEUU(PHUIUPOBAHHBIEC TaHHBIE 00padaThIBAIOTCS, a MOJyIeKaline 00padoTke criennpHIIm-
PYIOTCHL.

DTOT pe3yNbTaT €CTECTBEHHO IIEPESHOCUTCS U Ha BCE CICAYIOLIHME ITAMbI, COCTOSAIINE B IOBTOPSHHHU TTOKAa3aHHBIX
JEUCTBUIA TIPH COXPAHEHUH CBOMCTB CHEHU(UUMPYEMbIX NaHHBIX. OTIHYHEe KaXIOro CIEAYIOIIero mara (OT Hpeasl-
OYIIEro) COCTOMT B IOJyYSHUH Bce Ooyee “TONICTHIX” CIIOSB alropuTMa M 3amMeHe [[-omepaTopoB COOTBETCTBYIOIICH
(YHKIMOHAIBFHOCTH OllepauusMu anreOpsl. [locime Takoi 3aMeHBI JEKOMIIO3HLMH HOJABepratoTcs [Jl-omepaTopsl, BXO-
JSIIIHE B TAKYIO ONEPALHIO.

OrmucaHHBII MpoIece MPOIOIDKASTCS A0 JOCTHKEHHS TAKOTO YPOBHS JIETAIM3ALMHU, TI0CIe KOTOPOr0 BO3MOXKEH
Mepexo/] OT alirOpUTMa K MPOrpaMMe, YTo MmokasaHo B padore [8].

W3 M31105K€HHOTO JIETKO YBUJIETh, YTO yKa3aHHas 3ajjaya pelaceTcsl B paMKax HUCXOSIIEH CTpaTernu NpOeKTH-
poBanusi anroputmoB. JlokazanHas B pabore [9] TeopemMa O BO3MOXHOCTH 00beAMHEHHUs Jl-omepaTopoB IO3BOJISIET,
MPOBEAA PACCYXKIACHUA B IMOPAIKE O6paTHOM BBINICIPUBEACHHOMY, NOJIYYUTH aHAJOTUYHBINA peE3YIbTAT AJIA BOCXOOA-
LI cTpaTeruu NpOEKTUPOBAHUS AIITOPUTMOB U IIPOIPAMM.

Jannvie B 13pIKaX NPOrpaMMUPOBAHUS: abcTpakiws 1 turonorus. C6. crareit / ITox pen. B. Arajgonosa. — M.: Mup, 1982. — 328 c.

Bastani F.B., lyengar S.S. The effect of data structures on the logical complexity of programs // CACM. — 1987. — V. 30, N 3. — P. 250-259.

Axynoeckuii B.I". OcHOBBI anre6psI alropuTMOB, Oasupyromierics Ha naHHbIX // TIpobnemn nporpamysanns. — 2010. — Ne 2-3. — C.89-96.

Axynosckuii B.I". Anrebpa anropnTtmoB, 6asupyrommascs Ha faHHbIX // KnbepHernka n cuctemnslii anamms. — 2012, — Ne 2. — C. 151-166.

Jopowenko A.E., Axynosckuii B.I. Anrebpa alnropuTMoB ¢ JaHHBIMU U NPOTHO3MPOBAHUE BBIYMCIUTEIBHOTO Tporecca // [Ipobnemu mporpa-

myBanus. — 2011, — Ne 3. — C. 3-10.

Tywroe B.M., Letumnun I'E., Owenxo E.JI. Anre6pa. SI3piku. [Iporpammuposanue. — K.: Haykosa gymka, 1978. — 319 c.

7. Axynosckuii B.I'. , Jopowenxo A.E. Hucxopsiee TpoeKTHPOBaHUE AITOPUTMOB B paMKax alreOpoalropuTMHIEcKoro noaxoxa / Marematu-
4yeckue MaiuHbl i cucteMsl. — 2012, — Ne 3. — C. 97-102.

8. Axynosckuti B.I. Peanuzanus GpopMann3oBaHHOTO mepexofa OT adropuTMa K MporpaMme CpeACTBAMH PacUIMPEHHOW aireOphl alnropuTMoB //
Ipo6aemu mporpamysantst. — 2008. — Ne 1. — C. 51-59.

9. Hopowenko A.FO., Axyroecokuii B.I. BucxigHe nmpoeKkTyBaHHs aJTOPHTMIB NpH anrebpoanropuTMUYHOMY mmigxoni // Bicamk KwuiBcekoro

HallioHaIbHOTO yHiBepcutety iMeHi Tapaca IlleBuenka. Cepist i3nko-maTematnuHi Haykn, 2012. — Bumyck 1. — C. 167-172.

agrwNE

o

37



