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OBLWAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHoCTb TeMbl. PassuTve OBM ¢ napannenbHbIMU apxutekTypamu n
BbICOKOMPOU3BOANTENbHbIX BbIYNCANTENbHBIX cuCTeM CTaBuT nepeg,
nporpaMMmucTaMmn 3agayy Mo CO3[aHUI0 HOBbIX TEXHONOrMYECKUX MNOAXOA0B U KX
3(hheKTMBHOMY MCMONL30BaHMIO. B HacTosllee BpeMs YCMELWHO pas3BMBaAOTCA
Cnefytoline OCHOBHble HanpaBneHWs 1S pelleHus 3TOW 3afayn: MCMofb30BaHMe
napainenbHbiX  A3bIKOB,  WMCNOMb30BaHMe  6MGAMOTEK 1M aBTOMaTu4yeckoe
pacnapannenueaHue nporpamm. [lepBble [fBa MyTW, HECMOTPA Ha BCE WX
[OCTOMHCTBA, OCTaBAAT B CTOPOHE BO3MOXHOCTb WCMO/Mb30BaHMA HAKOM/EHHOro
3anaca nakeToB MPUKNaAHbIX NPOrpaMM, HanucaHHbIX Ha NOCNefoBaTeNlbHbIX A3bIKax
Tuna @opTpaH, a Takke He O06MeryatoT MNPOLECC HaNWCaHWs napanfiefibHbIX
nporpamm. OcTaetcs  TpeTwii nyt - co3faHue aBTOMaTMYeCKNX
pacnapanfenuaarLLnX KOMAUAATOPOB, 061afatoLux cnoco6HOCTbI0 aBTOMATUYECKN
npeo6pa3osbiBaTh nocnefoBaTenbHy0 nporpaMmmy B napannensHyto,
(DYHKLMOHaNbHO  3KBMBANEHTHYIO, COOTBETCTBYHOLLYHO 3afjaHHOMYy  Tuny
apXUTEKTYpPbI MporpaMmy.

OpHako, pa3paboTka IPGeKTUBHLIX aBTOMATMUYECKMX pacnapanienuBarLLmnx
KOMMWAATOPOB - 3TO TPYAOEMKWA W AOCTATOYMHO ANUTEeNbHbIA npouecc. OCHOBHaA
UX 3afava - U3BNeYb KaK MOXHO 60fbllue CKPbITOrO napanienusma u3
nocnefoBaTenlbHOM NporpamMMbl. [TNaBHbIM WCTOYHUMKOM Takoro MnOTeHLUManbHOro
napannenusMa, Kak mpaBwio, CAYXWT THe3[0 UMKIOB. 3BneveHne CKpbITOro
napannenusma B MNepByl0 Ouvepefb CBA3aHO C aHaiW3OM LMKNOB W 3aKM4aeTcs B
HaxoXAeHNN 3aBUCUMMOCTM MO AaHHbIM MEXAy MTepauuaMu uukna. Takum obpasom,
MOLLHOCTb aBTOMAaTMYeCKMX pacnapannennBatowmnx KOMNUIATOPOB BeCbMa 3aBUCUT
OT 3ththeKTUBHOCTM 6/10KA aHaNU3a 3aBUCUMOCTE MO AaHHbIM.

TeMm He MeHee, NPSAMON NOAXOA K PeLLeHNIO 3afja4ym BbIABNEHNS 3aBUCUMOCTEN B
o6LueM cnyvae HeBO3MOXEH, TaK Kak faXe ANA NIMHEeRHbIX WHAEKCHbIX BblpaXeHWi
MacCuBOB 3TO MPUBOAMT K ~-MONHOW npobneme OTbICKAHMA LEN0YNCNEHHOTO
pelleHns cucTeMbl AMO(AHTOBbIX ypaBHeHWI (ypaBHeHWe 3aBucumocTu). OfAUH U3
CMoco60oB CTPOroro pelleHus 3Toil Npo6nembl 6bin MpeanoxeH B 1976 r. Toynem
(Tolyel). OpHako mMeTof Obin CAMILIKOM TPYLOEMKWM, 4YTOGbI €ro MOXHO 0Oblno
MCNONb30BaTh Ha NPaKTWKE B pacnapannenusarowmnx Komnunaropax. MosgHee 6biau
paspaboTaHbl  ObICTpble  MPUGAMXKEHHblIE  METOAbl,  KOTOpble  «OLUMGOYHO»
npegnonaraloT CyLIeCTBOBaHWE pelleHWs ypaBHEeHWS 3aBUCUMOCTU. KOHeuHo,
MCNO/Mb30BaHNE TaKWX HEKOPPEKTHbIX MNPEeAMONOXEHUA HUKOrfa He MNPUBOAUT K
OWNBOYHOMY 06BLEKTHOMY KOAY, HO MOXET MeLLaTb HEKOTOPbIM ONTUMU3ALUAM.

B nocnegHue rofbl MHTEpeC K 3TOM TemaTWKe CHOBa BO3poc, W 6bliu
npeafoxeHbl 6onee 3pheKTUBHbIE METOAbI, KOTOPble MOAYYWUMN Ha3BaHUe TecTOB
Ha 3aBucumocTb (<lala clepen(lemce (e3l). CpeAn HMX Ha NpakKTWKe Haubonbluee
pacnpocTpaHeHve nonyuunn HO/-TecT WM TeCT Ha OCHOBE HepaBeHCTBa baHepxw,
crneumanbHo paspaboTaHHble YTononom baHepxu (Baneugee).

TecTbl Ha  3aBUCMMOCTb  MCMOMb3YKOT  pasfMyHble  MaTemaTuyeckue
WHCTPYMEHTbI, W KaXfbli U3 HUX UMEET PasNUYHY0 CMOXHOCTb W paspeLlatoLLyto
CNOCOBHOCTb. MOLLHbIE anropuTMbl MOTYT BbISBAATb 3aBUCUMOCTM MO AaHHbLIM C



60/bLUEA TOYHOCTBIO, HO 06bIYHO TPEOYHOT A1 3TOr0 MHOrO BpeMeHuW. MMo3aTomy Ha
NpaKTUKe WCMOb3yeTcs anropuTM 3aBUCMMOCTU MO AaHHbIM, KOTOpPbIA COCTOWUT U3
Cepumn TecToB, UCMOJIHAEMbIX B ONpefe/ieHHOM MepapXuyeckom nopsgke. Hanpuwep,
B npoekte 81/IP1 anropuT™M COCTOMT M3 CEPUM TOYHbIX TECTOB, rfe MNOCMefHUM
TECTOM CNY>XWT MeTof WCKN4YeHns dypbe-MoukuHa. B pacnapannenvsatoLlem
Komnunatope Paralrase-22 ucnonb3yerca cTpaterus npumeHeHns HO/[-Tecta
TecTa baHepxu, a B cucteme OPC3 npumeHsieTca TecT baHepxun-Bonbha, a Takke
NnoALepXuBaeTca uiea nosyaBToMaTvyeckoro pacnapannenmsaHuns. OfHako [0 CUX
Mop OCTaeTcs OTKPbITbIM BOMPOC, Kakas Moc/efoBaTe/lbHOCTb WU CTpaTerus
nyyuas.

K HacToAWemy BpeMeHW pa3paboTaHO MHOXECTBO TeCTOB Ha 3aBUCUMMOCTb,
JalowWwmnx npubAMmKeHHbIE W TOUYHble pelleHWs 3afayn aHanmsa 3aBUCMMOCTW Mo
[aHHbIM, 4YTO OTKpPbIBaeT HOBble BO3MOXHOCTM. B cBA3M C 3TUM 0C06YH0
aKTyanbHOCTb npuobpeTaeT BblpaboTKa HOBLIX CTpaTernit TecTUPOBaHWA [AN1S
BbISIBNIEHWUSA 3aBMCUMOCTE/ MO AaHHbIM, B KOTOPbIX afroOpuTM CTpaTernn AOMKeH
ObITb 3(PMEKTUBHBIM MPU NPUMEHEHWN Ha MNpPaKTUKe, T.e. Bbl6paTb “30/10TYI0
cepefiMHy” MeXay TOYHOCTbIO 1 UCMONb30BAHWEM PECYPCOB.

MosToMy B pamkax AWCCepTauMOoHHON paboTbl 6Gblna MpefnpuHATa MOMNbITKA
pacwmnpnTb, 0606WNTb 1 Pa3BUTL CyLLECTBYIOLLME NOAXOAbI C Lebl0 NPeofoneHuns
YNOMSIHYTbIX BbILLE OFPaHUYEHNIA.

Bce BblLleckasaHHOe rOBOPUT 06 aKTyaslbHOCTY MPOBOAUMbIX UCCNES0BaHMIA.

Llenb pa6oTbl. Lienbio guccepTanMoHHON paboThl ABNseTCA pa3paboTka HOBbIX
U yNyullieHne UMEKLLMXCS anropuTMOB ANS aHanM3a 3aBUCKUMOCTel Mo JaHHbIM Npu
pacnapanfienuBaHun 1 oNTUMKU3aLMUM NOCNEf0BaTEIbHbIX NMPOrpamMm.
LoCcTKeHMe LeNn CBA3aHO C pelleHnem Cnefytolmx 3aaay:
* MccnegoBaHue CyLIECTBYIOLLMX TECTOB Ha 3aBMCMMOCTb U COMOCTaBNEHNE
UX CUMbHBIX U CNabblX CTOPOH;
» Pa3paGoTKa HOBbIX 3(M(EKTUBHLIX TECTOB [N aHanv3a 3aBUCMMOCTel Mo
[laHHbIM, B TOM YMC/Ne AN aHann3a cCbiIOK MHOrOMePHbIX MAacCKBOB;
* Peanusauus 6M6NMOTEKN TECTOB Ha 3aBUCUMOCTb MO AaHHbIM;
* Bblpa6oTKa HOBOI CTpaTerun TeCTUPOBaHMsA 415 aHanv3a 3aBUCMMOCTeld Mo
[aHHbIM;
e T[lpoBefieHVWEe  3KCMEPUMEHTOB, MOATBEPXKAANOLNX  KOPPEKTHOCTb U
3(EKTUBHOCTb NPEANOXEHHbIX METO/0B.

MeTogbl uMccnegoBaHuss. B guccepTauMoHHONM  paboTe  MCMO/b30BANNCh
pasnMyHble MeToAbl N MaTeMaTU4YecKue WHCTPYMEeHTbl Takue, Kak: Teopus rpacgos,
TEOpUs anropuTMOB, 3NMEMEHTbl TEOPUU MHOXECTB, TEOPUM UuUCeN, MeToabl
WHTEPBAIbHOTO aHanmsa, METO/bl NnHeHOoro n LLeN0YNCNEHHOTO
NporpaMM1pOoBaHUs, TEOpUs NPeo6pPa30BaHNA U ONTUMMU3ALMS NPOTPaMM U Ap.

1Muctema paspabotaHa B CTIHAGDOPACKOM YHUBEPCUTETE NOA pyKoBogCcTBOM M. 1.aT

! MpoekT pa3paboTaH B VINMHOWCKOM yHUBepcuTeTe noj pykosogcTeom C. Polycllronoponlo8

30TKpbITa* pacHapannenuBaroLlaa cucTemMa paspadarbiBaeTcs B POCTOBCKOM rocy/japCTBEHHOM YHUBepCUTeTe Nog
pykoBozcTBOM B. AA. LUTeiiH6epra

HayuHas HoBu3Ha. poBefeHbl MCCNeA0BaHUSA, HanpaBneHHble Ha U3y4YeHue
NPUMEHUMOCTMN Pa3IMUHbIX TECTOB /11 BbISBIEHUS 3aBUCUMOCTEN NO faHHbIM. [JaHbl
COMNOCTaBMEHNS CWUbHBLIX W CnabbiX CTOPOH TECTOB, Kak Ha npumepax, Tak W Mo
OLLEHUBAEMbIM XapaKTepPUCTUKaM OTAe/bHbIX KpUTepUEB.

MpeanoxeH MOAMGULNPOBaHHBIA 3P(PEKTUBHBIA TECT ANA PeLIeHns Npobaembl
3aBUCMMOCTU MO AaHHLIM NpK aHanu3e CCbIIOK MHOFOMEPHbIX MacCcuBOB. HOBbIN
MOAUMULMPOBaHHbIA  MeToA, B OT/IMYME OT W3BECTHbIX CNoco6oB, MO3BOASET
nofyuYnTb OTBET O CYLLECTBOBAHWW  LENIOYUCIEHHbIX PELIeHWiA  ypaBHeHWiA
3aBMUCMMOCTU MPU BbISBNEHNN 3aBUCUMOCTY MO AaHHbIM B MHOTOMEPHbIX MaccKBax,
CoZlepXKaLLnX CLenIeHHble UHAEKChI.

PeanusoBaHa 6M6nMOTEKA M3 HOBbIX W MOAUDMLMPOBAHHLIX TECTOB Ha
3aBUCMMOCTb MO [aHHbIM, B COCTaB KOTOPOW BOLWIAW MPUGAMXKEHHbIE W TOYHbIE
TeCTbl, pacCMaTpUBaKoLL e OAHOMEPHbIE 1 MHOTOMEPHBbIE Cyyau.

BblpaboTaHa HOBasi CTpaTerusi TECTMPOBAHMS, OCHOBaHHAasi Ha HOBbIX TecTax
aHa/M3a 3aBMCMMOCTEN HO AaHHbIM. [pu MOCTPOEHWMM CTpaTerum WCMnonb30BaHbl
(haKTbl U pe3ynbTaTbl HEKOTOPbIX 3MMUPUYECKUX W TEOPETUYECKUX WCCNef0BaHWi
aHanmn3a 3aBMCMMOCTE MO AaHHbIM, NO3BOMIMBLUME OMNTUMK3MPOBaTL 06LLee Bpems
BbIMO/IHEHUS anropUTMa HOBOW cTpaTerun. Ha OCHOBe HOBOW CcTpaTerm u
6161MOTEKN TECTOB Ha 3aBMCMMOCTb CO3f4aH MPOrpaMMHbIA  KOMMEKC aHanu3a
3aBMCUMOCTEI MO AaHHbIM, a TaKXe MOCTPOEH anropuTtM Ans UHAEKCHOrO aHanm3sa
3aBMCKUMOCTU NO JaHHbIM B fAl3al-nporpaMmax B paMKax CUCTEMbI ()YHKLMOHANbHOIO
nporpammupoBaHus (8PP).

MpoBefieHbl 3KCMEPUMEHTaNbHble PaboTbl ANS  CpPaBHeHUS 3((EKTUBHOCTM
NpesnoXeHHbIX MOAXOA0B C aHaNOrMYHbIMU MeTOfaMW aHanm3a 3aBWUCUMOCTEA Mo
[LaHHbIM.

MpakTnyeckasn LEHHOCTb. MMonyyeHHbIe pesynbTathbl ABNAKOTCA
HeoTbeM/IEMOIA 4acTblo CUCTEMBI 6bICTpOFO npoToTUNMUpoBaHMA
pacnapannennearoLLero KoMnunatopa n CUCTEMDI ¢)yHKuMOHaﬂbHOF0

nporpamMmmupoBaHns (8PP), paspabaTbiBaeMbiXx B pamkax npoekta [MPOIPECC.
Pe3ynbTaTbl MOryT 6bITb WCMONb30BaHbl MPW PeELEeHUMU NpaKTUYeCcKMX 3ajad, a
MMEHHO npu pa3paboTKe pacnapanienmBaroWnX KOMMUAATOPOB. B uacTHOCTH,
pa3paboTaHHble aBTOPOM AuccepTauuM MeToAbl MOFYT CTaTb OCHOBOW Ans
NOCTPOEHUA aNrOpPUTMOB BbISB/EHUSA 3aBUCUMOCTU MO [aHHbIM MEXAY UTepaumamu
1X)-unknoB B 6/I0Ke 3aBUCMMOCTEN B CUCTEMe ObICTPOro MNPOTOTUMNMPOBAHMA
pacnapanfiefiBatoLLero KOMnunaTopa.

MporpaMMHO peann3oBaHHble pa3paboTKM MOryT MCMOMb30BaThCA B KavecTse
WHCTPYMEHTa AN M3y4yeHUs CBOWCTB NOC/MeA0BaTe/lbHbIX NporpaMM B npolecce
HanucaHWs napannefbHbIX MpPOrpaMM, a Takxe [Mpu MpoBefeHUU 00yuyeHus
CTY[lEHTOB MeTOAaM nNporpamMuMpoBaHWs W ONTUMM3ALMM AN NapanfnenbHbIX
apxXuTeKTyp.

Anpob6auusi pa6oTbl. OCHOBHble MOMOXEHWS AMCCEPTALMM 06CYXAanuch Ha
CnefyoLLMX KOH(EPEHLUAX 1 CeMUHapax.



1 MexpayHapogHas Hay4yHasa KoHtepeHums “MapannienibHble BblIYUCINTENbHbIE
TexHonorun" (MaBr2007), Yenabuxck, Poccus, 2007 T.

2. VI Bcepoccuiickas KOH(EpeHUUs MOMOAbIX YYeHbIX M0 MaTeMaTUyeckoMy
MOAENNPOBAHNID U UHADOPMAaLUOHHLIM  TexHonormaMm  (C  yvacTuem
MNHOCTPaHHbIX Y4eHbIX), Kemeposo, 2005.

3. IV Poccuiicko-I'epmaHckas LWKona No napanfiefibHbiM BbIYUCIEHUAM Ha
BbICOKOMPOU3BOANTENbHLIX  BbIYUCNUTENbHBIX — cucTemax, HoBocmbumpck,
VBT CO PAH, 2007.

4. KoHepeHUMA-KOHKYpC «TexHonorun MIrosoi B TeOpuM W MpaKTUKe
nporpammupoBaHms», Hosocnéupck, 2006 r.

5. VII Bcepoccuiickasd KOH(EpeHLMs MOMOALIX YUYeHbIX N0 MaTemaTuyecKomy
MOJENNPOBAHNID U WH(OPMAaLMOHHLIM  TexHonormaMm  (C  yvactuem
WNHOCTPaHHbIX y4yeHblx), KpacHospck, 2006.

6. KoHhepeHUMA-KOHKYpC «TexHonormn Mrcro3oli B Teopuu W MpakTUKe
nporpamMMmpoBaHus», Hosocmbupck, 2008 r.

7. XblY MexayHapofgHas Hay4yHas CTyAeH4eckas KoHgepeHums «CTyaeHT n
Hay4HO-TEXHMUYeCKUIA nporpecc», HoBocmnbupck, 2006 .

8. CemuHapbl «KOHCTpyvpoBaHue M onTuMK3auus nporpamm», Hosocubumpck,
MCW CO PAH, 2003-2008 rr.

My6nnkavuun. OCHOBHbIe pe3ynbTaThbl AuccepTaLMOHHOM pa6oThl
ony6nukoBaHbl B 12 paboTax, cpeau KOTOPbIX 4 cTaTbW, 1 NPenpuHT 1 7 Te3ucos
[OKNaf0B.

VMccnefoBaHMA  BLIMOMIHANUCL B COOTBETCTBUM C  MnaHaMu  Hay4Ho-
uccnegosatensckux pa6or MICU CO PAH no npoekty 3.15 «MeTtogbl 1 cpefcTsa
TPaHCNAUMW W KOHCTPYMpOBaHWA nporpaMm» nporpammel 3.1 CO PAH
«HhopMaLIMOHHOE M MaTemaTWyeckoe MOLENMPOBaHWe B Pas/MyHbIX 061acTaAX
3HaHWN, 3afa4un NOALEPXKKN NPUHATUSA PELLEHWA, IKCNepTHbIe CUCTeMbl, CUCTEMHOE
N TeopeTU4yecKoe nNporpaMMmMpoBaHMe» W YacTUYHO MNOALEPXWUBASIUCL [PaHTOM
PP (Ne07-07-12050).

CTpyKTypa gnccepTraymm

[OwuccepTaumnonHas paboTa COCTOUT W3 BBEAEHWS, Tpex [naB M CnuUcka
nutepatypbl. O6bem aucceptauun - 116 cTp. Cnucok nuTepaTypbl cogepxut 109
*HaVIMEHOBaHWA.

COAEP>XAHWE PABOTDI

Bo BBefieHWM 060CHOBaNa aKTya/bHOCTb MPOBOAWMMBIX  UCCNEfOBaHMUMA,
chopMynupoBaHa LUenb  AMCCepTauMOHHOM  paboTbl, MOKasaHa HOBM3HA W
npakTuyeckas 3HaYMMOCTb Pe3y/bTaToOB, YKasaHbl TMO/0XKEHUs, BbIHOCUMbIE Ha
3alnTy, 1 KPaTKO aHHOTUPOBAHO COAEpPXKaHue rna..

B rnaBe 1 COAEPXMTCS CpaBHUTENbHbI 0630p CyLIECTBYHOLMX TECTOB Ha
3aBUCMMOCTb MO AaHHbIM, MPUMEHSIEMbIX B pacnapanfieNiMBalolWmnx KOMIUASTOpax.
[aHbl cONOCTaBNEHNS CUMbHBIX 1 CNabblX CTOPOH TECTOB, KaK Ha NpuMepax, Tak 1 Mo
OLEHMBAEMbIM XapaKTePUCTUKaM OTAENbHbIX KpuTepueB. Takxke paccmaTpuBaeTcs

HeKoTopble Mpob/ieMbl aHanusa 3aBUCUMMOCTEA MO [AaHHbIM AN MHOFOMepHbIX
MaccuBOB.

B pasgene 1.1. onucaH psag onpefeneHnii aHannsa 3aBUCMMOCTEl MO AaHHbIM,
KOTOpble TPebYIOTCA B AasbHeMLWeM.

TpafuUMOHHO NOJ 3aBUCMMOCTbIO MO AaHHbIM MOHUMAaETCA 3aBUCUMOCTD,
CBAi3aHHa# C COBMajeHWeM CCblJIOK Ha 371eMeHTbl MaccuBoB. [MycTb B rHe3fe T
BNOXeHHbIX OO-UMKNOoB, onepaTopsl 81 1 obpaljatoTes K J1- MepHOMy MaccuBy A
WHAEKCHbIE BbIPOXXEHNS KOTOPOro NpefcTaBneHbl IMHEWHbIMW QYHKUMAMK A,(»b> =

oy lom A, b HD), TRe =1, ...,". 3aBUCUMOCTb MO [aHHbIM MeXay
onepartopamu 8, U 82MMeeTcsa TOrja v TOMbKO TOrAa, Korfa cyLlecTBytoT Lenble /1, b
nyL/ ... /T, Takme 4to
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CnepoBaTensHo, npo6nema 3aBMCMMOCTM [aHHbIM NpeacTaBnseT coboii 3agauy

LenovYncneHHoro nporpaMmmmnpoBaHuns.
Ecnn  nmeetcs T-MeprII?I Maccms A U UHAEKCHblE BblpaXeHUa Mmaccusa

NWHEMHBI, TO Toraa cuctema (1) MOXeT GbITb 3anucaHa B CNeAyoLLeM BUAE:

anm X1+ 012.X2+-..+ 01,1,+C1=0
a2\\ + anxr+ - + a2xrc2=0

©)

A<x<1{ rge ;=1,...,n. (4)

B pasgenax 12. n 13. NpuBOAUTCH CpaBHUTE/bHbIA aHann3 TecToB Ha
3aBMCMMOCTb. TaKXe npusefeHa 06WMpHas KnaccupukaLms TeCTOB Ha 3aBUCMMOCTb
N0 MCMO/MIb30BAHUIO Pa3INUYHbIX MaTeEMaTUYECKUX WHCTPYMEHTOB WM MO CNOXHOCTU
NPUMEHEHUA MX Ha NpakTuKe. B 4aCTHOCTWM CHayana ONMCbLIBAOTCA TPU OCHOBHbIX
MeTOfa HaxOoXAeHUs 3aBUCUMOCTU HO AaHHbiM: HOJ-TecT, TeCT baHepXu 1 MeTog
UCKNIOYEeHNS nepeMeHHbIX dypbe-MouKnHa. [anee paccmaTpuBatoTCs
pacllivpeHHble BapuaHTbl Mpefblaywnx MeToA0B, KOTOpble AeNATcA Ha ABa Bupa:
NPUONMKEHHbIE TECTbl W TOYHble TeCTbl. K MpuGAMXKEHHbIM TecTaM OTHOCATCH
0606LeHHbIA HOL-TecT, X-TecT, 1-TeCT M UX pasfMyHble MoauduKauun. TOYHble
TECTbl UCNOMb3YIOT 60Mee CNOXKHble MeToAbl: Polyer-tect, Omera-TecT u X-recr.

B pasgene 1.4. oTMeYeHbl Apyrue TecTbl Ha 3aBMCUMOCTb, KOTOPble B pamkax



[aHHOI [auccepTauMoHHON paboTe He uccnefoBaHbl. K HMM oTHocutcs CM-TecT,
MCNONMb3YIOWNIA  CUMNNEKC-METOA, MOAWNMULMPOBAHHBLIA ANA  peweHns  3agad
LieN0YNCNIEHHOrO  NporpaMMupoBaHns, anroputM LLlocTaka, OCHOBaHHbI Ha
MCNOMb30BaHUMN TEOPeTUKO-rpad)oBoro MeToja [AN8 pelleHWs CUCTEM IUHERHbIX
HepaBeHCTB, U ap.

Pasgen 1.5. npeAcTaBnseT HOBbIA MOAM(MLMPOBAHHBIA X-TeCcT ANA aHanusa
CCbIIOK B MHOTFOMEpHbIX MaccuMBax. CpaBHUTENbHbIA aHanM3 nokasan, 4YTo npu
aHanM3e 3aBMCUMMOCTEN B LMKNIe K/IYeBOW npobnemoli sBnsetca pabota c
MHOrOMepHbIMM  MaccuBamu. OO6WMA  NOAXO[ COCTOUT B WHAMBUAYANbHOM
TECTUPOBaHUWN YpaBHEHWI (TecTMpOBaHWe “UHAEKC-3a-MHAeKcoM”) un3 (3) BMeCTo
MPOBEPKM CYLLECTBOBAHMSA peLLeHUs cucTeMbl B LenoM. OAHaKo CUCTeMa ypaBHEHWi
3aBUCYMOCTM MOXET He WMeTb pelleHMs Jaxe B TOM CAyyae, Korja MMeroTcs
peLleHns B KaXKAOM W3 OTAEe/bHbIX YPaBHEHWIA.

Mpy aHann3e MHOrOMepHbIX MacCUBOB OCHOBHYHO TPYAHOCTb Bbl3bIBAKOT HAacTO
BCTpevatowmnecs B  peasbHbIX MporpaMmmax  CUEenneHHble  WHAeKcbl.  Ecnu
NnoTeHUManbHaa 3aBUCUMOCTb BKIIOYAeT CLEMN/eHHble WHAEKCbl, TO Ana  eé
paspyLleHns Heo6XoAMMO O4HOBPEMEHHOE PacCMOTPEHWEe WHAEKCOB MHOrOMEpPHOro
maccuBa. OfMH U3  TakMxX IMMEKTUBHbIX TECTOB aHanu3a 3aBUCUMMOCTM B
MHOTOMEPHbIX MaccuBax, BK/IHOYAIOWMX CLEMNIEHHbIE WHAEKCHI, ABNAETCA X-TeCT.
OfHako X-TeCT onpefensieT, UMeeT NN cUcTemMa AeNCTBUTE/IbHbIE PELUEHUS, HO He
MOXeT fjaTb TOYHOr0 OTBETA O CYLLECTBOBAHUM LLeN0YNCIEHHbIX PELLEHWNIA CUCTEMBI.

B npeanoXeHHOM HOBOM MOAMMULMPOBAHHOM BapuaHTe X-Tecta X-TecT
WHTEerpmMpoBaH ¢ To4HbIM 1K-TecTom, 6narofaps yemy npu aHaivse 3aBUCUMMOCTEN
MHOFOMEpPHbIX MaccuMBOB OblnM MNOMy4yeHbl 6ofiee TOYHble pe3ynbTaThl. 1K-TecT
HaxoAWT LEeNOYUC/IEHHbIE PELUEHWUA YPaBHEHWS 3aBMCMMOCTM MyTeM COKpaLleHuWs
WHTepBana pelleHuidi nepeMeHHbIX C MHOTOKPaTHbIM MpoeLupoBaHMeM. Kak Tonbko
3(PEKTMBHbIA WHTEpPBaN pelleHnin  KaKoM-HMOyab MNepeMeHHOl CKUMaeTcs K
nycTomy, TO AenaeTcs BblBOf, YTO NMHENHOE ypaBHEHUE He UMEET LIeNI0UYNCNEHHOTO
peLleHm.

FeomMeTpUUecKn Kaxpgoe nuMHeliHOe ypaBHeHWe cucTeMbl (3) mnpefcTasnser
coboii rnnepniockocTb M, B npocTpaHcTBe K”. MepeceyeHne runepnnockoctein 5
COOTBETCTBYET OOLMM pELUEHNSIM CUCTEMbl YypaBHeHWiA. [paHWuUbl UUKNOB (4)
COOTBETCTBYHT OrpaHWYeHHOMY BbIMYKIOMY MHOXecTBY V B K. EcCnn MOXHO
HallTW HOBYIO TMNepnaoCKOCTb, KOTOpas COAEPXMT 5, U He MMeeT LeN0YMCNEHHbIX
TOYeK nepeceyeHus ¢ V, TO 3TO [0Ka3biBaeT, YTO 5 He UMEET LEeN0YMCIEHHbIX
3HayeHWin B V, cnefoBaTenbHO, 3aBUCUMOCTM MO AaHHbIM He CyllecTByeT. [aHHas
rMNepnaoCKoCTb ABMSETCA IMHENHON KOMOWHaLNEN YPaBHEHWNIA CUCTEMBI.

Teopema 1. 8nNY He MMeeT LENOYMCNEHHbIX TOYEK TOrAa U TOMbKO TOrAa,
Korfja CyullecTBYeT runepnaockocTb /i, COOTBETCTBYIOLIAA NUHEAHON KOMGUHALWK

¢,=0 cucTembl YypaBHeHWiA (3), Takas, u4Tto Nrfl1? He wumMeeT

LIeNOYNCNEHHBIX TOYEK, e < a,,X> —CKansgpHoe npoussejeHne a,=( al a,2,.... a")

N X =(*1, X2, - Xn).

MpesfioXKeHHbIA  anropuTM € MOMOLWbI0  X-TecTa reHepupyeT MHOXeCTBO
NNHERHbIX KOM6WMHAaUWA runepnnockocTeil. 3atem npumeHsetcs 1K-TecT ans
HaxoXJeHus runepnjiockocTM W3 [aHHOTO MHOXECTBa, KOTopas He WMeeT
LeNIOYNCNEHHBIX TOYeK rMepeceyeHns c V. OKCNepuMMeHTabHble CpPaBHEHUA
pesy/nbTaToB MNOKasanW, 4TO MOAUMULUPOBAHHLIA anropuTMm 6onee TOYeH Mo
cpaBHeHuto ¢ HOJ-, BaHCcpxun- M X-TeCTaMM Ha 3aBMCUMOCTb. TakuMm 06pasom,
MOANKDULMPOBaHHBIA X-TECT ABNAETCA TOUHbIM TECTOM [/ BbISBMEHWUSA 3aBUCMMOCTHU
no fjaHHbIM B MHOTOMEPHbIX MacCcmBax, COepXKaLlnX CLenNeHHble NHAEKCHI.

BTopas rnaBa AuccepTauuy nocBslleHa NOAPOGHOMY OMWCAHUIO  HOBOM
BbIpabOTaHHOW CcTpaTerMn NPUMEHeHUS TeCTOB AN BbIIBNEHWS 3aBUCMMOCTU MO
[aHHbIM, B KOTOPOIA anroputM COCTOMT M3 Cepum 3deKTUBHbIX U HEAOPOrOCTOALLNX
TECTOB Ha 3aBUCUMMOCTb, UMEIOLLMX IMHEAHYIO U NOAMHOMMWANbHY CNOXHOCTb. Mpu
BblpaboTKe  CTpaTerMy  yuTeHbl  pe3y/nbTaTbl  HEKOTOPbIX  3MMUPUYECKUX
1ccnefoBaHnil, a TakKe HEKOTOpble OFPaHUYEeHNs aHaNOrMYHbIX PaboT.

B pasgene 2.1. paccmaTtpvBaloTCs CYLLECTBYHOLIME CTpaTeruv TeCTUpPOBaHWA
aHanM3a 3aBMCUMOCTeli NO AaHHbIM. [MpuBefeTcs TEeOopeTMYeCKoe W NpaKTUYecKoe
onucaHne [enbTa-Tecta, JOMNCUIOH-TecTa, anroputMa MaigaHa wun  K-TecTa.
M3yyaloTca OCHOBHblE OrpaHUYeHUs MepeyncneHHbIX anroputMoB, a TaKxe
CTaTUCTUYECKME [aHHble CYLLECTBYHOLNX IMMNUPUYECKNX UCCeL0BaHUN.

WccnefoBaHne anropUTMOB Ha 3aBUCUMOCTb BbISBUIO PsAf paboT B HEKOTOPOM
OTHOLLEHWN aHaNOTMYHbIX MPeAcTaBleHHON AuccepTalnoHHOW paboTe. Bo Bcex
nccnefosaHmax 6binn npeAcTasneHbl Habopbl TECTOB Ha 3aBUCUMOCTL (6ubnnoTeka
TECTOB Ha 3aBMCMMOCTb), C LieNIbi0 UX MCNO/b30BaHWS A1 TOYHOT0 U 3(eKTUBHOIO
pelweHns npobnembl B MNpakTUYecKMX cuTyaumsax. OfHako Hawa pabota no
CYLLLeCTBY OT/IMYAETCA OTHUX.

JenbTa-TecT pa3paboTaH [18 ONpefeNieHHbIX K/1acCcoB CCbIIOK MaccuBa,
KOTOpble 4acTO BCTPEYarTCA B HAyYHbIX MPOrpaMMHbLIX Kofax. TecT cHavana
KnaccuuumpyeTt MHAEKCHbIE BbIPaXXEHWS MacCUBOB Ha Cneaytolune kateropum: 21Y
(HyneBas WMHAEKCHas nepemeHHas), 81Y (efMHCTBEHHas WHAEKCHAA MepeMeHHas) u
M1Y (cocTaBHas WHAeKCHas mnepeMeHHas) ¢opmbl. COOTBETCTBEHHO K KaXzioi
(hopMe NMPUMEHSAOTCA OLHOUMEHHbIE TeCTbl.

B. Mbto (XV. Pu8b) n T. Lnerisman (T. 8bpel8wan) npeanoxunu 6onee

YMPOLLEHHbIN 1 BbICTPbIA BapuaHT [enbTa-TecTa, Ha3blBaeMblii SMNCUNOH - TEeCTOM.
B 3TOM TecTe pacCMOTpPEeHbI TOMbKO Camble MPOCTble CAyYan WHAEKCHbIX BbIPaXEeHWI
81lY, He wucnonb3ykTCsH cuenneHHble M1Y dopmbl 1 HO/L-TecT, a Takke He
paccMaTpuBalOTCA TPEYro/ibHble TpaHuubl LUKIa Npu  UCNOoMb30BaHUM TecTa
BaHepxxu. XoTa 3T anropuTMbl ABASKOTCA CaMbIMU GbICTPbIMMW, HO OHW YCTYNaloT No
TOYHOCTM NPeAN0XeHHOMY B AaHHOW AuccepTaLMoHHON paboTe anropuTmy.
AnropuTm MaiijaHa KOTOpblii MCnonb3oBaH B cucTeme 8LLIP CteHdopackoro
YyHMBEpCUTETa, COCTOUT M3 CEPUMN TOUHBIX TECTOB, KaX[bIA U3 KOTOPbIX MPUMEHUM B
orpaHuyeHHol o6nactu. llocnefHwuii TecT B anroputMe - MeTOh WCK/IOYeHMUs
dypbe-MOLKMHa, PaCLUMPEeHHbIA AN peLueHnsl LeNoYUCNeHHbIX 3agady. ABTOpSI



nokasanu, 4TO0 NPaKTUYeCKM 3aBUCUMOCTb MO AaHHbIM MOXEeT ObiTb BblUKCAEHA
TOYHO ¥ 3eKTUBHO. [NnaBHOe pasnuMuve Mexay anroputmom MaligaHa w
npesoXKeHHbIM MOAXOA40M - B TOM, YTO B MEpBOM C/yyae Ao6mBanuch Tpebyemoro
pe3ynbTara C WUCMO/Mb30BaHMEM [OPOrMX METOLOB. B NpoOTUBOMONOXHOCTL 3TOMY,
Hall MoAXxof MbITaeTca NOMyunTb Te e pe3ynbTaTbl C UCMO/b30BaHWeM 6osee
[eLleBblX TECTOB Ha 3aBUCUMOCTb.

K-TecT Takxke COCTOMT U3 6U6AMOTEKMN TECTOB Ha 3aBUCMMOCTb, HO, B OTANYME
OT [pyrux nMoAXO4OB, BMECTO KOHKPETHON CcTpaTern MNPUMEHeHus TecToB,
MCNOMb3YIOTCA MeTOAbl UCKYCCTBEHHOrO WHTennekta. XoTs B camMoii paboTe Takxe
ynomMmuHaetcs 0 KP-nonHoTe MeTO40B UCKYCCTBEHHOTO UHTENJIEKTA.

Pasgen 2.2. HauMHaeTCqd KpaTKMM 0630pOM TecTOB Ha 3aBUCUMOCTb,
MCMONb3YEMbIX B MPeS/IOKEHHOM HOBOW CTpaTernu TeCTMPOBaHMA. TecTbl MOXHO
KnaccupuumposaTtb Ha OLHOMEPHble W MHOrOMepHble. OfHOMepHble TecTbl: 81Y-
TecT, HOA-TecT, TecT baHepxwu, 1-tect n [O.-TecT. MHOromepHble TecTbl: X-TeCT,
MHOTFOMepHbI  1-TECT,M MOAM(ULMPOBaHHbLIA X-TecT. Mges Hawel cTpateruu
onupaeTcs Ha creaytoLme HayuHble hakTbl U pe3ynbTaTbl.

OCHOBHble pe3ynbTaTbl CYLeCTBYIOLWMUX 3IMONPUYECKUX UCCeA0BaHUNA.
O6beKTOM aBTOMATWYeCKOro pacnapanfiefimBaHns CcnyxaT 60/blwne nakeTbl
Hay4HbIX NPUKNaAHbIX NPOrpaMM, HanucaHHbIX Ha NOCNefoBaTeNbHbIX A3blKax TUMa
®opTpad. CornacHo amnupuyeckomy usyveHuto LleHa (3ben) v fAp., B peasibHbIX
nporpaMmMax WHAEKCHble BbIPaXEHWUS HE OYeHb CNOXHbl. M3 BCEX MCCNefoBaHHbIX
MaccuBoB MNpuMepHO 56% COCTaBNASAKT CCbIIKWM OAHOMEPHbIX MaccuBoB U 36% -
CCbIIKA [BYXMEPHbIX MaccuBoB. [l0NA CCbIIOK TPEXMEPHbIX (U Bbllle) MaccuBOB
coCTaBnsieT oKono 8 %. YTo KacaeTca WMHAEKCHbIX BbIpaXeHWA maccuBoB, TO 53 %
ABNAOTCA NUHENHbIMK, 13 % - YacTUYHO NUHENHbIMU U 34 % - HeNUHEWHbIMU.
MosToMy 06bIYHO [N aHanM3a 3aBUCMMOCTE/ MO  [aHHbIM  Ha MpaKTuKe
NPUMEHSAKOTCA TOMIbKO O4HOMEPHbIe TeCTbl, WUCMOMb3YIOLME NOAX0[ TecTUPOBaHUA
“UHAEKC-3a-UHAEKCOM”.

Mpn aHanm3e MHOroMepHbIX MacCYBOB OCHOBHYIO TPYAHOCTb BbI3blBAKOT 4acTo
BCTpeyaloLinecs B peasibHbIX NporpaMmMax CLenieHHble MHAeKcbl. Kak nokasaHo B
3AMMUPUYECKUX WCCNefoBaHWAX, 60fiee YeM B [eBATW Tbica4ax nNap [ABYXMEPHbIX
CCbIIOK MaccuMBoB MNpubaM3nTeNnbHO 46% ABNAIOTCA CLENMEHHBIMW UHAEKCHBIMU
BblpaXeHuaMU. UTO KacaeTCs CCblJIOK MacCuBOB 60/bLUEN PasMepHOCTU, TO TO/bKO
2% ABNAIOTCA CLENJEHHbIMW WHAEKCHbIMU BblpaXeHUsAMU. [03TOMY Ha MpakTuke
BaXHO UMETb 3((eKTUBHbLIA TecT Ans 06paboTKM CLENNEHHbIX MHAEKCOB, 0CO6EHHO
[N aHanusa CCbINOK ABYXMePHbIX MacCc/BOB.

Cnyyan noBblWaKLWmMe TOYHOCTb TECTOB Ha 3aBUCMMOCTb. TOYHO
onpefenstowme Mmetoabl: Omera-TecT, Poxer-Tect, anroputm MaigaHa u gp.
MCNOMb3YIOT NIMHENHbIE U LEN0YUCIEHHbIE MeTOAbl ANA PeLeHWUs LMOGaHTOBbIX
ypaBHeHW, Hanpumep, metog ®Pypbe-MouknHa, CUMNAEKC MeTon U Ap., KOTopble
He 3((eKTUBHbI Ha MpakTUKe. B aKcnepuMeHTanbHbIX pe3ynbTatax P. Tpuone
(Tnole[ A.) nokasaHo, 4TO MO CpaBHEHWIO C 6osee NPOCTbIMW MeTOfamMu, MeTOA
UCKNIOYEeHUs nepeMeHHbIX ®Pypbe-MoLKrHa BbINONHAETCS B 22-28 pa3 fo/bLue.

OfHUM 13 CTaHAApPTHbIX W PacrnpoCTpPaHeHHbIX TecTOB Ha 3aBMCUMOCTb
ABnseTca TecT baHepku. OH ABNseTcA MPUGAMKEHHBIM TECTOM W MPUHWMAET BO

BHVMMaHWe rpaHuLbl UMKIOB. 3 (eKTUBHOCTb U NOAHOLEHHOCTb TecTa baHepxu npu
ONpOBEPXKEHWUN 3aBUCUMOCTEN, [enatoT ero OAHUM U3 CaMblX UCMOMb3yeMblX TECTOB
B pacnapannenusarolmx komnunaropax. B nccnegosanumax baHepxu, 3. Jin (2.10) un
[. Knanxonby (O. Klappbolr) nokasaHo, 4TO ecAv KO3((UUMEHTbI NIMHEAHOro
ypaBHEHWS Y[OBNETBOPSAIOT HEKOTOPbIM YCMOBWAM, TO TeCT baHepXu CTaHOBWTCA
TOYHbIM. BaHepXXu MoKasan, YTO ero HepaBeHCTBA TOUHbI, €C/IM BCE KOIM(PULMEHTI
WHAEKCHBIX MepeMeHHbIX pasHbl 1, 0, uam -1. JIn u gp. nokasanun, 4To HepaBeHCTBa
BaHepXu TOuHbI, ecnu KoIpULMeHT 0LHON UHAEKCHOW nepemMeHHo [a*|=1 u |a,|(11/
-bl), rge r=1,...,k-1,k+1,...,n.

Knanxonbl, v Ap. AOKasanu, 4TO HepaBeHCTBa BaHepXu TOuHbI, ecnn nocne
YNOPSAOYEHNS KOIPMULIMEHTOB WMHAEKCHbIX MepeMeHHbIX [al] < \aA ~ ... " \a,)\
KO3(PULMEHT WHAEKCHOM nepeMeHHON [KA|=1 W ANS KaX[oro ) BbINOMHAETCS

ycnosve [ 1+ * - M, 2*Y*n,
*=1

ANropuTM  cTpaterMn. YuutbiBas BCe  BbllenpuBeAeHHble  (aKTbl W
pesynbTaTbl, B HacToAleli paboTe npeanaraeTca HoBas cTpaTerns MpUMeHeHWs
TeCTOB [/ BbISIBNEHUS 3aBUCMMOCTW MO AaHHbIM, B KOTOPOI anropuTM COCTOUT U3
cepun 3 heKTUBHBLIX N HEJOPOrOCTOALLMX TECTOB Ha 3aBUCUMOCTb.

B paHHOl cTpaTeruu, B 3aBUCMMOCTM OT 3HAYEHWI OCHOBHbLIX MapameTpoB
3afaun  (pasMepHOCTb MacCMBOB, KOMMYECTBO BOXEHHbLIX LMWKIOB, 3Ha4YeHUs
KO3(PNLNEHTOB WMHAEKCHLIX MEPEMEHHbIX W 3HAYEHWUA rpaHWL, UMKIOB), CHavana
6blNM  BblAENEHbl  4YaCTO  BCTpevarlolme W Nerko  paspelinMbie  Cayyaw.
COOTBETCTBEHHO KaXAOMY Cly4at0 NPUMEHSETC OAWUH BbICTPbIA 1 TOYHbIA TECT MK
cepus 3PPEKTUBHbLIX TECTOB.

Ha Bxog anroputma nojaeTca rHesfo UWKIA, B KOTOPOM T — KO/IMYECTBO
B/IOKEHHbIX LMK/I0B, W OMepatopbl LMKNa 06pawatoTcsd K 31eMeHTam -MepHoro
maccuBa. Kpome TOro, CYMTalOTCA MOCTOAHHBLIMW U WM3BECTHBIMU  3HAYEHUS
KO3(PPULNEHTOB WMHAEKCHbIX MEPEMEHHbIX aL, an ... amm 1 3Ha4YeHUs rpaHuy,
LMKNoB bu br, ..., bn 12 -,1>n. rge n=2*r n T=+ 3ajaya Hallero anropuTMa -
BbISIBUTb 3aBMCMMOCTWM MO [JaHHBIM MeXAy onepatopamMu B MWTepauuax rHesja
LMKNOB, T.e. alroputM AO/MKEH BO3BpallaTb OTBET «fa/HeT» O CyLeCTBOBaHWU
LieI0YUCTIEHHBIX pelleHnit /b 4 CUCTeMbl NUHEWHbIX ANO(AHTOBbLIX YpaBHEHW
(3), yAoBneTBOPAIOLLNX OrpaHnUeHnUsm (4).

Mepeyncnum 4acTo BCTpevarolimecs WM Nerko paspellnMble cayvau 3ajayu
3aBMCYMOCTW MO AaHHbIM:

1. r=1, W=\, T.e. BHyTpY eJMHCTBEHHOIO LIMKNa OMepaTopbl obpalLanTcs K
afneMeHTaM OfJHOMEPHOro Maccusa. B aTOM ciyyae ypaBHeHVe 3aBUCMMOCTM
(3) BbirnaguT Tak: a, x\ + ar x2= a0 u b< x\, Xr*M. [Ona ypaBHeHus
LieniecoobpasHo NPUMEHUTb CaMblil ObICTPbIA M TOUHbIA 81Y-TecT

2. r>1, (11, ypaBHeHuWe 3aBUCUMOCTM UMeeT Bug a*X\ + a2x2+... + anxn=
a0, rge b<Xi<l/,, 1=1,..,n. ITOT CAy4ail HECKOMbKO YCMOXHSAET peLleHue,
Nno3ToMy MNPUMEHSAETCA Cepus OJHOMEPHbLIX TECTOB Ha 3aBUCUMOCTb: TECT
BaHepxu, 1-TecT n IK-TecT. Kaxgblil cnefytoLwnit TeCT BbIMOAHAETCSA TONbKO



B TOM C/yuyae, €Ciu NpefblayliuM TecToM Gbin MOMyYeH HETOUHbIA OTBET
(Taybe), Kpome TOro, nocne npuUMeHeHWs TecTa BaHepXW BbINONHAETCS
npoBepKa KO3M(ULMEHTOB UHAEKCHBIX NepeMeHHbIX /151 YTOUHEHNs OTBETOB
TecTa.

3. <=2 1 uMelTCA CUeNNeHHble WHAEKCHl. CucTema ypaBHeHWit
3aBMCMMOCTUN UMeeT BUA

01,1*! +alax2+...+ aXxn=a o

a21*1 + a22*2+ - + a2nxs= aro

nl,<*<(], rge (=1.....n.

JTOT  cAy4yail  AOMUHMPYeT B peasibHbIX  MOCNeA0BaTe/bHbIX
nporpaMmmax, Ho NpuMeHeHne 0GblUHbIX OJHOMEPHbIX TECTOB Ha 3aBUCUMOCTb
B 3TOM c/lyyae Gecrnone3Ho, Tak KakK WMEHTCSl CLEMNeHHbIe WHAEKCHble
nepemMeHHble. [103TOMY MPUMEHSIETCS Cepusi MHOTOMEpPHbIX TecToB: X-TecT,
MHOTOMEpPHbIA 1-TeCT U MOAM(MMUUMPOBAHHbLIA X-TecT. MeToa 3anoMuHaHUs
pe3ynbTaToB MNpefplayliMx TeCTOB W WUCMO/b30BaHUA WX AN NOCNefyHLNX
TEeCTOB ONTUMMW3NPYET AaHHbINA CRyyail.

4. B ocTaBWKXCA CAy4Yasix ypaBHeHMe 3aBUCUMMOCTU umeeT Bug (3) C
orpaHunyeHmsamu (4). Kaxgoe ypaBHeHWe paccmaTpuBaeTcs B OTAENbHOCTU, U
NS Hero nocnefoBaTeslbHO NMPUMEHSETCA Cepus OLHOMEPHbIX TECTOB: TeCT
BaHepxu, 1-Tect u LL-TecT. OTOT noaxos AaeT 6osee TOYHbIA OTBET, ecnu
WHOEKCHbIE TMEepPEMEHHbIe He cuenneHbl. Ha npakTuke A0NS CLEnIeHHbIX
WHAEKCHbIX MepeMeHHbIX B CCblIKaX TPEXMepPHbIX MacC/MBOB U Bbllle
He3HayuTenbHa.

YuutbiBas BCe Cnyyaw, 6bina cobpaHa M peanusoBaHa 6u61MOTEKa TeCTOB Ha
3aBMCUMOCTb. BnmbimMoTeka coOCcTOMT U3 crneayrowmx TecToB: 21Y-tect, 8lY-TecT,
HOQL-Ttect, BaHepxu-tect, 1-tecT, 1K-rect, X-TeCT, MHOFOMeEpHbI 1-TeCcT W
MOAM(MLMPOBaHHBIA X-TecT. Kpome TeCTOB Ha 3aBUCMMOCTb B GUGIMOTEKE MMeEoTCA
anropuTMbl AN YTOYHEeHWA OTBETOB TecTa baHepxu. Bce anroputmbl UMeroT
NMHENHYI0 BPEMEHHYI0 CNOXHOCTb. W3-3a BbICOKOW CTOMMOCTM B 6MGNMOTEKY He
BOLIMM TOYHble TecTbl. Ha puc. 1 npuBegeHa o6Lias cxema HOBOW cTpaTeruu
NPUMeHeHNs TeCTOB Ha 3aBUCHMOCTb.

BpemeHHas CNOXHOCTb. HOBbI/i anropuTM KMMeeT HauXyAlyl BPEMEHHYH
CNOXHOCTb B ABYX C/y4asx:

1) Npy NPUMEHEHNUN CEPUUN OLHOMEPHbIX TECTOB Ha 3aBUCUMOCTb;

2) Npy NPUMEHEHWUN CEPUMN ABYXMEPHbIX TECTOB Ha 3aBUCUMOCTb.

PaccmoTpuM 0TAeNbHO Kaxabli ciydail. B nepBom cnyyae TecT BaHepxu nmeeT
BPEMEHHYIO CNOXHOCTb O(m), 1-TecT - 0 (nN2*c+n*c) u 1A-tect — 0(kn), rae
Hnw {«-/+1:17n}> n- KOAMYECTBO MepPeMEeHHbIX B YPaBHEHWUU 3aBUCMMOCTM, C -
KOHCTaHTa. B obwem cnyvae, rge cepus OAHOMEPHbIX TeCTOB MCNOMb3yeTcs ANns
MHOFOMEPHbIX MAacCMBOB C MOAXOLOM TECTUPOBAaHUA «UHLEKC-3a-UHLEKCOM»,

HanxXyfluas BpeMeHHast CNoXHocTb - O ((1*( n2*c+n*c + n + Kk*n + c)), rge < -
pa3mMepHOCTb MaccuBa.

Bo BTOpPOM cny4yae Mcnonb3yloTcs 60nee CNOoXHble MeXaHW3Mbl, HO B Hallem
anropuTMe OHW MPUMEHSAKTCS TONbKO ANA ABYXMEPHbIX MacCUBOB, A€ WHAEKCHI
ABNAOTCA cuenneHHbIMU. CrefoBaTenbHO, TPYAOEMKOCTb METOA0B HECKOMbKO
yMeHbluaeTcs. Hanpumep, X-TeCT MMeeT BPEMEHHYK CNOXHOCTb 0(n*(r+c)),
MHOromepHblin  1-Tect - 0 (N*(r2*c+2*c+c)) n MOAUPUUNPOBAHHbI X-TeCcT -
0(n*(K*r+c)), rae 2 - 4MCNO MNepemeHHbIX B CreHepupoBaHHOW X-nnockoctn. B
06LLEM Cyyae BPEMEHHas CMOXHOCTb - 0 (M*( 22*c+2*C+ r+K*2+c)).

HeW3BeCTHbl FPaHNLbl LKA HO/, -TecT
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]
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Pnc 106was cxema HOBOI CTpaTeruy TeCTUPOBAHUA ANS BbIABAEHUS 3aBUCUMOCTH MO
[aHHbIM. ¢ - anropuTM NPOBepKN KO3IMMULMEHTOB, O - TECTbl Ha 3aBUCUMOCTb

TpeTbs rnaBa MNOCBAWEHA aHanu3dy 9KCMEPUMEHTaNlbHbIX Pe3ynbTaTos,
noATBePXAaloLWmX 3(HeKTUBHOCTb U KOPPEKTHOCTb METOA0B, MpeanaraemMbiX B
pamkax guccepTalMOHHOR paboTbl.

B Teopun pacnapannenusaHus M ONTUMMU3aLUWM MOCTOSAHHO BO3HUKAIOT HOBble
noAXoAbl W anropuTMbl, aHaNN3 KOTOPbIX HEO6XOAUMO MPOBOAWUTL B KOHTEKCTE YXKe
CYLLECTBYIOLLMX, YTO MO3BONAET ONPefe/iTb UX ONTUMaNbHOCTb Y IPHEKTUBHOCTD.
B HacTosilee BpeMs K TakMM WHTEHCMBHO pa3BMBAOLLMMCS NPOEKTaM OTHOCATCA
Yray, PObALL3, 8LLIP, OPC u ap. B kauecTBe 6a3bl 415 NPOBEAEHMA UCCNEf0BaHN
B pamKax [AuccepTauMoOHHOM paboTbl BblbpaHa cuctema 81/IP. Ha ocHose
npegnaraemMblX Hamy HOBbIX MOAXOAOB U 6161M0TeK cucTeMbl 81/1P 6bin peann3osaH
nporpamMMHbIA KOMM/EKC ANS aHanM3a 3aBUCUMOCTEN MO AaHHbIM.

naBa HaunHaeTca (pasgen 3.1.) C onucaHWs HeKOTOPbIX AeTanein anroputma
HOBOWA CTpaTeruu 1 NporpaMMHON peanusaumm 6MBANOTEKN TECTOB Ha 3aBUCUMOCTb.



[anee paccmatpmBaeTcsi XapakTepucTMKa CWUCTEMHON cpedbl U CTPyKTypa
WHCTPYMEHTOB /19 MPOBEAEHUsA 3KCNepuMmeHTa. TakXKe ONuCbIBAaeTCA KOHCTPYKLMUA
npoToTUNa pacnapanienuBarollero KOMNUAATOpPa Ha OCHOBE HOBOM cTparteruu
TecTMpoBaHusa 1 6nbnmotek cuctemsl 81/1P.

B pasgene 3.2. npoBOAWUTCA 3KCMEPUMEHTA/IbHOE CpaBHEHWe pe3ynbTaToB
npesfioKeHHOro MeToga C Havbonee W3BECTHbIMW CTPaTErMaMyU TeCTUPOBAHUS
aHanMsa 3aBUMCMMOCTeli MO [AaHHbIM, TakUMW KakK JMCWIOH-TECT U anropuTM
MaiigaHa. 3KCMepUMeHT npoBefileH C UCMOMb30BaHWEM WHCTpyMeHTa Pelll V1.2,
paspaboTaHHOro B M3puieHACKOM YHMBEPCUTETE KaK pacLUVpeHHbIA BapuaHT
WHCTPYMeHTa 1Ty, W C ucnonb3oBaHueM cuctembl 81/1P, pa3paboTaHHOW B
CTeHdopackom  yHuBepcuteTe. O6e nporpamMmbl  6biAM  YCTaHOBAEHbI  Ha
nepcoHasbHOM KOMMNblOTepe C mpoueccopom AMB Alblon XP 1700+ c
onepaunoHHoin cuctemoii 13eblan OXK1/bTux. [Ona 3KcnepMMeHTa MCMOMb30BaHbI
fBa Bufa faHHbIX. [lepBblli - Habop TeCTOBbIX Hay4HbiX nporpaMm MASA 1
PEKPECT Ciub bencbwarks (PEAPortance Eyaluaiion Tor Co3”-eifeciiye
TratlorTaiions), rae kaxgas nporpamMmma coctout oT 500 go 18000 cTpok (cM. Tabn.
1). BTopoit Bug —Habop 13 16 LMKNOB COOpaHHbIA M3 paboT aHaNOrMUHbIX Hallei.
Bce UMKbI ABNAKOTCA CneuuansHbIMA NpuMepaMmn U co3faHbl ANs AeMOHCTpauvm
MOLLHOCTW HEKOTOPbIX TECTOB Ha 3aBUCUMOCTb MO AaHHbIM.

Tabnuua 1

CTratucTuyeckune XxapakTepUCTUKN 3TANIOHHbIX TECTOBLIX NPOrpamm

OtanioHHble  Konnuectso KonnuecTso KonmuecTso KonuuecTso
Ne TecToBble CTpOK 0O-uMKoB CCbIIOK Ha
nporpamMmbl  Nporpamm reAnporpanmm 4 MaccmBbl

11C51 2815 36 161 6389
2 1y¥51 1430 17 56 906
3 3051 8446 80 259 658
4 Ti151 579 8 78 84
5 Mrix 159 1 14 488
6 cbol$ky 53 1 18 70
7 grifry 117 1 14 369
8 poS5er 19 2 5 7
Bcero 13618 146 605 8971

CpaBHeHue pesynbTatoB. C nomouwlbto nakeToB baseswl 1.3.0.1, 3wiiHiMer
1.3.0.1, baseparswl 1.3.0.1 u 3wl cookbook 1.3.0.1 cuctembl 8LLIP cobpaHbl ABa
aHanmM3aTopa 3aBMCMMOCTEN NO AaHHbIM. MepBblil OCHOBaH Ha anroputMme MaiigaHa,
a BO BTOPOM BHefpeHa HoBaa cTpaterns. Kaxablil aHann3atop NpMHUMaeT Ha BXOje
npeo6paszoBaHHbli B 8LUP dopmar (c nomouwbto 3cc Apaiieepa) *.3p(l ain
nocnefoBaTeNlbHON NporpaMMbl, & Ha BbIXo4e [aeT WHGpopMauuMio 0 BCex
3aBMCUMOCTAX MO [JaHHbIM B [aHHOW mnporpamMme. [lpn  3KcnepuMeHTabHOM
CpaBHEHUWM pe3y/bTaTOB paccMaTpuBanMCb TOMbKO WCTUHHblEe  (MOTOKOBbIE)
LIMKNMYECK NOPOXKAEHHbIE 3aBUCUMOCT M NO AaHHbIM.

PesynbTaTbl Ka&XA0ro aHanu3aTopa 3aBMCUMOCTel MO JaHHbIM 18 3TaNOHHbIX
TeCTOBbIX MpOrpamm nokasaHbl B Tabn. 2. TpeTbA KONOHKa Tabn. 2 mpeacTasnser
obLlee KONMYECTBO O6palleHUii Ha NpeaMeT HaNMyMs MOTOKOBOW 3aBMCMMOCTW MO

[laHHbIM, 3[leCb TeCTbl AO/DKHbI paspyliaTb 3aBMCMMOCTW, €CIM B CaMOM fene He
CYLLIECTBYET MOTOKOBOI 3aBUCUMOCTY MO fjaHHbIM. B MATON U ceabMOi KOMOHKax
TaGnuLpbl MOKAa3aHO, Ha CKOMbKO MPOLEHTOB YAanoch paspyLuuTh 3aBUCMMOCTW C
NOMOLLbI0 anroputMa MaiijaHa W ¢ MOMOLLbIO anropuTMa HOBOW CTpaTerum

COOTBETCTBEHHO.

Tabnuua 2

CpaBHeHuWe pe3ynbTaToB

Bcero

OTaNoHHbIE
No TEecTOBble 06pus. Ha Kon-Bo paspylleHHbIX 3aBUCUMOCTEN
nporpammbl :;;:: Anroputm MbiigaHa Hosas cTparterus
1bC81 6168 5546 89,92¢. 5546 89,92%
2 1UwelL 795 102 12,83% 102 12,83%
3 81)81 417 154 36,93% 149 35,73%
4Tb1 52 0 0,00% 0 0,00%
5 bCnx 450 208 46,22% 208 46,22%
6 cbobky 61 3 4,92% 0 0,00%
7 wny 258 125 48,45% 119 46,12%
8 Coasser 5 0 0,00% 0 0,00%
Bcero 8206 6138 74,80% 6124 74,63%

CpaBHeHue pesynbTaTos Ha 3KCMepuMeHTa/IbHbIX npumepax.
CTaTuCTUYeCKNe XapakKTepUCTUKN  3KCMNEPUMEHTabHbIX MPUMEPOB:  KONNYECTBO
CTPOK - 66, KonnyectBo OO-UMKNOB - 26, KONMYECTBO CCbINOK Ha Maccusbl - 40.
3TN NpUMepbl B3ATbl U3 aHaNOrMYHbIX paboT ONUCHIBAKOLLMX TECTbl Ha 3aBUCUMOCTb
Takune Kak Polyer-tect (asTopsl M.Bonb® 1 gp.), Omera-tect (asTop B.Mbio) u ap. B
[JAHHbIX NpUMepax WHAEKCHbIe BbIPaXeHWs 60Mee CNOXHbI, Yem peanbHble
nporpammbl. B 3ToM cfiyyae Mbl CpaBHVMBaNW pe3ynbTatbl CNefytowWwmnX airoputMoB:
3ncunoH-TecT, anroput™ MaligaHa 1 HoBas cTpaTerns TecTUpoBaHuA. C NOMOLLbHO
NHCTpPyMeHTa PeM K 3KcnepuMeHTaslbHbIM MpyYMepam MpUMeHsAncsa SnCUN0oH-TeCT.
[na 40 nap ccblNOK MaccMBOB ANCUNOH-TeCT 44% cnyyaeB nokasan He3aBMCMMOCTb
no fJaHHbIM, anroputm MaligaHa - 63%, a HoBas CTpaTerMs TecTMpOBaHMA ANs
BbIIB/IEHNS 3aBUCMMOCTU MO AaHHbIM - 56%.

Bpemsa BbINonHeHWs. [ns onpejeneHns Toro, Kakon metof TpebyeT 60/blue
BPEMEHW WCMOMIHEHUS, nucnonb3oBaH OMY npopuanpoBLLMK LPro/lonepayuoHHON
cucTemMbl bTux. YT06bl CHU3UTL CTAaTUCTUYECKME HETOYHOCTM, KaXKAbIA anropuTM
3aBMCMMOCTU MO JaHHbIM BbIMONMHeH 100 pa3 18 pasNMYHbIX 3TASIOHHbLIX TECTOB W
asATo MX ycpefHeHHOe 3HauyeHue. B obuem cnyvae anroputm MaligaHa Tpebosan
BPEMEHM Ha 25% 60/blUe, YeM anropuMTM HOBOI cTpaterun (cMm. Puc. 2).



AnropT™ MaligaHa Hosas ctpaterus

Puc. 2. Bpems BbINoNHeHUA

CTaTtucTuyeckue paHHble HoBoi cTpaTerun. Mo mToram 3KcnepuMmeHTa
OblIM aHANM3MPOBaHbI CTATUCTUYECKME [JaHHble HOBOM cTpaTeruu. PesynbTathbl elle
pa3 nokasblBatoT Lieneco06pasHOCTb M IPMEKTUBHOCTHIO METOA0B, MPEA/OXEHHbIX B
npegblayLieii rnase. B 601bWIMHCTBE CNyYaeB 3aBMCUMOCTM MO AaHHbIM BbISBNAKOTCA
C MOMOLLbIO MNPOCTbIX TecToB (21Y-TecT, 81Y-TecT, baHepXu TecT u X-TecT).
Momowb 6onee cnoxHbix TectoB (1-Tect, 1K.-Tect, MHOromepHblii 1-Tect 1
MoganhununpoBaHHbIi  X-TecT) Tpe6oBanacb B He3HauYWUTeNbHbIX Cayyasx. 3T0
[lOCTUTaeTcs C MOMOLLbIO a/IfOPUTMOB, YTOUHAIOLWMX OTBeThbl Tecta baHepxu. Tak B
361 cnydyae ¢ nomolbio Tecta baHepXu B 54 cnyuyasx onpoBeprHyTbl 3aBUCUMOCTU
no fJaHHbiM, a 301 cnyvae anroput™M MPOBEPKM KOIP(ULUMEHTOB [0OKa3biBaeT
CYLLLECTBOBaHME 3aBUCUMOCTU. ITO MO3BOMAET COKPATUTL 06LLee BpeMS BbINOSHEHMWS
HOBOW CTpaTerMu, Tak Kak Mocfe MNOM0XUTENbHOro OTBeTa anropuTma NpoBepKu
WCK/HOYaeTCa BbINOMHEHWE MOCNeAoBaTeNbHOCT 6onee CMOXHbIX TecToB. B 71
Cnyyae C NOMOLLbI X-TecTa OMPOBEPrHYThI 3aBUCUMOCTHM MO JaHHbIM B 2 cnyyasx, a
67 cnydvae anropuTM MpPOBEPKM KO3M(ULMEHTOB [0Ka3blBaeT CyLLeCTBOBaHME
3aBUCUMOCTHU.

Pa3gen 3.3 MOCBALWEH K MOCTPOEHWIO anroputma A/ MHAEKCHOro aHanusa
3aBMCMMOCTE NO faHHbIM B 8l$al-nporpammax ans 8PP cuctembl. OTMETUM, 4TO
OHa ABNSeTCA CUCTEMON (DYHKLMOHANLHOr0 MPorpaMmmnpoBaHms 1 paspabatbiBaeTcs
B JlabopaTopuMn KOHCTPYMPOBaHWA W onTumusauuu nporpamm VICA CO PAH B
pamkax npoekta MPOMPECC, rge B KayeCTBe HayanbHOM BEPCUM BXOAHOMO A3blKa
BblOpPaH 8|$al.

B 3akno4veHnn chopMynnpoBaHbl OCHOBHble pe3ynbTaThbl, MONYYEHHbIE B XO4e
JuccepTayMoHHON paboThl.

OCHOBHbIE PE3Y/IbTATbI

1 TMpoBefeHbl  KOMMAEKCHbIE  WCCNEeA0BaHWA  CYLLECTBYIOLLMX TECTOB  Ha
3aBMCMMOCTb, MO3BO/MMBLUME pa3paboTaTb M peann3oBaTb HOBble TECTbl WU
yCOBEPLUEHCTBOBATL MMELOLLMECH TeCTbl aHann3a 3aBUCUMOCTER MO AaHHbIM.

2. PaspaboTaH HOBbIA 3(h(HEKTUBHbLIA TecT (MOaUPULMPOBaHHbIA X-TecT) Ans
pewleHnsi npo6femMbl 3aBUCMMOCTM MO AaHHbIM MpU aHanu3e CLeneHHbIX
CCbINIOK MHOTOMEpPHbIX MacCHBOB.

3. PeannzoBaHa 6MGNMOTEKA M3 HOBbIX W MOAMMULMPOBAHHbLIX TECTOB Ha
3aBUCMMOCTb MO [JaHHbIM, B COCTaB KOTOPOU/ BOLUAM MPUGAMKEHHbIE U TOUHbIE
TeCTbl, BK/KOYatOLLMe OAHOMEPHbIE U MHOTOMEPHbIE Cllyyau.

4. BblpaboTaHa HOBas CTpaTerusi TeCTMPOBAaHWUs, OCHOBaHHAas Ha HOBbIX TecTax
aHaim3a 3aBUCKMMOCTE MO AaHHbIM. Ha 6a3e HOBOI cTpaTeruu n 6MbanMoTekn
TECTOB Ha 3aBWCMMOCTb CO3fjaH MpOrpaMMHbIA  KOMMMEKC —aHanusa
3aBMCUMOCTE MO [aHHbIM, a TaKXe MNOCTPOEH anropuTM ANl WHAEKCHOrOo
aHanu3a 3aBUCUMMOCTM MO AaHHbIM B 8l5al-nporpaMmax B pamKax CUCTEMbl
(hYHKUMOHANIbHOTO nporpammupoBaHmns (8PP).

5. MpoBsegeHbl 3KCMepUMeHTa/IbHbIE uccnefoBaHms  ons CpaBHEHUA
3(h(heKTUBHOCTU MPEANOXKEHHbIX MOAXOAOB C aHANOTMYHBIMU  MEeToAaMu
aHanM3a 3aBUCMMOCTE NO [aHHbIM, BblfefieHbl Hanmbonee CyLLeCTBEHHbIE
OrpaHUYeHNst 3TUX METOAOB.

JINuHbIf BKNaj coMCKaTeNs 3aktovaeTcs B 06CYXAEHMM MOCTaHOBKM 3ajad,
pa3paboTKe afeKBaTHbIX aIFOPUTMOB 1 METOAOB  PELUEHWS, CO3[aHWU U
TECTMPOBAaHWM anropMTMOB 1 MPOrpamMm, MPOBEAEHUM PacuyeToB M MHTeprnpeTaLmu
3KCMEPUMEHTA/IbHBIX  Pe3yNbTaToB. Bce BbIHOCUMbIE Ha 3aLUUTY Pe3y/bTaTbl
NpUHagiexar NMYHO aBTopy. [IpeAcTaBneHWe W3NOXEHHbIX B AuUccepTauum u
BbIHOCUMbIX Ha 3alWUTy Pe3ynbTaToB, MOMYUYEHHbIX B COBMECTHbIX MCCMEAOBaHMSX,
COrNacoBaHHO C COaBTOPaMM.

BnarogapHocT. ABTOP BblpaXkaeT 671arofjapHoCTb Hay4HOMY PYKOBOAWUTENIO
A.0.-M.H. Bnagumupy AHaTofbeBMYY EBCTUrHEeBY 3a MOCTOSHHOE BHUMaHue U
NOAAEPXKKY Ha BCex aTamax paboTbl Haf AuMccepTauumeid. ABTop Takke 6narogapuT
A.0.-M.H. BukTopa HrKonaeBnya KacbsiHOBa 3a MOCTOSAHHYO MOMOLLb B paboTe.

NYBNNKALUNK MO TEME AUCCEPTALIMN

1 EscturHeeB B. A., Apan6aes P. H., OcmoHoB P. A. AHanu3 3aBUCUMMOCTEN:
OCHOBHbI€ TeCTbl Ha 3aBUCUMOCTb MO aHHbIM // Cn6. XYPH. BbIYMC/. MATEMATUKU
/ PAH, Cunb. otg-e. — HoBocmbupck, 2007. — T. 10, Ne 3. — C. 247-265.

2. Apanb6aes P. H. AHann3 3aBUCUMOCTE MO AaHHbLIM: CTpaTernnm TecTUpPOBaHUA ©
3KCNnepuMeHTaNlbHOe CpaBHEHWe pe3ynbTaToB // AHHOTAUMM [OKA. Hay4HoW
ceccun IV Poccuiicko-MepMaHCKON LIKOMbI MO NapanienbHbiM BblYMCIEHUAM Ha
BbICOKOMPOU3BOANTENbHLIX  BbIYUCAUTENbHBIX cuCTEMax. —  HoBocu6MpCK,
Akagemropogok, 9-20 nonsa 2007r. / BeluncnutenbHole TexHonormum — 2007, —
T. 12, Ne6. — C. 138-142.



3. Apanb6aeB P. H., OcmoHOB P. A. AHann3 3aBUCUMOCTE/ MO [aHHbIM ANs
MHOFOMEpPHbIX MacCMBOB Ha 6a3e moauduumpoBaHHoro X-tecta // Mpo6nembl
NHTENNeKTyanm3auum Kadectea cucteM mHopmatmkm / PAH, Cnb. ota-e, VH-T
cuctem MHpopmatukn. — Hosocmbupcek, 2006. — C. 7-23.

4. Apan6aeB P. H. 9KcnepvMeHTanbHOe UCCNeA0BaHNe HOBOW cTpaterumn // MeTogpl
N MHCTPYMEHTbI KOHCTpPyMpoBaHusA nporpamm. / PAH, Cnb. ota-e, H-T cuctem
MHopmaTmkn. — Hosocmnbupck, 2007. — C. 7-23.

5. Apan6aes P. H., OcmoHoB P. A. AHanu3 3aBMWCUMMOCTEli: HOBas cTpaTerus
TecTupoBaHusa /I Tpyabl MeXayHapoAHOW KOoH(epeHuun «lMapannenbHble
BbluMCAUTENbHbIE TexHonmorun (MaBT’2007)». — YensabuHck: u3g-8o KOYply,
2007. — T.2. — C. 16-27.

6. Apanb6aeB P. H., EBcturHees B. A., OcmoHOB P. A. CpaBHWTENbHbIA aHanm3
TECTOB Ha 3aBMCUMMOCTb N0 JaHHbIM. — HoBocnbupck, 2006. — 36 ¢. — (Mpenp.
/ PAH. Cu6. otg-e. ICWU; No 141).

7. Apanb6aeB P. H. AHanu3 3aBUCUMMOCTEN MO faHHbIM: CTpaTernn TeCTUPOBaHMS U
JKcneprvMeHTanbHOe cpaBHeHWe pesynbTaToB // HayuHas ceccus IV Poccuiicko-
epmaHcKoi LLKOAbI no napannensbHbIM BblYMCNEHNAM Ha
BbICOKOMPOU3BOANTENbHbIX BblYUCAUTENbHbIX cucTemax / PAH, Cnb. oTa-e, VIH-T
BblY. TexH. — HoBocmbmpck, 2007. — C. 11-14.

8. ApanbaeB P. H. HoBasa cTpaTerus npUMeHeHWU A TECTOB AN BbISBNEHNS
3aBMCMMOCTel No aaHHbIM // VI Bcepoccuiickas KOHGEPEHLUS MOMOAbLIX YYEHbIX
no maTtemaTuyeckoMy MOAENMPOBAHWUIO W WHPOPMALMOHHBIM TEXHONOIUAM. —
KpacHosipck, 2006. — C. 78.

9. Apanb6aes P. H., OcmoHoB P. A. HoBbIli anroputM aHanusa 3aBUCMMOCTER NO
[aHHbIM B MHOroMepHbIX Maccusax // V1 Becepoccuiickas KOH(epeHLs MOoabiX
YyUYeHbIX MO  MaTeMaTW4YeCKOMY  MOAENMPOBaHWIO U MH(OPMALUOHHbLIM
TexHonoruam. — KemepoBso: n3g-so Keml'y, 2005. — C. 57.

10.Apan6aes P. H., OcmoHoB P. A., ®omnH A. C. MporpammHblii KOMMNIEKC ANS
aHanmsa 3aBMCKMMOCTE MO fAaHHbIM //  KoHMepeHUMsA-KOHKYpPC «TexHonormm
MKro3oli B Teopuu 1 NpakTukKe nNporpaMmmuposaHus». — Hosocnbupck, 2008. —
C. 99-101.

11.Apan6aes P.H., OcmoHoB P.A. AHanM3 3aBUCMMOCTEA MO faHHbIM Ans
MHOIOMEpHbIX MaccuBax C Y4yeTOM BEKTOPOB HanpasneHwui // KoHdepeHuus-
KOHKYpC «TexHonorun Mrcrosoil B TeOpUM 1 MpakTUKe MporpaMMyUpoBaHUs». —
HoBocmbupck, 2006. — C. 153-155.

12. Apan6aes P.H., OcmoHoB P. A. CpaBHWUTENbHbLIN 0630p TECTOB HA sasucumocTs
no AgaHHbIM // XUTY MexpayHap. Hayy. cTyfeHueckas KoH. «CTyaeHT U Hay4Ho-
TEXHUYECKNIA  nporpecc»:  WMHDopMauuoHHble  TexHonorun [/ HIY —
Hosocunbupck, 2006. — C. 4-5.

PI&

APATMNBAEB PycnaH6ek HypmamatoBmy

AHAIN3 3ABUCUMOCTEW MO OAHHbLIM:
TECTbI HA 3ABUCMOCTb U CTPATEI K TECTUPOBAHUA

ABTOped. AnCC. Ha COUCKaHMe YUYEHOI CTeneHn KaHAmAaTa (hU3NKo-MaTeMaTUUYeCKnX HayK.
MoanucaHo B neyaTb 06.11.2008. 3aka3 Ne 99. dopmat 60x90/16. Yen. ney. n. 1. Tupax 100 3k3.
OTnevataHo B n3gartesbckoM otgene NHctutyTa Katanusa um. I'.K. bopeckosa CO PAH
630090 HoBocmbmpck, np. Akagemuka JlaBpeHTbeBa, 5



