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HpI/IBeI[eHBI PE3YyIbTAThL OKCIICPUMEHTAJIBHOT'O HCCJIICOOBAHUA Ha pC€albHOM YHCIOBOM ImpuMeEpe

KOMOHMHATOPHO - CeJIeKIHOHHOro anroputMa MI'VA.

KoMOuHaTtopHble anropuTMbl, peanu3yrolue MOJIHBIA Hepedop BCeX BO3MOXKHBIX CTPYKTYP
MOJIeJIei, OTpaHHYEHBI B CBOEM NMPUMEHEHUU TPeOyeMbIM BPEMEHEM CUeTa JIa)xe MPH HCIOJIb30Ba-
HUU coBpeMeHHbIX DBM. KommuecTtBo mepebupaeMbIx Mojeeii 0 3TUM aarOpUTMaM SIBJISICTCS
MOKa3aTeNbHON (DYHKIIMEH YMCiia He3aBUCHMBIX MMEPEeMEHHBIX. VICIONb30BaHNEe TaKUX alTOPUTMOB
IIPU PELIeHUH 3a/1a4 MOJETUPOBAHUS 11e1IeCO00pa3HO, KOTIa YHCI0 HE3aBUCUMBIX MEpPEMEHHBIX He
npesbiniaet 20.

Jlnia peuenust 3a1a4 MOJIECTUPOBAHUS OOJIBIION Pa3MEPHOCTH, B KOTOPHIX KOJINYECTBO HE3aBU-
CUMBIX TIEPEMEHHBIX 3HAaYUTENbHO Oomnbiie 20, TpeOyroTCs anropuTMbI COKpaIlIeHHOTo nepebopa
Mozeneld. TakuM ajaropuTMOM SIBIISIETCS KOMOMHATOpHO-ceneKnuoHHbd anroput™ MULTI [1],
peau3yIOMHiA HOBBIH METOJI COKPAIIEHHOTO Tiepedopa. ITOT anropuT™M, KaKk U MHOTOPSITHBIE aJro-
putMmbl Metona ['pynnoBoro Yuera AprymMeHTOB [ 2 |, ABISETCA CEIEKIMOHHBIM, OJHAKO UMEET
KOHEYHOE YHCIIO ATanoB (He OoJblliee KOMUYECTBA HE3aBUCUMBIX MEPEMEHHBIX) M MO3BOJISIET HC-
KaTh MOJIENIb B TOM JK€ 33JJaHHOM (PYHKLIHOHAJIbHOM 0a3uce, KOTOPbIil UCIONIb3yeTCsl U B mepedop-
HBIX anroputMax. [IpuMmeHsemas cxema COKpaIIeHHOTo rnmepedopa OTIIMYaeTCsl OT U3BECTHBIX IIIaro-
BBIX CXEM MPEXkKIE BCErO MPUMEHEHUEM MPUHIINIA HEOKOHYATEIbHBIX PEIICHUH, CYIIIECTBEHHO I10-
BBIIIAIOIIETO BEPOSTHOCTD MOyUEHUS Pe3ysibTaTa MOJHOTo mepedopa.

Anroputm MULTI peanusyet nporeaypy mo3tamHoro GOpMUPOBaHUS CTPYKTYP M OLICHKH MO-
Jieneil ¢ mocneaoBaTelIbHbIM YBEIMUYEHHEM KOJIMYECTBAa apryMeHToB. HaunHas Ha mepBoM 3Tamne ¢
MoJiesIel, cofepKalluX TOJbKO OAUH apTyMEHT, Ha KaXKIOM IMOCIEIYIONEM dTare 100aBIsi0TCs 10
OJIHOMY Pa3JINYHbIC aPTyMEHTHI K HECKOJIBKHM JIy4YIIUM MOJEISIM MPEIbIIyIIero dTamna u oToupa-
FOTCSI MOJIEIIH, YIYYIIAIOIIUE BEIUYMHY KPUTEPHs MPEAbIIyLIEro dTana. JTa mpoueaypa mnpoaoi-
JKaeTcs 10 TeX IMOop, MOKa yMEHBIIAeTcs BeIMYMHA KpUTepus orbopa Mmoxaeneil. Haubonbinee Bo3-
MOYKHOE YHUCJIO 3TANoOB alnroput™ma SA onpenensiercs KOJIMYECTBOM apryMEHTOB #: SAmax= m+1.

Anroputm MULTI siBisieTcst CENEKIMOHHBIM C KOHEYHBIM YHUCIIOM 3TamoB mepbopa. Mo-
MEHT OCTaHOBa IMPOLEAYPHl OIpPEAEHAECTCS aBTOMAaTHYECKHM II0 YCIOBHIO PABEHCTBA HYIIO
YMEHBIIICHUSI BEIMYMHBI KpuTepus oToopa. [Ipum 3TOM Mojenbh ONTUMAIBHON CIOKHOCTH OT-
penensieTcss MUHUMAlIbHBIM 3HAUEHHEM KpUTEpHs Ha mpenpiaymiem starne. Bce dopmupyemsbie
0 ATOMY QJITOPUTMY MOJEIW MPUHAMIEKAT TOMY K€ (YHKIIHMOHATHHOMY O0a3uCy, YTO M MO-

JIeT KOMOMHATOPHOTO aJTOPUTMAa C TOJHBIM IEpedopoM.

ISBN 966-02-0783-2 MonenupoBaHie M YIPaBICHHUE COCTOSHUEM HKOJOTO-3KOHOMUYECKHX CHC-

teMm peruoHa. Kues, 2000.



OyHKIMOHANBHAsS cxema mepebopa moxened mo anroputmy MULTI mokazana Ha pwuc. 1.
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Pucynok 1. ®@ynkiuonanbHas cxema nepedopa mozeneit mo anroputmy MULTIL

Pe3yabTarsl uccaenosanmii. Mccnenosanue cpoiicts anroputva MULTI npoBogunocs 3kc-
MEPUMEHTAIbHO Ha PEAIbHOM YHUCIOBOM IPUMEPE MO JAAHHBIM, OTHOCSAIIMMCS K XapaKTepUCTHKAM
sKocucTeMbl KaxoBcKkoro BOAOXPAaHUIMIIA. HpI/I 9TOM OpHCACIAIOCH BJIUAHUC OCHOBHBIX YIIpaB-
JSIOUIUX MapamMeTpoB anroputma SA u FM Ha KonudecTBO (GOpPMUPYEMBIX MOJIENEH U Bpems cue-

Ta.n



PacdeTts! BeimosHsuMCh Ha niepcoHanbHOM KommbTepe PC AT ¢ mponeccopom 80386 mipu pas-
HOM 4YHCJI€ BXOJHBIX NepeMeHHbIX m= 5 + 26. [Ipu m= 5 + 16 napamiensHO A TOrO )K€ COCTaBa
nepeMeHHbIX 1o KomOumHaTopHomMy anroputmy COMBI [3], obecnieunBaromieMy MOTHBIN TIEpedop
BCEX BO3MOXHBIX MOJIENEH, ONpEeeNsiiachk ONTUMAaIbHast MOJIENb B BHJIE JIMHEHHOTO 10 KOA(UIIH-
€HTaM MOJIMHOMA CO CBOOOIHBIM UJICHOM.

B kauecTBE MCXOMHBIX JAHHBIX MPH MOJACTUPOBAHUHU IKOCHUCTEMBI KaxOoBCKOTO BOIOXPAHUITH-
11a OBLTM MCTIOJB30BaHbl CPETHECE30HHbBIC 3HAUCHUS 14 TepeMeHHbIX 3a 8 neT HabmoaeHui (1971
- 1979 rr.), TO ecTh N0 32 3Ha4YEHMS KaXJOW NEPEMEHHOM (0JHAa NEepeMeHHas BbIxogHas, 13 -
BXOJIHbIE). BmecTe ¢ BXOJHBIMH MEPEMEHHBIMH BBOJWINCH COPMUPOBAHHBIE JOMOIHUTEIbHBIC

APTYMCHTHI, MMPCACTABAIOIINC 3alla3IbIBAOIINEC 3HAUYCHUSA OTHOCHUTCIBHO BLIXOZ[HOP'I HepeMeHHOﬁ n
o 2
IATU BXOAHBIX NICPCMCHHBIX, a4 TAKIKC HCIIMHCUHLBIC .xl- (I)YHKI_[I/II/I 7 BXOJHBIX ICPEMCHHBIX.

I/ICXO,I[HI)Ie JaHHBIC, KaK MW IIOJYUYCHHBIC MOJCIIN, B pa60Te HC IMPUBCIACHBI, ITOCKOJBKY
3ala4ya MOJCIIMPOBAHUSA HC ABJIICTCA NPECAMCTOM l[aHHOﬁ CTaTbu, MOJACIMU HC paCcCMATpUBAIOT-

Cd W HE 00CYXIAroTCA.

Pacuers! no anroputmy COMBI BBINOJIHAIUCE TOJIBKO 10 3HaUY€HUs1 m=16, ucxoxas u3 npu-

eMJIEMOTO MaKCHUMaJbHOTO BpeMeHH cdeTa (f ~ 1 vac). 3HaueHus: oO0nmX sl 000UX aJTOPUTMOB
pabounx mapamMeTpoB 3aAaBaMCh OJUHAKOBEIMU. [Ipy MoeTMpOBaHUY IO OOOUM aITOPUTMaM IS
KaXKI0ro 3HAYEHUS m OTOUPATKCH 3 JIyUIIHe MOJEIH.

HccnenoBanue anropurma MULTI nposogunocs B aBa srana. Ha repBoM srame pacdersl 11O
TOMY AJITOPUTMY BBINMOIHSUIMCH MPU HAMOONBIINX BO3MOXKHBIX 3HAUCHUSAX YIPABIAIONIMX Mapa-
meTpoB SA u FM: SA=FM=m+1. Ha BTOpOM 3Tarne ObUTH OomnpeaeeHbl (3KCIEPUMEHTAIBHO) ONTH-
MaJbHbIE 3HAYEHUS ITUX MapaMeTPOB I KaX/10 33/1aBA€MOr0 3HAYECHUS 1.

Ilon onTUMalbHBIM 3HaYeHHMEM MapameTpa S4 nmoHumaercs Homep dtana anropurma MULTI,
Ha KOTOPOM JOCTUTAIOTCSI MUHUMAJIbHBIE 3HAUYECHUS OLICHOK MOJENIel. AHAIOTUYHO ONTHUMAIbHOE
3HaueHue napamerpa FM - 370 HaUMeHbIIIee ero 3HaYeHHe, TP KOTOPOM OTOUPAIOTCS HAMITYUIIIHE
MOJIEIIH.

Pe3ynbrarhl CpaBHUTETHLHOTO MOJIEIIMPOBAHHUS IO JABYM aIrOpUTMaM MPUBEACHHBI B Ta0nuiax 1
u 2. B tabn. 1 mokaszaHo, Kakoe KOJWYECTBO MOJIEICH MJIs 3aIaHHOTO KOJUYECTBA BXOJHBIX Tepe-
MEHHBIX M TMPOBEPSIETCS MPU PadOTE KAKIOTO U3 ITUX anTOPUTMOB (N, U N, ) UTsI TIOTYICHUS OJH-
HAKOBOTO pe3ynbTara (MOJHOr0 COBHAACHUS TpeX Jy4IIUX Mojenei). B Tabn.2 mpuBeneHo BpeMs
cYeTa M0 Ka)XJA0My aJITOPUTMY Ul Pa3JIMYHbIX 3HAYEHUNW M - COOTBETCTBEHHO T, U T),. Pe3ynbpTaTsl
MEepPBOTO 3Tara uccienoBanus, korga SA=FM=m+1, npuBeaeHbl B TPEThUX CTpOUKax Tabmuil 1 u 2
(Nm; u Typ), pe3yNbTaThl BTOPOTO 3TAIA - B YETBEPTHIX CTPOUKAX (N2 U Tyy12).

OnTumanbHOE 3HaueHue mapameTpa SA (KOJWYECTBO 3TAOB PaOOTHI alfTOPUTMA) OMPEEIs-
JIOCh MTYTEM MO3TAIMHOTO CPaBHEHUS PE3yIbTAaTOB CUETA C ONTUMAIBHBIMHU 3HAYEHUSIMU OILIEHOK MO-
JIeNiel I TaHHOTO 3HadeHus m (pe3ynbraramu pacueroB 1o aaroputmy COMBI npu m<16 unm

pe3ynbTaTaMH, MMOJIyYeHHBIMH TPU HAaUOOJIBIINX BO3MOXKHBIX 3HaYeHUAX SA=m+1 npu m>16). On-



TUMaJbHOE 3HAYEHHE YIPABJIAIOUIEro mnapamerpa FM ompenensyioch SKCIEPUMEHTAIBHO IMyTeM
noxbopa.

3aBUCHUMOCTH KOJIMYECTBA MPOBEPSEMBbIX Mozenel N OT KOJM4ecTBa BXOAHBIX MTEPEMEHHBIX M
npecTaBiIeHbl rpaduyecku Ha puc.2.

[IpuBenennas 3aBucumocts N= f (m) mist anroputma MULTI npu S4= m +1 o4yeHs To4HO arm-
POKCUMHPYETCSI TOJINHOMOM

N=396,84 — 65,81m + 1,57 m" + 0,43 m’,

TO €CTh KOJIMYECTBO IMPOBEPSEMBIX MOJEJCH SBIsIeTCS cmenenHol (KyOmdeckoi) (yHKITHeH
YHCIIa ApTYMEHTOB BMECTO NOKA3AMENbHOU 3aBUCUMOCTH 2" TIpH TIOJTHOM Tiepebope.

Kak BUHO W3 MPUBEACHHBIX PE3YJIBTATOB, IPU HAUOOIBIINX BO3MOXKHBIX 3HAUEHUSX YIIPaB-
JIAIIUX napaMeTpoB SA=FM= m+1 konudecTBO mpoBepsieMblx mojenei mo anroputmy MULTI
npu m=10 meHsb1e B 5,7 pa3a, a npu m=15 - meHble B 54 pa3a. Tak ke cokpalmaeTcs: 1 BpeMs cde-
Ta. [Ipu onTUManbHBIX 3HAYEHUSIX YIPABISAIOUIUX MapaMeTPOB KOJUYECTBO MPOBEPSEMBIX MOJIeei
no anroputMy MULTI ms m=10 B 22 pa3sa, a ang m=15 B 179 pa3 MeHblle, ueM Ipu pacueTax 1o
COMBI. Bpewms cuera menblie B 26 u 274 paza coorBeTcTBeHHO. [Ipr 3TOM MOAenu, MOJTy4eHHbIE

no anroputmy MULTI, noiaHOCTEIO COBIIAAAIOT ¢ MOJAEISAMH, NOTy4YeHbIMU 110 anroputMy COMBIL

Tabnuua 1. KonndecTBo cpaBHUBaeMbIX MOJIENIEi

m 5 6 7 8 9 10 11 12 13 14
N, 64 128 256 512 1024 | 2048 | 4096 | 8192 | 16384 | 32768
N1 52 86 125 184 264 357 474 626 762 964
N2 19 36 53 69 82 95 108 186 195 261
[Tponomxenue Tadbmuisl 1
m 15 16 17 18 19 20 21
N, 65536 131072 | 262144 | 524288 | 1048576 | 2097152 | 4194304
N 1212 1483 1790 2198 2711 3151 3661
N2 366 446 498 875 1120 2473 3254
[Iponomkenne TadauIs! 1
m 22 23 24 25 26
N, 8388608 16777216 33554432 67108864 134217728
Nui 4407 5083 5785 6555 7329
N2 3470 4096 4272 5682 6864




Tabnuma 2. Bpems cuera

m 5 6 7 8 9 10 11 12 13 14 15
T. 17 3” 7’ 152 | 357 | 172077 | 2°55” | 6°32” [ 13°50”| 32’ 73’
T 17 3” 5” 7’ 10”7 | 157 237 327 427 557 | 1’167
T2 17 17 17 2” 2” 3” 4” 7’ 8” 11” 16”

[Iponomkenne TaOIUIB 2

m 16 17 18 19 20 21 22 23 24 25 26

.| - | - -1 -1-1-1-1-1-1-1-

Ty | 1’447 | 2°217 | 37117 | 4’257 | 5°24” | 7’107 | 9°45” |13°177|19°39”137°40” |49°30”

Ty | 237 277 50”7 | 1’147 | 3°05” | 5°01” | 6°09” | 8°25” [11°52”|16°36”|21°36”
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Pucynok 2. CpaBHeHue OBICTPOACHUCTBUS aITOPUTMOB IOJIHOTO mepebopa Mozeneil u KomMou-

HaTOPHO-CEJICKIIMOHHOTO (MHOTOATAITHOTO) aJITOPUTMa HaIlpaBJIEHHOTO Tiepedopa
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