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AHHOT auua. CTaTbs NOCBALLEHA PELUEHNIO 3a4ay aHanns3a U CUHTe3a npouesypbl MOPOXAEHUA KYMYNATUB-
HOW nocnepoBaTe/lbHOCTM, MCMONb3yeMOl B KackagHOM MeTofe. B aToii cTaTbe CTaBMTCA M peluaeTca obuwias 3ajaya
3anofHeHNA Tabnnubl Kanym no Kak MOXXHO MeHbLUEMY KOMYecTBy HabntogeHNiA 3a abCTPaKTHbLIM YCTPOMCTBOM, pea-
nn3ylolLemM onepauuio LMKANYecKor rpynnbl. MonyyeHHble pe3ynbTaTbl MPUMEHAOTCA A1 aHann3a KyMynsaTUBHOWN
nocnefosaTeNbHOCTU U peann3alnm nopoxkgarwLield ee npoueaypbl. Ha ocHoBaHMK 0606LeHMA Nogxoa K peanunsa-
LMun 3TOW Npoueaypbl B cTaTbe Npedsaraetcs MeToAuka CMHTe3a, NO3BONAOLLAA peann3oBaTb B 3TOW Npoueaype Kak
MO>XHO 60/blUe JONYCTUMbIX OonepaLuii.

Resume. The article is devoted to solving problems of analysis and synthesis procedure for generating a cumu-
lative sequence used in a cascade method. In this article, we posed and solved the general problem of filling the table
Cayley the fewest number of observations of an abstract device that implements the operation of a cyclic group. The
results are used to analyze the cumulative sequence of generating and implementing its procedures. Based on a gener-
alized approach to the implementation of this procedure in the article offers a method of synthesis that allows to realize
in this procedure as much as possible admissible operations.

KntoueBble cnoBa: KackafHbli MeTog, npouesypa NOPoOXAEHUS KyMYNATUBHbIX NocnegoBaTeNbHOCTel, aHa-
N3, CUHTE3.
Keywords: cascade method, a procedure of generating a cumulative sequence, analysis, synthesis.

BBepeHune

OpHoli M3 OCHOBHbIX Mpoueayp, NPUMeHSIEMbIX B KackagHOM MeTofe, SIBASeTCs npoueaypa no-
poOXAeHNsT KyMy/NISSTUBHOW nocsiefoBaTesibHOCTU (Npoueaypa nopoxaeHus KIM). MapameTpamu 3ToM nNpo-
Leaypbl BbICTYMalT HavyalbHbIM 31EMEHT, NPUHAANEXaL A HOCUTENIO LMKIMYECKO/ Fpynnbl, N o4Yepes-
HOW uneH NopoXKAalLLer NocnefoBaTeNlbHOCTU, TaK Xe NpuHaaaeXxaliini 3ToMy MHOXecTBY. BHyTpeHHe
COCTOSIHME NpoLueaypbl HA MOMEHT MHMLMaNN3aLnum coBnagaeT ¢ HayabHbIM 3/1eMeHTOM. ocne Kaaoro
06palleHns K 3TOM npoLeaype OHa BblJaeT Ha BbIXO[ 3HA4YeHMe paBHOe pe3ybTaTy rpynnoBoii onepawlumu,
NPUMEHEHHOW K BHYTPEHHEMY COCTOSHMIO M O4YepefHOMY 4sieHy NOopoXKAawLlein nocnefoBaTesibHOCTU.
Mpn 3ToM ouvepefHOe BHYTPEHHee COCTOSIHME MPUHUMAaETCS paBHbIM Bbixody [1]. B kackagHoOM meTofe
npoueaypa nopoxaeHus K npuMeHATCA Ha KaXKA0M YpOoBHe npeobpa3oBaHuii U hopMupyeT BbIXOAHbIE
nocsiefoBaTesibHOCTU 3TUX YPOBHEN.

B pa6oTe [2] BBeAeHO NOHATME KOHUTYpaLUnN Kackagos, KOTOpoe npegnonaraet, YTO Ha KaX4oM
ypoBHe Npeobpa3oBaHus B npouenype nopoxaeHus KM moxXeT NpuMeHATbCA Nobas onepaymsa ns ©-~ -

o N - !
MHO>XeCTBa TaK Ha3blBaeMbIX MOMapHO HEKOHIPY3HTHbLIX onepaynn, KOTopoe COAEPXKUT -------—- AJIEMEH-
P(N)

TOB, TA€ v - MOPSIAOK FPyMMbl, p - YHKUMA Jiifepa. Y>Ke Npu 0THOCUTENIbHO HEGO/bLUMX 3HAYEHUSIX «
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KO/INYecTBO 3/leMeHTOB ©- OKa3blBaeTCs Be/IMKO fayke A/ UX MOJSIHOTo nepevyuncieHnsi, He rOBOPs yXe O
peannsaunm Bcex aTUX onepayuii.

Ana panbHelwero pasBuTUSa M peannsalnm KackagjHoro mMetoga akTyallbHbIMU ABNSAOTCA crefy-
e 3agadun:

- 3aflaya aHanusa npouegyp nopoxxageHus K, KoTopas cOCTOUT B NOJIy4eHUU onucaHusa onepa-
UM NL6OMN fONYCTUMOW, HO 3apaHee HEM3BECTHOW KOHMUrypayumm kKackagoB Mo nocnefoBaTesibHOCTMU,
nopoXxgaemMoi KackagHbIM MeTOLOM;

- 3ajjayva cMHTe3a TakKux npouenyp nopoxxgeHus K, KoOTopble NOAAEPXXMBAKT KakK MOXXHO 60Mblue
onepauuii n3 ©-~.

Llenbto faHHOW cTaTbUu siBAsieTCA NMOUCK pelleHUs 3ajayvyy aHanmsa npoueaypbl nopoxaeHus Kl
no ee HenocpeACTBEHHOMY BbiXoAy, 0606LeHNEe NMOIYYEHHbIX Pe3ynbTaToB U co3jaHMe MeTOAMKMN CUHTe3a
npoueayp nopoxaeHus Krl, no3BonisitolLel peanm3oBaTb B HUX KaK MOXHO 60/ibllee KOJIMYEeCTBO HEKOH-
rPYyaHTHbIX onepauuni.

3anonHeHne Tabnumuybl Kanu no Ha6nlogeHMAM 3a NpoLeaypoii,
peanusytouieii onepaymnto LUKANYECKON rpynnbl

Mpexae yemM NMPUCTYNNTb K aHanu3y npouenypbl nopoxxaeHunsa K, chopmynupyem n pewnm 60-
nee ob6bwyt 3agavy. NycTb MmMeeTca abcTpakTHOe ycTporicTBo (nNpoueaypa), nmerouLee gBa Bxoja M OaUH
BbIX0/[, KOTOpOe paccMaTpuBaeTcs KakK YepHbIl AWmMK. O6 3ToOM ycTpoiicTBe M3BECTHO TO/IbKO TO, YTO OHO
peanusyeT onepaunio Uumkandeckon rpynnol <U,® > nopsgka N . MmeeTcss BO3MOXXHOCTb NogaBaTh 3/e-
MeHTbl U Ha ero BxoAbl U nony4yaTtb C BblXxofa pe3ynbTaT ero pa6oTbl. TpebyeTcsi, UCNO/b3ys KaK MOXHO
MeHbLle obpauleHnii K yCTPOWCTBY, 3aM0O/IHUTbL Tabnmnyy Kanm rpynnoBov onepaynn.
Camblii npocToii cnoco6 3ano/iHeHUA Tabnunubl Kanu 3akitoyaeTcs B nogave Ha BXo4bl ycTpolicTBa
BCeX BO3MOXXHbIX nap anemeHToB U ¢ nocnegylouimm CHATUEM pe3ysbTaTta M NOMELLEHNS ero B COOTBET-
CTBYHOLLYIO A4eky Tabnumuybl. O4eBUAHO, HTO KONMNYECTBO o6palLeHNn K yCTPOWCTBY B 3TOM C/lyyae cocTa-
BT N 2.
YuunuTbiBas, UTO LUKAMNYecKas rpynna ssBnseTcss KOMMYTaTUBHOW, U TO, UTO Ka)kjas cTpoka Tabnu-
ubl Kanun rpynnoBoi onepauun npeactaBnsioT co60i nepectaHoBKY afieMeHToB U, To ectb umeeT N -1
N N2- N

cTeneHel cBo60oAbl, KONMYECTBO ObpaleHNIA K YCTPOMCTBY MOXXHO COKPaTUTb A0 N N =----mmmmeme . Ho n ato
H\ 2

peweHne He yAOBNEeTBOPSsieT YC/IOBUIO NOCTaB/IeEHHOW 3agavn.

Mprnemnemoe pewweHMe MOXHO MNOMYUYUTb, €CNU 3aMO/IHUTb CTPOKY Tabnunubl Kanu, cOOTBETCTBY-
IOLULYO O4HOMY N3 06pa3yoLWmnx afleMeHToB rpynnbl <U ,® > . 1nA 3ano/HEeHNs TaKo CTPOKM NnoTpebyeTcs
N - 1 o6pauieHvie K ycTpoiicTBY.

Npea atoro peweHms obycnosBneHa Tem, 4To no Teopeme Kanum [3] nob6aa kKoHedHasa rpynna
<U,® > naomopdHa HeKOTOpoi noarpynne cummerpuyeckoii rpynnel S(U). Takoin naomopdmsm onpe-
nensieTcs crnepyrouwmm o6pa3omM: KaxKaomy asnieMeHTy e U conoctaBnsitoTcs noacTaHoOBKAa AW, Takasi uUTo
YxeU :au(x) =u®x . Ecnu g e U saBnaetcsa o6pasylwmm afleMeHTOM LuKAnyeckoh rpynnel <U ,® >, To
M A -o6pasylWwmnii a1IeMeHT LUKANYECKOW noarpynnbl cummeTpudeckoit rpynnbel S(U).

MoacTaHoBKa fle MOJIHOCTbIO OMpeAensaT COOTBETCTBYIOL YO CTPOKY Tabnuuybl Kanu onepaunmn ® .
Bos3Bopas B pa3finuyHble cTeneHn oT 2 40 N (NpuMeHsieTcs onepaunus YMHOXEHUS NOACTAHOBOK), MOX-

HO MONTYyYUThb BCe OCTas/ibHble 3/IEMEHTbl YKa3aHHOM noarpynnbl cuMmmeTpudeckoii rpynnel S(U) un, cnepo-
BaTe/lbHO, BCe HejocTalowW e cTpokn Tabnuubl Kanu gna onepaynm ® .

Mo ycnoeuto 3agavym Ham HEMN3BECTHO, KaKume 3sieMeHThbl rpynnbl <U,® > ABnATcA obpasyowu-
MW, N 3anosiHeHWe Ta6nuubl Kanm npugeTtca BbIMNONHATL B ABa 3Tama: cHadasna nyTem ob6paweHus K
HalwleMy ycTPOWCTBY HaiTu ob6pasyrwLwmnii anemeHT g e U 1 nocTponTb NogcTaHOBKY NG, U TO/IbKO 3aTem
peanusoBaTb yKaszaHHYyto nget. Ha puc. la n puc. 1b npuBegeHbl anropmMTMbl BbINO/THEHWUSA 3TUX 3Tamnos.

Anropntm CreateSubst (puc. la) BbIMoNHSeT NOCTPOeHMe noacTaHoBKM 4A: U~ U, Takol uTto
YneuU :a(M) =g ®n, rpge g - obpasyrownii afeMmeHT rpynnbl <U,® >. B kKayecTBe Bxoga OH NpuHUMaeT
MHo>ecTBo U un onepauynto ® (ecnm yrogHo - Hawe abcTpakTHOe ycTpoKcTBO). Pe3ynbTtaTtom ero paboTbl
ABNAKOTCA § 1 A .

Ha nepBom ware anropmtma CreateSubst BbiInonHAeTcs nomeTKka Bcex afilemMeHToB U Kak Heob6pa-

60TaHHbIX. [lanee BbINO/IHAETCA UTepauMOHHbIA NPoLEecc NMPON3BOILHOIO Bbl6opa Heo6pa6oTaHHOrO ane-
MeHTa g e U v nonbiTKa NOJIHOro onpejeneHNs NMNOACTAHOBKM A C MOMOULbIO onepauun ® . Mpu aTom
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KaKAblA 3NeMeHT, ABNAOWMACA pe3ynbTaToM onepaumm ®, nomedvaeTcss Kak obpaboTaHHbIlVi. Mpouecc
onpenesieHNs NoACTAaHOBKM /1 (BO3MOXHO He MOJIHOTO) 3aBepLlaeTcs Torga, Korga pesysbTaToM onepa-
LNN OKaXKeTcs Bbl6paHHbIV 3neMeHT ¢ . B xone aTux felicTBUI Bce 3/1eMeHTbl, NOPSAAOK KOTOPbIX AenuT
NopsifoK 3afleMeHTa g , OKaXKyTcsd MOMeUYeHHbIMU KakK o6paboTaHHble. Mocne Yero NTepaLMoOHHbIW Npouecc
Bbl6opa HeEO6pPaBboTaHHOIO 3/1eMEHTA U MNOMbITKM NOCTPOEHUSA AN HEFO NOACTAHOBKUW NpogoskaeTcs. Ecnum
BblOpaHHbIV 31eMeHT g oKaXeTcda o6pasywwum rpynnel <U ® >, To nogcTaHoBKa /1 6yaeT onpejeneHa
NOJZIHOCTbIO, U BCce 3sileMeHTbl U 6yayT nmomeyeHbl Kak o6paboTaHHble, UTO o6ecneymBaeT BbIX0o N3 LUKIA
M 3aBeplUeHUe anropmTtma.

Anroputm CreateCaylay (puc. 1b) BbInonHsieT 3anonHeHne Tabnuubl Kanu gnsa onepaunm ®.
BXOAHBIMM AaHHbLIMMW 3TOTO anropuTma siBNAAOTCA MHoXecTBo U u ero mowHocTtb N , o6pasyrouwunii ane-
MeHT g e U un cooTBeTCcTBylOULaA eMy noactaHoBKa /1 . Pe3dynbTtatom ero paboTbl aBndetrca T - tabnuuya

Kanwu.

Puc. 1. 9Tanbl 3anonHeHuns Tabnuubl Kanu:
a) aropuTM NOCTPOEHMUSA NoACcTaHOBKM N U N U ,Takoi, uto YnelU :n(n) =g®wn,
roe g -o6bpasywwnii anemeHT rpynnel < U ,® > ;
b) anropnt™ 3anonHeHusa Tabnnubl Kanuno g u n

Fig. 1. The steps offilling the table Cayley:
a) the algorithm for constructing the substitution n :U ~ U,
such that YneU :n(n) =g ®u ,where g - generator of the group <U,® >;

b) the algorithm of filling out the Cayley table for g and n

MepBblii war anroputma CreateCaylay coctouT B 3anosiHeHUU cTpokKnM T , cooTBeTCTBYlOLL el ane-
MeHTY g . [Ana 3Toro nNpumMeHsieTca noacTaHoBka N1 . Oanee BbinonHsietca N -1 wuTepaums gnsa Bcex
ocTaBLIUMXCA CTPOK T . Ha KaXaoh n3 aTux ntepaymnii NpUMeHsItOTCA ABe BCNOMoOraTes/ibHbIX NepeMeHHble
a un b, copepxawme anemeHTbl U, cooTBeTCcTBylOULME Npeabliayweil N TeKyLW el 3ano/IHAeMbIM CTPOKaM.
M3HavyanbHO nosilaraeTcs, YTo a cogep>XuUT g . Kaxaas ntepauuns HadynHaeTcs ¢ NnoMeu,eHns B b copep-
>kumoro T [a,9], 4To gaeT adppeKT BbIUHNCIEHNA oUepeaHOW cTeneHW ¢ . 3aTeM 3anosiHsieTcs cTpoka T,
cooTBeTCTBYloUas a/leMeHTyY b . 1na 3anofHeHUs 3TOW CTPOKMU MPUMEHsieTCs KOMMNO3ULMUSA NOACTAHOBKM
N 1N NOACTAHOBKMW, COOTBETCTBYIOLLEN 3N1EMEHTY @, YTO aHa/lIOTMYHO BbIYNC/IEHNIO OYepeaHOW cTeneHn N .

NTepauns 3aBepLiaeTcs nNnomMew,eHMeEM B a cofep>Xumoro b . Mocne BbiNo/IHEHUSA Bcex utepaymnii Tabnuua
Kann okasblBaeTcsi 3aN0O/IHEHHO.
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M3 NnpuBefeHHOro Bbille ONUcCaHWUs BUAHO, YTO o6pal,eHUs K YCTPOWCTBY, peanuaytouemy rpyn-
NnoBYylo onepalnto, CKOHLEeHTpUpoBaHbl B anropntme CreateSubst. KonnyecTBo 3aTux ob6paleHuii 3aBucuT
OT TOro, Kakve 371eMeHTbl 6yAyT BblGMpaTbCcsa ANS NONbITOK MOCTPOEHUSA NOACTAHOBKM. MOXHO BblAENNTb
NydWwWunim n xyawmnii cnyyam gnsa BbINONMHEHUS 3TOro anroputma. B nydwem crnydyae B KadecTBe (g cpasy
6yneT Bbl6paH o6pa3syrownii anemeHT rpynnbl < U ,® > n noHago6utca N ob6paweHunii. B xygwem cnydae

nepBbIM 6yaeT BblbpaH HelWTpasbHbI 3neMeHT (31eMeHT NepBOro nNnopsaka) M 3aTem 3/1eMeHTbl MO BO3-
pacTaHUIO UX MOPAAKOB, BNJIOTb 40 obpa3ytouiero affemeHTa. O4eBMAHO, UTO B XyLleMm criydae noTpebyeT-

Cs KO/INYecTBO o6paleHunii K ycTpolicTtBy pasHoe ~ d,rge d - genuTens nopsifka rpynnbl U cyMMmUpoBa-
d|N

HWne BbIMNOJ/IHAETCA NO BCEM TaKUM AeENTNTENAM.

AHanns3 KyMynsiTUBHOW NocrefoBaTe/lbHOCTU U peanusayuns
nopoxjatuweii ee npoueaypbl

Kak n B npeabliayluLem cnydae 6yaeM cumMTaTb, UTO MMeeTcsl abCcTpaKTHOe YCTPOWCcTBO 6€3 BXOAOB U
C O4HVM BbIXOLOM, paccMaTpMBaeMoe Kak YepHblii Awmnk. Janee 6ygem Ha3biBaTb ero reHepaTtopom. O HeMm
M3BECTHO, UTO OH peasin3yeT KacKaAHblii MeTO/[ NOPOXKAEHMUSA MEepUoaNYEeCcKNX NMocregoBaTenbHOCTel. N3-
BECTHO MHoOXecTBo U , Haj KOTOpPbIM CTPOATCSA MocfefoBaTe/lbHOCTU, ero MouwHocTb N U KO/MuecTBO

ypoBHell npeo6pa3oBaHUii B MeTofe K . MmeeTcas BO3ZMOXHOCTb MoslyyaTb Y/leHbl NocnefoBaTelbHOCTU C
BbIXOfa reHepatopa CTPOro B Nnopsijke nx nopoxaeHums. TpebyeTcsa ycTaHOBUTbL rpynnoByto onepaymio ® ,
npmMeHsemyto B npoueaype nopoxxgeHus Kl nocnegHero ypoBHSA npeo6pasoBaHUs, U OLLeHUTb, CKOJIbKO
ONA 3TOro noTpebyeTcs obpauieHM K reHepaTopy.

Myctb X (x1,x2,...x ,...) - nocnepoBaTenbHOCTb, (hOopMMpyemas Ha Bblxoae reHepartopa. Co-
rnacHo [1] aTa nocnepgoBaTenbHOCTb 06/1afgaeT cneAylOULLMMMN CTPYKTYPHbIMU CBOMCTBaMU: ee Nepuojs co-
cTaBnsieT N K, xapakTepuctuyeckas PYyHKLUUA ee nepmoanyeckoro oTpes3kKa nmeet BUJA

Vu e U :%X](n) =N kl, To ecTb Ha nepuognyeckom otpedke [XN] npucyTcTBYIOT Bce anneMeHTbl U, n Kax-

Abl U3 Hux BcTpedaetcsa N ki pas. Bonee Toro, B [1] noka3aHo, 4TO 4neHbl X~ o6najaloT cnefyrownum
CBOMCTBOM: A1 BCeX HaTypanbHbIX | : X+N, =xt®g , rge g - napameTp K -ro ypoBHsi npeo6pasoBaHus,
ABNAOWMKcA obpasyouimm B rpynne <U ,® >.

YKa3aHHble cBolicTBa X~ MOryT 6biTb MCMNONb30BaHbl A9 onpefeneHUs NOACTAHOBKW /1, TaKOW,
4yto Vme U :n(m) =g ®M . Ha puc. 2 npuBeieH anropmuTm NOCTPOEHUS 3TOW NOACTAHOBKMU.

Anropuntm CreateSubstl (puc. 2) BbINO/IHAET NocTpoeHue noactaHoBku N :U N U, Takolh 4Tto
VueU :n(u) =g®u, rage g - obpasywwunii anemeHT rpynnel <U,® >. B kayecTBe BXx0oja OH NpUHUMaeT
MHo>ecTBo U, ero mowHocTb N , nepuog nocnegoBatenbHOCTU, NopoXxaaemyt reHepatopom T=NKk, u
co6cTBeHHO cam reHepatop G () PesynbTtaTtoMm ero pab6oThbl siBnsietcs N1 . Ha nepBom ware anroputma Cre-
ateSubstl BbIiMmonHsieTca nomeTka Bcex 3anemeHToB U kKak Heo6paboTaHHbIX, BblYUMCNEHWE BeSIMUYUHBI

T 1
n=— =NTK n 3anonHeHMe BcnomoraTtesibHOro mMaccmBa X MNepBbIMM N 4YjeHaMWM NnocnenoBaTe/IbHOCTN.
N

Ana 3anonHeHMA mMaccmBa NpousBoANTCA ob6pauteHue K reHepaTopy G( ). [lanee BbINONHAETCA UTepaun-
OHHBbI npouecc onpeagesieHA NoACTaHOBKW J1 A0 TeX NMop, nokKa Bce 3/1EMEHTbI U OKaXXyTCA NOMeYeHHbI-
MW Kak o6paboTaHHble. B xoAe 3TOro npouecca BbIMONHATCA LWKA No Nepebopy 3afleMeHTOB MaccuBa X B

HanpaBneHNUK OT NMepBOro K nocsegHemMy, KOTOpPbI 3aBepliaeTcs, ecnm 6yayT nepebpaHbl BCe €ro 3/1eMeH-
Tbl, TG0 AOCPOYHO - KOrpaa Bce 3/ieMeHTbl U OKaXXyTcs MOMeuYeHHbIMU KaK o6paboTaHHble. Teno umkna

cofep>XuUT obpauieHne K reHepatopy G() n nomeuieHmne pesynbTata ero paboTbl BO BCOMOraTesibHY Me-
pemMeHHYIO a.3aTem Bbl6upaeTcs oyepeaHoO aneMeHT Mmaccuea X[i]. Ecim oH saBnsieTcsa Heo6paboTaHHbIM
anemeHToM U ,To nomMeuaeTcs Kak o6paboTaHHbI U nonaraetcs uto A[x[i]] paBHo a.anee, He3aBUCUMO
OT NpeablayuLero ycnoeus, B afiemeHT X[i] nomeuiaeTcss 3HaueHVe a M BbIMONIHAETCA NepPexos K cneayto-

wemMy 37emMeHTy maccumpa. MO OKOHYAHUW BbIMOMHEHUA LWKIA UTEpPauMOHHbIV npouecc onpegeneHUs
noacTaHOBKM npopgonykaetca. Korga Bce anemeHTbl U 6yayT o6paboTaHbl, UTepauMoHHbIV npouecc 3a-
BEepLWNTCA U NOACTAHOBKa /1 6yaeT MOTHOCTbLIO onpejesneHa.

B anroputme CreateSubstl konmnuecTBo obpalieHNn K reHepaTopy 3aBUCUT OT NocfiefoBaTes/iIbHO-
CTU, UM Mopo>KaaemMoii. MOXXHO BblAeNUTb NyYLLIWNK U XYL WK cydan BbINOMIHEHUSA anropmTtma. B nyywem
cnydae nepBble N u4neHbl nocnegoBaTenbHOCTU npo6eratoT Bce MHoXecTBo U . O4ueBMAHO, 4TO ANSA Non-

HOro onpegeneHus nogctaHoeky notpe6yetcsa Nkl+ N ob6pauweHunii kK reHepatopy. B xygwem cryyae nep-
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Bble N k1l uneHbl nocnegoBaTeNbHOCTU paBHbl MeXAay coboli. KonnyecTBo obpaueHUI K reHepaTtopy B
naHHOM cny4dae coctaBuT N k+ 1.
CnepyeT OTMeTUTb, YTO MO YC/OBUIO 3ajavyy HaM He U3BecTeH (¢ -napamMeTp K -To yYpOBHS Mpeo6-

pasoBaHUA KackagHoro metoga. [MoaTomMy onpeAennuTb FPYyrnnoByl onepauunio AAS 3TOrF0 YPOBHSA MOXHO
NUWb C TOYHOCTbIO [0 K/jacca 3KBMBaNIEHTHOCTU KOHTPY3HTHbIX onepaunii [2]. Bo BBegeHUMN K AaHHOW
cTaTbe OTMEYEeHO, UTO Ha Ka>X0M ypoBHe nNpeob6pasoBaHUa B npoueaype nopoxxaeHms KM moxeT npume-
HATbCA Ntob6as onepaynsa U3 MHOXecTBa NMOMNapHO HEKOHIPY3HTHbBIX onepaunii. 3To MHOXecTBO (hOpMUpPY-
eTca NyTeM BK/IFOUYEHUSA B HEFO MO OAHOMY 3/IEMEHTY M3 KaXKA0ro Ksacca aKBUBaJIEHTHOCTU KOHTPY3HTHbIX
onepauunii [2]. Kakas KOHKpPeTHO onepauusa 6yaeT Bbi6paHa U3 Kfacca 3KBMBaNIEHTHOCTU - He NMPUHLUMUMN-
anbHo. CnegoBaTefnlbHO, OMepalunio MOXHO Bbl6paTb MPOU3BOJIbHO, a A/1A 3anosiHeHMA Tabnuubl Kann
MOXHO Bocnosib3oBatTbcss anroputmom CreateCaylay (puc. Ib) ¢ napametrpammn U, N, g mn, rge n -

noacTaHoBKa chopMmmpoBaHHasa anropmtmom CreateSubsti, a g -nto6oit anemeHT U .

Puc. 2. AnropnTtm noctpoeHus noactaHoBkm N :U N U no KymynsaTUBHOK nocnefoBaTenibHOCTU
Fig. 2. The algorithm for constructing the substitution n :U ~ U on the cumulative sequence

Peanusaymnsa npouegypbl nopoxaeHus KM B OCHOBHOM CBOAUTCSA K peanm3auunm rpynnosoit one-
pauumn. BapmaHT peanmsaunm c NpssMbiM MCNONb30BaHMEM Tabnuubl Kann ABMSeTCA He caMbIM NIyHLW UM
peweHVeM. XOTS OH U XOPOLU C TOYKUN 3PpEeHNS BPEMEHHOM C/TIOXKHOCTU (MMeeT BPEeMEHHYIO C/TOXKHOCTb MO-
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paaka 0 (1)), Ho ans xpaHeHnsa Tabnuubl Tpebyetcsa N 2 Asueek namsaTu. MoaTomy TpebyeTcss HANTU 6onee
atpchekTnBHOE pelieHmne.

Bce uuknuueckme rpynnbl 3agaHHoro nopsgka N uv3omMopdHbI Mexnay co6oli. B yacTHocTu Bce
OHU U30OMOPMHbLI afgAMTUBHOW rpynne Konbua BblyeToB No mMoaynto N . O603HauMmM 3Ty rpynny Kak
<Zv,+>,r1pe Znv ={0,1,...,N - 1}, "+" - onepaymnsa cnoxeHusa no moaynto N . PaccmoTpum y :U N Zn -
naomopdpmnism rpynnel <U ,®> Ha <Zn,+>.Tllpoobpa3 anemeHTa mMelU Ha MHOXecTBe Zn O6yaemM Ha3bl-
BaTb MHAEKCOM.

MockonbKy 6nekuusa y sABnsietcsa naomopdpusmom rpynn <U,®> mn <Zn,+>, nmeem Ya,beU
y (a®b) =y(a) +y (b). OTcroaa onepauuio rpynnoi <U,®> MO>XHO onpenennTb Kak
Ya,beU :a®b=y-(y(@)+y (b)), roe y -1 - 6nekymnsa o6patHasa K y

OTcrofa HenocpeacTBEHHO cnejyeT BapuaHT peanm3aumm onepaumm ® ¢ NOMOLWbIO WUHAEKCOB.
BBeagem Tak HasblBaeMyto Tabnmuyy nHAEKCoB. 4ns aToro npucsoum Homepa ot o go N - 1 Bcem annemeHTam
MHo>ecTBa U c nomowbio pyHKumMn-Hymepartopa Num :U N Znx . ToT dakT, 4To Ans anemeHTta meU
Num(u) =i, 6ynem o6o3HayaTb Ut. Tabnumuy MHAeKcoB 6yaeM npeactaBnsATb B Buge maccmBa Ind us N
uuncen. 3nemMeHTbl MaccuBa HymepytoTcs ot o go N - 1. B ta6nuue nHgekcos anemeHT maccuea Ind [i] co-
nep>XuT y((ur) . BoluncneHne pesynbTaTa onepaymm ® cBOAUTCA K ABYM ob6paleHUsAM K Tabnuue MHAeK-
COB Mo HOMepaM 3/IeMeHTOB-0OMepaHAOB onepayuunn, BbIHUCIEHNUU CyMMbl Mo moayntw N uUX MHAEKCOB, C
nocneaywwmum AMHeMHbIM Nonckom B maccmBe Ind Homepa 3anemMeHTa COOTBETCTBYHLW,Ero nosiydeHHoOM
cymme. Mockonbky Ind copep>xut Bce uncna o go N - 1, Takoihi nouck Bcerga 6yaeTt ycneweH, U ero pe-
3ynbTaT - ecTb HOMep pe3ynbTata onepauun ® . O4eBUAHO, YTO BpeMeHHas C/I0XKHOCTb 3TOro BapuaHTa
peanunsauyun rpynnosoii onepaunu nmeeT nopagok 0 (N) n, npu atom, TpebyeTtcs Bcero N siueek namsatu

ANSA XpaHeHUA Tabnuybl MHAEKCOB.

3anosiHeHne Tabnuubl NHAEKCOB MOXET 6blTb BbIMO/IHEHO C MOMOLWbIO Ta6nuubl Kanm rpynnosBoii
onepayuun. Mo ta6nmnuye Kanuv onpegensietcsa HeliTpanbHbI 3/1IEMEHT rpynnbl U eMy Ha3HayaeTcss UHAEKC O.
N3 MHOXecTBa 06pasylolLUX 3/IeMeHTOB rpynnbl < U,® > Npou3Bo/ibHbIM 06pa3omM Bbi6upaeTca OAUH

3/1eMeHT (Js& , TaK Ha3blBaeMblli 6a30Bblli o6pasyounii, 1 emy HazHayaeTca UHAeKc 1. lanee c NOMOLbIO
Tabnunubl Kann gs& Bo3BoauTcs B cteneHn oT 240 N - 1, M cooTBeTCTBYOWMM CTEeNeHAM (s& Ha3HadaeT-

CA nNHAekKc paBHblﬁ nokKasaTe/siko cTeneHu.

MeToAMKa CUHTe3a NpoLesypbl NOPOXAEHUS KYMYNATUBHbIX
nocnenoBaTelbHOCTEA

MpepnoXeHHbIW BblWwe cNOCO6 peannsaynm rpynnoBoi onepaynum ¢ NOMoLLbO Tabnybl MHAEKCOB
npegnonaraeT, UTO AOJIXKHA 6bITb 3ajaHa Tabnuua Kanm. Kpome 3Toro nosy4yaeTcs, UTo B AaHHOW peann-
3auun MMeeM cneayroLLyo cuTyalmnio: ogHa Tabsnuya MHAEKCOB - OoAHa onepaums. 3To He coBCeM yAO6HO,
ecnun TpebyeTcss eAMHOOGPA3HO U C MUHUMaNbHbIMU 3aTpadYeHHbIMW pecypcamMu peanm3oBaTb 60/bLUOe
KONMM4YecTBO onepaunii, KOToOpble MOTYT 6bITb MPUMEHEHBbI AN KOHPUrypmpoBaHmnsa KkackagHoro metoga. B
3TOM pa3genie 6yaeT npeasioXeHa MeToAMKa, NO3BONAOLLAA C UCMO/b30BAHMEM OAHOW Tabnuubl MHAEKCOB
peannsoBaTb He OA4HY, @ MHOXXeCTBO onepaLuni.

AnAa Hayana onpegennm, KaKMMU CBOWCTBaAMM AOJIXKHbLI 06/1a4aTb Tabnunuybl MHAEKCOB, 3ajatoume
HEKOHIPYy3HTHbIe onepauunn.

Hecno>HO 3aMeTUTb, 4UTO /Nto6asa Tabnmua MHAEKCOB ecTb NoacTaHOBKa Ha Zn . Bcero takmx nog-

ctaHoBOK N , apasnnuHbiXx onepayunii, o6pasyouimx s mHoxkectesa U uuknmueckyto rpynny nopsagka N,
cyuiecTtByeT [2]. Oeno B TOM, 4TO ofHOW n Tol ke onepaunm cootBeTcTBytoT Cp(N) Tabnuy MHAEK-

(p(N) _

coB. MycTtb INd® n Ind® - Tabnuubl MHAEKCOB, COOTBETCTByHOULME onepaunsm ® m ® . OyeBUAHO

yTBepXfaeHue 1: onepauymum ® n ® He paBHbl, ecnu 3ui,ut e U : Ind®[i] = Ind®[i] =1 n Ind®[j] @ Ind®Jj] .
Kpome 3TOro MUCTUHHO YT BEP>XXAEHUE 2: 4OCTATOUYHbIM YC/IOBMEM He KOHTPY3IHTHOCTU U/IN pPaBeH-
cTBa onepauuii ® n ® sasnsetca 3uteU : Ind®[K]=Ind®[k] =0 . AelicTBUTENbHO, KOrga onepauum ® un
® SAABNAOTCA KOHTPYIHTHbLIMU, HO He paBHbIMU, B rpynne <U,® > cywecTBYOT OT/INUHbIE OT HeliTpab-
HOTo 3/leMeHTa p U p 1,rge p - napamMeTp KOHFPYIHTHOCTM ® U ® . Ecinm p sABNAsieTca NapamMeTpPoOM KOH-

FPYIHTHOCTU ® M ®,To p 1 agonKeH 6bITb HENTpPanbHbIM 31eMeHTOM B <U,® > [2]. 3To npoTmnBOpeynT
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paBeHCTBY HelTpanbHbIX 3anemMeHToB rpynn <U > un <U >, cnepoBaTenbHo, u ycnosuio 3uke U :

Ind- [k]=1Ind- [k]=0.

N3 yTBep>XAeHN 11 2 cneayeT, 4To onepauMm — U — HEKOHTPY3HTHbI, ecnu

3u,u , ke U :Ind-[[1=Ind-[[1=1w Ind-[[]1* Ind-[j] v Ind-[kK] =Ind-[k]=0. )

Takum o6pas3om, NPUHAB, Hanpumep, u =ul n ut =u0 moxkHo nonyunts (N - 2)! paznuUHbIX Ta6-

NN, MHAEKCOB, KaXkiasi U3 KOTOPbIX COOTBETCTBYeT CBOel YHUKanbHOW onepauunn, n Bce 3T onepaunm siB-
NATCA NONapHO He KOHIFPY3aHTHbIMMK. CneayeT OTMETUTb, UTO 3TUMU TabnuMLaMmm MHAEKCOB MOXHO 3a4aThb

TONbKO Lb(N) yacTb MHOXecTBa ©- , MOCKO/IbKY yc/ioBue (|) ABNAETCA NNUb AOCTATOYHbIM OANA HEKOHTIPY-
1

3HTHOCTM onepaunii.

O603Haumm cumBosiom S(ZN\{0,1}) noarpynny cummeTpudeckoir rpynnbl S(ZN), anemeHTamMmun
KOTOPOI ABAAIOTCA NoAgcTaHOBKU, nepesogduwime O B O n 1 B 1, TO ecTb MelOLW e KaK MUHUMYMABE He-
noABUXHbIe TOUKU. Kak 6bi/10 nmoka3zaHo, anemeHTbl S(ZN\{0,1}) - cyTb Tabnunubl MHAEKCOB, 3ajaloLune

nonapHoO HEKOHTPY3HTHbIE onepaLnn.

Npes eanHoo6pasHoO peannsalLmm MHOXeCTBa NOMapHO HEKOHTPYIHTHbLIX onepauuii ¢ moMoLbto
ogHON Tabnuubl WHAEKCOB 3akK/nl4vaeTcs B Bblge/leHUN KakKoW-1mbo UUMKAMYECKOW noarpynnbl
S(ZN\{0, 1}), koTopyto o603Haumm kak S(ZN\{0,1}). B aToii noarpynne oUKCMpyeTcsa HEKOTOPbIA ob6pa-

3yOLWWN anemMeHT - 6a3oBas Tabnmuya MHAEKCOB, C MOMOLLbIO KOTOPOW HaxoaATCcsA BCe OCTalibHble Tabnuubl

nHaekcoB: aneMmeHTbl S(ZN\{0,1}). Mpwn Takom Noaxofe B NaMsATU MOX>XHO XpPaHUTb TONbKO 6a30Byl0 Tab6-
nuuy, a 3Ha4YeHUs ocTaslbHbIX MNOACTAHOBOK MOTYT 6bITb BblUMC/EHbl TaK, KakK MnokasaHo B a/iroOpuTMe uc-
NnosIHEHWA rpynnoBoi onepaunm Ha puc. 3. Takum obpa3om, C NOMOLLbIO OAHOW 6a30BOM Tabnuuybl MHAEK-
COB MOXHO peanni3oBaTb N MOMapHO HEKOHTIPY3HTHbIX onepauuii, rae n - nopsagok S(ZN\{0,1}).
AnropuTtm ExeOperation (puc. 3) Haxo4UT 3HaYeHUe HOMepa 3/ieMeHTa uc =ua- ub, rge - - one-
payusa rpynnbl <U,->, Tabnuua nHgekcos kKoTopoii npuHagnexumnt S(ZN\{0,1}). BXxoAHbIMN faHHbIMUN
3TOoro aaropuTtMma siBnsawTcAa: a u b - Homepa anemeHToB uae U n ubeU ; N - nopsagok <U >; Ind -
6azoBas Tabnuua nHaekcos (o6pasywwmii anemeHT S(ZN\{0,1})); n - nopsagok rpynnbl S(ZN\{0,1}); m -

HomMep onepauun (uenoe 4ymcno ot 0 go n-1 , NnpegcrtaBnstowee cobori NokasaTeslb CTeENEHN NOACTAHOBKM,
B KOTOpyto Bo3BoauTcsa Ind gnsa nonyyeHus Tabnmubl MHAEKCOB BbIMOMHAEMOW onepaunun). PeaynbTatom

BbIMOJIHEHUA anropmnTMma siBqideTca C - HOMep 3/ieMeHTa uce uU.

Puc. 3. ANropuT™m MCMNosHEHNA TPYNMOBOM onepawumn
Fig. 3. The algorithm execution group operation

Ha nepBom aTane BbINoNHeHUsA anroputma ExeOperation 3HayeHUsa a n b 3ameHsTCA nx o6pa-
3aMu B noactaHoBke Indm, uTo peannsoBaHoO B BUAe LLUKAA U3 M uUTepaunii, Kaxagass U3 KOTOPbIX COCTOUT
B 3aMeHe 3HadeHuUii a n b Ha sHaveHus Ind [a] n Ind [b] cooTBeTcTBEHHO. 3aTeM K NOJIlyYeHHbIM 3Haue-
HUSSM a u b nNnpumMmeHseTcsa onepauyua "cymma no moaynto N ", pe3dynbTaT KOTOpOW Nomeu,aeTcsa B nepe-

MEHHYI C.Ha 3aBeplwalruwem sTane 3HadeHne C 3aMeHsieTcst ee Npoo6pa3omM B noactaHoske Indm, nnn,
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yTo TOXKE camoe - ee 06pa3oM B MOACTAHOBKE 06paTHOM K Indn . ITO feiicTBME peasiu30BaHO LMKIOM MO
3aMeHe ¢ Ha Ind [c], KOTOpbIi BbINOMHSAETCS n- m pas.

BbinosiHeHWe anroputMa ExeOperation TpebyeT N siueeK NaMsiTV gna XxpaHeHusi 6a3oBoli Ta6niu-
bl MHAEKCOB, a ero BpeMeHHas C/I0)KHOCTb MMeeT NopsiAoK O (n).

OCHOBHAas C/IOXHOCTb B MEPENoXKEHHOM MOAX0Ae COCTOMT B HAXOXAEeHUW 6a30BOW Tabnvubl UH-

[EeKCOB, NO3BO/ISAOLLEN peann3oBaTbh KakK MOXXHO 60/blLLee KOMIMYECTBO onepaLuii.
[ANnAa pewieHnsa 3Toi 3afavyn pacCMOTPUM crieaylolime coobpakeHUs, OCHOBaHHblE Ha MaTepuarne

13 uctoyHuka [3]. OTmeTnm, yYTo ntobas nogctaHoBka se S(zZv \{0, ) aABnseTca obpasyoWmMM 3/1eMeH-
TOM HeKOTOPOW Uukandeckoir nogrpynnbl S(Zx \{0, }). Mopagok 3Toil noarpynnbl coBnagaeT ¢ Nopsia-
KoM . . Kpome aToro, ntobas nofctaHOBKa NpeacTaBNseTcs Npov3BefeHUeM He3aBUCMMbIX LMKI0B. Bce
MHOXXECTBO MOACTAHOBOK S(Zvw \{0,1}) MOXeT 6bITb pa3buTo Ha KaacCbl 3KBMBA/IEHTHOCTWU, COrNacHoO

CTPYKTYpE LMK/I0B, 06pa3yoLLLMX Npon3BeaeHNe ero 3neMeHToB. MogMHOXKecTBO M3 S(Zwn \{0, 1}) o6pasyeT
Knacc K =(kl+ 2,k2,...,kn-2) , €C/IN AN KaXKA0W NOACTAaHOBKM M3 3TOr0 MOAMHOXECTBa KO/IMYeCcTBO He3a-
BUCUMbIX LMKOB AUHBLI e {2,3,..., N - 2} cocTaBnseT k1. B cuny cneundukn anemeHToB S(Zv \{0, ),y
BCEX K/1aCCOB 3KBMBANIEHTHOCTU KOIMYECTBO LLUKMOB ANIMHBbI 1 cocTaBnseT Ki+2. O4eBUAHO, UYTO ANs Nio-
60ro Knacca 3KBMBa/IeHTHOCTM NOACTAaHOBOK (K1+ 2, K2,..., kn-2) BbINMO/IHSAETCS PAaBEHCTBO

N-2
Ki-l=N-2. ()
=}

Mpun 3TOM Kaxkaoe pelleHne ypaBHeHUs (2) COOTBETCTBYET O4HOMY K/accy, a BCce peLleHnst MOKpbI-
BalOT BCE BO3MOXXHbI€ K/lacCbl 3KBUBASIEHTHOCTM MOACTAHOBOK M3 S(Zwn \{0, 1}).

MopsaoK NOACTAaHOBKM paBeH HauMeHbLUEMY 06LLeEMY KPaTHOMY A/IMH LMKIIOB, OMpeaensioLmx
Knacc 3KBUBa/IEHTHOCTWN, KOTOPOMY OHa NPUHAaANeXnT. To ecTb peLlieHWe ypaBHeHUA (2) onpegenseT LnK-
JIOBYIO CTPYKTYPY W MO3BOMSET HaTU NOPSAAOK 3/1IEMEHTOB COOTBETCTBYIOLLErO Kjlacca 3KBUBA/IEHTHOCTHU
NoACTaHOBOK. MOCKO/IbKY Hac MHTepecyeT peanm3aums Kak MOXHO 60/blUero KoamyecTsa ornepauuvia, B
KayecTBe 6a30B0OM Tab/nLbl MHAEKCOB cnefyeT BblbpaTh NOACTAHOBKY, MMEHLLYIO MaKCUMasibHbIA Nops-
LoK. ina aToro TpebyeTcs BbIUMCANTbL PYHKLNOHAN

n=MaXicn (/(k))], (3)

2 KItR-2A =1

0,ifk<1
roe f (k) :\[[l L a MakCMMyM HaxoAWTCHA NO BCEM pelleHUsM ypaBHeHus (2). B paboTte [3] onucaH
Jf ks 1.

aNIrOPUTM HaXOXAEHUS 3TUX pelleHUNit MeToA0M MOoC/eA0BaTe/IbHOro IEKCUKOTpagMUeckoro nepevmncre-
HusA. N5 Hawero cny4dasnoTpebyeTcs He C/I0XKHash MoAUMUKALUS 4aHHOTo anroputma. Mogudgukauus
COCTOMT B MoAcyeTe HaMMEHbLLEro 06LLEero KpaTHOro 415 ovepeHOropeLleHnst ypaBHeHMs (2), coxpaHe-
HUM TEKYLLLEro MakCMMasibHOTO 3HaUYeHUs Icm 1 COOTBETCTBYHOLLLEr0 pelleHus. B pesynbtate 6yaet nony-

yeHa UMK0OBas CTPYKTypa NOACTaHOBOK M3 S(Zv \{0, 1}), uMeroLnX MaKCcMManbHbIA nopsgok. OcTaeTtcs
TO/IbKO MNogo6bpaTb MAM MOCTPOUTb MOACTAHOBKY, Y/AOB/IETBOPSAIOLLYIO 3TOWM LMKMNOBOW CTPYKType. Ha
puc. 4 NpuBeAeH airOpPUTM NOCTPOEHUSI 6a30BOM TabANLbl MHAEKCOB MO 3afaHHOWM LMKI0BOM CTPYKTYpe 1
nepecTaHOBKE 3/IEMEHTOB MHOXECTBA Zw .

BXoAHbIMW NMapamMeTpaMu anroputma CreateBaselnd (puc. 4) sBNAKOTCA: N - KO/IMYECTBO 3Jie-
MEeHTOB B Tab/nuLe WHAEKCOB; P - MacCUB pa3smMepHOCTU N , B KOTOPOM P[0]1=0 ” P[1]=1, a OCTa/ibHble
3/1eMeHTbI - HeKOTopasi MepecTaHOBKA OCTaBLUMXCS YMCeN U3 Zw ; K - MacCMB padaMepHOCTM N - 2, ane-
MEHTbl KOTOPOro 3ajalT LMK/IOBYH CTPYKTYPY Kiacca 3KBUBANEHTHOCTU (Ki: 2,Ks,...,Kw-2) TakK, 4TO
K[O]- k1+2, K[]-«: n 1.4, K][N- 3]: ku-2. Pe3ynbTaT BbINO/IHEHNSA [AHHOIO anropuTMa ecTb
Ind e S(Zv \{O, }) - 6a30Basi Tabnmuya MHAEKCOB. B 3TOM anropnutme BblYMCNAETCA NPON3BEAEHNE HE3ABU-
CMMbIX LWK/IOB A1 NoACTaHOBKKU Ind . Mpy 3TOM MaccuB P paccmaTpuBaeTcs Kak 3anucb Npon3BeAeHUs
He3aBMCUMbIX UMK/I0B. BcnomoraTenbHble NMepeMeHHble b M e MPUMEHSIOTCA ANS yYKasaHWUs Hadyana u
KOHLLA 04YepeaHOro LUMKna n3 aToro NpousBeAeHNs, a X 3Ha4YeHNS oNpeaenstoTcs N0 ONMCaHUIO LUK/IO0-

BOW CTPYKTYpbl M3 MaccuBa K . [epecTaHOBKa B MacCMBe P MOXET 6bITb MOPOXKAeHa CnydaiiHbiM o6pa-
30M C MoMoLLbto anroputMa ®uwepa-Metca [4].
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Puc. 4. AnropuT™M NOoCTpOeHnA 6a30B0I TabNnLbl UHAEKCOB
Fig. 4. The algorithm for constructing the base table indexes

Cchopmynmpyem okoHUaTeNlbHO MeTOAUKY CUHTe3a npoueaypbl nopoxageHus KI. McxoaHbIMK
AaHHbIMU mMeToaukn siBnsetca N - NMopsAAOK rpynnbl, Haj KOTOPOW nMopoXjaeTcs MNoc/iefoBaTe/IbHOCTb.
Mpoueaypa nopoxxaeHmnsa Kl peanusyeT anropuTMm UCMOSIHEHUA FpynnoBoi onepauun (puc. 3). NMapameTp
me {0,1,...,n- 1} aTOro anropmTmMa MUCMNOJib3yeTCcsA AN KOH(PUTYPMUPOBAHUA N COAEPXKUT HOMepP onepayunn.
MapameTp N - KONMYeCTBO onepayuwunii onpegenserca Npu BblunciaeHMM yHKUMOHana (3) nyteMm HaxoX-
AeHNA peweHU ypaBHeHUsA (2) no MoaAndULMPOBAaHHOMY anropuTMy nocsejoBaTeNlbHOro sleKcukorpa-
huyeckoro nepeunicieHns. OQHOBPEMEHHO C 3TUM YycTaHaB/iMBaeTCA LMKIOBAA CTPyKTypa 6a3oBoii Tab-
nvubl nHaekcos (Napametpa Ind ). 3aTem ¢ nomouwbio anropuTma ®urwepa-MeTtca nopoxkgaerca cnydaibi-

Has nepecTaHoBKa 3siemeHToB MHoxectBa {2,3,., N - 1}, koTopas BMecTe C MOJIy4EeHHOW LUK/OBOW

CTPYKTYpPOW UCMNOMb3yeTCcsA B a/irOPUTMe NOoCTpoeHUs 6a30Boi Tabnumubl nHaekcos Ind (puc. 4).

3aKnw4yeHmne

Kak 6bI/10 OTMeYeHO paHee, OLeHKa BPEMEHHOI C/IOXKHOCTU anroputMa MCMOSIHEHNA FPynnoBoWi
onepaunn ExeOperation coctaBnsier O(n), rae n- KONMYeCcTBO onepauuii, peannsyemMblX airopuTMoMm.

OnNbIT NPUMEHEHUSA MeTOANKUN CUHTe3a npoueaypbl nopoxaeHma Kl nokasan, 4To pyHKumoHan (3) pac-
TeT C/I0OXXHbIM HeNMHeVHbIM o6pa3omMm B 3aBucumocTty oT N , npuyem goBO/IbHO 6bICTPO (HO He ObicTpee,

yem 2N-2). Tak, Hanpumep, Nnpn N =8 3HadveHue n paBHO 6, Nnpu N =16 3HaueHMe n paBHO 84, Npwu
N =32 3HaueHue n paBHO 4620, npu N =64 3HadeHUe N y>XXe paBHO 1141140, npu N =128 3HaudeHue n
npesocxoanT 6,75109, a npmn N =256 3HaueHue n yxxe npeBocxoanTt 3,82 «1015. ®aKT 6bICTPOro pocTa KO-

nuyecTea onepaymnii N ceBuaeTeNbCTBYET 06 OrpaHUYeHNU B MPUMEHEHNU METOAUKM CMHTe3a npoueaypbl
nopoxkaeHust KN npu cTpemaeHnu peasims3oBaTb MakCMMasibHO BO3MOXXHOE KO/IMYECTBO onepayuii.
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