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AHHOTAUMSA

Henu. Pemaercs 3amaga pa3paboTKH METOHOIOTHU TCHEPHPOBAHUS aIpECHBIX MOCICAOBATEILHOCTEH C 3aaH-
HOM MepeKIIYaTeIbHON aKTUBHOCTHIO U IOBTOPSIEMOCTHIO aJpeCcOB, IMPOKO UCIIOIBE3YEMbIX IPU TECTUPOBAHUHU
COBPEMEHHBIX BBIUUCIUTENBHBIX CUCTEM. AKTYalbHOCTh JAHHOHM 3a7aud 3aKJII0YaeTCs B TOM, YTO OCHOBHOM
XapaKTepUCTUKON Pa3IW4Ms AJISI aJPECHBIX MOCTIEIOBATEIbHOCTEN SBISETCS MEepeKIIrouaTeNIbHas aKTHBHOCTh Kak
OTAETBbHBIX OMTOB a/IpecoB, TaK U UX IOCIIEJOBATEIbHOCTEH.

MeTtoasl. IIpencraBneHHble pe3yabTaThl OCHOBAHBI HA YHHBEPCAJIHHOM METOJE T€HEpHPOBAaHHs KBa3HCIydaii-
HBIX TocienoBaTenbHocTeir Co0os, 3 (HEKTUBHO HCTIONB3YyEeMbIX I (POPMUPOBAHUS aJAPECHBIX TECTOBBIX IMO-
ClIeZIOBaTeNIFHOCTEH. B KadecTBe MCXOIHOW MaTeMAaTHYECKOH MOJEIH UCIIONB3YeTCs MOAU(UKAIIUS YKa3aHHOTO
METOZa TeHePUPOBaHUs, NpeatioxkeHHass AHTOHOBEIM u CaneeBpiM. ['TmaBHast wmes mojxona, MpeasiaracMoro
B HACTOSIIEH paboTe, OCHOBaHA Ha MPUMEHCHHUH JJIs TCHEPUPOBAHHUS alIPECHBIX MOCIIECIOBATEIIHHOCTEH MPsIMO-
yroJpHbIX (M + K) X M noposxaarommx MaTpuil V Mpou3BOJILHOTO paHra I.

PesynsTathel. OnpeneneHsl OCHOBHBIE CBOICTBA MTOCIIEIOBATEIHHOCTEH, TCHEPUPYEMBIX B COOTBETCTBUH C HO-
BOM MaTreMaTHyecKod Mopenbio. [IpuBeneH psn yTBepkKIeHHH, 000CHOBBIBAIOMINX TPEOOBAaHUS K MOPOXKIAFO-
MM MaTpuLaM Juis obecrieueHns MaKCUMaJIbHOTO Neproia (OPMUPYEMbIX MOCIIEI0BATENILHOCTEH  KPATHOCTH
MOBTOPSIEMOCTH HCIIONB3YEMBIX B HHUX aJpecoB. Pemiena 3amadya cuHTE3a IOCIIEAOBATEILHOCTEH C 3a/laHHBIMH
BENTMYMHAME TiepekmouatensHoit aktuBHocTn F(A) u F(a;). ITokasano, 4to Ui HAXOXKAEHHS MOPOKIAOIICH
MaTpHIIB! AJIS TEHEepUPOBAHUSA TAaKUX IOCIENI0BATEIbHOCTEH HEOOXOAMMO PEIINTh 33Jady Pa3loKeHHs LeJI0ro
9Huciaa Ha ciaraemble. Takoe pasjioXeHHe MpeAcTaBiIseT cOoO0OH BEJIMUMHY MEpeKNToYaTeIbHON aKTHMBHOCTH
B (M+K)-uuHO# cMemaHHON cHUCTEMe CUHCIIEHHs, B KOTOPOW Beca Pas3psijioB MPEJCTABICHBI B BHUJE CTEMEHEH
meoiikn ot 2° 1o 2™*, a sHauenus wdp W(V;) nexar B quanasone ot 0 qo m+k—1. Ha ocHoBe mpezaraeMbix
OTpaHUUYEHUI BBEICHO MOHATHE TUarpaMMBbl Pa3JIoKEeHHUs LIeJIoro 4yucia, aHalornyHoe nuarpamme fOnra, u omn-
peneneHa oneparys ee MOAU(DUKAIIUH.

3aknwuyeHue. [IpennoxenHas MareMarnyeckass MoJieb PacIUpseT BO3MOKHOCTH F€HEPUPOBAHUS TECTOBBIX
AJIPECHBIX IOCIIEAOBATEIHbHOCTEH ¢ TPEOYEMBIMH 3HAYCHUSIMH TCPEKII0OYATeIIbHON aKTUBHOCTH KaK TECTOBBIX
Ha0OpOB, TaK U WX OTICIBHBIX pa3psaaoB. [IpuMeHeHHE MOPOXKIAFONNX MATPHUIl HE MAKCUMAJIbHOTO PaHra JaeT
BO3MOXKHOCTh (DOpMaNIM3allii METOJIa TEHEPUPOBAHHS AJAPECHBIX MOCIEOBATEIILHOCTEH ¢ YSTHBIM MOBTOPEHH-
€M aJIpecoB.
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Abstract

Objectives. The problem of developing a methodology for generating address sequences with a given
switching activity and repeatability of addresses widely used in testing modern computing systems is being
solved. The relevance of this problem lies in the fact that the main characteristic of the difference and their
effectiveness for address sequences is the switching activity of both individual address bits and their sequences.
Methods. Presented results are based on a universal method for generating quasi-random Sobol sequences, which
are effectively used to generate targeted test sequences. As an initial mathematical model, a modification of the
indicated generation method proposed by Antonov and Saleev is used. The main idea of proposed approach is
based on the use of rectangular (m + k) x m generating matrices V of arbitrary rank r to generate address sequences.
Results. The main properties of sequences generated in accordance with the new mathematical model are
determined. A number of statements are given that substantiate the requirements for generator matrices to ensure
the maximum period of generated sequences and the multiplicity of repetition of used addresses. The problem of
synthesizing the sequences with given values of switching activity F(A) and F(a;) is solved. It is shown that in order
to find a generating matrix for generating such sequences, it is necessary to solve the problem of decomposing an
integer into terms. This decomposition represents the value of switching activity in the (m + k)-ary mixed
number system, in which the weights of the digits are represented as powers of two from 2° to 2™*!, and the
values of the digits w(v;) lie in the range from 0 to m+k—1. On the basis of proposed restrictions, the notion of an
integer decomposition diagram similar to the Young diagram is introduced, and the operation of its modification
is defined.

Conclusion. The proposed mathematical model expands the possibilities of generating test address sequences
with the required values of switching activity of both test sets and their individual bits. The use of generating
matrices of non-maximal rank makes it possible to formalize the method of generating address sequences with
even repetition of addresses.

Keywords: computer systems testing, address sequences, switching activity, symmetric sequences, sequences
with even repeating addresses
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Beenenne. TecTtupoBaHne COBPEMEHHBIX BBIYMCIMTENIBHBIX CHCTEM, TAKHMX KaK BCTPOCHHBIE CH-
CTEMBbI, CCTEMBI Ha KpPHCTaJlIe U CETH Ha KpUCTaJUle, OYeHb BOCTPeOOBaHO B HacTosIiee Bpems [1].
Cy1ecTByeT MHOYXKECTBO TIOAXO0JI0B U HOBBIX PEIICHUH, HAIIPABJICHHBIX Ha MOBBIIICHUE YPPEKTHBHO-
CTH TECTHUPOBAHMS COBPEMEHHBIX KOMIIBIOTEPHBIX cucTeM. Cpeny HHUX PEIIAoNIyl0 POjb UIPAOT
JETCPMUHUPOBAHHBIE TECThI, TAKHE KaK MEpPecYETHbIC (CUETYNKOBBIE) MOCIEA0BATENbHOCTH, TIOCHIE-
JIOBaTENBHOCTH ['pes, mociaenoBaTelbHOCTH aHTHU-I'pes, MOocIenoBaTEIbHOCTH C MaKCHMAaJbHOU
NEPEKIII0YaTeIbHON aKTUBHOCTBIO, IOCIENOBATEIbHOCTH C 3aJaHHBIM PAcCCTOSHHUEM XAIMMMHIA,
JIT1,-mocnenoBarebHOCTH, M-IIOCIIEA0BATEILHOCTH U psin Apyrux [2—4]. Takue mocnenoBaTeIbHOCTH
OOBIYHO SIBISIFOTCS] IEPHOIUUECKUMH M 4aCTO HA3bIBAIOTCS IOCIEIOBATEIbHOCTSIMU EPEUUCICHHS], M10-
crnefoBaTenbHOCTAMU Je bpeiiHa wnm, mo aHamoruu ¢ M-TocnenoBaTeNbHOCTAMH, MOCIEN0BATENBHO-
CTSIMU MaKkCUMaJIbHOM JnuHBL. CyIIecTBYeT MHOXKECTBO Pa3NIMYHBIX Pa3HOBUIHOCTEW IMOCIEI0BATEINb-
HOCTEH MAaKCHMAaJIbHOW [UIMHBI, CPEOH KOTOPBHIX BBIAEISIFOTCS CIIEAYIOLIME ITOJMHOXECTBA: AeTep-
MHHHUPOBaHHbIE, IICEBAOCIYYaliHbIE U KBa3UCIy4aiiHble nocienoBarespHocTy [3]. Kaxnas u3 takux Te-
CTOBBIX TIOCJIEZIOBATEIbHOCTEHN OMUCHIBAETCS CBOMM YHUKAJIBHBIM QJITOPUTMOM, MPENIOIararoiuM KOH-
KPETHYIO pealn3alyio, i UMEeeT OOLIMe XapaKTEPUCTUKH € IPYTUMU MIOCIEI0BATEIbHOCTAMH.

B kauecTBe 0000Mmaromnei XxapakTepUCTHKH TECTOBBIX TIOCEI0BAaTEIFHOCTEN Hanboee 4acTo uc-
MOJIb3YETCsI TaK Ha3bIBaeMas MepeKiouaTeNbHas akTUBHOCTh, KOTOpasl BIMSAET Ha MEPEeKIIoYaTebHYO
AKTHBHOCTb TECTHPYEMBIX KOMITBIOTEPHBIX cucTeM [4—8].

ITocnenoBaTenbHOCTH aAPECOB Kak MOIMHOXKECTBO MEPUOJMYECKUX TECTOB OBLIM HCCIIEIOBAHbBI
B paMKaX BCTPOCHHOI'0 CAMOTECTHPOBAHUS MAaMSTH BBIYUCIUTEIBHBIX cucTeM [9—12] u MHOTOKpaTHO-
ro TECTUPOBaHUS 3amoMHHAIOMUX ycTpoicTB [13, 14]. OcoOeHHOCTh TaKUX MOCIEA0BATEIBLHOCTEH
3aKJIF0YAETCsl B TOM, YTO OHHM COCTOSIT W3 MOJHOTO Ha0Opa JBOMYHBIX BEKTOPOB, BKJIIOYAIOLIETO BCE
BO3MOKHBIE 2" IBOMYHBIE KOMOUHAIMY, TIe M — pasMmep aapeca B 6urax [15]. O4eBHAHO, YTO YHCIIO
MOJOOHBIX MOCIENOBATENFHOCTEH C Pa3HOOOPa3HBIMU CBOWCTBAMHU U XapaKTEPUCTUKAMH BEJIHKO, TaK
e, KaK ¥ MHOrooOpasue anroputMoB i ux (popmuposanus. OJHAKO OCHOBHOM XapaKTEPUCTUKON
pazIuuus Ui IPUBEACHHBIX BUAOB aJPECHBIX MIOCIEA0BATENLHOCTEN SIBISIETCS TIEPEKIII0UATENbHAs aK-
THBHOCTH KaK OTIEIBHBIX OUTOB aJpecoB, TaK M MX TociemoBaTenpocTeil [4-9, 16]. Jlannas xapakTe-
pPHUCTHKA IMOKa3bIBAET pa3HOOOpa3re TECTOBBIX MOCIEAOBATEIBLHOCTEH U MX OOHAPYKHBAIOIIUX CIIO-
coOHOCTel IpU TECTUPOBAHUN COBPEMEHHBIX BBIYUCIUTENLHBIX CHCTEM [2, 3].

B TO e BpeMs OrpaHMYEHHE HAa KOJMYECTBO TECTOBBIX BEKTOPOB, BCET/A paBHOE 2, B aIpPECHBIX
MOCJIEIOBATENFHOCTSIX CHIDKaeT d((GEKTUBHOCTD MPOLETYypPhl TECTUPOBaHHMs. ISl IPEOI0JICHHUS 3TOTO
HEIoCTaTKa B HACTOALICH CTaThe MpPEAJsaraeTcs M aHAJM3UPYETCsl HOBBIM MOJXOJ KaK paclIMpeHHe
W€ TEHEPUPOBAHMS AAPECHBIX MOCIEAOBATEIBHOCTEH AJsl OOLIEro ciydas TECTOBBIX IIOCIIE0Ba-
TEJIHHOCTEH C 33JaHHBIMH 3HAUEHUSMHU NEPEKITI0YaTeIbHON aKTUBHOCTH M TIOBTOPSIOLITUMHECS aJipeca-
MM 33JJaHHOM KPaTHOCTH.

MartemaTtudeckass Mojaeab. B pabore [17] Obuta paccMOTpeHa W HCCeoBaHA MaTeMaTH4ecKas
MOJIeJIb YHUBEPCAIILHOTO T€HEpaTopa aJpecHbIX MOCIeN0BATEIHLHOCTEH, XapaKTepu3yIoIascs BhICO-
KUMH (YHKIIMOHAIBHBIMU BO3MOKHOCTSIMU U IIPOCTOTOM TeXHWYEeCcKo# peanusanun. [lon mocnenopa-
TENBHOCTBIO apecoB (counting sequence [15]) B paibHelimem OyeM MOHMMATh yIOPSIOYEHHYO TI0-
CIIE/I0BATENBHOCT M3 2" M-OUTOBBIX ABOMYHEIX BEKTOPOB A(N) = ay_1(N) am2(N) ans(n) ... ay(n) ag(n),
ai(n)e{0, 1},i€{0, 1,2, ... m -1} une{0, 1, 2, ..., 2"1}, Kaxkablii U3 KOTOPHIX IPUHUMAET OIHO
u3 2" BO3MOKHBIX 3HAUCHHUI. B OCHOBE ATOH MOJENU JICKUT MOJIU(DUIIMPOBAHHBIA METOJ] AHTOHOBA
u CaneeBa a1l reHeprpoBaHus mocienoparensHocteir Cobons [6, 18]. CormacHo 3Toit Monenu ¢op-
mMupoBanue N-ro snemeHta A(N) = ap 1(N) am 2(n) ams(n) ... a;(n) ag(n) nmocnenosarenprocTH CobOIA,
r7e N SBISETCS €T0 MOPAIKOBBIM HOMEPOM (MHIEKCOM), OCYIIECTBIIIETCS B COOTBETCTBUH CO CIEAY-
FOIIIUM PEKYPPEHTHBIM COOTHOILIIEHUEM:

AN =AN-)®v;i,y, A0)=0,2"-1, n=0,2"-1 i(n)=0m-1. 1)

B cootetcTBUM ¢ cooTHOmeHHeM (1) 3HaueHune A(N) ompeaenseTcs Kak mopaspsaHas cyMMa o
MOJYJIFO JIBa TPEABIIYIIEr0 BOMYHOTO BekTopa A(n—1) mocnenosatenbHoctd Co0OJIsT TONBKO C O-
HUM u3 M HanpaBusomux gucen Vi = Brna(l) Pmo2(l) Pms(i) ... Ba(i) Po(i), 1€{0, 1, 2, ..., m-1} [18].
3HaueHue MHAEKca | = i(N) HAIPABIISAIOMIETO YHCIIA Vi), HCIOIb3yeMOTr0 B KaUeCTBE CIIAraeMOro B BbI-
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pakennn (1), ompemensieTcss Tak Ha3bIBAEMOM TOCIEMOBATENBHOCTRIO TepekroueHuit T 1(N), Ne{0, 1,
2, ..., 2"-1}, orpaxennoro xozxa I'pes [18, 19]. Hanpumep, npu M = 4 nocie0BaTeIbHOCTE TIEPEKITIO-
yenuit Tp, 1(N) obo3nauaercs kak T3(n) =0, 1,0,2,0,1,0,3,0,1,0, 2,0, 1, 0. Bugno, uto Tz(n) sBis-
eTCsl TIOCIIeIOBATENIbHOCTBIO YepeoBanus uuaekcoB i€ {0, 1, 2, 3}, KOTOpbIe UCIOIB3YIOTCS VISl BbI-
Oopa HamnpaBISIONIMX YKCEN IPU FeHepUupoBaHUK TocienoBaTenbHocTH A(N) = as(n) ax(n) ay(n) ag(n)
cornacHo cootHomenuto (1). B nanmpHeiimem Oymem HCIOIb30BaTh | Kak 0003HadeHue uHaekca i(n)
HAIPAaBIIIOIETO YHCTA Vi), B BeIpaskeHHH (1) mpeacrasisromiero co0oi 3HadeHue 31IeMeHTa MoCIe1o-
BaTEJIbHOCTH TepekitoueHuid 1t koga 'pes Tr 1(n). Tlpumensis mpou3BosibHOE HaYaabHOE 3HAYCHHE
A(0)e{0, 1, 2, ..., 21} u pexyppeHTHOE cooTHOMEHHUE (1), MOKHO TONYYHTH ocTanbHble 2" — 1 3Ha-
yeHus nocnenosatenbHocT A(n) [17, 18].

PaccmoTpennast marematudeckas mozens (1) 6puta 06001IeHa Ha ciydail TOCIe0BaTeIbHOCTEH,
OTHOCSIIIUXCS HEe TOIBKO K MHOXKECTBY KBa3UCITy4allHBIX TECTOBBIX HaOopoB [17]. Kak Obuto mokazano
paHee, B 00LIEeM ciiydae JIFo0YI0 IBOMYHYIO MAaTPHILy Pa3MEPHOCTH M X M, UMEIOLIYI0 MaKCUMAJIbHBIH
paHT, MOKHO UCIIOJIL30BaTh KaK MOPOXKIAIONIYI0 MaTpuIly V. Marpuia V cOCTOUT U3 HANPABIISFONIIX

uncen Vi, i€{0, 1, 2, ..., m—1}, npeacrasisronux coboi M JIWHEHHO HE3aBUCUMBIX JBOHYHBIX BEKTO-
PoB Vi = Brn-1(1) Bm-2(i) Brm-s(i) ... Ba(i) Bo(i):
Bm—l(o) Bm—Z (O) Bm,3(0) BO (0)
Brma(D Pmo(D) B o PBoD)
V= Bna(2) Bm_2(2) Bns(@ o Bo(@ | )

Bua(m=1) B, ,(m=1) B, (m-1) .. Bo(m-1

TpeOoBaHue JTUHEHHON HE3aBUCUMOCTHU SIBJISETCS HEOOXOIMMBIM U JIOCTATOYHBIM YCIIOBUEM IS
rerepupoBanus Beex 2" agpecos nocnenosatensroctd A(N) cormacHo cootHomenuo (1) [20]. B atom
ciTy4ae MaTpuia (2) IMeeT MaKCHUMaJIbHBIN PaHT.

JI71s1 OIIEHKH CBOMCTB MOAM(PHIIMPOBAHHBIX TocienoBarebHocTeil Cobost A(n) = as(n) ax(n) ai(n)
ap(n), MCIONIB3yeMBIX B KaueCTBE TECTOBOH IOCIENOBATEILHOCTH, B padore [14] ObLia mpeaoxeHa
metpuka F(3;), je{0, 1, 2, ..., m—1}, KoTopast ompenenseT KOIMIECTBO MEPEKITIOUCHHI (M3MEHEHHIT)
j-ro paspsna a; mocnenosarensHocT A(N) (1):

Fla)= 2 p,0)2"" 3)

Ha 0ase xapaxrepuctuku F(8j) mepekirodaTesNbHON aKTHBHOCTU Pa3psoB MOCIEN0BATEIBHO-
ctu A(n) ObuTa BBEJICHA W MCCIIEI0BaHA HHTErPAJIbHAS Mepa MEePEKIIoYaTesbHOM akTuBHOCTH F(A) st
mocieaoBatensHOCTH A(N), paccunTaHHas B COOTBETCTBHH ¢ BeIpakeHueM [6, 17]

m-1/ m-1

m-1 m-1
F(A=D | D BiH2m " |=D 2™ B (), @
j=0 \'i=0 i=0 j=0

B KOTOPOM BTOpast CyMMa, OIPEeIIAIOIIas KOJIHIECTBO eINHHUII B i-i cTpoke MaTpuilsl (2), MpeacTaB-
asiet coboit Bec Xammunra W(V;) Bektopa Vi= B 1(1) Bm-2(1) Bm-s(i) ... B1(i) Po(i).

Ha npaxTuke Hanbosee 4acTo UCHONB3YIOTCS cpeanue 3HadeHus Fq(A) u Fa(a)) metpuk (4) u (3),
KOTOpbIE TIOKa3bIBAIOT CpelHEe 3HAUEHUE NEePEKIIOYEHUH MPpH reHepaluyd OAHOro TECTOBOTO Habopa.
Cpennue 3Ha4eHUs NEpPEKITIOYaTeNbHOH akTUBHOCTH Fq(A) m Fy(8)) ompemenstorcs myreMm nene-
Hust F(A) n F(a)) Ha MakcnManbHOE KOJIMYECTBO IIEPEXOJOB B mociexoBaTenbHocTH A(N), pas-
noe 2"-1 [17].

Ipenaaraemsrii MmeToa. B padorax [6, 15-16, 18] noka3aHo, 4To MCIOIB30BAHUE TOPOKIAFOLIHX
matpul V (2) MaKCUMabHOTO paHra, paBHOr0 M, JaeT BO3MOXKHOCTh T€HEPUPOBATh LIMPOKHUNA CHEKTP
nocnenosarenasHocTeil A(N) ¢ mepuogom 2. Takue MOCIEN0BATENBHOCTH YaCTO HA3bIBAIOT aIPECHBI-
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MH H3-32 TOT'O, YTO OHM COCTOST M3 BCEr0 HAOOpa HEMOBTOPSIOLIMXCS ABOMYHBIX M-OHTOBBIX BEK-
TopoB. TpeboBaHrne MaKCHMHU3AMM PaHTra MOPOXKIAIOMIeH MaTpuubl V TIO3BOJISIET MOJNYYUTH BCE
2™ nBonunble KoMOMHaIMK B TocienoBarenbHocti A(N) (1), oaHAaKO 3TO TpeOOBaHWE HAKJIAIBIBAET
psI OTpaHWYCHUIT Ha CBOWMCTBA JAHHOW ITOCIIECMOBATEIHHOCTH. BONBIMMHCTBO MOMOOHBIX OCOOCHHO-
CTeH W OrpaHMYCHHI Ui mocieaoBarenbHocTeil A(N) ObUTH 0003HAYCHBI M IPOAHATM3UPOBAHBI B pa-
ootax [6, 15]. OnHO W3 TaKUX OrpaHUYEHUI WLTIOCTPUPYETCS IPUMEPOM HEBO3MOYKHOCTH T€HEPHPO-
BaHMs TaK Ha3bIBAEMO MBOMHOM mocienoBarenbHOCTH ['pest A(N) Ha ocHoBanuK ypaBHeHus (1) mubo
[I0CJIE0BATENFHOCTH C MPOU3BOJIHBIM YETHBIM YHMCIIOM nepekmoueHuit [15]. OueBuano, 4To Takue
CUTYaIlMM BCTPEUAIOTCS JOCTaTOYHO vacTo [6, 18, 20], HampumMep B ciiydae MOCIEN0BATEIbHOCTH aH-
TH-I'pest, KOTOPYIO MOXKHO ITOCTPOUTH TOJIBKO JUTSl YETHBIX 3HaYeHuid m [15].

IIpemmaraeMeic aBTOpaMH pPEIICHUS OCHOBAaHBI Ha pAcCHIUPEHHH MareMaTudeckoil mozenn (1)
B TEpPMHHAX Mopoxaatomieid Mmatpuusl V. IlepBoe pacimpenne kacaercs paHra KBaApaTHOW MXM MaT-
publ V, KOTOpBI HEO0S3aTENBHO TOIDKEH OBITh MAaKCHMAIBHBIM, YTO BeUeT 3a cO00i yMeHbIICHHE
KoJinyecTBa (OPMHUPYEMBIX TBOMYHBIX M-OUTOBBIX BEKTOPOB. [laHHas MoxuduKanus Mo3BOJIUT I'eHe-
PUpOBATh MIMPOKUI CIIEKTP TECTOBBIX MOCIIEAOBATEIBHOCTEH C jKelaeMol MepeKouaTeIbHON aKTHB-
HOCTBI0, KOTOPBIH CYIIECTBEHHO MIMPE MO CPABHEHHIO C U3BECTHBIMU PELICHUSIMHE ISl CITydasi IIOPOXK-
Jarommx Matpul V MakcuMaiabHOTro paHra [15, 18]. B kauecTBe mpuMepoB Takoro moaxoja B Tadim. 1
OPUBEICH Psill mocieaoBareabHocTe# A(N), MOMYUYEHHBIX COrTIACHO cooTHOIIEeHHO (1), AIst psima ciy-
YyaeB, KOT/Ia KBaIpaTHBIE MOPOKAAONINe MAaTpHIbl V pu M = 4 UMEIOT PaHT, MEHBIIHI YeThIPEX.

[lepBsiii mpuMep, OMKUCHIBaEMbIN MaTpuiei Vi, SBISETCS TPUBHAIBHBIM PEIIEHUEM Il TeHEPHPO-
BaHUs mocienoBaTensHocTd A(N) ¢ MAKCUMAITBHOM MEPEKITI0YaTeNbHOM aKTHBHOCTBIO KaK JUls CaMON
H0CJIeZI0BATENBHOCTH, TaK U JUISl IPOU3BOJIBHBIX Pa3psIoB @; €€ IBOUYHBIX Ha0opoB. J{iis 3Toil mocie-
JOBaTEILHOCTH BeNUUHHBI Fay(A) 1 Fay(8)) MpUHIMAOT MaKCUMaIbHO BO3MOXKHBIC 3HAYEHNUS, PaBHBIC
YeTBIPEM M €MHHUIIE, KOTOPhIe B OOIEM CiIydae COOTBETCTBEHHO PaBHAIOTCS M u equnuie [6, 14].
Creyer OTMETHTH, YTO mocieaoBarensHocTh A(N), hopMupyemast Ha OcHOBaHHH cooTHomieHuUs (1),
COCTOHT M3 JIBYX JIBOMYHBIX HAOOPOB, @ UMEHHO MPOU3BOJILHOTO HAYAJILHOTO ABOMYHOTO BekTopa A(0)

¥ ero oTpunanus. 1o BuaHo u3 Tabn. 1, tne A(0)=0100u A(0) =101 1.

Tabnuma 1
Anpecusie nocienoBatenpHocTr A(N), reHepUpyeMble Ha OCHOBAHUH PAa3IMYHBIX MTOPOXKIAIOMINX MaTpHI[ V

Table 1
Address sequence A(n) are generated based on different matrix V

Vv V, V, A Vv, Vs

Vo = B3 (0B, (0B, (0B (0) 1111000000101 111]|0110
v, =B3(@) B (@) By (D) Bo (D) 111100001000 0010|1100
Vo = Ba(2)B,(2)B1(2)Bo(2) 1111111110101 1000|0110
Vs = By 3B, BV () () 111100001111 0101|1100
A(0) 0100 0000 0000 0000 0000

A(1) = A(0) ® v, 1011 0000 0010 1111 0110
A2)=A1) BV, 0100 0000 1010 1101 1010
AB)=A(2) ® v, 1011 0000 1000 0010 1100
A4)=AB) DV, 0100 1111 1101 1010 1010
A(5) = A(4) ® v, 1011 1111 1111 0101 1100
A(6) = A(5) D v, 0100 1111 0111 0111 0000
A(7) = A(6) @ v, 1011 1111 0101 1000 0110
A(8)=A(7) ® v, 0100 1111 1010 1101 1010
A(9) = A(8) ® v, 1011 1111 1000 0010 1100
A(10) = A(9) ® v, 0100 1111 0000 0000 0000
A(11) = A(10) ® v, 1011 1111 0010 1111 0110
A(12) = A(11) ® v, 0100 0000 0111 0111 0000
A(13) = A(12) ® v, 1011 0000 0101 1000 0110
A(14) = A(13) ® v, 0100 0000 1101 1010 1010
A(15) = A(14) ® v, 1011 0000 1111 0101 1100
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Panr cnenyromiein MaTpuipl V, Tak e, Kak 1 MaTpULbl Vi, paBHSETCS SAMHUIIE, YTO U ONpeeseT
KOJINYECTBO (POPMHUPYEMBIX ABOMYHBIX BEKTOPOB, KOTOPOE B 000MX Cilydasix paBHsieTcs AByM. OaHAKO
3Ha4YeHUs MepeKIroYaTensHol akTuBHOCTU Fu(A) m Fay(8)) Bo BTOpoM cilydae NMPHHHMAIOT MHHH-
ManbHble 3HaueHus, pasHble 4/(2"-1) = 4/15 u 1/(2™-1) = 1/15 cootBercTBenHO [14]. IlpuBencHHbBIE
nBa npuMepa hopmuposanust A(n) Ha 6aze MaTpuil Vi 1 V, CBUACTEIBCTBYIOT O BO3MOXHOCTH (HOPMHU-
poBaHUs TocienoBaTebHOCTEH (1) Ha 0asze MOPOKITAOMIMX MATPHI, PAaHT KOTOPHIX HE MaKCHMAJICH,
TIPY STOM BHJ] CAMOU MaTPHIIbI OKA3bIBACT 3HAYMTEIBHOE BIMSHIE HA BEIUYMHBI MEPEKIIOYATSIHHON
AKTUBHOCTH.

[Ba apyrux mpumepa OIMUCHIBAIOTCA MaTpulamu Vi 1 V,, paHr KOTOPBIX paBeH TpeM. B atux mpu-
Mepax 3HaueHUs NepeKIioYaTenbHbIX akTuBHOCTeH F(A) 1 F(a)) w1 yka3aHHBIX MaTpHI] CyIIECTBEH-
HO pasustcs. Hampumep, B ciydae matpuibl Vi nepekirouarenbHas aktuBHOCTh F(A) = 20, a s V,
OHa NMPUHHMMAET 3Ha4YCHUE, B JBa pasa Oombiiee, T. €. F(A) = 40. [locnenuuii mpuMep agpecHoO To-
CJIeZIOBATENLHOCTH, (hOPMHUPYEMON HA OCHOBAHWW MAaTPHIIBI Vs, MOKA3bIBAET BO3MOXKHOCTE obecrede-
HUS HYJIEBOU TEPEKII0YaTeIbHON aKTUBHOCTH IO BBIOpAHHBIM paspsaaM mocienoBarenbHocT A(N).
13 tabn. 1 Buamo, uto Fa(ay) = 0.

ITpu reHepupoBaHUU APECHBIX TOCIEI0BATEILHOCTEH COrIacCHO cooTHOIICHHUIO (1) ¢ mpUMeHeHH-
€M MOPOXKAAIOIIUX MATPHUII, PAHT KOTOPBIX MEHBIIIC MAKCUMAJIBHOTO PAHTa, BAXKHOU XapaKTEPUCTHKOMN
SBJISICTCSl KOJIMYECTBO aJpPEcOB B TaKUX IMOCIECIOBATENBFHOCTIX U UX MEPUOJ], KOTOPBIH MOXKET OBITh
menbiie yem 2". WiumocTpanmeil 5TOro CiyKar 1Ba mpuMepa mopoxaarommx marpui, Vi u
(cM. Tabs. 1) ¥ COOTBETCTBYIOIIMX MM TOCIEI0BATEIBHOCTEH, KaXIas U3 KOTOPBIX COCTOUT M3 JBYX
MOBTOPSIIOIIUXCS aapecoB. IlepBas M3 yka3aHHBIX MOCIENOBATEIHLHOCTEH HMEET MEPHOJ, PaBHBIN
JIBYM, 9TO MEHbIIE MaKCHMATLHOTO 2°, a BTOpas MMeeT MaKCHMasbHbIi 1 M = 4 mepuon 2°, XoTs
B 000MX CITydasX MOCIEIOBATEILHOCTH COCTOSAT TONBKO M3 JIBYX MOBTOPSIIOIIUX aapecoB. /s obiero
CITy4as CIIpaBeJIMBO CIEAyIOIee O9eBHIHOE yTBep K aeHue [20].

Yreepxkaeuue 1. Koauuecmeo nosmopsiowuxcs aopecos, npeocmasisouux cooou M-paspsio-
Hble 080OUUHBIE KOOI, OOHO3ZHAYHO 3a8ucum om panea I mampuysl \, m. e. om Koauuecmea IuHeuHo
nezasucumoix 0gouuvix 6ekmopos Vi = B 1(1) Bmo(i) Bms(i) ... Pr(i) Po(i), ucnoavsyemuvix 6 svipasice-
nuu (1) ons popmupoeanus A(n), u pasusemes 2".

Jnis hopMHUpOBaHUS aJipEeCHBIX MOCIEeN0BATENLHOCTEN coryiacHo (1) C MaKCUMAJIbHBIM MEPUOIOM
Ha 0a3e MOpoXKAAIIMX MaTpHll V He MAKCHMAJILHOTO PaHra HeoOXOJAUMO BBITIONIHEHHE YCIIOBHS Cle-
JIYFOIIIETO yTBepKaeHUs [21], BRITEKaIOMIero 3 OCHOB JInHeHHOU anreOpsl [20].

YrBepxaenue 2. Aopecnas nocredosamensvrhocms A(N), popmupyemas Ha 6aze noposicoaroue
mampuyst N npouzonvhozo panza ¥ < m 6 coomeememeuu ¢ svipaxcenuem (1), umeem maxcumano-
Holtl nepuod 2" 6 ciyuae 6bINOAHEeHUS HePABEHCMEA Ny o # Vi 1.

Jlnst mpuMepoB, PUBEIEHHBIX B Ta0I. 1, Bce mocienosarensHocT A(N), Kpome TIepBoit, GopMuUpy-
eMoii Ha 0a3e MaTpullbl Vi, UMEIOT MaKCUMAaJIbHBINA TIEPUOJI, PABHBII 24, TaK KakK TOJBKO s V4 HE BbI-
TIOJTHSIETCS] HEPABEHCTBO V; # V3, @ BO BCEX OCTANTBHBIX CIIy4YasX OHO BBIMOJIHICTCS.

O0001IMB NMPHUBEJICHHBIE PACCYXKICHHS, CPOPMYITUPYEM CIIEAYIOIIee YTBEPXKICHHE, KOTOPOe M03-
BOJISIET OMPEJIENATh MEPUO aapecHo mocnenoBateabHocTH A(N), TEHEPHUPYEMOil B COOTBETCTBHU C
BeipaxkeHuem (1).

VYreepxaenue 3. Aopecnas nocredosamenvrocmos A(N), popmupyemas na 6aze noposicoaiouei
mampuysr N npouzsonvrozo panea ¥ < m 6 coomeemcmesuu ¢ ewipaxcernuem (1), umeem nepuoo 2™,
20e i€{0, 1, 2, ..., m — 1} sensemcs MaKcumManbHblm 3HAYEHUEM, NPU KOMOPOM BbINOIHAEMCS Hepa-
6eHcmeo Vi1 # Vi 0115 Hanpasisiowux yucer Ny mampuywl V.

Bropoe pacmmpenue maremarnueckoil mozenu (1) 3axmoyaercss B IPUMEHEHUH MPSIMOYTOJIEHON
marpunpl V, cocrosmei u3 M cronduoB u M + K crpok (k > 0). Ormerum, 4To 3HaYEHHE WHIIEKCA
i = i(n) HaMPaBIAIOIIETO YHCIA Vi), HCIIOIB3yeMOTo B KaUueCTBE claraeMoro B BeipakeHud (1), Oyner
OTIPE/IETIATHCS TIOCTIEI0BATENFHOCTBIO MepekimoueHuil Tpay1(n), Ne {0, 1, 2, ..., 2™ -1}, orpaxenHo-
ro xona ['pes. B atom cityuae Tak ke, Kak M JUIsl KBIPATHBIX MaTpHIl V, BO3MOXKHO HCIIOJIb30BaHUE
MaTpHIl MaKCUMAJILHOTO PaHra M 1 MaTpHIl ¢ MPOU3BOJILHBIM paHroM. Eciu panr marpuust V, cocto-
el U3 M+K cTpok 1 M cToJI0OB, MPHHUMAET MaKCUMAJIbHOE 3HAYCHUE, TO 00ECIIeYMBACTCS TOBTO-
psAeMOCTb M-paspsaHbIX anapecos. B mannom ciyuae Bee 2™ anpeca nocnenosarensnoctu A(N) mOBTO-
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PSIFOTCSI MHOTOKpaTHO. B kauecTBe mpuMepoB (OPMHPOBAHMS IOCIEAOBATEIBHOCTEH C MOBTOPSIO-
HIMMUCS azipecaMu B Ta0l. 2 IpUBEACHBI HEKOTOPHIE U3 TaKUX TOCIIEA0BATEIbHOCTEH U UX MOPOXKAA-
IoIIMe MaTpULb V.

Tabnuma 2
AnpecHble mocie0BaTensHOCT A(N) ¢ MOBTOPSIOIMMHUCS apecaMu
Table 2
Address sequences A(n) with duplicate addresses
V Vl V2 V3 V V4 V5
Yo = PO OB @) Vo =B (0)Be(0) | 1 0|0 0
=B B @B | 100000t ooy Pt
AR 010[100]000]| vi=B®B® é(l) (1’3
= 2 2 2
V2 [32( )Bl( )Bo( ) 00 1 010 010 Vz :Bl(z)ﬁo(z) 0 0 -
= 3 3 3 00O 001 001
V3 =B, (3)B1(3)By (3) Vs = BL(3)B, 3)
A(0) 000 000 000 A(0) 00 | 00
A(1) = A(0) ® v, 100 000 100 A(L) = A(0) ® v, 10 00
AR)=A1) ® v, 110 100 100 AQ2)=A(l) ® v, 01 00
A(3) = A(2) ® v, 010 100 000 A(3) = A(2) ® v, 11 00
A4)=AB) DV, 011 110 010 A(4)=AR) DV, 11 10
A(5) =A(4) ® v 111 110 110 A(5) = A(4) ® v, 01 10
A(6) =A(B) ® v, 101 010 110 A(6) = A(5) ® v, 10 10
A7) = A(6) ® vy 001 010 010 A(7) = A(B) ® v, 00 10
A(8) =A(7) ® v3 001 011 011 A(8) = A(7) ® vy 00 11
A(9) =A(8) ® v, 101 011 111 A(9) = A(8) ® vy 10 11
A(10) =A9) ® v, 111 111 111 A(10) = A(9) ® v, 01 11
A(11) = A(10) ® v, 011 111 011 A(11)=A10)®v, | 11 11
A(12) = A(11) ® v, 010 101 001 A(l2)=A(l)®v, | 11 01
A(13) = A(12) ® v, 110 101 101 A(13)=A(12)®v, | 01 01
A(14) =A(13) ® vy 100 001 101 A(14) =A(13)®v, | 10 01
A(15) = A(14) @ vy 000 001 001 A(l5)=A(14)@®vy | 00 | 01

[TepBbie Tpu mprMepa, MPEICTABICHHBIC B TA0J. 2, OMUCHIBAIOTCS MPSIMOYTOIBbHBIME (M+K) X m=4 x 3
Matputiamu Vi, V, u V3 MakcumaiibHOTO panra I = m = 3. Bo Bcex Tpex nmpuMmepax Kakblid u3 m = 3
paspsIHBIX aAPECOB MOBTOPseTcs ABaxabl. OTimuue mopoxaatonmx Matpun Vy, V, u V; obecneunBa-
€T pa3HbIiA MOPSIOK TeHEPUPOBAHUS aipecoB. JIsi IBYX MPyrux MpUMEpOB, OMHMCHIBAEMBIX MaTpHUIla-
mu V4 1 Vs, pa3MepHOCTh KOTOPBIX paBHsieTcst (M+K) X m =4 x 2, qocTuraercsi 4eThIpeXKpaTHOE 10-
BTOpEHUE M = 2 pa3psIHbIX aJIpECOB.

OCHOBBIBasICH Ha IMPUBEICHHBIX MPUMeEpax, chopMyIupyeM cieaytomiee yreepxkaerue [20].

VYreepxaenue 4. Aopecnas nocredosamenvrocmos A(N), popmupyemas na 6aze noposicoaioueit
(M+K) x m sampuyer V panea m coznacro svipasicenuio (1), umeem nepuood 2™, 20e k> 0, u exnoua-
em Kkadicoviii uz 2™ M-pazpsouvix adpecos 2 pasz npu evinoaHeHuu HEPABEHCMBA sk % Vinsk-1 075
Hanpagaowux yucei mampuyst V.

CripaBeIITUBOCTD TAHHOTO YTBEPKICHHUSI TIOJITBEPIKAACTCS IPUMEPaMH, NIPUBEICHHBIMU B Ta0I. 2.
IMepuona nocenoBaTeabHOCTH A(N) MOKET He OBITH MAKCHMAITBHBIM, KaK 3TO BHIHO JUTT MaTPHUIIBI Vg,
MMEIONICH paHr 2, Tak Kak i JaHHOW MaTPUIII Vo = V3 (Tabj1. 2) U, COOTBETCTBEHHO, HE BBIMOJIHSCT-
Cs yCTIOBHUE yTBepKIeHur 2 1 3. B TO jke BpeMs IpH BHITIOJHEHUU YCIOBHS V, # V3 JIsT MaTpUIBl Vs
T0JTy4aeM IOCIC0BATEIBHOCTh C MAKCHMAIIBHBIM meprogoM 2™ = 222 = 8,

[IpuBeneHHBIH BhINIE aHAM3 MOAMQUKAIMA MeToaa (1) mo3BOJsSET KOHCTATUPOBATh 0000IIEHHE
Y pacIIupeHne JaHHOTO METOJa Ha CIIydail TeCTOBBIX aIpEeCHBIX IMOCIEI0BATEIBHOCTEH, hopMupye-
MBIX Ha 0a3e MPSIMOYTOJILHBIX MOPOKAAIONIMX MATPHIl pasMepHocT (M+K) x m, tae K> 0. Tna k =0
UMEET MECTO TpeCTaBIeHHBIN paHee MeToA (1) [6], KOTOPBIN MO3BOJISAET TEHEPUPOBATH TECTOBEIE T10-
crnenoBatensHocTH A(N) ¢ OrpaHUYEHUSMH Ha 3HAYEHHUS MX MEPEKITI0YATENFHON aKTHBHOCTH, COCTOSI-
M€ U3 OJHOKPATHO (POPMHPYEMbIX M-pa3psiHbIX azpecoB. HeoOXoauMocTs popMHupoBaHHS aipec-
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HBIX IOCJIE0BATENFHOCTE C MHOTOKPATHBIM MOBTOPEHUEM aJpEecoB, M B IEPBYIO O4YepeAb C NIBY-
KpaTHbIM uX noBropenueM (K = 1), obocHoBaHa B pabote [22].

CuHTe3 aJpecHBIX MOC/AEA0BATENbHOCTE € 3aJaHHOH MNEPeKJIYATENbHONl AKTHUBHOCTHIO.
Kpatkuit ananns npumMepoB, IpeacTaBIeHHBIX B Tabd. 1 1 2, MO3BOMSIET CAeNaTh BBIBO, YTO B CIIydae
npsAMOyYTosibHO# (M+K) X M mMatpurp! V ¢ MpOU3BOIBHBIM PAHIOM CYHIECTBYET BO3MOXKHOCTD T€HEPH-
pOBaHMUS pa3IMUHBIX BHUIOB TECTOBBIX MOcienoBatenabHocTeir A(N), cOPMUPOBAHHBIX Ha OCHOBE
ypaBHenus (1). [TosTomy nmanpHeimmii ananu3 OyneT cOCpPeJOTOYEH Ha OOIIeM ciydae MocieloBa-
tenpHOCTEH A(N), MOMyYeHHBIX ¢ OMOINbIO (1) 1 M000i mopoXKaaroIell MaTpuIlbl V HE3aBUCHMO OT
ee paHra.

Ipesxae Bcero OIEHUM CBOWMCTBA mocieaoBaresibHOcTe# A(N), TeHEPUPYEMBIX COTJIACHO COOTHO-
mrenuto (1) Ha Oaze cimyvaiiHoi mopoxaaromeii Matpuipl V. [lo ananorun ¢ cootHomenusivu (3) u (4)
nepeKiIrouaTeIbHas akTHBHOCTD 71 00IIETro ciydas MPOU3BOJIBHOM MOpokIaromeii MaTpunsl V Oyaer
BBIUHCIISITECS COTJIACHO PAaBEHCTBAM

m+k-1

Fu(@) = ZB D2 F (A = DIk 1*26 (). 5)

2m+k _1

ITepexmrovaTenbHas akTuBHOCTS F () s j-ro, je{0, 1, 2, ..., m — 1}, pa3psizna a; mocieaoBaTelib-
HocTd A(N) = an 1(N) @ 2(N) am-3(n) ... az(n) ao(n), reaepupyemoii coraacHo (1), mpuHUMAET 3HAYCHHSI
B quarasone ot 0 1o 2™ — 1. 3HaueHHe aKTHBHOCTH F(a)) = 0 s j-ro paspsina A(n) (1) obecrieunBa-
€TCs j-M CTOJIOIOM, COCTOSIIMM M3 HYJCBBIX 3HAYEHHH B moposkmaroriei marpuie V (cMm. 8o 1t Vs
B Tabi. 1). MakcumanbHast akTHBHOCTD F(a;) = 2™ _ 1 st j-ro Gura A(N) COOTBETCTBYET €IMHIYHO-
My j-my ctonbiy marpuisl V. [epekmtouarensHas aktuBHOCcTh F(A) mocnenoBatensroct A(N) npu-
HUMaeT MUHHMalbHOe 3HadeHne F(A) = 0 B cityyae HyJeBOi mopoxmaromieir Marpuisl V. Makcu-
MallbHOE 3HaueHwe aktuHOocTH F(A) = m - (2™ — 1) oGecneunBaer marpuua V, Bce S1EMEHTb
KOTOPOM NMPUHUMAIOT eAuHIYHOE 3HadeHue (cM. Vi B Tabi. 1). g K = 0 mpuBeeHHbIE BBIIIE COOT-
HOIIICHHS ISl TIEPEKIIF0YaTeIbHON aKTUBHOCTH (5) COOTBETCTBYIOT CIIy4ar0, PACCMOTPEHHOMY B pa-
6ote [6].

Ipu pon3BOIBHOM M CHHTE3 reHepaTopa nocinenosateabrocti A(N) (1) ¢ 3amaHHOM cpeaHeit me-
PEKITFoYaTeIbHON aKTHBHOCTBIO F,y(A) 3aKiIrouaercst B HAX0XKICHUH TOPOKIAIONICH TPAMOYTOIbHOM
(m+k) x m marpurst V. st atoro popmupyerces aBonynas (M+K) X m mMarpuiia B COOTBETCTBUH C Be-
mamHoit F(A) = Fo(A) - (2™ — 1). TIpu opMUpOBaHHN YKa3aHHOIN MATPHIIBI YIHTHIBAIOTCS JIBA BECH-
Ma Ba)KHBIX OrpaHUueHUs. Bo-TiepBbIX, HomydeHHast MaTpuia V JoJKHA MMETh MaKCUMAIIbHO BO3MOYK-
HBI paHr [yl 00eCIeYeHHs] MaKCHMAIbHOIO KOJMYECTBA TECTOBBIX HaOOPOB IMOCIIEI0BATEIHLHOC-
T A(N) (1), a BO-BTOPBIX, JUTs 00eCIIeUeHNsT MAKCUMATLHOTO rieproaa ist A(N) TOJDKHO BBITIOTHSTHCS
YCIIOBHE Viek_2 # V mak_1, 9TO CIEIYET U3 YTBEPIKACHHUS 4.

B pabote [6] ObI710 MOKa3aHO, YTO MMEPBOHAYATBHO 33aHHAS BEUYMHA ITEPEKII0YaTEHHON aKTHB-
Hoctr F(A) 3ammchiBaeTCst B BHIE Pa3I0KEHHs

F(A) =wW(Vy)- 2™ w(v,) - 2™ 2 1 w(v,) - 2™ 4wV, ) - 2% (6)

HanHoe paznoxenue npencrapiser BenuunHy F(A) B (M+K)-uuHO#l cMemaHHON cucTemMe cuucie-
HUs, B KOTOPOH Beca pa3psiioB UMEIOT 3HAYEHUS B BUJIE CTEIIEHEN ABOMKH OT 2° 10 2™* a 3Hauenns
m¢p W(V;) nexar B auamnazone ot 0 1o m+k—1. Ormerum, uro W(V;) sIBIsieTCSI BECOM X3MMHHTa JBO-
WYHOTO BEKTOpa Vi ICKOMOW TIOPOXKIAroIeii MaTpuIlbl V MaKCHMAIBHOTO PaHTa.

B xauectBe mpumepa paccMoTpum nocienoBatenbHOCTs A(N) (1) s Matpuibl pa3MepHOCTHIO
(m+k) x m = (3+1) x 3 u nepexmouarenpHoi akTuBHOCTH F(A) = 33. Benmunna F(A) = 33 npunaze-
xut auanasony ot 0 go 3 - (2°*' — 1) = 45, onpenenennomy panee ans Bemmuunel F(A). B ta6u. 3
NPUBE/ICHBI pa3iiokeHus (6) BenmnunHbl 33 it ciaydas m = 3, k = 1.

OTMeTHM, 4YTO KaXJIOMY pasioXeHHI0 (6) MOXXHO TIOCTaBUTh B COOTBETCTBHE MHOXKECTBO
marpul V, Beca CTPOK KOTOPBIX COOTBETCTBYIOT 3HaueHUSM HU(p W(Vj) YKa3aHHOTO DPa3JIOKCHUS.
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Hanpumep, mist pasnoxenns 33 = 3-8 + 2.4 + 0-2 + 1-1 Bec W(Vy) TIepBOii CTPOKH MAaTPHUIBI PaBEH
TpeM, Bec W(Vi) BTOPOl CTPOKH — IBYM, Bec W(V,) TpEThel CTPOKH — HYI0, a BeCc W(V3) 4eTBepTOil
CTPOKH PaBHSETCS SAMHUIIC.

Tabauma 3

TIpumepsr paznoxenus (6) s yncna 33

Table 3

Examples of decomposition (6) for the number 33

W(Vg) | W(vy) | wW(vp) | w(vs) F(A) =w(v,)- 2% +W(v,)- 2% + w(V,) - 2" + w(vy) - 2° F(A) =33

3 2 0 1 33=38+24+02+11 {8.8.8,4,4,1}
3 1 1 3 33=38+14+12+31 {8,8,8,4,2,1,1,1}
2 3 1 3 33=2.8+34+12+31 {8,8,44421,11}
2 3 3 1 33=2.8+24+22+31 {8,8,44,42221}

YucrieHHbIe 3HaUYeHNS BECOB Pas3JIoyKeHHs (6) OMPEeIeNsiIoT KOMYECTBO SANHUYHBIX 3HAYSHHI TTOPOXK-
Jarorei MaTpuipl V, Kotopas o0ecrieurBaeT 3aJaHHOE 3HAYCHHE TIePeKIII0YaTelIbHON akTUBHOCTH F(A).
OcHoBbIBasich Ha npuBesieHHOM npumepe F(A) = 33, nst pasnoxenus Buna 33 = 3-8 + 2.4 + 0.2 + 1.1
MOJKHO MIPHUBECTH MATpPHUIIBI, 00ECTIEUHBAIOINE MIEPEKITI0UaTeIbHYI0 aKTHBHOCTD, paBHyto 33. Hampu-
Mep, BCe U3 MPUBEACHHBIX B Ta0J. 4 MaTPHUIl MMO3BOJIAIOT GOPMHUPOBATh cornacHo (1) mociemoBaremns-
Hocth A(N) ¢ mepeKoYaTebHOM akTuBHOCTRIO F(A) = 33.

Tabnumna 4
AnpecHble mocnenoaTensHocTr A(N) ¢ repekToyaTesbHoM akTuBHOCThI0 F(A) = 33
Table 4
Address sequences A(n) with switching activity F(A) = 33
V V, V, V3 V,
Vo =B OB 0P | 4 4 1 |y 11 111111
vi=B, DB MB@D 120201011101
V, =B, (2)B1(2)Bo (2) 000 000 000 000
Vs = B,(3)B1(3)Bo (3) 010 0 01 100 010
A(0) 000 000 000 000
A(L) = A(0) ® v, 111 111 111 111
A2)=AQ) ® v, 001 101 100 101
A(3) = A(2) @ v, 110 010 011 010
A(4) =A(3) @ v, 110 010 011 010
ABB) = A4) ® v, 001 101 100 101
A(6) = AG) ® v, 111 000 111 000
A(7) = A(6) ® v, 000 111 000 111
A(8) = A(7) ® vs 010 110 100 101
A(9) = A(8) @ v, 101 001 011 010
A(10) = A(9) ® v, 011 100 000 111
A(11) = A(10) ® v, 100 011 111 000
A(12) = A1) ® v, 100 011 111 000
A(13) = A(12) ® v, 011 100 000 111
A(14) =A(13) ® v, 101 001 011 010
A(15) = A(14) ® v, 010 110 100 101

B cuy toro uto panr marpun Vi u V, MakcumalieH U paBHSETCA TpeM, 00e TOCIe0BaTeIbHOCTH,
reHepupyeMble Ha 0asze 3TUX MaTpHll, BKIOYAIOT BCEBO3MOXKHbIE JBOMYHbIE KOMOMHAIMK U3 M = 3 OHT
(tabu. 4). B T0 e Bpemst Matpuiibl V3 u V4 obecrieunBaoT GOpMHUPOBaHKE TTOCIEI0BATEIbHOCTEH, CO-
CTOAIIMNX M3 YCTBIPEX TPEXPA3PAIHBIX KOJAOB, TAK KaK paHI' 9TUX MaTpHUll paB€H ABYM. Brmonnenune He-
paBeHCTBa V, # V3 U BCEX YEThIPEX MATpPHUIl 00ECTIeUNBAET MAKCHUMAaJIbHOE 3HAaYeHNE TIEPHUO/Ia TTOBTO-
penust GOpMHUPYEMBIX 3HAUEHHM, YTO TIOJTHOCTHIO COOTBETCTBYET YTBEPKICHHIO 4.
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KonkpeTHbIit BUI pasioxeHus (6) ompenenseT pasHooOpa3re BO3ZMOXKHBIX MATPHIl ¢ 33 JaHHBIMU
Becamu ux ctpok. Hampumep, mis F(A) = 24 u mpu Tex ke mapamerpax 4 X 3 mopokaaronieii MaTpu-
161 V BO3MOJKHBI CIIeayIOIIue pasnoxenus (6) uucia 24: {8,8,8} (8 + 8 + 8=24)u {8,8,4,2,1,1} (8 +
+8+4+2+1+1). llpu stom i paznoxerns {8,8,8} MOKHO MOCTPOUTH TOIBKO OJHY MaTpPHILY, a
i pasnoxennsn {8,8,4,2,1,1} — cemelicTBO TaKMX MATPHUIL:

0

)

O O O
O O O K
R O L
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0
1
1

Bce marpuiipl (7) obecnieunBaroT popmupoBanue nocnenoareabaocteir A(n) (1) ¢ Tpedyemoii me-
peKirouaTebHON akTuBHOCTRIO F(A) = 24. OnmHako st MaTpuilsl V; TaHHAs TOCTIEeI0BATEIbHOCTD OY-
JIET COCTOSITH TOJILKO U3 JBYX JIBOMYHBIX TPEXOHMTOBBIX HA0OPOB, a cama IOCJICI0BATEILHOCTh OyIeT
UMETh MIEPUOT, PABHBIH JIBYM.

Martpunst Vy, Vsu V,, ipencrasiennsie B (7), 00ecrieunBaloT reHepUPOBaHUE TTOCIIEA0BATEIbHOCTEH
MAaKCUMAJILHOI'O0 II€proaa, COCTOAIMNX M3 BCEX TpCX6I/ITOBI)IX Ha60pOB, TaK KaK OHH YIOBJICTBOPAIOT
ycioBusM yTeepxkaenus 4. Ilpumepsr matpuil (7) CBUACTEILCTBYIOT O HEOOXOAUMOCTH HAXOXKICHUS
ONITUMAITLHBIX PA3JIOKEHHUN IENbIX Yrcel (6) ¢ TOYKH 3PSHUS MaKCUMATIbHOTO KOJMYECTBA BO3MOXKHBIX
MOPOXKAAIONINX MaTpUl, 00eCIICUYNBAIOIINX TPEOYEMYIO MEPEKITIoYaTeNIbHyI0 akTHBHOCT. Cpein MHO-
roo0pasusi MOPOKIAIOUINX MaTPUIl BO3MOXKEH BBIOOp TakoH M3 HUX, KOTOpasi oOecrednBaeT Bce Tpeho-
BaHUsI K mocnenoBarenbaocT A(N). PaccMotpennbiit mpumep pasnoxenns {8,8,8} uncna 24 nokasbiBa-
€T ero OrpaHWYCHHOCTh MO CpaBHEHHIO ¢ pasiokenueM {8,8,4,2,1,1} 3T0oro ke 4mcia B KOHTEKCTE
KOJIMYECTBA BO3MOYKHBIX MOPOXKIAIOIINX MaTpHIL V.

MakcuManbHO BO3MOXKHOE KOJMMYecTBO Q JIBOMYHBIX MOPOXKAAIOMMX Matpull V pa3sMepHOCTH
(m+k) x m B 3aBucumocTH ot 3HaueHui PP W(Vo), W(Vy), W(V2), ..., W(Vmk-1) pasioxerus (6) ore-

HUBACTCA COOTHOIICHHEM
mJlr_k[—l m
Q = . 8
i=o \ W(v;) ®)

st pasnokenunst {8,8,8} uwcia 24 npu M = 3 mudps! npuHEMaroT 3Ha4eHus W(Vo) = 3, w(vy) = 0,
W(V,) = 0 1 W(V3) = 0 coOTBETCTBEHHO, KOJMuecTBO Q MOpOXkIarouX MaTpuil V paBHsETCS eIUHUIIC.
Jusa paznoxenns {8,8,4,2,1,1} sra Benmumna Q (8) mpuHnMaeT 3Hauenne 3 - 3 - 3 - 3 = 81, Tak kak
G psl pasnoxeHns (6) npuHuMaroT 3HaueHust W(Vo) = 2, W(Vy) = 1, w(vp) = 1 u w(vs) = 2.

[TpuBeneHHbIe B Ta0J. 4 MPUMEPHI TOKA3BIBAIOT HEOOXOAUMOCTh PEIICHUS 33/]aui Pa3IoKeHUs 11e-
JIOTO YMCJIa HA cllaraeMble JTs TIOCTPOCHHUSI MOPOXKIAIOIIEH MaTpHUIb V.

[Mpocreinmm crmocoboM reHepUPOBAHKS BCEX PA3NIOKEHHN IENIOro YKcia Ha cllaraeMble He3aBHU-
CHUMO OT MX TIOPSIJKA SIBJISIETCSI pa3jioskeHHe B 00paTHOM JIEKCUKOTpadUIEeCKOM MOPSIIKe, HAYMHAS C
pasyiaraeMoro Ieyoro 4uciia N, Korja camo YHCIIO MPEICTABIACTCS OJHUM CIIaraeMbIM N, U 3aKaHYH-
Bas npexacrasienneM {1,1,1,...,1} 3Toro umMcna B BUAe N ciaraeMblX, paBHBIX exunuie [23]. bonee
3¢ dEeKTUBHBIEC aJTOPUTMBI ITOTYYCHHUS PA3IIOKEHNUH IETIOT0 YKCia Ha cllaraeMble TPE/ICTaBICHBI B pa-
6orax [24, 25].

s nenoro 3Hauenus F(A) = 33 u matpunsl pazmepHocThio (M+K) X m =4 x 3 ¢ yueTom orpa-
HUYCHUH Ha cliaraeMble, KOTOPHIMH B JIAHHOM CITy4ae MOTYT OBITh TOJNBKO 8, 4, 2 1 1, U UX KoJu4e-
cTBa (He Ooyiee TpeX OJMHAKOBBIX ClIaraéMbIX) BCE BO3MOXKHBIC Da3IOKEHHS HMEIOT CIIEIyOIINi
sun: {8,8,8,4,4,1}, {8,8,84,2,2,1}, {8,8,8,4,2,1,1,1}, {8,8,8,2,2,2,1,1,1}, {8,8,4,4,4,2,2,1}, {8,8,4,4,4,
2,1,1,1}.

Crienmduika pa3noKeHus 3HaUeHHs TIePEKITF0YaTeIbHON aKTUBHOCTH HAKJIa[bIBACT OIPaHUYCHHE KaK
Ha 3HAYCHMS CIIAraeMbIX, KOTOpbIe paBHsrores 2™ 22 om3 " 20 1ak 1 Ha MX KONMYECTBO,
HE MPEBHIIIAIOIIEe BETHYUHY M.

PaccMoTpuM anropuT™ pasiiosKeHHs LENIOro Yucia, ONpeNeNiouiero NepeKIoyaTeNIbHy0 aKTHB-
Hocth F(A) mocnenoBarensHoctd A(N) = 8 18m_28m3 ... 8o (1) s 3amaHHOro 3HadeHus m. Crnarae-
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MBIMH Pa3JI0KCHHUS MOTYT OBITh TOJBKO IIEJIbIC YHCIIa BHIIA 2i, raeie{0, 1,2, ..., m+k-1}, a ux cymma
JIOJDKHA IPHHAUICKATD Auamasony ot 0 go m - (2™ — 1).

ANTOPUTM pa3IokKEeHUs [ENOTOo YKciia Ha caracMeble:

1. TlepBOHAYANBHO OMPEIENIETCS CyMMa BCEX CIIAraeMBIX 2', KOTOpas PaBHACTCS MAKCHMAILHOMY
m-+K-paspsigHomy xBondrOMY umcy 2™ 1.

2. Bemonnsercs oneparus genenus F(A) na —1. INonyuennoe yactaoe d ompeaessieT Koaude-
CTBO BXOX/ICHHH KaXJOro W3 claraeMpix 2' B pasioxenne uenoro F(4). Ilpu paBeHcTBe HYJTIO
0CTaTKa (| OT Omepalyy JejieHHs dacTHoe O SBISETCS YHCIIOM HCIOJB30BAaHMSA KaXIOr0 W3 clarae-
Meix 2, i€{0, 1, 2, ..., m +k-1}, B pasnoxennu F(4), 1 Ha 3TOM IIare alroOpUTM PA3IOKCHUS 3aBEPILIA-
eTcs. B mpoTHBHOM Ciydae BBIMOIHSACTCS CIICAYFOIIUI IIIar.

3. Ocratok 0 <Q < 2™K_1 ot OTIepALIU JICICHUS MIPEACTABIACTCS B ABOMYHOM KOJiE (| = bm+k_1-2m+k’1 +
+ B2 2™ 7 + brars 2™ + L+ bp-2°, bie{0, 1}

4. Crpowrtest pasloxeHue nenoro uncia F(4) a craraemste 2', te i€ {0, 1, 2, ..., m+k —1}, kaxmoe
U3 KOTOpBhIX BXOmuT B pasduenue 0 < d + b; < m pas, rae Benmumumna d + by ompenensier 3HadYeHne
HBPBL W(Vin+-1-i) pasinoxkenus (6).

[IpuMeHHB TaHHBINA aNrOPUTM [UIs ciydast, korga M = 3 u F(4) = 33, momyunm, uto yactHoe d OT
nenenns 33 ma 2™*-1 = 15 paBHsIETCS ABYM, a OCTaToOK ( = 3. B 1BOMYHOM KOJI€ (] IPEACTABIISETCA KaK
3=02%+ 022+ 1.2t +1.2° CoOTBETCTBEHHO, pasnoxenve uncna 33 umeer sux {8,8,4,4,2,2,2,1,1,1}.
KoMmoHeHTbI pasinokenus (6) npuauMaroT 3HadeHust W(Vo) = W(Vy) = 2 u W(V,) = W(V3) = 3, KoTopbIe
Y OIIPENICISIFOT BEca CTPOK MaTpHIIbI V:

2m+k

©)

N
N e Y
N =)

ITpuBeneHHBIN PUMEP MOKA3bIBACT, YTO MOIYUECHHUE OJHOIO PA3JIOKEHHUS LIEIOro Yucia Ha cliara-
€MbI€ HE MPEICTABISAETCA CIOXKHOM 3amaueil. B cBowo oudepelib, reHepupOBaHUE MOPOXKAAOLIENH MaT-
puibl V MOKeT moTpeOoBaTh HAIMYHMS OOJIBIIETO YKCia Pa3ioKEHHH [IEI0T0 Yuciia, MOJyYeHHBIX Y-
TeM MoAudukauuum HCXoAHOro. B oOmem ciydae BakHBIM (DakTOM SIBISIETCS CYILECTBOBAHUE
MOPOXIAIOIIEH MaTpuLbl V MaKCHMaJIbHOTO PaHIa, Beca CTPOK KOTOPOH COOTBETCTBYIOT LU(paM pas-
noxxenwust (6) [6]. IIpu HEBO3MOXKXHOCTH HAXOXKICHHUSI MATPHUIIHI MAKCUMAIBHOTO paHTa ISl HCXOTHOTO
paznoxeHust He0OXOIUMO MOTYYUTh JAPYTHE PA3IoKEHHsI, HAIPUMED, MyTeM MOAU(PHUKAIIUI UCXOIHOTO.

ITo ananoruu ¢ guarpammamu fOnra [23] nns popmanuzanuu npoueaypsl MoanpuKauu pazone-
HUSI YHCIIa Ha cllaraegMble ONpeeNIuM JrarpamMMmy pasiioskeHus (6), KoTopast yIUThIBaeT Bce chopmy-
JUpPOBaHHBIE paHEEe OrPaHUYCHUSI.

Omnpenenenue. Juarpamma pasiokeHus (6) 1esoro 4ucia, MpUHAAIekKaIero auamnasony ot 0
0 2™*~1, npencrapnsier co6oil MPAMOYTOIBHYIO MATPHILY, CocTosIIyo 13 (M + k) X M KIeToK, mpH-
yeM KaK7as 3aroJIHeHHAs KiaeTka i-it crpokw, i€ {0, 1, 2, ..., m+k-1}, cooTBeTCTBYET HEIOMY UHC-
my 2™ BanonHeHHbIe CTPOKH BHIPABHHUBAIOTCS IO JIGBOH IPAHMIIS, 4 MX 3aMONHEHHE COOTBET-
CTBYET pa30MEHMIO LEJIOr0 YUCIIA.

Ha puc. 1 n3o0pakeHsl quarpaMMbl pa3IoKeHU ISl [eoro yncia 24.

818[8 8

[l NI B [ee]

1
a) b)
Puc. 1. {unarpammst st W(Vq) = 3 1 W(Vq) = W(V,) = W(V3) = 0 (a);
W(Vo) =2, w(v) =1, W(v) = 1 uw(vz) =2 (b)
Fig. 1. Diagrams for w(vp) = 3 and w(v;) = w(v,) = w(vs) =0 (a);
w(Vg) = 2, w(vy) =1, w(v,) =1 and w(v,) =2 (b)
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[IpuBeneHHBIC qUAarpaMMbl CBUIIETEIBCTBYIOT O TOM, YTO CyMMa 3HAUCHHH 3alOJHEHHBIX KIIETOK
B 000MX Cllydasix paBHsSETCS 4yuciy 24, a MX 3al0JHEHHUE COOTBETCTBYET €ro pasiiokeHusm {8,8,8}
u {8,8,4,2,1,1} Ha caaraemsie 8, 4, 2 u 1. Ananus puc. | IOKa3bIBa€eT, YTO AUAarpaMma 6) MOKET OBITh
NOJTyYeHA U3 AUArPaMMBbI @) IyTeM MOCIIEI0BATEILHOM MOImaroBoi ee Mmoaudukamuu (puc. 2).

=) ) P o

R IN|&> |

1
a) b)

Puc. 2. Tlomarosast MoaudUKaIKs HCXOTHON quarpaMmel (@) Uit nonydenus ee Moaudukamu (b)
Fig. 2. Step-by-step modification of the original diagram (a) to get a modification (b)

OcHoBHas omepanus, UCHoib3yemas JUli MOJAMGMKALMU, 3aKII0YaeTcsl B 3aMEHE 3allOJIHEHHON
KJIETKH C IEITBIM YHCIIoM 2' Ha [IBe KIETKH C 3alloTHEHHeM ABYMs urciamu 2' ', DTOT mpuMep Mo3Bo-
JISIET ONPEEITUTh OTEPALIUI0 MOAUPHUKAIIMN Pa3IoKeHHs (6), COOTBETCTBYIOIIETO OMPEICICHHUIO.

Onepayusi moougpuxayuu. Inst i-if, i =0,m+Kk —2, cTpoKu auarpammsl pasnoxenus (6), couep-
JKalleil 3amoNHeHHbIe KICTKH, yIaleHHe OJHOM KIETKH CONPSKEHO C 3amojiHeHneM 2 CBOGOIHBIX
kieTok B (i + j)-# cTtpoke mst crpoku (i + j) =1, m + k —1 auarpammsl, tae j < Llogz(m +k —1)J.

Jannas onepanusi CAHMMETPUYHA OTHOCHTEIILHO OTNEPAIMid yJalleHUs W 3aroJIHeHUs. DTO 3HAYMT,
YTO yAAJICHUE 2! 3amoTHEHHBIX KIETOK B i-#, i =1, m+k -1, CTpPOKE JuarpaMMsbl, COAEpKaLICl He Me-

Hee 4yeM 2’ 3aIl0OHEHHBIX KJIETOK, CONPSIKEHO C 3amoiHeHMeM oxHol kietku B (i — j)-it crpoke
(i-j=0,m+k-2), rze j <[log,(m+k-1)].

PaccmoTrpennas onepanus Moau(GUKAIINH TTO3BOJUT MOIYIATh MHOKECTBO Pa3IIUIHBIX Pa3I0Ke-
HUH (6), KAKIOMY U3 KOTOPBIX COOTBETCTBYET CBOE MOJIMHOXKECTBO MOpokaaromux Matpui V. Cre-
JIyeT OTMETHUTh, YTO YKa3aHHBIC TOJMHOXECTBA SIBISIOTCA HEMEPECEKAONIUMUCS MHOXKECTBAMHU
MaTpu1l V, MakCHMajabHas MOIIHOCTh KOTOPBIX 3aBUCUT OT Pa3iioxkeHHs (6) U OLlEHWBAaETCA BEJIUY U-
noii Q (8).

CuHTEe3 aJpecHBIX MOCIAeI0BATEILHOCTEH ¢ 3aJaHHBIMM CBOHCTBAMHU U MOBTOPSIEMOCTHIO a]1-
pecoB. Kak oTMeuanoch B psjie TUTEPATYPHBIX UCTOUYHUKOB [3, 6, 4, 11], mupokoe UCIoIp30BaHNe Ha
MPAKTHKE HAXOJAT aJPECHBIE TECTOBBIC MOCIEN0BATENILHOCTH PA3IMYHBIX BHIIOB. K Hanbonee yacto
MPUMEHSEMBIM OTHOCSTCS MEpECUYETHBIEC aAPECHBIE MOCIeN0BaTeNbHOCTH [3, 4, 15], KBa3ucIydaiiHbIe
HOCJIeIoBaTeIbHOCTH (Hampumep, mocienoBarenbHoctd Cobousi) [17, 18], mocnemoBaTeabHOCTH
C MUHHMAJILHOHN TTepeKIIouaTeIbHOM aKTUBHOCTBIO (TIocienoBaTenbHoCcTH Koaa ['pest) [4, 15, 19], mo-
CJIEI0BATEIBHOCTH C MAKCUMAJIBHON MEPEKITIOUaTENbHON aKTUBHOCTHIO [4, 15] 1 MHOXKECTBO APYyTrux
UX pa3HOBHIHOCTEW U Momubukanmii [3, 4, 15, 18, 19]. CpoiicTBa pa3zHOOOpa3HBIX BHUIOB aJPECHBIX
TECTOBBIX IOCIIEIOBATEIPHOCTEH JOCTATOYHO XOPOIIO M3YYEHBI B KJIIACCHYECKOW WX HHTEpIIpeTa-
1w [15], xoraa Kaxaeiid U3 agpecoB (M-OUTOBBIX JBOMYHBIX HAOOPOB) MPUHUMAET OJTHO 3 2™ 3Haue-
HUit. HeoO0XoauMocCTh MOBTOPHOTO ()OPMHUPOBAHHS OJJMHAKOBBIX 3HAUCHHUI aJpecoB JOKa3aHa B psilie
paodor [1, 3, 4]. Haubosee nosiHo 3(h(eKTHBHOCTh MHOTOKPATHOTO MTOBTOPEHHMS KaK aJIPECHBIX MOCIIEIO0-
BaTeIbHOCTEH, TaK U COCTABIISIONINX UX aJPECOB IS CITydasi TECTHPOBAHMUSI 3aIIOMHUHAIOIINX YCTPOHCTB
obocHoBaHa B pabore [22]. [lokazaHo, 4TO UCIIOIB30BaHUE MOCIIEAOBATENHLHOCTEH C IBYKPATHBIM IIPH-
MEHEHHEM aJPECOB MO3BOJISET CYIIECTBEHHO MOBBICUThH 3(PPEKTUBHOCTH TECTUPOBAHMSL.

KonraecTBo MOBTOPSIOMMXCS aApecoB (OTIUMYHBIX APYT OT Apyra M-pa3psaHbIX TBOUYHBIX KOJOB)
B mocnenoBarenbHocTH A(N) (1) 0JHO3HAYHO 3aBUCUT OT paHra I Matpuilsl V (2), T. €. OT KOJINYeCTBa
JIMHEHHO HE3aBHCHMBIX JBOMYHBIX BEKTOpOB Vi, U paBHsercs 2' [20]. CoOTBETCTBEHHO, KaKIblii
13 2' M-paspsIHbIX JIBOMYHBIX KOJOB Oyaer moBroparhes B A(N) 2™ pas, uto onpenensieTcs mMarema-
THIecKoi Mojienbto (1) s KBagpaTHOM M X M mopoxnaromieit marpuisl V [18, 20]. CoiictBa dhopmu-
pyeMbIX nocnenoBatensHocteil A(N) XapakTepusyroTcss HaG0poM M3 2' alpecoB U IIOCJIEIOBAaTENb-
HOCTBIO MX YePeIOBaHMs, OJHO3HAYHO OIpeAessieMpIMu Matpurieii V (cm. Tab. 1).
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[pencraBneHHas HOBasi MaTeMaThuyueckas Mojelb (1), uCmomb3yroas npsiMoyrobHyto (M + K) x m
MOPOYXIAIONLYIO0 MaTpuIly V paHra I, mo3BossieT (popMHPOBATH HOCIEA0BATEIBHOCTH ¢ 2™ "-kpaTHBIM
MOBTOpPEHHEM aapecoB (cM. yTBepxkieHue 1). B cimyuae makcumanpHOro I = M paHra marpuubl V
obecreunBaercsi 2*-kpatHoe moBTOpenue aapecoB. IIpu k = 0 momydrM XOpOIMIO M3yYeHHBIH paHee
ciy4ail OTHOKpaTHOTO MOBTOPEHHUS afipecos [3, 4, 6, 15].

Cpenu MHOrooOpasus COYeTaHHH aJpEecHBIX MOCIENOBATEIbHOCTEH HE3aBUCHMO OT WX BHOA [4]
HanOoJiee BOCTPeOOBAHHBIMH SIBIISIFOTCS TIPsSIMas aJipecHasi TOCIIe0BATEeIbHOCT U 00paTHast 10 OTHO-
IIEHWIO K HeW, B KOTOpO#l azmpeca (hOpMHPYIOTCS B OOpaTHOW IOCIIENOBATENIHHOCTH TI0 CPaBHEHHIO
C MPAMOH TOCJIEAOBATEILHOCTEI0. YacTo WX Ha3bIBalOT BO3pacTarolled M yObIBaromiei n1ubo mpsMoi
¥ MIHBEPCHOIA moceoBaTenpHocTamu 1 06o3uauaor cumsonam (1) u (). B ciayuae Hopoit MaTemaTu-
YeCKOW MOJIeNH, ONMUCHIBaeMO cooTHomeHueM (1) U ucnone3yromield Tpou3BoIbHY0 Matpuly V pas-
MepHOCTBIO (M + K) X M, Taxke CrpaBeUTUBO CIEAYIOIICE YTBEPIKICHHE.

Vreepxkaeunue 5. locnedosamenvrocms adpecos UA(N), ne{0, 1, 2, .. — 1}, o6pamnas no
omuowenuio k npamoii nocredosamensrnocmu VA(N), dopmupyemes ¢ ucnonvsosanuem coomuouie-
nust (1) u mou sice noposcoaroweis mampuywt \, umo u 01 2eHepupoBanusi NOc1e008amelbHOCIU
NMA(N) ¢ navansron aopecom UA(0), pasnwin aopecy TA(R™ - 1).

BecbMma mHTEpPECHBIM M TIPAKTUYECKH BOCTPEOOBAHHBIM SIBIISIETCS CIIyYail JBYKPATHOTO TIOBTOpE-
HUSI BceX M-pa3psaHbIX anpecos [22]. [ns dopmupoBaHus mOJOOHBIX apecoB HEOOXOIUMO MpHUMe-
HeHHMEe MaTpuIlsl V pasMepHocThio (M + 1) X M, uMerome# MakCUMaNbHbIH panr I = M. KoHKpeTHbIE
3HAYEHUS HAMPABISIOIINX BEKTOPOB MAaTPHIIBI OyIyT OMPENeNAaTh OIWH M3 BUAOB TaKUX ITOCIIEIOBA-
TENPHOCTEH U KOHKPETHYIO ero peanusanuio. [1o aHamoruu ¢ paHee UCIOIb30BaHHBIM B padote [22]
obo3HaueHreM Oy/IeM MPeICTaBIATh Takue mocienoBarenbHocti kak 2A(n), roe ne{0, 1, 2, ..., 2™ 1}
DTH TOCIEN0BATENLHOCTH MIOCTPOESHBI M3 BYX Mocnenosarenbnocteid A(n) mma ne{0, 1, 2, ..., 2" - 1},
MpUYeM JJIEMEHTaMH O00enX TMOCIeI0BaTebHOCTEH SABISIOTCS M-pa3psiIHbIe JIBOWYHBIE KO,
T. €. BJIEMEHTHI nocnenoBatenbHocteir 2A(N) 1 A(N) mpuUHAUISKAT OJHOMY U TOMY K€ MHOXKECTBY
smauennit {0, 1, 2, ..., 2™~ 1}. IIpumepsl NOJOOHBIX MOCIEAOBATEILHOCTEN, OMUCHIBAEMbIE MATPHIIA-
mu Vi, Vo 1 V3 pasmeproctsio (M + 1) x m = (3 + 1)x 3, npusenensl B Tabi1. 2. Bo Becex Tpex ciydasx
peann3oBaH OJWH W TOT K€ BHJ aJpECHBIX IIOCIIEJOBATEIBHOCTEH, a HMEHHO TOCIEA0BAaTEIHLHOCTH
koza ['pes, 0IHAKO Bce OHM UMEIOT PA3NIUYHYIO CTPYKTYPY YepeIOBaHUS aJpecoB.

B obmiem ciydae aist hopmupoBanus mocieoBaresbHoctei 2A(N) mopokaaromas matpuiia V, co-
cTosimast u3 M+ 1 CTPOKH U M CTOJIOLIOB, IOJDKHA MMETh MAaKCUMANBHBIN PaHT ' = M. DTO 03HAYaeT, 4TO
B Matpuiie Oyzaet M u3 M + 1 nuHeitHO He3aBUCHUMBIX Hanpasistoux yucen Vi, i€{0, 1, 2, ..., m}, u oxHo
qucio Vj, je{0, 1, 2, ..., M}, u3 HanpaBIAIOMKX YKcen V; OyaeT JMHEHHO KoMOMHAIMEeH U3 HECKOIIb-
KUX OCTaJbHBIX. B 3TOM 4nciie oHO MoxeT npuHuMath Hysesble V; =0 0 0 ... 0 0 1ubo exuHUYHBIE
vj=111...1 1 3HaueHHUs BceX KOMIIOHEHT (CM. Tab. 2).

AHanu3 pacCMOTPEHHBIX MPUMEPOB MOKA3bIBAET BO3MOXXHOCTh T€HEPUPOBAHHS COTIIACHO YpaBHE-
auto (1) B paMkax HOBOM MojenH TmocienoBateabHocTeid 2A(N) ¢ 3aaHHON CTPYKTYPO#l MOBTOPEHHS
aJIpecoB.

OnHOM W3 YacTO HMCIIONIb3YEMBIX Pa3HOBUIHOCTEH CTPYKTYP HOBTOPEHHUS TECTOBBIX HAOOPOB SIBIIS-
I0TCS CHMMETPUYHBIE CTPYKTYphI JaHHBIX, BIEpBbIe npemnoxkeHHple M. Hukomammucom B pamkax
HEpa3pyLIAOIIEro CAMMETPUYHOTO TeCTUpOoBaHus [26, 27]. Pa3nuyaroT 4eThipe pa3HOBUIHOCTH CHM-
METPHH TECTOBBIX JaHHBIX, a uMeHHO Type 1, Type 2, Type 3 u Type 4 (puc. 3).

k. \
GONZEaL N P \%N(’\\A”ﬂu
/ \‘

Type 1 Type 2 Type 3 Type 4

m-+k
i

Puc. 3. Buzbl cMMMETpHUM TECTOBBIX TaHHBIX
Fig. 3. Types of test data symmetry
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Type | xapaKTepH3yeTcst OCIIEI0BATEIHBIM (OPMUPOBAHIEM TECTOBBIX JAHHBIX B mpsiMom (TA(N)
u o6pataom VA(n) mopsiaxe. Pesynsrupyiomas nocienosatensHocTs 2A(N) GyaeT coaepkarh mocie-
noBatenbHOCTh ampecoB A(N), GopMHUpPYeMbIX B IPSMOM HOPSAKE € MOCIEAYIONIM (GOpMHUPOBAHHEM
9THX K€ aJpecoB B 00paTHOi nocienoBatenbHocTH. [ mocienoBarensHoctu A(N) xona I'pest mpu-
mep 2A(N) ¢ nyGnupoBaHKeM anpecoB MO THITy TYPe 1 ommchiBaeTcss MaTpuiiei Vi U 4acTHOTO CiTy-
Yasi, IpeICTaBICHHOTO B Tabu. 2. J{is ob1iero cinydvas cripaBeiIuBO CeIyollee YTBEpkKICHUE.

Vreepxaenue 6. Ilociedosamenvrocmes 2A(N) ¢ 08yKpammubiM nO8mMopeHuem aopecos, umero-
wasn cummempuro Type 1, popmupyemcs coenacrno coomuowenuro (1) npu ucnonvzosanuu npsmo-
yeonvroti (M + 1) X M mampuywr V' makcumanvioeo panea M u HyAe8bIMU 3HAYCHUAMU BCEX KOMNO-
HeHm Hanpasisiouje2o Yucia Vy.

OTMeTHM, YTO M HANPABISAIONUX YUCEI Vg, Vi, ..., V1 MATPHIIBI V, YKa3aHHOHN B YTBEPkKACHUU 0,
00pa3yroT MOPOXKIAIOLIYI0 MAaTPHILy TPOU3BOJIBHONW MCXOAHON mocienoBarensHoctu A(N). B tadmn. 5
OpPUBECH MpUMeEp mocienoBareibHocTi Co0os ¢ IBYKpaTHBIM MOBTOpeHHEM aapecoB 2A(N), KOTo-
pasi OIUCHIBACTCS MaTpUIle V.

Ta6bnuma 5

TocnenoBarensHocTH 2A(N) € ABYKPATHBIM TIOBTOPEHHEM aJIPECOB

Table 5

Sequences 2A(n) with duplicate addresses

Y A V, A V, Vs A Vs,
Vo = B2 BB |4 o 511 3 1 o001 o001 |111]000]000
Vi =B,MBWB® |12 0|110|011]|010[010|100]100
V, =B, (2)B;(2)By (2) 111 011 111 100 100 110 110
Vs = B, (3)B,(3)By (3) 000 111 111 011 001 101 101
A(0) 000 000 000 000 000 000 101

A(1) = A(0) ® v, 100 111 001 001 111 000 101
AQ)=AQ)® v, 010 001 010 011 101 100 001
A(B) = A(2) @ vy 110 110 011 010 010 100 001
A(4) =AR) ® v, 001 101 100 110 110 010 111
A(5) = A4) ® vq 101 010 101 111 001 010 111
A(6) = AB) ®v; 011 100 110 101 011 110 011
A(7) = A(6) ® vq 111 011 111 100 100 110 011
AB) = A(7) ® v, 111 100 000 111 101 011 110
A(9) = A(8) ® vq 011 011 001 110 010 011 110
A(10) =A(9) ® v, 101 101 010 100 000 111 010
A(11) = A(10) @ v, 001 010 011 101 111 111 010
A(12) = A1) @ v, 110 001 100 001 011 001 100
A(13) = A(12) @ v, 010 110 101 000 100 001 100
A(14) = A(13) @ v, 100 000 110 010 110 101 000
A(15) = A(14) @ v, 000 111 111 011 001 101 000

st dopmupoBaHus TocieoBaTensHocteir 2A(N) ¢ APYrUMU BHAAMH CHMMETPUH HEOOXOIMMO
BBITIOJIHEHNE YCJIOBHI COOTBETCTBYIOIMX YTBEPKACHUM, IPUBEICHHBIX HIKE.

Vreepxaenue 7. Ilocneoosamenvrnocms 2A(N) ¢ 08ykpamuwvim nosmopenuem aopecos, umero-
was cummempuro TYpe 2, ¢opmupyemcs coenacrho coomuowenuio (1) npu ucnonvsosanuu npsmo-
yeonvrot (M + 1) x m mampuyer V maxcumanoHo2o panea M u eOUHUYHBIMU 3HAYEHUAMU 8CEX KOMNO-
HeHm Hanpasaiouje2o Yucia V.

CumMmeTtpus TaHHBIX Type 2 obecnieunBaeTcs GOPMHUPOBAHUEM JBOMYHBIX MaHHBIX A(N) B PIMOM

MOpSAAKE e MocIeAyoNuM (JOPMUPOBAHNEM MX MHBEPCHBIX 3HAYCHUH A(n) B 00paTHOM TOpSIKE y.
IIpumep mocnemoBarensHocTH 2A(N) ¢ cummerpueit Type 2 1ist ciydast MOoClIeI0BaTeIbHOCTEH ¢ MaK-
CHMaJbHOM TepeKIII0YaTeIbHOM aKTUBHOCTHIO, OMHCHIBAEMON IMOPOXKTAIONICH Matpuliei V,, mpen-
cTaBJjieH B Ta0. 5.
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Vreepxaeunue 8. I[locredosamenvrocms 2A(N) ¢ 08yKpammvlm nO8mMopeHuem aopecos, UMerowas
cummempuio Type 3, popmupyemcs coenacro coomuowenuro (1) npu ucnonvzoeanuu npsamoy2orbHol
(m + 1) x m mampuyst V maxcumanvriozo panea M, 0Jist KOMOPOU Vi, = Vi 1.

B nannoM cinydyae cummeTpun oOecrieunBaeTcsl IOBTOPEHNE TOW jK€ MCXOTHOW TOCIIeI0BATEIHHO-
ctu A(N) U1 NOTy4YeHUs pe3yIbTUPYIOLIeH mocienoBaTeabHOCTH 2A(N), KaK 3TO MOKAa3aHO VIS CUEeT-
YMKOBOW TOCJEA0BaTeIbHOCTU (MaTpula V3), mpuBeAeHHOH B Tabd. 5. B yTBepxkaeHnn 8 paBeHCTBO
Vi = V1 OKBUBAJICHTHO PaBEHCTBY MOPA3PIIHON CYMMBI Vi D Vi 3 IBYX M-pa3psiAHBIX HAIPABIISAIO-
IIUX YUCEN Vyy U Vp g HYJIEBOMY M-pa3pagHOMy KOAy. DTO YTBEPXKACHHUE SIBISICTCS CIEICTBUEM
YTBEPXKACHUSA 2.

Yreepxaeuue 9. Ilocredosamenvrocmos 2A(N) ¢ 08yKpamuviM nO8mMopeHuem aopecos, umeio-
wasn cummempuro Type 4, ¢popmupyemcs coenacrno coomuowenuro (1) npu ucnonvzosanuu npsmo-
yeonvroti (M + 1) x m mampuyvt V makcumanvro2o panea M, 0t KOMopou cymma Ny @ Vi 1 Hanpas-
JAOWUX Yuces Ny U Vi1 pagHaemcs M-paspsaoHoMy eOUHUYHOMY KOOY.

ITpumep nocnenoBatenprocTH 2A(N), UMeroreil cummerpuio Type 4 st ciydast koia ['pesi, ipu-
BEJICH B Ta0JI. 5 ¥ omMChIBaeTCsl MaTpHLei V.

[Ba mocienyronmx MpuMepa, OMHUChIBaeMbIX Martpunamu Vs U Vg mociieoBaTenbHOCTEH ¢ IBY-
KPaTHBIM MMOBTOPEeHUEM azpecoB 2A(N), TakKe HILTFOCTPUPYIOT KJIACCHYECKUE TECThI, IMUPOKO MPHMe-
HseMbIC Ha npakTuke [2, 4]. B mepBoM cinyuae (Marpuiia Vs) nmpuBeeHa peaau3alis Iocae10BaTelb-
HOCTH KoMILIeMeHTapHbIX aapecoB (Address Complement), xapakTepusytolmasicsi mocie0BaTe/IbHbIM
(hopMUpOBaHUEM TEKYIIETO ajpeca, 32 KOTOPBIM CieayeT ero mHBepcHoe 3HaueHue [4]. [lomoOHsri
BUJ] TECTOBBIX ITOCIIEJIOBATEIHHOCTEH O0ecIieunBaeTcs mopoxaatomieit (m + 1) x m marpureit V max-
CHUMaJIbHOTO paHra ¢ HalpaBIISIONINM YHCIOM Vo, BCE KOMIIOHEHTHI KOTOPOTO MMPHHUMAIOT €AMHUYHBIC
3HaveHus (cM. Tabu. 5). Ecnu nmpu Tex e orpaHrYeHUsIX Ha TOPOXKIAIOITYI0 MaTpUIly V UCIIONb3yeT-
Csl HANPABIISIOIIEE YUCIIO Vo, COCTOSIIEE M3 BCEX HYJIEBBIX KOMIIOHEHT (CM. Tali. 5, cimydait Vi), TO
(hopMuUpyeTCsl Tak Ha3bIBacMasl JBYXTECTOBas IMOCIEAOBATEIBHOCTh (TWO-patterns), B koTopoi Kax-
IBIH afpec reHepupyeTcs nomnapHo Bo BpemeHH [2]. [logoOHbIe mociaeqoBaTensHOCTH BOCTPeOOBaHbBI
uist TectupoBaHuss kKomMOWHAIMoHHBIX KMOIl-cxem [1, 2]. Ilocmemnwmii mpumep, TpHUBEISHHBIN
B TabJ. 5 ¥ omuchIBaeMbIid MaTpuiiel V7, COTIIACHO YTBEPKICHHUIO 5 WILTIOCTPUPYET BO3MOXKHOCTD Te-
HEPUPOBAaHUS TMOCIenoBaTebHOCTH aapecoB 2A(N) B obOparHom mopsaxke. B ganHoM ciydae
¢ noMomeio HavaiabHoro 3HaueHuss 2A(0) = 101 renepupyercss yObIBaromas IMOCIEIOBaTEIbHOCTD
U2A(n) no otromenuo k noceosarensroctn 12A(N), omucsiBaeMoit Marpumeii Ve.

3akawuenue. [IpencraBieHHble aBTOpaMU PE3yNIbTAThl SBISIFOTCS MIPOJODKEHUEM HX HCCIEI0Ba-
HUI B 00JIaCTH T€HEPUPOBaHUS KBa3HCIy4alHBIX MocieaoBaTeabHocTell Co00Is, TPUMEHAEMbIX JIJIs
(hOpMHUPOBaHUST TECTOBBIX IOCIICAOBATEIBHOCTEH. B KayecTBe HOBOW MaTeMaTU4YECKOW MOJICIIUA HC-
MOJIE3YeTCS MOJU(PHUKAINS YKa3aHHOTO METO/1a, OCHOBAaHHAS HA MIPUMEHEHUH IS TeHEPUPOBaHUS aJl-
PECHBIX MOCIIEI0BATEIBHOCTEN MPSAMOYTOIBHBIX (M + K) X M moposkaaromux Matpuil V npou3BOIbHO-
ro panra r. [IpeanoxeHHass MOJETb PacHIUPsieT BO3MOXHOCTA T€HEPUPOBAHHS TECTOBBIX AJIPECHBIX
MOCJIeIOBaTeIFHOCTE ¢ TpeOyeMbIMH 3HAYEHHSIMUA NEPEKIIOYaTeIbHON aKTUBHOCTH KaK TECTOBBIX
HaOOPOB, TaK M WX OTIENBHBIX pa3psaoB. [[puMeHeHne TOPOXKAAOIMUX MATPHUI] HE MaKCUMAIIEHOTO
paHra JaetT BO3MOXKHOCTh (POpPMaiM30BaTh METOJ T'€HEPUPOBAHUS aJ[PeCHBIX MOCIE0BATEILHOCTEH
C YETHBIM MTOBTOpeHHEM ajipecoB. st panra r matpuiisl V, paBHOTO M—1, peAIoKESHHBIA METO]T TI03-
BOJIIET TEHEPHUPOBAThH MOCIIEIOBATEIFHOCTH C IBOMHBIM MTOBTOPEHHUEM aJIPECOB U C Pa3IMYHBIMU BU-
JamMu cuMMeTpud. VHTepecHBIM TpeJCcTaBIseTCs NallbHelInee ucciaeloBaHie MPeI0KEHHOTO TMO/I-
X0Jla JUIS TeHEPUPOBAHMS TECTOBBIX IOCIEIOBATEILHOCTEH C JIOKAILHO HCYEPILIBAIONINM T'CHEPHU-
poBaHNEeM HAaOOPOB I MX (PUKCHUPOBAHHBIX pa3psmoB. HampasieHus uccieqoBaHui B 4aCTH TeHEPH-
POBaHMs aJPECHBIX IOCIEJOBATENFHOCTEH C MOBTOPSIIOLIUMHUCS agpecaMyd M CIIOCOOBI MOMYYEeHUS
(OpMaNbHBIX METOJIMK OIIEHKH WX CBOWCTB, BIUSIOIIUX HA OOHAPYKWBAIOIIYIO CIOCOOHOCTH HEHC-
MPaBHOCTEH 3aITOMUHAOIIMX YCTPOUCTB, OCTAIOTCS MAIOM3YIECHHBIMH.

Bkaan aBTopoB. B. H. fIpmonuk MpeiioxKiI A0 MOIU(PUKAIIUN METOAa TeHEPUPOBAHUS aIPECHBIX
nocnenoBatenbHocTed, H. A. [lleguenko nccnenoBai MpUMEHEHHE JAHHON MOJETH IS TeHepUpOBa-
HUSl CUMMETPUYHBIX TECTOBBIX IOCIJIEOBATENBHOCTEH C JBOMHBIM MOBTOPEHUEM aJpecoB, B. A. Jle-
eanyesuy u J. B. [lemenkogey NpUHSIIN y4acTHe B OOOOIICHUN 1 aHATTN3E TTOJYYEHHBIX PE3YIbTATOB.
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