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EFFECTIVE COINCIDENT IN TIME MULTI-OPERAND ADDITION IN LINEAR REDUNDANT
RECURRENT NUMBER SYSTEM OF THE THIRD ORDER
3OPEKTUBHOE COBMEIIEHHOE MYJIbTUONNEPAHJTHOE CJIOKEHHUE B U3BBITOUYHOM
JIMHEMHOM PEKYPPEHTHOM CUCTEME CYUCJIEHUS TETHEI'O ITOPSIIKA

Summary: The article provides the use of the properties of linear recurrent redundant number system of the third
order for a coincident in time multi-operand addition as many as 1,000 terms with algorithm of generation recurrent
rules of addition. Application of algorithm for generation the recurrence rules of addition is a compromise compared to
the tabular method by the ratio of the speed / memory.

Keywords: multi-operand addition, recurrent number system, redundancy, vertical bit slices, simultaneous addi-
tion.

AHHOTauua: B cTaThe mpeiokeHo MPUMEHEHHE CBOWCTB JTUHEHHON N30BITOYHON PEKYPPEHTHON CUCTEMBI CUHUC-
nenusi (JIMPCC) tpeThero mopsaka Ajisi COBMENIEHHOTO BO BPEMEHH MHOTOOMepaHaHoro ciiokeHus n0o 1000 membix
CJIara€MbIX C IMPUMEHCHUEM aJITOPUTMaA TCHEPAIIUU PEKYPPEHTHBIX MPAaBUJI CIIOKCHUA. HpI/IMeHeHI/Ie ajropurMa reHe-
panun pEKYPPEHTHBIX IMPaBUJI CJIO0XKEHUA ABJIACTCA KOMIPOMUCCHBIM 11O CPABHEHUIO C Ta6J'lI/IqHBIM METOAOM IIO COOT-
HOIIIEHUIO OBICTPOJEHCTBIE/ TAMSITh.

Knroueswvie cnosa: I/136I)ITO‘IHOCTL, PECKYPPCHTHBIC CHUCTEMbI CHUCIICHUSA, COBMCIICHHOC BO BPEMCHU MHOI'OOIC-
PaHAHOC CJIOKEHUE, BEPTUKAJIIbHBIC PA3PSAAHBIC CPE3bI.

ITocTanoBka mpoOJembl. 3a7aya OpraHU3alUy BbI-
COKOTPOM3BOAUTEIbHBIX BBIYUCICHUHN SBIISIETCS OTHOM U3
OTIPEISNAIOIMINX JJIT BBIYMCIUTENBHBIX CHCTEM. Y CIel-
HOE pelIeHne dTON 3aJ]a4H MMO3BOJISIET MOJIYIUTh XOPOIITHE
pe3yNbTaThl B PA3NMMYHBIX OTPACISAX HAYKH U TEXHUKH.
JIst co3aanus BHICOKOIIPOU3BOUTENLHBIX CHCTEM HEO00-
XOJUMO pelIeHHe KOMIUIEKCAa Mep C OJHOBPEMEHHBIM
Y4EeTOM OTpaHUYCHUU 10 MOTPEOIsIeMOl MOIITHOCTH, CTO-
HMOCTH, pa3Mepy KpPHCTallUIa, HAICKHOCTH (DYHKIIMOHU-
poBanus [1]. BaxHoil cocraBisitomiel TOCTHXKEHUSA (-

(DEeKTHBHBIX BBIYHCIICHHH SIBIISIFOTCS MapalljieibHbIe ajro-
puTMBI [2].

Jpyroit BaKHOM COCTaBIISIIOLIEH BHICOKOTIPOU3BOAU-
TENbHBIX BBIYUCIICHUI SIBISETCS MHOTOONEPAHIHOE CIIO-
JKEHHE, KOTOPOE CIIY)KUT OCHOBOW Takux apudmernde-
CKUX OTlepanuii, Kak yMHOXXKeHHe u aeneHue [3]. MHoro-
OllepaHHOEe CIIOKeHHe sBisieTcsl  (QyHIaMeHTaIbHON
mpo0eMoii B M(POBBIX BBIYUCINTEIBHBIX YCTPOCTBaX
[4,5]. OHO MMPOKO HCHOJB3YETCs KpunTorpadguu - B
67104HOM MIN(POBAHUM U XAII-PYHKIMAX [6], a TakkKe B
pabore nM@pOBBIX QUILTPOB, JUIS CXKATHUS BUIEO U JIPY-

TEXHUYECKHE HAVKHU
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rux obnactsax. [7]. Ucmonb30Banue TpaauMOHHBIX CYyM-
MaTOPOB B YMHOXXHUTEIISIX JJISI CYMMHUPOBAHUS MIPOMEXKY-
TOYHBIX DPE3YJIbTAaTOB BENET K IIPEBBIIMICHUIO IUIOMIAIH
MHKPOCXEM M BpPEMEHHBIM 3afepxkaMm [6]. MHoroome-
paHIHOE CIIOKEHWE M KOMIIPECCOpPHBIE NIepeBbs COKpa-
IIaf0T BPEMEHHBIE 3a/IePKKH 0€3 CHIIBHOTO MPEBHIIICHUS
miomasu [6].

Eme oaHOl Ba)kKHOW COCTaBIIAIONICH BBICOKOIPOU-
3BOJIMTEJIBHBIX BBIYMCIICHUN SIBIISTIOTCS TaOJIMYHBIE METO-
Jbl BeIYMCICHUH. OHU IIMPOKO NPUMEHSIOTCS B BBIUHC-
JUTENILHOM TEXHHUKE OJylarojapsi BBICOKOMY OBICTpoOjeii-
CTBHIO, OIHaKo  oOecredynmBaeTcss OHO  POCTOM
000pyIOBaHUS Ui BBIIOJHEHHS  JTOTIONHUTEIHHBIX
apudMeTHdecKkux omnepanuid. TaOIudHBIE METONBI HC-
MONB3YIOTCSA 1T BBICOKOCKOPOCTHOM — ammpOKCHMAITHH
aneMeHTapHbIX GyHKuwit [8,9,10].

Crnenyromeil BayKHON COCTaBJISIOLIEH BBICOKOIIPOU3-
BOJIUTCIIFHBIX BBHIYMCICHUH SBISCTCS MPUMEHEHHE H30BI-
TOYHBIX CHUCTEM CUHCJIEHHS, KOTOPBIE PacCMaTPUBAIOTCS
KaK aJbTepHaTHBA AJS peaju3allid MHOTOOIEpaHIHOrO
cnoxkenust [11], Tak kak OHH O0NATAIOT CBOWCTBOM HE
HCTIONB30BaTh WM OTPAHWYEHHO HCIOJB30BaTh MEPEHO-
cel [12, 13, 14]. M30bITOUHOE MPEACTaBICHHE COKpAIAcT
BpeMsI CIIOKCHHS OTPAHWYCHHUEM JJIMHBI IEMOYeK pac-
npoctpaneHus: neperocoB [7]. [loatomy mnst 3¢ dexTus-
HOW peamu3allii MHOTOOIICPAHIHOTO CIOXKEHHUS IIHPOKO
HCTIONB3YIOTCS N30BITOYHBIE cymMmMaTopsl [7]. IIpeobpaso-
BaHUC B HEM3OBITOYHOE TMPEICTABICHAE MPOUCXOINT ITy-
TEM CJIOKEHUS CTPOKH CYMMBI U CTPOKH IEPEHOCOB C TI0-
MOIIBIO TPAJUIIMOHHOTO CyMMAaropa ¢ pacHpoCTpaHEHH-
eM nepeHocoB (carry propagate adder-CPA) [7].

Jng  nmanpHeHmero yBelIW4YeHHS ObICTPOJEHCTBUS
MHOTOOTIEPaHJHBIX CYMMAaTOpOB HEOOXOAUMO YMEHb-
IaTh BpeMs pPACIHPOCTPAHEHHUS IIENOYeK IEepeHOCOB U
BpeMsI TeHEepaIii CyMMBI IyTeM NPUMEHEHUS H30BITOY-
HBIX CHCTEM CUHCIICHUS M CXEMHBIX pealu3alliiii MHOTO-
OTIePaHTHOTO CYMMHUPOBAHUS.

AHaJIN3 TMOCJEeAHMX HCCAeJOBAHMH U MmyOJuKa-
nuii. be3n30bITOUHBIC TO3UIIMOHHBIE CHCTEMBI CUHCIICHUS
HE MOTYT O0€CIIEUHTh IOJHOCTHIO MapajuiebHoe (a 3Ha-
guT W Hambonee ObicTpoe) cioxeHue [15]. Tloatomy B
YMHOXKHTENAX U ACTUTEISIX M30BITOYHOE KOAMPOBAaHHE
JIOCTaTOYHO LIMPOKO HCIIONB3YeTCS KaK BHYTPEHHEE, Tak
KaK B HEM CJIO)KCHHE BBITIOJIHACTCS 0e3 pacTpoCTpaHeHUs
IIEPEHOCOB 33 MaJIblil YCTOMUYUBBIN NMPOMEKYTOK BpEMe-
HHU, HE3aBUCUMBIH OT JiuH omnepannos [15]. Hampumep,
JIenUTeNb nponeccopa Pentium ucnonb3yer IBe pa3ind-
HblE U30BITOYHBIE CHCTEMBI CUHMCIICHHS: MTEpalnuy jaee-
HUS BBIIOJHSIOTCS B CHCTEMaX CUUCIIEHUS C COXPAaHEHH-
€M IIepeHoca, a YaCTHOE CHAavyasla BEIYUCISAETCA B CUCTEME
cuncnenus: ¢ 6asucom 4 ¢ nuppamu or -2 U 2 U 3aTEM
KOHBEPTUPYETCS B OOBIYHYIO IABOMYHYIO CHUCTEMY CUHC-
nernd. Mtak, W30BITOYHBIE CHCTEMBI CUHCIICHHS yMEHbB-
IIAf0T CIIOKHOCTh apU(PMETHIECKUX aJTOPUTMOB, HOBBI-
maroT OBICTPOIEHCTBUE M HAJISKHOCTH BRIYUCICHUH [15].

B pabote [16, Tabn.1] mpemioxkeHbl MpaBUiIa COB-
MEIIEHHOTO BO BPEMEHH CIOXeHHS S50-TH IEeNBIX I10JI0-
KUTEIBHBIX YHCEN B JTHMHEHHON M30BITOYHON PEeKyppeHT-

Hoit cucteme cuncienus (JIMPCCY) 3-ro mopsiaka, o6pa-
30BaHHON HA OCHOBE PEKYPPEHTHOI'O COOTHOLICHHUS BUA

B,=8B,,+3B,5+2B,, o

¢ ancasurom {0, 1} u HagampHBIMH 3HaUeHMSIMHA 1 |
1 1248,T0€CTbBo:1, Blzl, Bzzl, 83:1, B4:2,
Bs = 4, Bs = 8. 3aeck n — HOMep pa3psna, Bn — Bec pa3psi-
Ja. DTH mpaBuiIa 00CCICYHBAOT OCCKOH(DIUKTHYIO pac-
CTAaHOBKY €IMHMIl B MIIQAIINE Pa3psiibl CYMM COOTBET-
CTBYIOIIMX CTapUIMX BEPTHKAIBHBIX Pa3pagHBIX CPE30B
(BPO).

B [17] noka3aHo, 4TO mporpaMMHBIE MOJEIH OIHO-
BPEMEHHOTO0 MHOToOomepaHnHoro cioxernus B JIMPCCY
(1) mma pasmuaHOrOo KONMHMYecTBa 16-pa3psimHBIX IENBIX
MIOJIO>KUTETBHBIX YHCEN TPEOYIOT BO MHOTO pa3 MEHBIIE
pa3psAmoB ULl XPaHEHUsS] NMPOMEXYTOUHBIX PE3yJIbTAaTOB
BBIYKMCIICEHUH W BO MHOTO pa3 ObICTpee, YeM COOTBET-
CTBYIOIIME MOJIEIH CIOXKEHHS 110 alrOpuTMy YoJuieca B
0OBIYHOM JIBOMYHOM cucTeMe cuucienus. Hanpumep, npu
cnoxxennu 10-tu 16-pa3psnubix omepannos B JINPCCY
(1) Tpebyetcs B 1,86 pa3za MeHbIIIE COXPaHAEMBIX IIPOMeE-
KYTOUHBIX 3HadeHuil [17], mpu cioxenuun 20-tu 16-
paspsaHBIX omepaHaoB — B 3,1 pa3a MeHbIE cOXpaHse-
MBIX MPOMEXYTOUHBIX 3HaueHUH [17], a mpu ciIokeHUuu
50-tu 16-pa3psimHBIX onepaHaoB — B 7,3 pa3a MEHBIIIE CO-
XpaHsAEMbIX MPOMEXYTOUHBIX 3HaueHUH [17] mo cpaBHe-
HUIO CO CIIOXKEHHEM TI0 anroputMy Yoiuieca. Benencrsue
9TOTO BO CTOJIBKO XK€ pa3 YIPOCTHTCS ammapaTHas peaiu-
3aIHs CIIO’KEHHS U COOTBETCTBEHHO IOBBICHTCSI OBICTPO-
JIEHCTBUE.

ITonmy4yennsie pe3ynsTatsl [17, pucynku 3 u 4] natot
BO3MOXHOCTh YBEIMYUTh YHUCIO omepaHnoB ao 1000 B
COBMEIIIEHHOM MHOTOOIEPaHIHOM CYMMHPOBAHUHU ITyTeM
COOTBETCTBEHHOT'O YBEJIMUYEHHUS YHCIa MPaBWI PEKyp-
pentHoro cnoxenus B JINPCCY (1). C yBenuueHneM Ko-
JIMYEeCTBa OJHOBPEMEHHO CKJaJbpIBaeMbIX uucen 1o 1000
XpaHEHHE B MaMATH 3TUX MPABMII CTAHOBHUTCS AIapaTHO
3aTpaTHBIM BCIIC/ICTBHE YBEJIWYEHHS BPEMEHHM JOCTYIa K
KaXXJIOMY PEKyppEHTHOMY TIPaBHILY.

Heap craTbu. [y HaX0XICHUS KOMIIPOMHCCHOTO
pemeHust MeXy OBICTpOAeHCTBHEM MHOTOOIEPAHIHOTO
CyMMaTopa M almapaTHBIMH 3aTpaTaMH Ha XpaHEHHE U
00pabOTKy MpaBHJI CIOXCHUS B JIMHCHHOW M30BITOYHOMN
PEKyppEeHTHOI CHCTeMe CUUCIEHHsS 3-TO MOpsIKa paspa-
00TaTh AITOPUTM TEHEpaIH KaXI0TO MPaBHiIa I COB-
MEIIEHHOTO BO BpeMeHHu cioxeHus a0 1000 omepaHmos.
Ionaraercs, 4To 40 Hauana COBMEIIEHHOTO BO BPEMEHU
CJIOKEHMsI 33JaHHOTO KOJIMUYECTBA YUCENl YK€ HM3BECTHA
Ppa3psaHOCTh CYyMMBI ennHul Kaxaoro BPC.

N3no0:xenue ocHOBHOT0 MaTepuaia. B pabdore [17]
IIPUBEJEH PE3yJIbTaT IPUMEHEHUS B IPOrpaMMHOM Moje-
JIY TIPaBUJI COBMEIIEHHOTO MHOTOOMIEPAHIHOTO CIIOKEHHS
20-Tu 1ensix monoxutebHbix uncen B JIMPCCY (1) (pu-
cyHOK 1).

B aroit JIMPCCY wucnonp3yeTcs auaroHajibHas 3a-
MmMCch CyMMBI Kaxkmoro BPC, ompenensiemas cucteMoit
TIPaBWJI JIJIS COBMEIIEHHOTO BO BPeMEHHU clokeHust 20-Tu
OTIepaHIOB, MpHYeM KaxaoMy paspsamy cymmsl BPC ot-
BEYaeT CBOM TOPU30OHTANBHBIN psiJi HAYAIBHBIX 3HAUYEHUI.

20

TEXHUYECKHUE HAYKU



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11(15), 201

L/
FREEST |

n=16
2097152 1048576 524288 262144 131072 65536 32768 16284 8192 4096 2048 1024 512 256 128 64 32 16 & 4 2 1 1 1 1 Bec papAna
1 0 1 6 1. 0 1 1 0 11100100100 87781
1 0 0 1 0 1 6c 11 01001001111 76620
1 1 1 0 0 1 60 0011100110100 116967
1 0 0 1 0 1 6001 00011001001 76058
0 0 0 0 0 1 1 1 0 0000C1T 101011 3599
0 0 0 6 1+ 0 0 11 01101111010 4976
0 1 1 1 1 1 6011 01111100010 64381
0 6o 0 0 1 1 1 01 01100010100 1523
0 1 0 1 6o ¢ 0 11 01011101110 41823
0 0 0 1 0 1 601t 001110000111 10867
1 1 0 1 1 0 1 0 1 01110110001 111991
0 1 0 0 1 1 1 1 010010101010 40598
0 0 0 1 0 1 60 01 100011111110 10641
0 0 0 1 0 1 1 01 00111100001 11581
0 0 1 0 0 1 60 0110111100001 18877
1 1 1 0 0 1 1 01 001011001170 118062
1 1 0 1 6o 0 0 0 0 01111000110 106618
1 0 1 0 1 1 1 01 00111001010 89402
0 1 1 0 0 1 6 011001 00O0O0CO0T11 51602
1 1 0 1 1 1 0 0011110001000 112881
1 1 1 0 0 1 6001 11111111 1162848
0 0 1 1 6 1+ 0 0 0 1 1 000CO0O0OD0I1
0 0 1 0 0 1 6o 0 1 1 0 11111000
1 1 0 1 1 1 1 1 1 601111101000
0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 000 000
0 0 1 1 0 1 1 1 6c o 0 1 0 1 01101110
0 0 0 0 1 1 1 1 1 1T 0 1 1 0 11110010
0 0 0 0 0 0 0 0 6 0 0 0 1 0 00000000
0 0 0 0 1 0 0 0 60 o 0 0 0 0 10O O0CO0CO0CTOO
0 0 1 1 1 1 1 0 1 1 1 1 01 11011100
2 3 0 0 0 0 0 9 0 0 0 0 14 0 001000 2QRDB
0 0 0 0 b 0 0 0 60 0 0 0 0 0 16000021000
0 1 0 0 0 1 1 0 1 1 1 1 1 0 01100000 = 1162848

Pucynox 1. Peszynomam npumenenus npasuil cO6MeweHH020 MHO200nepanoHozo cioxcenus 20-mu yenvix
nonoxcumensvuvix uucen ¢ JIMPCCY (1).

Jnuna pa3psaaHoii ceTku Kaxaor cymmbl BPC 3aBu-
CHUT OT YHWCJIa CcJaraeMeIX U ompenensercs (opmynon

[17]:
_| In(x)
y—[ In2 +1J’

¢ X — KOJMYECTBO ClIaraeMbIX B JCCATUYHON CH-
CTEMC CUHCIICHHUA, Y — PA3pAAHOCTh YHUCIA X B ,Z[BOH‘IHOﬁ

CHUCTEME CUUCIICHHUS, 0003HaYaeT OKPYTIIEHUE C OT-
OpacblBaHHEM APOOHON YaCTH YHCIA, IMOCKOIBKY YHCIIO
paspsiioB ABISIETCS WENbIM. | padudyeckn 3aBUCHMOCTB
JUTMHBI pa3psiHOi ceTku Kaxkaoi cymmbl BPC ot yncna

OJTHOBPEMEHHO CYMMHPYEMBIX YHCEJ NpHUBEACHA Ha PH-
cyHke 2. 13 rpaduka BUIHO, YTO CYIIECTBYIOT JOCTATOU-
HO OoJpIIMe MHTEPBAJIbI 3HAYCHUH KOJIMYEeCTBa OJHOBpE-
MEHHO CYMMHUPYEMBIX YHCEN, B KOTOPBIX HE W3MEHICTCS
pa3psAaHOCTh cyMM enuHuI] B KaxzaoM BPC, a 3HauuT u
HE YCIIOXHSIETCS almapaTHas peanu3aius cymmaropa. 13
pHUCYHKA 2 TaKKe CIIEAYeT, YTO 4eM OOIIbIIe Pa3psiIHOCTh
cymMmbl kKaxaoro BPC, tem mmpe uHTEpBaibl OAHOBpE-
MEHHO CyMMHpYyeMBIX uuncen. Hampumep, s ogHOBpe-
MeHHOTOo cymMMupoBaHus oT 512 1o 1000 cmaraemsIx pas-
psanHocts BPC paBna 10.
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Yucno peomiHbIX pazpAangoe anAa 3anucKH CyMMbl
EAWHWL B KEXQOM BEPTUKANBEHOM PAIPALHOM cpese
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300 400 500 600 700 800 500
Konuue cTe0 0AHOBPEMERHO CYMMUPYEMbIX ONepaHAoE
Pucynox 2. I'paghux 3agucumocmu uucna paspaoos 0is 3anucu cymmul eOunuy  kasxcoom BPC om konuuecmsa
OOHOBDEMEHHO CYMMUPYEMBIX YUCE]L.

BcenenctBue Gompmoro o0beMa TaONWIBI MIPABIIT
cnoxkenust (mo 1000 mpaBwi) BO3MOXKHO IPHMEHEHHE
KOMIIPOMHCCHOTO BapHaHTa MEXKIY OBICTPOINEHCTBHEM U
00bemMoM mamsTh. C IETbI0 YACUICBICHHUS BBIYHCIHTEIb-
HOTO YCTPOWCTBA BO3MOXKHO CO3/IaHHE CXEMHOI'O pelie-
Hus reHepanuu roboro u3 1000 pekyppeHTHOTO mpaBuia
CJIOKEHMS.

3ajepkKa TEHEpaIllMH MpPaBUIA CIOXKEHHUS ODKHA
OBITh MCHBIIIC 3aJCPKKA HAXOXKICHUS NpaBWiIa B 0O0JIb-
o Tabnure mpaBui ciaoxeHus (mo 1000 mpasw).

[Ipu reHepamuu mpaBwiIa CIOKCHHUS BO3BEICHHE B
CTETIeHb OCHOBAHUS CHCTEMBI CUUCIICHHUS HE UCIIOJIB3YeT-
Cs IS COKpANICHUS alIapaTHBIX M BPEMEHHBIX 3aTpar.
[NamaTe ycTpolicTBa TEHEpaluy MpaBMIa CIIOKEHHS IO

i
Hauana TeHepaluM TpaBWiIa colepkuT umcia 0, 2,

1=012,...m. IIpy »3TOM MakcUMalbHOE YHUCIO

CKJIAJIBIBAEMbIX YHCEI HE JOJIKHO IPEBbIIATE 2.

Jlis reHepanuMu NpaBUila CIOXKEHUS HCIONB3YIOTCS
TOJIbKO OINEpaliyl CPaBHEHHUS U BBIUUTAHUSA. Pe3ynbTaToM
TeHepalluy TIpaBHia SBISETCS HeyObBarommii Habop
HATypaJbHBIX 4HceN W yncia (, MEHBIINX WIM PaBHBIX
M. Yucna u3 sToro HaGopa sSBIAIOTCS HOMepamMu | B

cJlara€MbIX Bn+ npaBuja, OTCUUTBIBACMBIMU OT Bn,

i
s koroporo 1 =0.

[Hanee nmpencraBieH anropuTM BBIYMCIEHUS KaX10TI0
PEKYPPEHTHOIO IIPaBUJIa Ha IICEBAOKOAC:

0<a<2™, m-—makcumansHoe

Input: YUCIIO
CKJIaAbIBACMBIX YHCEII.

Output:
aB,=B,,,+...+B,.,, 0<i,...k<m;- pexyp-

PEHTHOC MPAaBUJIO CIOKCHUA
program rule;
a<—187,

m,p,d,q - integer numbers
mas:array[0..10] of integer numbers
masl:array[0..10] of integer numbers
i,j:0..10;
begin
j€<—0;p<—0;d <—0;q<—0;
<« LM +1J ;
In2
print(m);
for i<—0to mdo
mas[i] « | 27 |;
end for;
p<—a;
1: for i<—0tom-1do
if (mas[i]=p) then
d <—d+1;
mas1[d] <—i;
q<—d;
goto 2;
end if;
if ((mas]i]< p) and (p<mas][i+1])) then
d <—d+1; masl[d] <—i; p <—p-masli]; g <—d;
if i<m-1 then goto 1 else goto 2;
end if;
end if;
end for;
2: print(a,"*B(n)=");
for d<—qto 1 do
if d>1 then print('B(n+',mas1[d],)+"); end if;
if d=1 then print('B(n+',mas1[d],");"); end if;
end for;
end.
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[Ipumepsl TeHepaluu PEeKypPEeHTHBIX MPaBUI CIIO-
xenus B JIMPCCY(1) mo BeImIeyKa3aHHOMY alTOPHTMY

TIpUBEACHEI B TabmwmIe 1.

Ta6numa 1
Ne npaBuna [IpaBuio

1 0=0+0

2 B,=Bn+0

3 2Bn=Bn+1

4 3Bn: Bn+Bn+1

35 34Bn= Bn+1+Bnis

36 35Bn= By +Bn+1+Bnss

37 36Bn= Bn+2+Bnis

38 37Bn= By+Bn+2+Bnss

48 47Bn=Bn+Bn+1+Bn+2+Bn+st Bnss

49 48Bn= Bn+atBnss

50 49By= B +Bn+4+Bnss

51 SOBn: Bn+1+Bn+4+Bn+5

188 187Bn=Bn+Bn+1+Bn+3+Bn+atBnis+Bnsr

225 224B,= Bp+stBpist Bt

293 292B,=Bn+2tBnsst+ Bpssg

301 300By= Bp+2+Bn+st BpistBnss

358 357Bn=Bn+Bn+2+Bn+5+Bn+stBnssg

492 491By=By+Bn+1+Bn+3+Bn+s+Bnis +Bni7+Bn+s
501 500B,=By+2+Bn+at Bnist Bnis +Bni7+Bnis
898 897Bn=Bn+ Bns+7+Bpis+Biso
1001 1000B=Bn+3+ Bn+st Bnig +Bni7tBnigtBnsg

BaxHO# 0cOOCHHOCTBIO NMPABMII MPEICTABICHHBIX B
Tabnuie 1 ecTh TO, YTO OHM IMPEAOTBPALIAIOT HEKOHTPO-
JMPYEMBIH MPOLIECC PACHPOCTPAHEHUs! LEMOYeK eINHHMIL
IepeHoca, Tak Kak 00JIaZaioT CBOHCTBOM OECKOH(IMKT-
HOW pacCTaHOBKM €JUHUI] Cpa3y B HECKOJBKO paspsioB
OonbIIero Beca. JTH MPaBUIIa MCKIIIOYAIOT MOTEPIO TPO-
MEXKYTOYHBIX 3HAYEHUH IIpyu BBIYUCICHUHU CYMMBI, TO
ecTb 0o0ecneynBaloT OECKOH(IMKTHOE MHOTOOIIEPAH/IHOE
COBMEIIIEHHOE CJIO)KEHHE.

BoiBoapl. [l MHOTOONEPAHAHOTO CJIOXKCHHS B
npenenax 1000 uenpix yrcen KOMIPOMHUCCHBIM PEIIEHU-
€M MeXay OBICTPOAEHCTBHEM MHOTOOIEPAHIHOTO CYyM-
Maropa M ammapaTHbIMH 3aTpaTaMH Ha XpaHeHHe u o0pa-
0OTKY MPaBWJI PEKYPPEHTHOTO CIIOKEHUS B HEM SIBIISIETCS
CO3/laHMEe YCTPONCTBA IeHepaliy NPaBH PEKypPEHTHOTO
CJIOKCHMUA. AHFOpI/ITM TCHEpAMU OTUX IIPaBUJI UCIIOJIb-
3Y€T TOJIBKO OIl€palru CPaBHCHUSA W BbIYHUTAHUA. Ot
paBujia UCIOJB3YIOTCA IJIA CJIOKECHUA B KaAXXJIOM BEPTHU-
KaJIbHOM Pa3psiJHOM Cpe3e MaccuBa CyMMHUPYEMbIX YHCEI
U HE JOMYCKalOT HEKOHTPOJIHMPYEMOE paclpOCTpPaHCHHE
LIEMOYEK EIMHUIl IIEPEHOCOB Onaronapsi CBOWCTBY Oec-
KOH()JIMKTHOM pacCTaHOBKM EIMHHMI Cpa3y B HECKOJIBKO
pa3psaoB OOJBIIEro Beca.
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DYNAMIC PREDICTION REQUESTS PROCESS WITH SWITCHING IN THE STORAGE AREA
NETWORKS
Abstract: The analysis and forecast of efficiency of the polling system, which it is expedient to use for mainte-
nance of storage area networks, is conducted in this work. On results the analysis of processes of questioning it is set in
the polling system that the choice of the most acceptable order of questioning of elements of network of storage de-
pends on the volume of the inquired package of information, l.e. from length of turn of queries. In other words, this

choice is determined by the type of distributing of information on the separate elements of depository of information.
As informing parameters for the choice of order of questioning and intensity of maintenance of concrete turn it is
suggested to use a complex index — function of length of turn and speed of its growth or decrease.

Keywords: storage area network, polling system, queue, nested Markov chain, dynamics of change of length of

queue

I. Introduction

The Storage Area Networks (SANSs) are designed to
manage large volumes of data for a large number of users.
However, with the data growth problem optimise query
performance and the issuance of the requested data. The
most promising way to solve this problem - the use of sta-
tistical methods, in particular, the methods of queuing
theory.

For evaluating the performance of storage networks
as a queuing system are encouraged to apply stochastic
models of polling or survey ordered [1,2]. The order is de-
termined by polling the queue the next queue server selec-
tion rule. The most common order of the survey [2 — 4]:

- cyclic - set sequence of passage of queues;

- periodic - based on a survey carried out on the poll-
ing table;

- casual;

- priority.

In [5] it is noted that from a practical point of view
of the significant interest of the system with an adaptive
mechanism of polling, in which when polling queues con-

sidered state of the queue, that is, if the queue was empty
in the polling cycle, the next cycle of the survey, this
place will be skipped. However, this approach can only be
used in polling systems where requests stream is station-
ary ergodic process [4,6]. Consequently, it is necessary to
take into account the current value of unsteadiness partic-
ular queue. Therefore, in practice it is advisable to apply
the polling mechanism of feedback and adaptation not on-
ly to the current size of the queue, but also to increase the
speed (frequency) queue. Such problems do not occur in
the sources available to us any general terms, nor in par-
ticular in relation to systems of the polling. Besides it's
necessary to meet the challenges of the current state of the
forecast.
This paper attempts to fill this gap.

Il. The mathematical description of the polling sys-
tem

Model of polling system for the storage area network
is described as follows. The system has one server and N
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