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JOCJIIXXEHHS METO/IIB PEAJIIBAIIL JEAKAX CKJIAJTHUX OIIEPAIIINA
Y CUCTEMI 3AJVIMIIKOBUX KJIACIB

B pobomi docnidoiceni cucmemu 3aaUMIKOBUX KIACIE 3 MONCIUGICINIO pednizayii CKIaoOHux onepayii po-
BUUPEHHS CUCeMU MOOYJII8 A USHAYEHHS NPUHANEHCHOCT YUCTIA OAHOT NONOSUHT OIANA30HY YUCE]L.
Knrouosi cnosa: 3anuwukosi kiacu, ckiadHi onepayii; cucmemu Mooynie; 0ianazoH 4ucel.

Residual classes systems with the possibility for realization of complex operations for expansion system
modules and membership number determination of a given half range for numbers are investigated.
Keywords: residual classes;, complex operations, module systems, range of numbers.

IHocTanoBka nmpodaemMu

EdextuBHe ynpaBmiHHS 3pOCTalOYMMHK MOTOKaMM iHGopMalii B CydyacHHX CHCTEMax yIpaB-
JHHA MOB'SI3aHO 3 MapayienizMoM o0unciedb. OTHUM 13 MePCIEeKTUBHUX HAMPSIMKIB MiJBUILEHHS MPO-
OYKTUBHOCTI OOYMCIIIOBAJIbHUX CTPYKTYp Ta iX HaAilfHOCTi € 3acTOCYBaHHSI HENO3WLINHOI CHCTEMH
sanmumikoBux kiaci (C3K), mo Mae BUCOKHI cTymeHb napanenizmy [1].

[Tpu BukonanHi obuucmoBans y C3K Hepinko BUHHKae HEOOXiAHICTh PO3MIMPEHHS iama3oHy
300pakeHHs 4yncen. BupimeHHs Takoi 3amadi Moxe OyTH MOTpiOHMM, HANpPUKIAJ, PU MOAYJIEHOMY
ninenHi uucen, 300paxennx y C3K, y TX Bunaznkax, KOJIU 3AiHCHIOETHCS AUTEHHS Ha YHCIIO, KpaTHE
OIHOMY a00 JEeKITbKOM MOAYIISM CUCTeMH. ToMy oreparisi pO3MIKPEHHS] CUCTEMH MOAYIIB, MPH SIKii
MO BiIOMHMM 3JIMIIKAM YacTKH AJs JeKiibkox MonymiB C3K BH3Ha4YaroTh 3HaYCHHS 3aJIMIIKIB 1O 1H-
HIMX MOAYJSX, BITHOCHUTBCS 10 OJHIE] 13 OCHOBHUX HEMOAYJIBHHX OIEpaliil y CHCTeMi 3aJHIIKOBHX
KJIaciB.

BusHavyeHHs MpUHAIEKHOCT] YKca JaHol MONOBUHI Aialla30Hy TaKoX € 0a30BOI0 HEMOAYJb-
HOIO Omeparii€lo B MOOYJISIpHIM crcTeMi 3anuIIKOBUX KimaciB. Ha ii ocHOBI MoXyTh OyTH oTpuMaHi
pillIeHHA psAy IHIIMX HEMOAYJABHHUX ONepamiii. ¥ 3B'I3Ky 3 HUM aKTyaJIbHUM € MUTaHHS PO3POOKH aii-
TOPUTMIB MiJBUILEHHS MBUIKOAII JaHOI omeparii.

AHaJi3 0CTaHHIX JOCTiIKeHb 1 my0aikanin

BupimenHto ckiaagHoCTel MpH peartizalii onepamiil po3IUpEeHHs] CHCTEMH MOIYJIIB Ta BHU3HA-
YeHHS MPUHAICKHOCTI 4Mcna aaHoi mojoBuHI miamazony y C3K mpucesiuenuii psa myOmikamiit
[2—S5]. IIpu 3HAUHUX JOCATHEHHSX Y 3iCTaBIECHHI 3 TOYaTKOBUMH DPillIEHHSIMH, 1[0 BUKJIAJCHI y Kia-
cuuHii (pyHIaMeHTanbHIA MoHOrpadii [1], 3anuInaroThCst IEBHI BUMOTH 10 ACSKHX MMOKAa3HHKIB, 30K-
peMa, MBUAKOAIT TaHUX OIeparlii.

DopMyJTHOBAHHS METH J0CTITKEHHS

Meroro pocnimkenHs € anamitnaanii posrasg C3K ans peanizanii 6a30BUX CKIaJHHUX orepa-

Uil pO3MIMPEHHS CUCTEMU MOJYJIB 1 BU3HAYEHHS MPUHAICKHOCT] YUCIIa IaHOI MTOJIOBHHI Jiana3oHy.
BukJsiax ocHoBHOTO MaTepiaiay

[Tin C3K po3yMiloTh CHCTEMY YMCIEHHS, B Kl AOBUIbHE YMCIO N TPENCTaBISIETHCS Yy BU-

rasai  Habopy HaWMEHINMX HEBII'€MHHMX 3aJHUIIKIB 10 MOAYISX  my, My ,..., m,, TOOTO

N = (al,az,m,an) Tyt a; =N (mod ml-). [Ipu upomy, sKIIO YKcTa m; MOMApHO B3aEMHO IMPOCTI,

TO TAaKOMY MPEICTABJICHHIO BiJIIOBIIA€ TUTLKU OJHE YUCIO0 N Jianma3oHy [0, M ) , 086 M =mymy..m, .
3ajaua poO3MMPEHHS CUCTEMU MOAYIIB monsrae B TOMY, I[00 OTPUMATH Ha MiJCTaBi 3aJIHIIKIB

IO MOZAYNSAX My, My ..., m, 300paxenns uncna N y C3K i3 mogynsamu m,,m,,...,m, ,m, ,,...,m,

>

TOOTO, BU3HAYUTH 3a/IUIIKU O ., O, IO MOAYJISIX BIAMIOBIAHO M1, 1,1, 5y T

n+l2°”

Bynemo BinpisusaTu uncia nepuioi R1 i qpyroi R2 monoBuHH Aiana3oHy
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M

R1LLOSN <—,

N e 2
M

R2,7SN<M

SIKIIIO CUCTEMOIO MOAYJIIB MOIiaJUYHOr0 KOy TAKOXK € CUCTEMA my, My ,..., M, , YAcI0 N B
MOJiaINIHOMY KOAI IPEACTABIAETHCSA y BUTIISAL

N = T+ Tymy + .+ MMy | L+ T (I Y Ny o + T, mymy ..My, A€ 7T, — TI03U-
uiiiHa xapakrepuctuka, 0 < 7z; <m; —1.

B pobori [6] moka3zaHO, IO KpUTEpiEM MPUHAJICKHOCTI YMCla AaHOI MOJIOBHHI Jiana3oHy
CIy’KMTb 3HAU€HHs 77, 1 HaBEJEHO 3aralbHUM MiXij npH Oy/b-1KOMY IapHOMY MOJYII.

R, 0<rz <Ze_jy
N e 2

R, D < <m -1

2
3okpema, s m, =2

Rl 7, =0

N e
R2, 7, =1

BazoBwuii anroput™ [2] s BupimieHHs 000X UX 3a7a4 MOJISITa€ B HACTYITHOMY.
BusHaueHHss 77,  3IIHCHIOETBCA  HUIAXOM  IOCHIJOBHOTO  BilHIMaHHA 3  YHCIa

N= (al ,az,. .o ,an) Z[OZ[aTKiB MNpCACTaBJICHHA LILOI'0 YUCjia B HOJ'IiaZ[I/I‘-IHOMy KOZ[i, IIOYHHAI04YM 3 MO-

&

JyIst my , 10 OTPUMAHHS N = (0, 0,...,0,a,) . llpu upomy 7, = (mod?), a KoHCTaHTH

mny,...,m._,
BinHiManus A = (7, -mm,,...,m _ )mods), s =t,t+1,...,n., IIpu dikcosaHiii BIOPAIKOBAHOCTI
my, ey ..., My = 2 CKJIaAfOTHCS TaOJHIII TIOMEPETHRO PO3PaXOBAaHMUX KOHCTAHT.

Bupimenns 3agadi po3mMpeHHs Alana3zoHy 300paKeHHS YHCEIl y CUCTEMI 3aJIMILIKOBUX KJIACIB
MoJIsira€ B HaCTymHoMy. Meron 6a3yeThCsl HA BU3HAUCHHI 3aJIMIIKA 110 JAHOMY MOJYJIIO Ha MiACTaBl
OTPUMAaHMUX 3aJUIIKIB 1O PEIITi MOAYJiB cucTeMH. Take BU3HaYeHHS! BUKOHYIOTh MOCIIJOBHUM Bil-
HIMaHHSM KOHCTAaHT 13 OTPUMAHUX 3JIMILKIB Ta MiJICYMOBYBaHHSAM LUX KOHCTAHT JI0 PE3YJIbTATIB, SKi
(bopMyIoThCs TT0 JTaHOMY MOy 0. [Ipy IbOMY KOHCTaHTH Ha KOXKHIN iTepallil BUOMpAIOThCS i3 Tore-
PEeIHBO PO3pPaxOBaHUX TAOIWIb KOHCTAHT B 3AJIKHOCTI BiJl 3HAYCHHS 3aJIMILIKa y aHATI3yEMOMY PO3-

PsIL 10 OTPUMAHHS N= (O, 0,...,0,0,x,.,).

Ha puc. 1 mna cucremu moxmymiB m, =5,m, =7,m, =3,m, =2,ms =13 mnpencrapienuit
rpadik 3aJIKHOCTI Yacy peai3aiii 6a30BOro aroputMy Bi BenmurHM uncna — psan 1. Cepenniii gac

N

> ik,

(KinbKicTh iTepauiii) mo manomy anroputmy 1 ="=— ne t=1,2,...,s — Benuunna uncna, k, —

N

2k,

t=1

KUIBKICTH YHCEN BEIUNYNHHA [ .
Jist cucremu MmoxyiB m, =5, m, =7,my, =3,m, =2,m, =13 T, =32.
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Puc. 1. 3anexHicTs yacy peanizanii aIrOpuTMY BiJ BEJIMYMHU 4ncna: pag 1 — O6a3oBuii anro-
PUTM;psIZL 2 — aJrOpUTM 3 TIPEACTABICHHSAM YMCET OMHOYACHO B MPSIMOMY 1 3BOPOTHOMY KOZaX

Jlst 301nbIIEHHS IBHUIKOIT aJTOPUTMY aBTOPOM OYJI0 BBEICHO YSBIICHHS YHCEN OJHOYACHO B
MpAMOMY 1 3BOPOTHOMY KOJaX 3 MOXIJIMBICTIO TIEPEXOay B MPOIECi pOOOTH anropuTMy Bifl OJHOTO
MPECTaBJICHHS A0 iHIoro [7].

[pu 3aBaanHi uncna N 3anuimkamu yucino N = (51,52,...,5”) € MPEICTaBICHHIM YHCIIa
N =(a,,a,,...,a,) B3BOpOTHOMY KOxi, ie &, = (m, —1)—a;, — 3BOPOTHUH KOJ 3aJIULIKY X, .

IMpu 3aBaanui ykicina N B moiaIHaHOMY KOJIi YKCIIO

N=m+7m,m +...+Tmm,...m_, +-+7T,_mm,...m_,+7T mm,...m,_
€ TPEJICTaBICHHIM YKCIIa

N=r+m,m +...+xmm,...m_, ++7T, mm,...m _,+7T,mm,..m,_

B 3BOPOTHOMY Ko, ¢ 77, = (m, —1) — 7r, — 3BopoTHui Koz no3uwiiinoi Xapakrepuctuku 77; .
Ha puc.l gns tiei s cucremu momyniB m, =5,m, =7,m; =3,m, =2,m; =13 HaBenenuii
rpadik 3aJIeKHOCTI Yacy peaiizalii anropuTMy 3 MPENCTAaBICHHSAM YHCET OJHOYACHO B MPSIMOMY i

3BOPOTHOMY KOJax Bin BenuuuHu uucna — psn 2. Tyt 7, = 21. Omxe, cepeqHe 301IbIIEHHS MIBUIKO-

7, 32
i 9=—1=3—=1,52.
7, 21

2
Tab6n.1 imtocTpye poOoTy 0a30BOTO anropuTMy Jjisi BU3HAUYCHHS TNMPUHAICKHOCTI YHCIA

N =136 panoi monoBuHi 1iana3oHy Ta po3LMIMPEHHS Aiana3oHy 300paKeHHs YMCel B CUCTEMI MOIY-
niB m, =5,m, =7,m, =3,m, =2,m, =13. Kinskicts irepauiit 7, =3 .V Tabn. 2—5 3amucaHi KoH-

CTaHTH, HEOOXiAHI A5l pOOOTH aATOPUTMY.
Tabn. 6 imoctpye poOOTy 0a30BOro airopuTMy Ui BU3HAYCHHS NPUHAIEKHOCTI YHCIA

N =136 nanoi nonoBuHi fiamasoHy B cuctemi momynis m, =5,m, =7,m, =3,m, =2 Ta po3umu-
peHHSI [iana3oHy 300paXKeHHs 4ucel s Moayisi ms =13 mpu poGoTi B 3BOPOTHUX KoHax. 3BOPOT-
it ko it N =136 € N =(M —1)— N =73 . Kinskicts irepartiii 7:2 = 2. Koncranrtu, HeoOXiHI

Ui poOOTH anropuTMy, HaBeaeHi y Tadm.2—5. [Ipu nupoMy oOuzBi IIyKaHi omepamii MOXYTb OyTH
BHUKOHaHI OJJHOYACHO.
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Tabauys 1 Tabauys 2
Mogymi -
M
Yucio s[7]3]2] 13 oyt
3aimiku S 71 3 2 | 13
136 1 3 1 0 0 TCl al Als Al7 Al3 Alz Ai}
- LyLjijigl 0|0/ 0 0|0 0]oO0
01210114 1 1 1 1 1 1 1 1
- RN 2 |22 |2] 2 0 2
=|lofo|1]| 5
_ — =111 1 3 1313 (3|0 1 3
=l=(0] 6 4 |4 4 4] 1 0 4
Tabauys3 Tabnuys 4
Monyni Moy
Ty | O =mm | AL LAY AL A My | Oy =mamm, | AL | AL AL
0 0 0 0 0 0 0 0 0 0 0
1 5 5 2 1 5 1 5 3 1 9
2 3 3 1 0 10 D 1 1 0 3
3 1 1 0 1
: ¢ 6 2 0 Tabauys 5
5 4 4 1 1 12 Moy
6 2 2 0 0 4 2 13
M, | O, =mmm,m, A A,
0 0 0 0
Tabauys 6 1 1 1 1
Monynu I ] ) _
Yucno 5 | 7 | 3 | 2 | 13 epexig B 3aNUIIKY &, =¢;; [0 3aJHIIKy
3aTuIKu a,. =0, BUKOHYETBCA  HACTYIIHUM  YUHOM. Hexait
73 3[3[1[1] 0] o, =N(modm,) ta @), =(M-1)-N)(modm,,).
- 31310011 3 | Tox
ool 3 | ™" v
- —[=[1]0] 5 a"”,y =M ~1)(modm,,)
=[=|ojo| 8| ™ .

-1 N —N
a n+l = (a + an+l)(m0d mn+l) :

n+l

Bammmox '™, = (M —1)(modm,,, )=209(mod13) =1. 3ammox a&,, =8. Omxe

~ T
a”  =(1-8)(mod13)=6. 36insmenns mBHmKosii 6 = 71 :% =1,50.

2

Tabm. 7 LmrocTpy€e pobOTY AITOPUTMY JUIA BU3HAYEHHS NMpUHAJIESKHOCTI uncina N =73 maHoi
TIOJIOBHHI JTialla30Hy B CHCTeMi MomynmiB m, =5, m, =7,m, =3,m, =2 Ta pO3IIHMpPEHHs Miana3oHy
300paXKeHHsI YHCeN Il MOXylIst Mg =13 mpu poOOoTi 0HOYACHO B HPSMOMY i 3BOPOTHOMY KOZax 3
MepexoiaMy B MPOLIeci pOOOTH aJIrOpUTMY BiJf OAHOIO IPEACTABICHHS YUCIa O HIIOTO.
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Tabnuys 7
Moy Moy
Yucio 517]13]|2 13 Uwucno 517132 13
3aaumKu 3aaumKu
73 3111 0 136 113]11(0] 0
- 310(1 3 - 1j1]1]1
=lofifo| 3 |7 0l2]0
_ == 0 5 - =[2]0]0
=|=|0(0] & <« =[({0]0
BucHoBKkH

Jocmimkeni Meroau peamizarii B CHCTEMI 3aUIKOBUX KJaciB 0a30BHX CKIIAHUX OMEPAIlii
PO3LIMPEHHS CUCTEMH MOAYJIIB 1 BU3HAUECHHS MPUHAJICKHOCT] YMCIIa JAHOI MOMOBUHI iama3oHy. [lo-
Ka3aHo, 1[0 NMpoaHali30BaHi METOAM 3a0e3MeuyI0oTh OTpUMaHHs IIyKaHUX pe3yapTariB. Ha ocHOBI 3a-
MPONOHOBAaHUX MIAXOIIB AOCATAETHCS MIABULICHHS IIBUAKOAI] BUKOHAHHS OIepaliii pO3IMUpPEHHS CH-
CTEeMH MOJIYJIB 1 BU3HAUEHHS NPUHAJIEKHOCTI YMCIIAa JAHOI MOJIOBHHI Jiana3ony. [IpencraBnserscs
JOLUTBHUM 3aCTOCYBaTH 3allPONOHOBAHI MIAXOAM B SIKOCTI MEPCIEKTUBHOIO HAIMPSIMKY AOCITIIKEHB
[IUX OTeparliii B CHCTEMI 3aJIUIITKOBHUX KJIAcCiB.
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METHODS OF REALIZATION FOR SOME COMPLEX OPERATIONS IN THE
SYSTEM OF RESIDUAL CLASSES
Polissky Yu.D.

Abstract

The operation of control systems always involves comparing the states of controlled objects
that are evaluated by the corresponding values of numbers. The computing structures through which
the above-mentioned operations of numerical comparison are performed are constantly required to
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increase the speed. Application of the system of residual classes (SRC) allows to increase the produc-
tivity of such systems. With significant advantages of the operations of comparing numbers in the
SRC there are some difficulties in their implementation in this system, which require further research.
The purpose of this study is the analytical review of the SRC for the implementation of complex oper-
ations of pairwise and group comparison of numbers. When comparing numbers pairwise, you need to
find more or less of them. When grouping the numbers, the following tasks are solved: the definition
of the maximum and minimum numbers of a group, the definition of the length of the range of the
group of numbers, the determination of the position of the numbers of the group in relation to a certain
fixed number, the definition of numbers inside a certain subband, the definition of the number closest
to the given number, the definition the number closest to the given and the nearest smaller to the given
number. Studies of the comparison of numbers in the SRC showed that all the variety of solutions for
pairwise comparison of numbers can be obtained on the basis of three approaches. First, for each of
the comparable numbers, positional characteristics are calculated, after which a comparative compari-
son of these characteristics with the traditional methods of comparison is performed. The second ap-
proach uses the definition of the membership of numbers and their difference to the upper or lower
half of the range of numbers. If the numbers belong to different halves of the range, then the larger
(smaller) is the number of the upper (lower) half. If the numbers belong to one half, then, if their dif-
ference is greater than the upper half of the range, there is a decreasing number. The third approach is
based on the compilation of each of the numbers of the reduced differences, resulting in the entire
range of numbers is broken into a number of sub-bands, within each of which the values of the resi-
dues are the same. Next, consider the third approach to solving the problems of pairwise and group
comparison of numbers based on the simultaneous representation of numbers in the forward and re-
verse codes with the choice of active representation in each iteration.
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