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The system of residual classes on the possibility of realization of a nonmodular operation of
determining the rank of a number is investigated in the work.
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IHocTanoBka mpo0JjemMn

[linBuieHHs eeKTUBHOCTI OOUNCIICHb TTOB'SI3aHO B JaHUH Yac 3 BIPOBALKEHHSIM MPUHLIUIIIB
napajienbHoi 00poOKu iHpopMalii, 3acHOBaHOI Ha MPEACTABICHH] YHCENl B CHCTEMI 3aJIMIIIKOBUX KIla-
ciB (C3K) [1]. IlepeBaru ta Hegoniku C3K neransHo po3rmsnyTi B [2]. o mepeBar C3K, 30kpema,
BITHOCSATHCSI MaJjia PO3PSAIHICTH 3aJUIIKIB, BUCOKA TOYHICTh 1 HaAIWHICTh, 3AaTHICTh CUCTEMU JO Ca-
Mokopekuii. Hegomiku o0yMoBIiieH1 TpyJHOILAMH MIpH peajizalii HeMoayapHuX onepanii. Jlo Takux
orepauiil BiTHOCATbCS BU3HAYEHHS MPUHAJICKHOCTI YHcia JaHol MOJOBWHI Jiama3oHy, MOPiBHIHHS
qrcell, BU3HAYCHHS BUXOy YMCIIa 3a JAiana3oH, onepauii po3MMpeHHs Jiana3oHy MpeAcTaBICHHS YH-
cen, IUICHHS, BU3HAYCHHS MEPENOBHEHHS, MaclITa0yBaHHs, KOHTPOIb MOMHIJIOK OOYMCIIEHb Ta iHIII.
[Tpu BUKOHAHHI JESKUX 3 LUX OIepalliii BUHUKA€E 3aJaua BU3HAUCHHS paHTy YKCIa.

CucreMa YMCIICHHS 3aJUIIKOBHUX KIJIACIB — L€ CUCTeMa, B SIKii JOBUIbHE YHCIIO MPEACTABICHO

y BUINIAAI HAOOpy HaWMEHIIMX HEBII'€MHHMX 3alUIIKIB IO MOAYISX my, my,..., m,, TOOTO

N = (al, oy, O n). Tyr o; =N (mod ml-). [Tpu npoMy, SKIIO YKCIA m; B3aEMHO IIPOCTi, TO TAKOMY
MIPEJCTABJICHHIO BiNIOBIA€ TUTHKU OJHE YUCIO N B Jiana3oHi [O, M ) , 06 M =mymy...m, .
AHaJIi3 0CTaHHIX JOCTITKeHb 1 myOaikanin

Brepe miznxia 1o BupilieHHs JaHOT 3aa4i 3aIIpOIIOHOBAHO B KJIAaCHYHIN poboTi [1].

B [3, 4] BuKOHaHO JOKIAJHE JOCITIKEHHS BIIOMUX aJITOPUTMIB BU3HAYCHHS PaHTy YHUCIA 3
MepeIlikoM HEAOJIKIB, OCHOBHHUM 3 SIKUX € HeoOXigHicTh nepexony uncen 3 C3K B no3uuiiiny cucremy
YHCIICHHS 1 HABMAaKH.

Pe3ynpTat BUKOHAaHUX JOCIIKEHb CBiAYaTh MPO MOXKJIMBICTH OTPUMAaHHA OibII edeKTHB-
HUX piieHb. [IponoHoBanuii HOBHI aNrOPUTMIYHMHN MiAXiA TO3BOMNSE ICTOTHO CIIPOCTUTH MPAaKTUUHY
peaizalito i IpUCKOPUTH OTPUMAaHHS PAHTY YHUCIIA.

DopMyTHOBAHHS METH J0CTITKEHHS

Meroro nochimkenns € aHaniTuuHuid posrisin C3K anst peanizanii HeMoxynbHOI oneparii BU-

3HAYECHHS paHry 4Yucia.
Bukiiax ocHoBHOTO MaTepiany
Beenemo 10 cucremMu MOAyaiB my, my,..., m, NONATKOBUI iH(popManiiiHuil Mogynb mj . OTxe,

Mk = Mmk .

Hexaii B pe3ynbTaTi BUKOHAHHS JEIKHX OIepaliif OTpUMaHe YUCIIOo, IPEACTaBICHE 3aIHIIKaMU
ay, ay,..., A,, ) B Jiana3oHi [0, Mk) IK Np = (al, Ao, Oy, ak), Ta TPEACTABIIEHE 3aINIIKAMH
ay,ay,..., a, B ganasoni [0,M) sx N =(aj, ay,... ;).

[Ipu 06pobui nanux, npencrasnennx B C3K, moxe 3HaH00OMTHCS XapaKTEPUCTHKA, 110 HA3H-
Ba€ThCA PAHTOM YHUCIIA, SIKa TMOKa3ye CKUTbKU pa3iB TpeOa BIAHATH BEMUYMHY Aialla30HY 3 OTPUMaHOrO
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yycna, mo0 MOBEPHYTH WOro A0 jiama3oHa. Tak, HAMpUKIAd, JUIS TOTO, 00 B CHCTEMi MOIYJIB
m =2, mp=3, m3=5 TNOBepHyTH uucio N,=113= (a1 =lay =2 a3 =3) JO0 Jiama3oHa
M =mymoymz =30 HeoOXiIHO TpUYi BIAHATH 3 LIOTO YMCIIA BEJIUYUHY Jiala3oHa [0 OTPUMAaHHS
N,=23<M.

Hosuauumo ry, — panr uncna Ny. Toxi Ny=ry M +N .

Otxe, a; =N, (mod mk) = (erM + NXrnod mk).

Bennunna @), = N(mod my ) — BinHoBenuit 3amumok [5] & 4ucia N 10 HOTO 3aiumIKax
ap,ay,..., O, .

[Mepenumemo oy y  BUITIAI oy = ((erM Xmod my )+ a, Xmod my).  3sigcm

P [(O‘k — Gy mod m; )
M M (mod my,)

mod m; ). OCKUIbKM I DaHOI CUCTEMH DPOOOYMX MOAYIIB BEINYHHA
k

M = M (mod my, ) mocriiina, N, = [(ak _&/;&(m()d s )J(mod my).
0

ay —a; kmod m
Takum 4nHOM 7y, = [( k=) k )J(mod my).
! M
0
OTxe, OCITIIOBHICTB i Jyisi OOYMCIICHHS paHTa YUCIla HACTYITHA.
1. BinHOBIIIOEMO 3aIMIIOK () yucaa N 1O HOro 3aluIIKax o, ay,..., A, -
2. Cximanaemo pisHumo 3amuuikis & = (ot — & Nmod my ).

3. BukoHyeMo JIUICHHS Ty, = Mi(mod my )
0

[TokasxeMO BU3HAUEHHS paHTy YUCIIa Ha HACTYIIHOMY IPUKIIAJL.

Hexaii B cucremi MonymB my=2, mpy=3, m3=5, mp=11, M =mmym;=30,
M =mymymsm;, =330, Ta My=8 orpuMaHo uucio N;=159= (a1 =lLay,=0,a3=4,0 =5)
niaraszona [0, M) Ta N=9=(c; =1,y =0, a3 = 4) nianazona [0, M).

1. BinHOBIIIOEMO 3aIMIIOK ¢ yucna N 1o Horo 3amumkax o) =1, 0o, =0,a3 =4.

BigHOBIEHHS 3aNMIIKYy BUKOHYEMO IO OAHOMY 3 BapiaHTIiB [5], mpu SKOMY 3A1HCHIOETHCS
OZIHOYACHE BMKOHAHHS alNrOpPUTMY SK A uucia N = 9, Tak i Aas 3BOPOTHBOIO HOMy ducia

N =(M —1)—N= 29-9=20 [6], 3a nonomoror Tabm. 1—5 s Tiel 3k cUcTeMU MOAYNIIB my =2,
my =3, my=5, my=11. Ilpu oMy HIIyKaHUH 3aJIMIIOK BU3HAYAETHCSA 32 3HAYCHHAM (), TOTO 3
YHCeN, /ISl IKOTO TIEPITHM OTPUMYEThCS Pe3yaIbTaT (&) =0,y =0,..., &y ) .

Tabun. 1, Taba. 2 Ta Tabil. 3 MICTITH, KOHCTAHTH BIOHIMAHHS, HEOOX1AHI I OOYMCIIEHHS 3a-
JIUIIKIB, [0 BiJHOBIIIOIOTHCS.

B naBenenomy npukiani Tabdn. 4 Ta Tabn. 5 UTFOCTPYIOTH MPOIIEC OTPUMAHHS IIYKAHOTO 3aJIH-
KA Ha mifcTaBi Ta0m. 1, Tabm. 2 Ta Taba. 3 KOHCTAHT BiJHIMAHHS.

3BepHeMoch 10 Ta0ul. 4. B nepuomy psiaKy 3aaMIIOK IO MOYNIIO my =2 JOPIBHIOE Oy = 1.
Omxe, Uist 3a/THIIKA [0 MOXY/IIO my =2 Tall. 1 psIOK KOHCTAHT BIAHIMAHHS Ma€ BUIIN ¥y, =1,

Ymy =15 Ymy =1, Vi, =1 BIANOBIAHO 1O MOAYISAX my =2, myp =3, my =5, m; =11. Bukonyemo

1 _ _ _ 1 _ _ _ 1 _ _ _ 1 _ _ _
L =0, A, =0y ~Vm, =2, Ay =y =V =3, a, =Om ~Vmy =1
1

(04 =

- =1.
my, me ~ Yy
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Tabnuys 1 Tabnuys 2
Mopymi Moy
m1:2 I’l’l2=3 ms3 =5 mk:ll m2:3 m3:5 mk=ll
T | ap | Tm, Ymo Ym, Ym, Ty | Gy=momy | Vm, Ym, Ym,
0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 2 2 2 2
2 1 1 4 4
Tabnuys 3
Mopnyai
Ty | a3 =m3mmy Ymy | Vm,
0 0 0 0
1 1 1 6
2 2 2 1
3 3 3 7
4 4 4 2
Tabnuys 4
Mopnyi
Yucno | m =2 my =3 my =5 my =11
3anuuku
1 N = 9 aml = 1 OC% = am3 = 4 amk = O
2 =t v, = | v =1 v, =1
3 N |, =0]d, =2]a,=3]|d,=I
1 1 1 1
4 R }/ ﬂ‘ll = 0 }/ ﬂ‘llz = 2 }/ I7‘l3 = 2 }/ ﬂ‘lk = 2
5 N2 |, =0]a’, =0]|a’, =1]|a’, =3
2 2 2 2
6 R }/ ﬂ‘ll =0 }/ ”112 =0 }/ I7‘l3 =1 }/ ﬂ‘lk =6
3 3 3 3
7 N3 a,=0la,=0]a, =0 amk=9

B TperboMy pszKy 3aIHIIOK IO MOAYIIO m, =3 JNOPIBHIOE arln =2. OTxe, UId 3aJIMILIKA 110
2

MOAYIIO m, =3 Talu. 1 psAfOK KOHCTAaHT BIAHIMAHHSA Ma€ BUIJIAJ ]/in =0, ]/in =2, j/rln3 =2,
1 2
]/in =2  BIINOBIZIHO N0 MOmynsax my=2, my=3, m3=5, m=11. DBuxonyemo
k
a? =q! —7/1 =0, a’ =a! —7/1 =0, a’ =qal —7/1 =1, a’ =a! —7/1 =3
m m m m m my ms3 ms3 ms3 My My My
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Tabruys 5
Mogymi
Yucio my =2 my =3 my =5 my =11
3aTUIIKK
1 N=20 aml = 0 amz = am3 :0 amk :0
2 — ;/ml = ;/mlz = }/m3 = }/mk =
s | w |, =0]d, =0]a, =3]d, =2
1 1 1 1

4 _ Y =017,,=07v,=3|7v,=
s |~ [#u=0]a,=0]a, =0]da, =9

B nm’sToMy psaKy 3aiMINOK 110 MOAYIIO m3 =5 JOpIBHIOE arzn =1. Orxe, g 3ayMIIKa O
2

MOIym0 m3 =5 Tabn. 1 psAooK KOHCTAHT BiJHIMAHHA Mae€ BUIIIAL ]/rzn =0, ]/rzn =0, ]/rzn =1,
1 2 3
yik =6 BigmOBiTHO MmO Momymasx  my =2, mp=3, m3=5, mp=11. Buxonyemo
@ =a? —y2 =0, & =a? —y% =0.a> =a? —y% =0, a> =a? —y? =
m m m my ) my m3 m3 m3 My My My

3BepHEMOCH 710 Ta0JI. 5 Ta BUKOHAEMO OIIEpallii, aHAJIOTIYHI OIepallisM o0 Tao. 4.
3ayBa)KUMO, IO 3TiAHO 3 [5] 3MiIHCHIOETHCS OHOYACHE BUKOHAHHS aNTOPUTMY K JUIS YUCIIa

N =9, taK i st 3BOpOTHBOrO fomy uncna N =(M —1)— N =29-9=20.

B mizcymMKy crodatky mis N OTpUMaHO 9, (071 =0,0, =0,....a; =9) 3a nBi iteparnii. Ha
IIHOMY MPOIIEC OTPHMAHHS IIyKAHOr0 3aJHIIKa NPHIHHAEThCA. OTKe, &) =9 .

Tenep Tpeba BUKOHATH MEpEXil B 3amumka &y =& uncaa N =20 N =20 no samimka
ay =@ A, =d,, 3BOPOTHBOrO Homy uucaa N =9.

Iepexin Bix 3amuiika ¢, = ¢, A0 3aJULIKA ([, = ({,, BUKOHYETbCS HACTYMHUM 4uHOM. He-

Xau ak ZN(mOdmk

a,2(a, +a,)(modm,). 3ammok &,'2 (M —1)(modm, )=29(mod11)=7. 3ammok &, =9.

) i & =(M-1)-N)(modm,). Toxi &'=(M —1)(modm,) ta

Orxe, &, =(7-9)(mod11)=9.
2. Cxiagaemo pi3HHIO 3aHIIKiB 6 = (¢, —d, )(modm, ) .
Tob6to, 6 =(a, —¢, )(modm,)=(5-9)(mod11)=7.

. o 7
3. Bukonyemo pinenss r, =——(modm,)=—(mod11)=5.
tM, 8
Orxe, panr uncna N, =159 nopisHioe 5, TOOTO HEOOX1THO M'ATH Pa3iB BIIHATH BEIHYMHY Jia-
nasona M =30 i3 yucia N, =159, mo06 noBepHyTH #Oro 10 JianasoHy.

Takum yMHOM, PO3TISHYTHI MinXix 3a0e3nedye edeKTUBHE BUSHAUCHHS PaHTy YKcia B CUCTEMI
3aJTUIIKOBHUX KJACIB.
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BucHoBkn
JlocmipkeHo MeTo ] peatizallii B CUCTEMI 3aJUIIKOBUX KJIaciB HEMOIYJLHOI orepallii Bu3Ha-
YeHHs paHry uducna. [loka3aHo, 10 3amporOHOBaHUN METOJ| 3abe3leuye OTpUMAaHHS IIYKaHOTO pe-
3ynbraTy. Ha OCHOBi 3alporOHOBAaHOIO MIIXOAY MOCSTAEThCS MiJABUINEHHS IIBHIKOMII BUKOHAHHS
oreparlii BU3HAUCHHS paHTy yucia. [IpencTaBnsieTbes MONUTFHUM 3aCTOCYBATH 3alPOITOHOBAHUH ITijl-
Xil B SIKOCTi MEPCIEKTUBHOTO HAMPSMKY JOCHIHKCHb CKIAIHHUX OIEpaIlii B CHCTEMI 3aJHMIITKOBUX
KJIaciB.
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ON ONE ALGORITHMIC APPROACH TO DETERMINING THE RANK OF
A NUMBER IN THE SYSTEM OF RESIDUAL CLASSES
Polissky Yu.

Abstract

When performing operations of expanding the range of representation of numbers, division,
determination of overflow, scaling, control of computational errors in a non-positional number system
of residual classes, the problem of determining the rank of a number arises. The rank of the number is
a characteristic, which will show how much if you need to change the value to the range from the set
number, then turn it into the range. The tools of the research methodology are systems analysis,
number theory, and the Chinese remainder theorem. The research methodology is based on the
introduction of an information module in addition to the system of working modules and the use of the
difference between the real and reconstructed residues for this module. Restoring the remainder of a
number for a given module is performed based on the remainders of this number for the rest of the
system modules. This determination is performed by successive subtraction of constants from the
resulting residues of the original number and summing these constants to the results that are formed by
the desired modulus. When the constants at each iteration are selected from pre-calculated tables,
depending on the values of the remainder in the analyzed digit. Restoring the remainder is carried out
according to an accelerated version, in which, in accordance with the basic algorithm, actions are
performed simultaneously for the number under investigation and the number opposite to the
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investigated one. In this case, the desired remainder is determined by the value of the remainder of the
number for which the search result is obtained first. The result of the work is the completed theoretical
substantiation of the proposed approach to obtain an effective solution to the problem of determining
the rank of a number. The proposed approach is algorithmically simple and it is expedient to consider
it as one of the directions of research on ways to increase the efficiency of computations in the residual
class system.
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