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JOCJIIIVKEHHA PE3YJIBTATIB MOAEJIFOBAHHS
APU®METHUYHUX ITPUCTPOIB

Cmamms npucesuena RUMAHHIO OOCTIOJNCEHHS Pe3VIbMAmie MoOen08aHH APUDMEMUUHUX
npucmpois ma ananizy gopm npeocmasnenus ingpopmayii. Ilposedeno knacughixayio moodenei apug-
MEMUYHUX NPUCTPOIB 3 BIONOBIOHOIO HYyMepayicio cnocobie KoOy8anHs yugpp ma npeocmagieHo y 6u-
ens10i muoodicun. Pezynomamu kaacugixosanux moodeneil 3anucano y eueisoi mabauyi, oe nepeniveni
cnocobu Kooysamms, AKi U 3a0e3neuyiomsv HAUMEHUY CKIAOHICMb MAMEMAMmuyHux mooenell npu-
cmpoio.

3a60axu ompumanum pe3yrbmamam MoOent08aAHHs 3 Memol 8UOOpYy Cnocoby KOOY8aHHs NPo-
AHANI308aHO KOOU yu@p, sKi 3a0e3newamv MiHIMATbHY CKAAOHICMb apu@MemuyHux npucmpois npu
3A0aniti WeuUoKoOii, i 008e0eHO, W0 WICMb GUSHAUEHUX CNOCO0i6 KOOY8aHHS | € HAUOLIbUWL YIKABUMU

OJ151 NOOANBLULO2O OOCTIONCEHHS.

Knrwouoei cnosa: mooeniosanis, cunmes, apupmemuuni npucmpoi, KoOy8anHs yugpp, MHONCUHU,

OEe3HAONUUIKO8A CUCEMA YUCTCHHSL.

AKTyanbHiCTh mpodJemu. [IpoGnema min-
BUIIIEHHS MIBUAKO/IIT 1 MPOAYKTUBHOCTI IPUCTPOIB
00poOKku iH(opMallii — I1e CYyTTEBA Ta Baroma ak-
TyajibHa Tpo0JieMa Ha Cy4aCHOMY IIPOCTOpPI po3-
BHUBAIOYMX CJICKTPOHHUX MPUCTPOiB[1-2].

Tomy 3amaua aHaizy ¢GpopM IpeacTaBIIcH-
Hs iHoOpMaIii crnpsMoBaHa Ha BHOIp TaKHX
¢dopmM, sKki 3a0e3neyaTh MIiHIMaIbHY CKJIATHICTD
apu(METUYHUX MPUCTPOIB TP KOHKPETHO 3aja-
HOMY napamMerpi mBuakoii [3].

HaiiGinpin 1ikaBi pe3yabTaTH MOJIEIIO-
BaHHS aprU(METHYHUX TPUCTPOIB TPEIICTABIICHI B
TaOMUIgx. Aje A1 NOJANIbIINX JAOCTIHKEHb 0Y-
70 obpano Tinekku 1 3 24 ¢opMm mpencraBiIeHHS
iHpopmarii [4].

AHaJli3 ocTaHHiX A0CTiIKeHb i my0Jiika-
uiii. ®opmu nipencTaBieHHst iHGOpMAITii, sSKi 1MO-
TpeOyIOTh HaAWMEHIIOI amnapaTHOi CKJIAJHOCTI
MPHUCTPOIO, 3abe3meyaTh HaWOUIBII MPOCTi anro-
puT™MH (PYHKIIIOHYBAHHS I[LOTO MpHCTporo. Llum
MUTAHHSM MPHIISETCS BEIMKA yBara siK BiTUH-
3HSAHUMH, TaK i 3apyOlKHUMH HayKOBIsIMHE [ 1—6].
ToMy mepcrneKTHBHUM HANPSIMKOM JOCIIKEHb €
CHUHTE3 KOJIB, sIKI OyJau O ONTHUMAaNbHI 3 TOYKH
30py PpIiBHS HAUIMIIKOBOCTI [7-8], 3aBasku
OTPUMaHHUM pe3yJabTaTaM MOJIETbOBAHUX apud-
METUYHUX MPUCTPOIB.

Meta cratTi. Po3pobutn croci6 omiHto-
BaHHsI Pe3yJIbTATiB MOJICITIOBAHHS apU(PMETHIHHX
MPUCTPOIB Ta CHOPMYIIOBATH PEKOMEHMAIlil 110
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BIPOBA/DKEHHIO MO3UIIHUX IBIHKOBMX HaJUIUIII-
KOBHX CHCTEM YHCIICHHS.

OcHoBHuii matepian. Ha ocHoBi pe-
3yIbTAaTiB MOJEIIOBAHHS TPHUPO3PSAHUX apud-
METUYHHUX TPUCTPOIB, SIKI peaizyroTh Omeparii
HajJ pi3HUMH (QopMaMH TIPENCTABICHHS KOJiB
nudp, HaBeAeHO KiIacu(ikaiio GopM mpencras-
JICHHSI TPUPO3PSTHUX KOJIB HA OCHOBI CKJIaIHOC-
Ti amapaTHOI peati3altii.

Knacugikyemo xomu umdp, siki BimoOpa-
JKeHI B Ta0JI. 1, 3a HAsIBHICTIO BaroBuX KoedimieH-
TiB pO3PS/IiB SIK BATOMI Ta HEBATOMI KOJIH, & ITOTIM
cepell HEBaroMux KoOJiB BHOepeMO Koau LUGD
CHCTEMH OCTATOYHHX KJIaCiB.

[Tpu BU3HAUEHHI BAaroMux KoiB nudp pos-
TIISTHYTO TIpsSIME Ta 1HBEPCHE KOAYBAHHS 4HCIA B
[JIOMY, a TAaKOX MOPO3psIHE TpsIME Ta iHBEpPCHE
KOJIyBaHHSI YHCIIa.

JAnst TIONertIeHHs MPOIeCy JOCIIKEHHS
BBOJIMMO METOAMKY CHHTE3y BaroBUX KoedilieH-
TiB pO3pS/IiB HA OCHOBI Pe3yJIbTaTIB MOJICITIOBAH-
Hs1 apuMETHYHUX PUCTPOIB [8].

AJITOPUTM € TaKUM:

e  BijI0Opa3uTH Koxu QP y BUIIISII MACHBY;
e iHBEPTYBAaTH CTOBIII MACHBY, SIKIIO B TEp-
[IOMY PSIKY iICHYE OIMHHUIIS

® BaroMoMy KoeQiI[ieHTy CTOBIIIS JaTH 3Ha-
YEeHHS KOAYIOUOi IU(PH, SKIIO B PAAKY CTOBIIIS
HasiBHA OJIMHUIIS,

e Hajanmi BaroBi Koe(illieHTH OTPUMYBaTH 3a-
BIIIKU T1I00PY 3 BiHIMAHHSAM Baris.
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3rigHo 3 Kinacu@ikalielo A0CcTiHKEHNX KO-
JIOBUX CYKYITHOCTEH 32 HasIBHICTIO BaroBUX Koe-
¢ilieHTiB 3’sIBUIACS MOXIJIMBICTh OTPUMATH TaKi
MHOKUHU:

M¢ =1{1,2,3,5,7,8,13,14,19, 21};
M =110,12,15,16,17, 20, 22};

COK

M?, =1{4,6,9,11,21,23},
e ME., m¢ , M?

o> Meges My, — 11 MHOXKMHH Takux KO-
JIB: BarOMUX KOIIB HHU(P, KOMIB IIUPP CUCTEMU
OCTaTOYHMX KJaciB, KOAiB mudp, Mo He KiacH-
¢ikyroThcs, Ta KIacu(ikoBaHHX 32 O3HAKOK Ba-
TOBUX KOC(II[IEHTIB.

Pesynbratu BimoOpaxxeHo B Tabm. 1, ie Ha-
BEJCHO TO3HA4YeHHs (HOpM IpeACTaBIeHHS 1H(OP-
Mallii, sIki BU3HAYAIOThCS 3HAYCHHSAMH KOIIB Iep-
KX IIECTH IU(P BiAIOBITHO:
1-012345;2—-012367; 3 — 021346; 4 — 021356;
5-021357;6—021457; 7 — 024675; 8 — 026137,

9 — 031756; 10 — 034125; 11 - 034167
12 — 034216; 13 — 041537; 14 — 042637,
15 — 052143; 16 — 052146; 17 — 061425;
18 — 104576; 19 — 105476; 20 — 124306;

21 — 124307; 22 — 125034; 23 — 125073; 24 —
130246.

JloBeneHi pe3ynbTaTH PO3pPaxyHKY CKIIAJ-
HOCTI AMCKPETHUX MOJIENeH apu(pMETHIHHIX MIPU-
CTpOIB KIacu]PiKyeMO 32 TAKUMHU O3HaKaMH [ 8 ]:

1. CkmagHicTh peatizallii MPUCTPOIO J0AaBaHHS
Ta BiIHIMaHHS HATYPAIGHUX YHCEL.

2. CknajHicTh peaizailii mprcTpoiB BiHIMAHHS
LIUIMX YHCEIL.

3. CkyagHiCcTh peatizaiii IpucTpoiB AIICHHS.

4. CxnaJiHiCTh peatizallii IpUCcTPOiB OPiBHIHHSI.

5. Cyma ckIagHOCTeM peamizalliii 3arajibHOI
MHOXHHH IIPUCTPOIB.

Hapami BBOAMMO MIKaJTy CKIAQJHOCTI IO
3MEHILIEHHIO JUIsl 3a0e3Me4YeHHs] KOPEKTHOCT1 KJia-
cudikallii 3a MepIIo 03HAKOIO.

Otpumani pe3ynbTaT Kinacudikamii Mo-
nenel apu()METHIHUX TPUCTPOIB 3 BIATIOBITHOIO
HyMepalli€ro croco0iB KoayBaHHs nudp 3riaHo 3
Tabn. 1 MOXKHAQ TPEACTABUTH y BUTISII TaKHX
PI3HOMaHITHUX MHOXHH:

- MHOXHHa MOJENEed MPUCTPOIB Aoja-
BaHHS Ta BiJHIMAHHS HATypaJIbHUX YUCEN, CKIIa-
HICTh SKUX OUIbIIA CKJIAJHOCTI MOJAEI TIpH-
CTpOIO, SIKUH pealtizye OC3HAUIMIIIKOBY CHCTEMY
YHCIICHHS:

o6 _ )
M7 ={6,18};

- MHOXHHa MOJENEed MPUCTPOIB Aoja-

BaHHA Ta BiJHIMAHHS HATypaJIbHUX YKCEI, CKIIaJI-
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HICTh SKHMX IIOpIBHSAHA 31 CKJIAJHICTIO MOJIENI
MPHUCTPOIO, SIKMI peatizye Oe3HaTHIIKOBY CHC-
TEMY YHCITEHHS:
M’ =1{1,3,4};

- MHO)XXMHA MOJENEH MNPUCTPOIO J0ja-
BaHHS Ta BiJHIMAHHS HATypaJIbHUX YUCEN, CKIIa-
HICTh SKHMX OLIbIlIA CKJIAAHOCTI MOJIEIII MPUCTPOIO,
SIKMI peajTi3ye CHCTEMY 3aJTUINKOBUX KIIACIB:

Mcﬁgcok = {2, 5, 7, 8, 9,11, 13, 14, 19, 21, 23}’

- MHO)XXMHA MOJENEHd MNPUCTPOIO J0ja-
BaHHS Ta BiJHIMAHHS HATypaJIbHUX YUCEN, CKIIa-
HICTh SIKUX TIOPIiBHSHA 31 CKJIJHICTIO MOJEN MpH-
CTPOIO, 1110 Peaji3ye CUCTEMY 3aIMIIKOBHUX KJIACIB:

M ={10,12,15,16,17,20,22,24};

- MHOXHMHA MOJENEH TMPHUCTPOI0 BiIHI-
MaHHS [UIMX YMCEN, CKIAJHICTh SIKUX MOPIBHAHA
31 CKJIAJHICTIO MOJENI MPHUCTPOO, IO peaji3ye
CHUCTEMY 3JIMIIKOBHX KJIacCiB:

M =1{6,11,12,15,16,17,18,22,23};

- MHOXHHA MOJIENEH TMPHUCTPOIO BiIHI-
MaHHS [UIMX YMCEN, CKIAJHICTh SIKUX MOPIBHAHA
31 CKJIAHICTIO MOJENI MPUCTPOO, IO peaji3ye
OC3HATUILIKOBY CUCTEMY YHCIICHHS:

M?=11,3,8,21};

- MHOXHHA MOJIENEH TMPHUCTPOIO BiIHI-
MaHHS IUIAX YHCEN, CKIAMHICTL SKUX MEHIIa
CKJIaJIHOCTI MOJIEITi TIPUCTPOIO, IO peajizye 0e3-
HaJUIAIIKOBY CHCTEMY YUCIICHHS:

M =1{2,4,5,7,9,10,13,14,19,20, 24};
- MHOXXHHA MOJIENEH MPHUCTPOIO JIICH-
HS, CKJIQJHICTh SIKUX TOpPIBHSHA 31 CKJIQJHICTIO
MOJIEITI TIPUCTPOIO, 110 Peali3ye CUCTEMY 3ajIHIll-
KOBHUX KJIaCiB:

M ={10,11,12,15,16,17,20,21,23};
- MHOXXHHA MOJIENIEH MPHUCTPOIO JIICH-
Hsl, CKJIQJHICTL SIKMX MEHIIA CKIaJHOCTI MOZAETI

MPHUCTPOIO, IO Peali3ye CHCTEMY OCTATOYHHX
KJ1aciB:

M) =1{3,4,5,6,7,8,9,13,14, 22, 24};
- MHOXXHHA MOJENIEH MPHUCTPOIO JIICH-
HS, CKJIQJHICTh SIKUX IOpPIBHSAHA 31 CKJIAaJHICTIO

MOJIEITI TIPUCTPOIO, IO Peajtizye Oe3HaTUIIKOBY
CUCTCEMY YUCIICHHSA!

6 .
M ={1};

- MHOXXHHA MOJENEH MPHUCTPOIO JIICH-

Hsl, CKJIQJHICTL SIKMX MEHIIA CKIaJHOCTI MOZAETI

MPHUCTPOIO, IO peallizye Oe3HAIMIIKOBY CHCTE-
MY YUCJIICHHA:

M) =1{2,18,19};
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- MHOXHHA MOjeiell TIPUCTPOIO MOpPiB-
HSIHHSI, CKJIAJHICTh SKMX IOPIBHSAHA 31 CKJIaJHIC-
TIO MOJIEJI MPHUCTPOIO, IO Peali3ye CUCTEMY 3a-
JINIIKOBHUX KJIACIB:

M =1{10,11,12,15,16, 20,21, 22, 23};

- MHOXWHA MOjeiell MPUCTPOIO MOpPiB-
HSIHHS, CKIAHICTh SKHX MEHINA CKIAIHOCTI MO-
JelTi PUCTPOIO, IO peai3ye CUCTEMY 3aJIUIIKO-
BHX KJIaCiB:

M;’HCOK — {17} .

JIJis oanbIIoro CHpOIIEHHS JA0CIIKCHb
pe3yabTaTH Kiacu(ikKoBaHUX MoJeNei 3amucaHo
B Tabm. 1, Ie mpaBuil CTOBIEIb MICTHTh IEpei-
YeH1 CIoCcOoOW KOJIyBaHHS, SIKI ¥ 3a0e3MeuyroTh
HalMEHIIy CKJIAIHICTh MaTeMaTHYHUX MOJeei
MPUCTPOIO.

Ante OOMEKHMOCS TaKUMH MHOXHHAMH
CIOCcO0iB KOTyBaHHSL:

M =M "M "M} ={24}.

BpaxoByroun 0OMexeHHsI Ha BaroMo 3Had-
Hi KoJ1 (P OTPHUMAEMO TaKe PIBHIHHS:

* 6 coKx MO MO 6
MlelmMs/(chs mMc mMS r\1‘4@/(={O}'
3poOMMO BHCHOBOK: OTPHMATH CUCTEMY YHCIICH-
HSl TUTBKM Ha OCHOBI CIIOCOOIB KOAYBaHHS, SIKi i

3a0e3nevyars HalWMEHIy CKJIaJHICTh MaTeMaTHy-
HHUX MOJENEN NPUCTPOIO, HEMOKIIUBO.

ToMmy 30iMTBIIMMO KiJBKICTH CIIOCOOIB KO-
NYBaHHS 33 PaXyHOK HAWMEHIIOro 30LIbIICHHS
CKJIaJIHOCTI HAOOPIB MPHUCTPOIB.

MHoXHHa JUIsi BaroMO 3HAYHUX KOJIB
nudp Oyae Takoro:

* cox bcok MO MO,

M, =M OMYNM” "M,

* “0K ocok MO MO
M2 :M2 thfk :(MLL;} UML‘«LU )mML‘t mMst thfA
3aBISKH 1IBOMY BHpa3ly JOBEICHO, IO
IIiCTh BU3HAYCHUX CMOCOOIB KOAYBAHHS 1 € Hali-
OUTBIN IIKABUMH IS TTOJAJIBIIONO JOCITIHKEHHS,
0 JTO3BOJISIFOTH OTPUMATH CHCTEMM YHCJICHHS 3
AKTHBHOIO ONTHMAaJbHOIO 1H(QOPMAIIMHOK HaJI-

JIUIIKOBICTIO.

Taomms 1

Kaacugikanis ¢popm npeacraBiieHHs] TPUPO3PSAAHUX KOAIB

HA OCHOBI CKJIAHOCTI anapaTHoi peaxizanii

Binbia ckiaxHoCTi
MOJIEJTi ITPUCTPOIO,
1[0 peatizye
0€3HaUTNIIKOBY
CHCTEMY YHCIIEHHS

[NopiBHsHa 31 cKkia-
HICTIO MOJICII MPH-
CTPOIO, IO peaizye
0e3Ha/UTUIIKOBY CHC-
TEMY YUCIIEHHS

Binbra ckiaxHoCTI
MOJIEJTi ITPUCTPOIO,
1[0 peatizye
CHCTEMY 3aJIHIIKO-
BHX KJIaciB

[NopiBHsHa 31 cKkiaa-
HICTIO MOJICII MIPH-
CTpOIO, IO peatizye
CHCTEMY 3aJIHIIKO-
BHX KJIaciB

CkiaHicTh
peanizauii npu-
CTpOIiB J0Ja-
BaHH Ta Bij-
HIMaHHS HaTY-
PaNBHUX YHCEI

6, 18

1,3,4

2,5,7,8,9, 11, 13,
14,19, 21, 23

10, 12, 15, 16, 17,
20,22,24

[opiBHsHa 3i ckIa-
HICTIO MOJICII MIPH-

MeHniia cKJ1aHOCTI
MOJIEJTi ITPUCTPOIO,

[NopiBHsHa 31 cKiaa-
HICTIO MOJICII MIPH-

MeHnia cKJj1aHOCTI
MOJIEJTi ITPUCTPOIO,

IIPUCTPOIB

CTPOIO, IO peaizye 1[0 peatizye CTpOXO, IO peatizye | IIo peasizye Oe3Ha-
CHCTEMY 3aJIMIIKOBUX | CHCTEMY 3aJIMIIKOBUX | O€3HAJIMIIKOBY CHC- | JIMIIKOBY CHCTEMY
KJIaciB KJIaciB TEMY YHCIICHHS YHCIICHHS
CKIIaHICTh
peaJ'Ii%aHill_' npu- 6,11, 12,15, 16, 1,3,8,21 2,4,5,7,9,10, 13,
CTPOIB BijtHi- 17, 18,22,23 14, 19, 20, 24
MaHHS I[JTHX
qucen
CkiagHicTh 10, 11, 12,15,16, 17, 3,4,5,6,7,8,9,
peaizawii npu- 20,21, 23 13, 14,22, 24 1 2,18, 19
CTPOIB JiJICHHS
CKIIaHiCTh 10, 11, 12, 15,16, 2,3,4,5,6,7,8,13,
peajizaiii 20,21, 22,23 17 1,9 14, 18, 19, 24
MIPUCTPOIB
MOPiBHAHHS
3arasnpHa ckiaa- | 6, 10, 11, 12, 15, 16, 2,5,7,13,14,19, 24
HiCTB peamisauii | 17, 20, 21, 22, 23 18 1,3,4.,8,9
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BucHoBknu:

1. BBesmeHo MeTOAMKY CHHTE3y BaroBUX KO-
eilieHTiB pO3pSAIIB HA OCHOBI OTPUMAaHUX pe-
3yNbTaTiB MOJICTIOBAHHA apu(METUUYHUX IIPU-
CTpOIB.

2. OTpuMaHO MHOKMHH 3TiJHO 3 Kiacudika-
IIEF0 JTOCII/KEHUX KOIOBHUX CYKYITHOCTEW 3a Ha-
SIBHICTIO BaroBHX KOe(illieHTIB.

3. KnacudikoBano ¢opmMu TpencraBieHHs
TPHUPO3PSTHUX KOJIB Ha OCHOBI CKJIAJHOCTI ama-
paTHoi peaizariii.

4. JloBeaeHo, IO IIICTh BHU3HAYCHHX CIIOCO-
0iB KOAYyBaHHS 1 € HAHOUIBII IIKABUMH IS I10-
JAIBIIOTO JTOCTIHKEHHS, IO JO3BOJISIIOTh OTPH-
MaTH CHCTEMH YHCIICHHS 3 aKTUBHOIO ONITHMAJIb-
HOIO TH(POPMAIIHOI HaUTHIIKOBICTIO.
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THE STUDY OF THE RESULTS OF ARITHMETIC DEVICE SIMULATION

The article is devoted to the study of arithmetic device simulation results and the analysis of the
forms of information presentation. Forms of information, requiring the least hardware complexity of
the device, will provide the most simple algorithms for the operation of this device. The synthesis of
code that would be optimal in terms of redundancy level, the results obtained through simulated
arithmetic devices are a promising area of research.

To facilitate the study of synthesis method weighting coefficients digits are introduced. Models
of arithmetic units with appropriate numbering methods of coding numbers are classified and
presented as sets. According to the classification of code examined for the presence of aggregates
weighting coefficients we can now also get the following sets of codes: significant digits codes, codes
of digits system final grade, codes of numbers that are not classified and classified on the basis of
weights. To further simplify the research results classified models are written in the form of a table
which lists the coding methods that provide the least complexity and mathematical models of the
device. Restrict ourselves to the following sets of encoding methods.

Due to obtained simulation results, in order to choose the method of coding, digits codes that
will ensure the minimal complexity of arithmetic units at a given speed are analyzed and it is proved
that six determined methods of coding are the most interesting for further study.

Keywords: simulation, synthesis, arithmetic unit, numbers coding, sets, unredundant notation.
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