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YK 004.942
A . AHOIIPUEHKO, C.B. UBAHUIIA

OCOBEHHOCTH ITPEJCTABJIEHUSA BEIIECTBEHHbIX YU CEJI
B IOCTBMHAPHbBIX ®OPMATAX

Anomauisa. Pozensnymo akxmyanvhicms nepexooy 00 NOCMOIHAPHO20 KOMN' IOMUH2Y K 8ANCIUBO2O KPOKY
00 00CsACHEHHS <«CHYUKOI PO3PAOHOCMI» NpU KOOYBAHHI KINbKICHUX 3HAYUEHb ) CYYACHUX KOMMN IOMEPHUX
cucmemax. 3anpononogano psao mooudixayit mpaouyitinux gopmamis yucen 3 pyxomoio komoio. Ioxa-
3aHI NPUHYUNYU HOpMYeanHs OPIOHUX, IHMEPEATbHUX | NOCMOIHAPHUX (OPMAmMIE, 3ACHOBAHUX HA MOOUI-
Kayii cmano0apmuux ysenens wucen y popmami 3 pyxomor Komoro.

Knrouoei cnosa:. nocmoéinapui gpopmamu, mempanoika, mempaxoxu, iHmepeaibHi 00YUCIeHHs, NOCMOi-
HAapHi 004UCTIeHHA, PYXOMA KOMA, MAHMUCA.

Annomauusa. Paccmompena axmyansHOCmb nepexooa K NOCMOUHAPHOMY KOMNBIOMUHZY KAK GAINCHOMY
Wazy K OOCMUINCEHUIO «QUOKOU pa3paOHOCMU» Npu KOOUPOBAHUU KOTUYECNBEHHbIX 3HAYCHUL 8 COBPeMeH-
HbIX KOMNbIOMEPHbIX cucmemax. [Ipednosicen psd moougukayuii. mpaouyuoHuslx Gopmamos uucein ¢
niagaroweli 3anamoil. Tloxazanvl npunyunsl Gopmuposanus OpoOHbIX, UHMEPBATLHBIX U HOCTHOUHADHBIX
opmamos, 0OCHOBAHHBIX HA MOOUDUKAYUU CIMAHOAPMHBIX NPeOCMABLeHUll Yucel 6 hopmame ¢ niasaio-
wetl 3ansamoul.

Knwuesvie cnosa: nocmobunaphvle ghopmamol, mempaniocuka, mempaxoovl, UHMEPEATbHbIE BLIYUCAEHUSL,
noCmMoOuHapHvie LIYUCICHUS, NIABAIOWAs 3ANAMAsL, MAHMUCCA.

Abstract. The actual transition to postbinary computing asimportant step towards “flexible capacity”
encoding quantitative values in the modern compsystems was regarded. A variety of modificatidns o
traditional floating decimal point formats was paged. Some examples of development of fractional, i
terval and postbinary formats based on the modificaof standard representations of floating dedima
point numbers were described.

Keywords: postbinary formats, tetralogic, tetracodes, intdrncomputations, postbinary computations,
floating decimal point, mantissa.

1. Beegenue

Ha ceronusimnuii 1eHp anmnapatHoe oOecreueHue KOMIbIOTEPOB OPUEHTHPOBAHO Ha OMEPALUU C
YHCIaMH, IPEACTAaBICHHBIMU BCETO B IBYX (hopMaTax: IieJIble YACIIA U YHCIIA ¢ TUIABAOLICH 3ars-
toil. llenmouncnennas apudmeTruka onepupyer KOHEUHBIM MOJMHOKECTBOM MHOXKECTBA IEINBIX
yucen. Ecnu annmaparHas 4acTh UCIpaBHA, a IPOTrPaMMBbl HE COZIEPKAT OLIMOOK, TO LEI0YUCIICH-
Has apu(MeTHKa U MPOrpaMMHbBIE HAJCTPOWKH Haj HeW pabortator O6e3 morpemHocrteil. Hampu-
Mep, Ha OCHOBE LIEJIOUNCIIEHHONW apU(PMETUKN MOXKHO IOCTPOUTh apU(PMETUKY CUCTEMATUIECKUX
Ipobeil MPOU3BOIILHON pa3psAIHOCTH U OOBIKHOBEHHBIX NIpoOeil. [ TOYHOTrO mpencTaBiIeHUS
pE3yabTATOB IEJIOUUCIEHHBIX apu(METHUECKUX ONepaluii COBPEMEHHBI KOMIBIOTEP HMEET
BO3MOKHOCTbh COXPaHATh HEOOXOMMOE KOJIMYECTBO Pa3psiioB AJIs TOYHOTO MPECTAaBICHUS 0C-
TATOYHO OOJIBIIMX LIEIBIX YHCEN.

Ho npu peniennn GONBIIMHCTBA MPAKTHYECKUX 3a/1a4 ONEPAllUU MPOU3BOIATCS HaJl Be-
IIECTBEHHBIMM 4MciIaMU. [Ipon3BoibHOE BEIIECTBEHHOE YHMCIO NPEACTaBISIETCs OECKOHEYHOH
JECATUYHOM WM JBOWYHOM ApoObio. Ha mpakTuke B HayYHBIX M MH)KEHEPHBIX BBIYUCICHHIX Be-
IIECTBEHHBIC YHCIIA IPUXOAUTCS MPENCTABIATh B KOMIIBIOTEPE KOHEUHBIMU JAPOOSIMH, Yallle Bce-
ro YHCIaMH C TUIABAIOLIEH 3amsaToil. ApudMeTHKa Yncel ¢ MIaBarolei 3amnsaToi moaIep>KuBaeT-
Csl amnmapaTHbIM O0ECIIEYeHHEM COBPEMEHHBIX KOMIIBIOTEPOB M IOATOMY BBIMOIHSAETCS OUYECHb
obicTpo. Ho kaxkaas onepariys ¢ IiiaBarolei 3ansiToil MOKET BHOCUTD IOTPEITHOCTh, IIOCKOIBKY
qKcia, MPeACTaBICHHbBIC B popmare ¢ miaBaroinei 3anstoi (crangapt |IEEE 754),npencraBisior
KOHEYHOE MHOXXECTBO, Ha KOTOpPOE 0ToOpaxaercss 66CKOHEUHOE MHOXKECTBO BEIIECTBEHHBIX UH-
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cenn. B urore pe3yabTaT HECKOJIBKUX TTOCIEA0BATEIBHBIX OMEPAIMidi MOKET OKa3aThCsl COBEPIICH-
HO HEBEPHBIM.

[MpuBeaeM mpocToii mpuMep (aHATOTHYHBIH MpeacTaBacHHOMY B pabote [1]). [TycTs maHbl
JIBa LIEJIOYHMCIICHHBIX BEKTOpa X M Y

x =(10%, 1500, -1¢f, 10°, 2,-10),
y =(10", 3, 102 107, 222, 169

O003HaYMM CKaJIIPHOE IMPOU3BEACHUE X M Y 4epe3 XX Y, MPH BHIIOJIHEHUU KOTOPOTO

COOTBCTCTBCHHBIC 3JICMCHTBI BCKTOPOB MCPEMHOKAKOTCA U 9TU MMPOU3BCACHUA CKIAABIBAKOTCA. B
TOYHOM IIEJTOYMCIICHHON apu(PpMETHKE UMEEM

xx y =10°%+4500-16%10"+444-13°=4944.

Hwuxke MMPUBCACH MPUMCPp pCaiM3allu JAHHOTO HCJIOYUCIICHHOI'O BBIPAXKCHUSA B CUCTCMC
KOMIIbIOTepHOH anreopsl Mathematica:

In[5]:=10°+4500-16°+10**+444-1G3
Out[5]=4944.

OpnHako apudmMeTuKa yucen ¢ MiaBarollei 3anaroi Ha J1I000M COBPEMEHHOM KOMITbIOTE-
pe (BKiIIOYas Te KOMIBIOTEPHI, HA KOTOPBIX apu(METHKA peai30BaHa B COOTBETCTBHU C OOHOB-
neaHbiM B 2008 rogy cranpmaprom ¢opmara MpeacTaBICHHsS YUCENl € IJIaBarollei 3amsTon
IEEE 754-2008)BbIgacT UIsi TaKOTO CKaJsIPHOTO MPOM3BEACHUS HyJIeBOoe¢ 3HaucHHe. [Ipuynna
3TOTO B CTOJb OOJIBIION pa3HHUIE TOPSIIKOB CIaraéMbIX, 4TO OOBIYHOE MPEICTaBICHUE YUCEI C
TUTABAIONICH 3aMAToi HE MO3BOJISIET KOPPEKTHO BBINIOJHUTH BbluuciieHUe. Huke nmpuBeneH mpu-
Mep pealu3allii JIAHHOTO BBIPOKCHUS B CHCTEME KOMITBIOTepHOH anredpsl Mathematicampu
IPEACTABICHUHU 2JIEMEHTOB BEKTOPOB X M Y BEILECTBEHHBIMH YHCIIAMHU:

In[6]:=10.3°+4500.-10°+103+444. -10*
Out[6]=0.

Orta kaTacTpoduueckas MOorperrHoCTh BOSHUKAET HECMOTPSI Ha TO, UTO JaHHbIe (B JAHHOM
CITydae 3JIEMEHTHI BEKTOPOB) HCIONB3YIOT MeHee 5% nauamna3ona 3Ha4eHHi OpsIKa, JOCTYITHOTO
Ha 6OHBH_II/IHCTB€ KOMITIBIOTCPOB.

Huke mokasaHbl pe3yabTaThl CHMBOJIBHOTO (MPU3HAK 3HAKA «— ») U YHCICHHOro (Ipu-
3HAK 3HaKa «=») MpoIeccopoB MareMaTuueckoro makera Mathcad Professionalpu Beruncienun
JTaHHOTO TPUMEPA!

10°%+4500-16%10%+444-13°_ 4944=4.94410".
10°°+4500-16%10°3+444-15°=0.
103%4500.-10%+10>3+444.-10°%-. 0=0

B nocnieaHeM BapuaHTe BHIYMCIICHHN (3JIEMEHTHI BEKTOPOB — BELICCTBECHHBIC YHCIIA) CUM-
BOJIbHBIN M YUCIIEHHBIH mporieccopbl Mathcadokasanuck 6GeccuiibHBI.

CTouT TakXe OTMETUTD, YTO MPU BBIYUCIEHUU OTHOCUTEIBHO MPOCTOT0 NoJinHOMa Pymma
[2] ¢ onpeneneHHBIMUA BXOJHBIMU 3HAUYCHUSMH OOJIBITMHCTBO CYIICCTBYIOIIMX HA CETOHSIITHUMI
JIeHb MaTeMaTUYEeCKUX MaKETOB HE B COCTOSHUU TOJYYUTh BEpHbIN pe3yibTar. CrocoObl momy-
YCHHUSI BEPHOTO Pe3ysibTaTa MpPU BBIUMCICHUHU TOJIMHOMa Pymma, B NpUHIUIE, CYIMIECTBYIOT [2,
3], omHaKO MPUHSATHE PEIICHHS O BHIOOPE TEX MM UHBIX CIIOCOOOB BHIYMCIICHHH MOTHOCTHIO BO3-
jaraetcsi Ha moJsib3oBatens. [IpuueM Takoil moJib30BaTelb JIOJKEH XOPOUIO MOHUMATh CYTh BBbI-
YUCJIUTENIBHBIX MPOLECCOB U UMETh JOCTATOYHYK0 MAaT€MaTHYECKYI0 MOArOTOBKY. EcTecTBeHHO,
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YTO MPH HAPACTAHUU OOBEMOB BBIUYUCIICHHUH B MPOIECCE UCCIICAOBAHUS, MOJCIMPOBAHUS U TIPO-
EKTUPOBAHUS CJIOXKHBIX CHCTEM U JUHAMHYECKHUX MPOIECCOB CTAHOBHUTCS HEBO3MOXHBIM OYK-
BaJIBHO «BPYYHYIO» OTCIIC)KHUBAThH MPOOIIEMHBIC YYACTKU B BBIYMCICHHUSX U BBISABISATH MOJOOHBIE
npuMepy Pymria BerarcnuTenbHbIE aHOMAaTHH. [Ipu 7TOM B OONBITMHCTBE CITydaeB OMIUOKH B BBI-
YHCIICHUSAX OCTAIOTCSI IPOCTO HE3aMECUCHHBIMH, CYIIECTBCHHO MCKaXKas IMOJIyUYEeHHBIC pPe3yiibTa-
ThI. DTO TO3BOJISET MPEANOIOKUTH, HAPUMEP, YTO MHOTHE TEXHOTCHHBIE KaTacTpodbl MOCIIE/-
HUX JIECATUIICTUH OBLIN B TIEPBYIO O4Yepeib OOYCIIOBIICHBI HE «HdEJIOBEUECKUM (paKTopoM», a pas-
HOTO POJia BEIUUCIIUTEIILHBIMU OlIHOKaMu [4].

B maHHOI cTaThe paccMaTpUBAIOTCS, BO-TIEPBBIX, aKTyaJbHOCTh MEpexojia K MmocTOnHap-
HOMY KOMIBIOTHHTY U <TUOKOW Pa3psAHOCTH MPHU KOJAUPOBAHUHM KOJIMYCCTBEHHBIX 3HAYCHUN B
COBPEMEHHBIX KOMITBIOTEPHBIX CHUCTEMaX, W, BO-BTOPBIX, MPEUIaraloTCss MOCTOMHApHbBIE (popma-
ThI KOJIMPOBAHUS BEIIECTBEHHBIX YHCE.

2. Ot OMHAPHOI0 K MOCTOMHAPHOMY KOMIbIOTHHIY

[TepBast BoTHA HHTEHCUBHOTO Pa3BUTHUS NU(POBBIX TEXHOIOTHH, OTCUET KOTOPOH MOXKHO BECTH
npumMepHo ¢ 1945roza, mporia mouTy UCKIIOYUTEIHHO Ha 6a3e OMHAPHOM JIOTUKU U apu(pMeTH-
ku. OxHako, yxe B 90 rosipl, Kor/ia Hayajacs MacCOBBIM MEpexo/l K TEXHOJIOTHIM HapauIeIbHBIX
BBIYHCJICHUH, OrPAaHUYCHHOCTh OMHAPHOTO KOJO-JIOTMYeCKOro 0a3uca craia MpOsBIATHCS 0CO-
OEHHO OCTpO, B CBS3M C YEM aKTYaJH3HPOBAINCH MOUCKH NAIBHEWIINX, MOCTOMHAPHBIX, ITyTeH
Pa3BUTHUSI KOMIIBIOTEPHBIX TEXHOJIOTHH.

Camo MOHATHE «KOMIBIOTHHI» HA4YaJl0 UCIOIB30BAThCS CIIE B AMIOXY MEXaHWYECKUX BBI-
YHUCIIUTENBHBIX YCTPOMCTB, O3HAYasi MEPBOHAYAIBHO MPOCTO MPOLECC Pealn3alii KaKuX-JIM0o
BeIYHCIIeHU. OJJHAKO K HACTOSIIEMY BPEMEHH CMBICT 3TOTO TEPMUHA CYIIECTBEHHO PaCIIMPHII-
Csl, UYTO HAIIO OTPaKEHUE B CIEIYIOUIEM COBPEMEHHOM ompeaeneHuu: «[1oJl KOMIBbIOTHHTOM
OOBIYHO TTOHMMAETCS AEATEIBHOCTh, HAIIPABJICHHAs HA WCIOJNB30BaHUE M Pa3pabOTKy KOMITbIO-
TEPHBIX TEXHOJIOTHIA, KOMITBIOTEPHON TEXHUKH M IIPOrPAMMHOT0 oOecredeHus. DTO CBSI3aHHAS C
KOMITBIOTEpaMHU 4acTh MH()OPMALMOHHBIX TEXHOIOTHHA. C 3TUM TOHSATHEM TECHO CBSI3aHBI KOM-
NBIOTEPHBIC HAayKH, HAIPABJICHHBIC HA N3YYCHHE TEOPETHUECKUX U MPAKTHUECKHX OCHOB BBIYHC-
JeHui 1 "HQOPMATHKH, a TAK)Ke — Ha UX PealM3aliio B KOMITBIOTEPHBIX cHCTeMax» [5].

Takoe pacmMpeHHOE MOHMMaHHE KOMITBIOTHHTA CIOXHJIOCh YK€ B OMHApHYIO 3IOXY, B
CBSI3M C YEM MOJ] TUM TEPMHHOM TPAJUIMOHHO MPEIoIaracTcs OMHAPHBIA KOMIBIOTHHT, B OC-
HOBE KOTOPOTO JIS)KUT UCIIOJIB30BAHUE JBOMYHON JIOTUKU U JBOUYHON CUCTEMbI cunciieHus. Lle-
7€c000pa3HbIM M ONPaBIAHHBIM B HACTOSIIEE BPEMsI CIeyeT TaKkKe MPU3HATH U UCIIOJIb30BAHUE
TEpPMHUHA TTOCTOMHAPHBI KOMIBIOTHHT, BKJIIOYAIOUIETO B ce0sl BCE, YTO BBIXOJAUT 32 PAMKH J[BO-
WYHOM JIOTHKH M CHCTEM CUHCIICHUs, OJTHO3HAYHO CBOAMMBIX K JIBOMYHOW (IO CYyTH TOYEYHOH U
OZIHO3HAYHOM) CHCTEME MPEICTABICHHs KOJINYECTBEHHOW HH(POPMAIIUH.

B memoM MOXHO KOHCTaTUPOBATh, YTO BO3MOXKHOCTH NMPOAYKTHBHOTO CUCTEMHOTO IT0JI-
X0/1a K HCCIIIOBAHUIO BOIIPOCOB MOCTOMHAPHOTO KOMITBIOTHHTA MOTYT OBITH 00ECIEUYEeHBI pa3-
JMYHBIMH CIIOCOOAMHU, CIICACTBHEM YEro SIBISICTCS €CTECTBEHHOE MHOTOO0Opa3ue COOTBETCTBYIO-
mux uccienoBanuid. LlemecooOpa3Ho, B 4aCTHOCTH, Ha3BaTh TAaKWE MEPCHEKTHBHBIC HAIpaBlie-
HUSI, KAK MHTEPBAJbHBIC BBIUUCICHUS [6, 7], TUIIEPBBIYUCICHUS, KBAHTOBBIA U MOJICKYIISIPHBIH
KOMIIBIOTHHT [8].

B pamkax Kom0-10TMYecKOro MOAX0Ja, Pa3BUBACMOrO aBTOPAaMH JAHHOW CTAaThH, BaX-
HEWIIMMHU TPENNOCBUIKAMU JJIsI CHCTEMHOTO HCCIIEAOBaHMS MNpoOIeMaTHKu HOCTOMHAPHOTO
KOMITBIOTHHI'A SIBUJIUCH CIICAYIOIIAE MOMEHTHI.

Bo-mepBhiX, BBeJCHNE B HAYYHBIH 00OPOT MOHATHS <KOI0-TOIMUYCCKHi Gaszuc» (C moomn-
peleNeHUEM <«PACIIMPSHHBIN» HIIH «0000IICHHBIN»), IPEANOIararolero pacCCMOTPEHUE IBOJTIO-
IIUH JIOTHYECKUX U apH(PMETHIECKNX OCHOB KOMIBIOTEPHBIX TEXHOJIOTHI B HEPAa3pPHIBHOM €IMH-
CTBE M B JIOCTaTOYHO MIMPOKOW UCTOPHUECKOM MEPCIEKTUBE U peTpociekTuse [9I].
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Bo-BTOpBIX, BEISBICHHE M aHAIU3 KaK IIEJIOCTHOTO SIBJIICHUS] JOOWHApHOTO (mpabuHapHO-
r0) KOAO-JIOTMYECKOro 0a3uca, OCHOBHBIMHU COCTABIISIOLIMMHU KOTOPOTO SIBJISIFOTCSI MOHOJIOTHKA
paziM4HbIe dBOJTIONMOHKpYonHe Gopmbl MOHOKOZOB [10]. B memoM mosBuIMCH OCHOBaHUS TO-
BOPUTH O LEJIOH 31M0Xe MpaOMHAPHOTO KOMITBIOTUHTA, MPEAICCTBOBABIICH OMHAPHOMY 3TaIly B
pa3sBUTHM BBIUUCIUTENBHBIX CpelCTB. MccnenoBanue 3akoHOMepHOCTEN TOOMHAPHON 3BOIOLUU
U 1iepexo/1a K OMHapHOMY KOMIBIOTHHTY MO3BOJIMIIO 00Jiee CHCTEMHO U MPOIYKTHBHO TOJOUTH K
aHAJIM3y BONPOCOB MEpPexo0/1a K MOCTONHAPHBIM BBIYMCIICHUSM.

B-TpeTpux, BBeeHNE B HayyHBIH 00OPOT TaKUX B3aMMOCBSI3aHHBIX MOHSITHUH, KaK TETpa-
Joruka M Terpakoasl [11], mo3BommMiIO BHEpBbIE OAHOBPEMEHHO BBIWTH 3a Mpeesibl KaKk OJHO-
MEPHOTO MPOCTPAHCTBA IBOMYHON JIOTHKH, TaK U TOYEYHOT'O OMHAPHOTO MPEACTABICHUS KOJINYe-
CTBEHHOM MH(OPMALMH, YTO SBUJIOCH PEIIAIOIIMM IIArOM K MOCIEIYIOUIMM UCCIEI0BaHUIM I10-
CTOMHAPHOTO KOMITBIOTUHTA B KOHTEKCTE KOJI0-JIOTMYECKOM 3BOIOINU.

Jlornueckue, aqropuTMUYECKUE U MPOUYUE NPEIINOCHUIKM Nepexoja K MOCTOMHApHOMY
KOMIIBIOTHHIY Hadalld CKJIQ[bIBAThCS YK€ B MEPBOM MOJIOBUHE XX BEKa B XO/€ MHTEHCUBHOIO
pasBUTHS CPEICTB U METOAOB OMHAPHOI'O KOMIIBIOTMHIA BO BTOPOW IOJIOBHHE IPOLLIOTO BEKa,
HO TOJIBKO Ha pyOeke ThICSUeNeTHil (B MepByI0 o4epes, Oaroiaps TOTAIbHOMY Epexoy K ma-
paJUIeTIbHBIM BBIYHUCICHUSAM M (DOPMUPOBAHHUIO TECHO B3aUMOCBS3aHHOW IJI00AJbHONW KOMIIBIO-
TepHOW MHQPACTPYKTYpHI) Hadaya MPOSBISATHCS HACTOSTEIbHAs HEOOXOIUMOCTH MPEOOTICHUS
MHOT'OYMCIICHHBIX OTPAHUYEHUHN TPaJULMOHHOTO OMHAPHOIO KOJO0-JOrMYecKoro 6asuca, OpHeH-
THUPOBAHHOTO MPEUMYIIECTBEHHO Ha MOCJIEI0BATENbHYIO (Tak Ha3bIBaeMYyH0 (hOH-HEHMaHOBCKYIO)
BBIYHCIIUTEIBHYIO ADXUTEKTYPY.

B cBsi3u ¢ 3TUM Ha3pena HEOOXOIUMOCTh KOMITJISKCHOTO UCCIIEIOBaHHS BCEW COBOKYITHO-
CTH BOIIPOCOB, CBSI3aHHBIX C MEPEXOJOM K MOCTOMHAPHOMY KOMIIBIOTHHIY, OCHOBAHHOMY Ha HC-
MOJIb30BaHUU PA3MUYHBIX ()OPM THIIEPIIOTUKU M THUIEPKOIOB, KOTOPBIE MOTYT pacCMaTPUBATHCS
KaK 0000IleHNE TETPAJIOTUKU U TETPAKOI0B IPUMEHUTENBHO K MHOTOMEPHBIM JIOTHYECKUM IIPO-
CTPAHCTBaM.

3. Cnnoco0bI npeacTaB/ieHus BellleCTBEHHbIX YU ce B NOCTOMHAPHBIX (hopMaTax

B pa6ote [3] ObL1 mpeaokeH ps Crioco00B IS IPEOIOJICHHS TPOOIEM, CBI3aHHBIX C OIPaHH-
YCHHEM Pa3psTHOCTU YHUCEIl, TOCKOJIbKY UCIIOJIb30BAHKE TIPU BBIYMCICHUSX PA3PSIIHOCTH, CYIIle-
CTBCHHO TNPEBBINIAMONICH CTaHAAPTHYIO, SBISETCS OAHUM U3 CIIOCOOOB IMOYUEHUS TPABUIIBHBIX
pe3yabTaToB. Bee 3TH crocoObl B COBOKYITHOCTH MO3BOJISIOT B MPOIECCE BBHIYMCICHUHN BBIMOI-
HSTh CJICIYIOIIUE OTICPAITIH:

— yBenuueHue (MM BBIPABHUBAHUE) Pa3psTHOCTH BO H30CKAHKUE NIEPETIOTHCHUS Pa3PsAI0B
pe3yabTarTa M BBITIOJTHEHUE KOPPEKTHBIX BHIYHUCICHUH,

— BBITIOJTHEHUE TaK HA3bIBAEMOTO OTJIOXKEHHOTO JIEJICHUS, KOTJIa OTIEIBHO BBIUYUCIISIOTCS
YHUCIUTENh U 3HAMEHATEb, a JICTICHUE MPOU3BOAUTCS HA TIOCIIECIHEM IIIare BEIYUCIICHUS;

— MCIIOJIb30BaHNE WHTEPBAIBHBIX BBIYHCICHHN.

B pamkax peanm3zaiiiu BBIIICTIEPEUYHUCICHHBIX OTEpPAllUii BO3MOXHO JOCTHIKEHUE J1OCTa-
TOYHO HAJEC)KHOTO U 3PPEKTUBHOTO KOHTPOJIS 32 KOPPEKTHOCTHIO BhIYHCICHNH. Camu ke orepa-

IUU MOXHO 3(PeKTHB-

binary< pbinary(2 HO MCIIONB30BaTh MpH
S Eo Mg s Eq Ma MF, | CFq pa3paboTke U peanu3a-
s | o M s No Mpo Jmfo | cfo 1007031 MOCTOMHAPHBIX
{2 o ido METOZOB BBIYHMCIICHHUIA,

Puc. 1.Crpykrypa uncia B popmate binaryQ u B skBuBanzeHTHOM emy op- ~ OCHOBaHHBIX  Ha  TIO-

mate phbinary2 (Q —xomudectBo paspsaos popmara uncia, S—s3mHak, Eg CTOMHAPHOM IPE/ICTaB-
JCHUH  KOJINYCCTBEH-
HBIX 3HaueHwit [12, 13].
Bytomux popmaros, MF, —momuduxarop popmara, CF,—xox popmarta)  Onpako BBeneHHMe naH-

— cMelIeHHas 3KCroHenTa, M o U M (T— 0CTaTOK MaHTUCCHI COOTBETCT-
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HBIX OIEpaIfii B MOCTOMHAPHBINA BBHIYUCIUTEIBHBIN MPOIECC HEBO3MOXKHO 0€3 HE3HAYMTEIbHBIX
MouduKamii camux (GopmMaToB yKMcen ¢ MiaBaomei 3amsatoi. [loaTromy Ha ocHOBaHMU (popma-
toB uucen (binary32, binary64, binaryl2&yanmapra IEEE754-20080bu10 nipemoxkero 5 mo-
nuuIpoBaHHBIX (ITOCTOMHAPHBIX) (HOPMATOB YUCEN pa3InYHOM TouyHOCTH (puc. 1): oT oxuHap-
Hoit (pbinary32)no yBenndenHoii B 8 pa3 mo cpaBHeHUIO co cranaapTHoi (pbinary256).

B mpemiokeHHBIX TTOCTOMHAPHBIX (pOpMaTax IOJIe MAHTUCCHI YUCIIA TMPETEPIIEIO MOJHU-
(bUKaIuIo myTeM BBIJCICHUS HEOOXOAMMOT0 KOJMYeCTBa OUTOB I uAcHTU(HKaTopa hopmaTa

(mome idg), cocrosmero u3 Momupukaropa MF, (BHyTpeHHss Moaudukamus Qopmara

pbinary) un kona popmara CF, (mpu3sHak npuHAIEKHOCTH K Gpopmaty pbinary).

dopmupoBanue kKoaa uaeHtudukaropa Gopmara Ch, onpenencao takum oopazom (Tadi.
2), 9TO IO TMOJIOKEHHIO MIIAJIIEro HyJIs OTHOCHTENIBHO yKasaTels [0 Ha HadaJbHbBIA (IepBBIif

MITAIIINI) OUT YKcia MOXKHO TOYHO OMpEAETHTh Kak cam ¢dopmar uucia pbinaryg?, tak u ero
TPaHMIIBI B THAITa30HE [p +Q-1: p].

B 1o ke Bpems, B 3aBucuMocTH 0T Moaudukaropa MFgq, hopmar pbinarf) moxer co-
nepkath B cebe apyrue nmoadopMarsl MpeacTaBIeHUS JaHHBIX. [ Takux (opMaToB MPUHATHI

obo3HaueHus B Bujae pbinanQ/We, rne W — tounocts gopmata, B 2 (s ¢D{f A, p}) win 4
(m1a ¢ D{ fp, ip}) pasza MeHbInas W mokaswiBaromias (opMar COCTABHON 4acTH YHCE, 3aKII0-
YEeHHBIX B ONpEAEIsIeMyI0 pa3psaaHocTs (; ¢ — yKas3aTenb THIIA YHCIa C IUIABAIOMICH 3amsToi
(mpencraBieHsl cieayomue THIbL f —ApoOHOE YKcio, | —HHTEPBaIBHOE, P — HOCTOMHAPHOE)
WK TUna noctéuHapHoro yncia (mpexacrasnensl fp — nocréunaproe npobHOe  IP — moctowu-
HapHOE MHTEpBajbHOE). B Tabm. 1 mpuBeneHsl Bce paspaboTanHbie MOaAU(UKAIUU (HOPMATOB YH-
Cell Pa3IMYHOM TOYHOCTH B 3aBUCHMOCTH OT 3Ha4eHus Moaudukaropa MFq.

Tabnuma 1. [Ipeanaraemeie Mmoaudukanuu dhopmara pbinary)

Monudurarop pbinary32 pbinary64 pbinary128 pbinary256
MF[11:0] MF[O] MF[1:0] MF[4:0] MF[11:0]
0000 ... 0000 pbinary32 pbinary64 pbinary128 pbin&6y2
0000 ... 0001 pbinary32/16p  pbinary64/32f pbinary®28/ | pbinary256/128f
0000 ... 0010 pbinary64/32 pbinary128/64i pbina§/A28i
0000 ... 0011 pbinary64/32p  pbinary128/64p pbinary238p
0000 ... 0100 pbinary128/32ff pbinary256/64fp
0000 ... 0101 pbinary128/32ip | pbinary256/64iy
peseps pesepB

PaccMoTpuM CTpyKTYpy, 0COOCHHOCTH (HOPMHUPOBAHHS M Ha3HAUCHHE KaXKIOW M3 Tpel-
CTaBJICHHBIX Moau(uKainuii mocronHapHoro ¢opmara pbinaryg (B xkauectBe npumMepa Ha puc. 2
npeacTaBICHBI Bce Moaudukaimu Gopmara pbinary128):

* pbinanf) — daktuueckn umcio Qopmara binary), umeroniee MoaAUPUIMPOBAHHYIO
(ymenbmieHHyI0 Ha idg paspsmoB) manTHccy. Jlas mocrounapHoro ¢opmara pbinary) crpasen-
JIMBBI CJICYIONIME COOTHOIICHHS, CBSI3AHHBIC C OMPEICICHUEM KOJIMYECTBA Pa3psiIOB MOJCH 1M0-
cie MoauUKaIuu:

. Q
id, = 6 paspsaHoCcTh uaeHTudukaropa popmara;
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Q
cf, =log, 16 — pa3psAHOCTh Kojaa hopmara,

mf,, =id,,

—cf,

16

pbinary128

Q Q
=—-log, 16 pazpsiiHoCcTh MoaudukaTopa Gpopmara,

mp, = M, — id, — pa3psaaHOCTh MOAU(PUIINPOBAHHON MAHTHUCCHI.

S E128

m
M 128

MFlZS

C':128

127& 126 i
1 15

111

pbinary128/64f

£104

numerator

denominator

87&
5

MF128 = 00000 CFlzg =011

32&0
3

S Ees"

num
Meéa

denom
Ee4

denom
Mes

MF 128

CFi28

127{ 126 i 116
1 11

Jeo

pbinary128/64i

68| 67/ 66 { 56
11

left border

Jo

right border

87{
5

MF128 = 00001 CFlzg =011

32{0
3

S Eé4

m
Meéa

MF 128

CFi28

127& 126 i 116
1 11

2

pbinary128/64p

68 67&
1

87&
5

MF128 = 00010 CFlzg =011

32&0
3

pbinary64p
SP Ets M84 MFi25 | CFi2g
127 i 126125 i 104/ 103 i 8|7 { 3|2 { 0
2 22 96 5 3
MF126 = 00011 CFjp8 = 011
pbinary128/32fp
numerator denominator
S p Eéaz-num M3pz»num XX Egédenom Mgédenom M F128 CFlzg
109 68 49 3|2

127{
2

12

pbinary128/32ip

67 66|65 { 50
16

left border

right border

87{
5

MF125 = 00100 CFi55 =011

{30

SP ES

p
M3z

s ES

MF128

CFi28

127{ 125 i 110
2 16

[Tons 3naka (S) u cmemenHol skcnoHenTsl (E ) mepenocsarcs B Moau(UUIUPOBaHHBIH

109

2

o))

867{6665 { 50[49
2 16

Puc. 2. Mogudukauuu popmata pbinary128

E, = exp+ offsef
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87{
5

MF125 = 00101 CF55 =011

32{0
3

¢dopmat Oe3 uaMeHeHus. B Tabi. 2 mokaszaHsl pa3psgHOCTH (opMaroB pbinary mo oTHOMICHHUIO
K binarnQ.
Kaxnoe uncio, npeacrasieanoe B popmate pbinary), umeer 3HakoBbiii Out S (puc. 1):
S =0 ms monokuteapbHOoro 1 S =1 1yt OTPUIIATENBHOTO YKCIa. 3HAYEHUE CMEIIEHHON DKCIT0-
HeHTHI Eq popmupyercs crnenyronmm oOpazom:




rae eXp — 3HaYCHHE HKCIIOHCHTHI JBOMYHON APOOHM B HOPMAIM30BAHHOM 3KCITOHCHIIHATBHOM
Buge, Offset — 3agaHHOE  cMerieHHWe — AKCHOHEHTH B Q-OMTHOM  dopmare:
offset, = 2™ - 1= offset =( offsep),

Tabmuna 2. Paspsarocts pbinary ¢ ykazanuem 3Ha4eHHs Koja Gpopmara
Q S No mpo idg mfq cfo Cky
32 1 8 21 1 0
64 1 11 48 4 2 2 01
128 1 15 104 8 5 3 011
256 1 20 219 16 12 4 0111

B mone Mg 3ammchIBaeTCS OCTaTOK MAHTHCCHI IBOMYHOIO HOPMAIM30BAHHOIO YHCIIA C
TUIABAIOIIEH TOYKOM (oTOpomieHa crtapmas 1 OT HOPMaJM30BAaHHOTO JIBOMYHOTO 4YHCIIA BHJIA
+1,xX...x[exp). B dopmare noneit pbinary2 obmacts HopMann30BaHHBIX YMCEN JIEKHUT B IpeJie-

nax: S =X (moboe 3nauenne); E,=000...0%111...10;MJ=000...06-111...11.

Taxum oOpaszom, 1t popmara pbinaryd cnipaBeTMBEI ClieAyIONIME COOTHOIICHUS:
— JIBOMYHOE HOpMaIM30BaHHoe ynciao dn:

dn=(-1)° 1, M Cexga°me) (2)
— ACCATHYHOC HOPMAJIM30BAHHOC YHCJIO XN
—orise M m
xn= (~1)° &%) 4 —( 2;;310 ; 3)

— a0CoII0THAs MaKCUMAaJIbHO BO3MOJKHAs IMOrpCIIHOCTb Amax MMpEaACTaBJICHUA YHClla paB-
Ha IIOJIOBHMHE 11ara 4yMmcJjia, T.€. IOJIOBUHE BCJIMYUHBI HAUMEHBIICTO pa3psaa.

B = 2o @)

— OTHOCHUTCIIbHAss MaKCUMAaJIbHO BO3MO’KHAs MOTrpCIIHOCTD é npeaACTaBJICHUA HOPMaA-

N max
JIN30BAHHOI'O YMClia:

_ 1
6Nmax = W (100 %. (5)

10

Amnanorugno binarng), popmar pbinary2 umeer psia HCKITFOUUTETBHBIX YHACEN, K KOTOPBIM
HEJb3s MPUMEHSATH popmyisl (2—5):

1) monoxwurenbHbIA 1 otpunaTensHbii Homb: 0 (S=x; E, =0; M7 =0) u -0 (S=1,;
E, =0; Mg =0). BonbIIMHCTBO HPOrpaMMHBIX CPEICTB 3TH HYIIM HE pa3indaeT (OCKOIbKY B

3TOM HET HEOOXOJAUMOCTH), CUNTAS X MIPOCTO HYJICBHIMU 3HAUCHHUSM;
2) monoxwuTeNbHas U oTpuiarenbHas 6eckoneunoctu (+Infinity, — Infinity): +oo (S =0;

E, =111...11; Mg =0) u —o (S=1; E, =111...11; M7 =0). Dro0 uucna, KoTopsie GOMIbIIE
IPaHMI] MANa30Ha IPEACTABICHUS YUCET,
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3) ve uncina — NaN (No a Numbers)k KoTOpsIM OTHOCATCSI CUMBOJIBI, HIIH PE3yIbTaThl
HenonmycTuMbIX oneparmid. ITpu E, =111...11u M —mo6oe HeHy1eBOE 3HAUCHUE, PA3INYAIOT
+NaN (S=1) u —NaN (S=0);

4) HEHOpPMAJIM30BaHHBIC YHCIA — YHCIAa, MAHTUCCHI KOTOPBIX JIeXKAaT B JUAla30HE
0,1 Mg<1. Henopmanm3oBaHHbIE YKClIa HAXOAATCs OJMKE K HYIIO, YeM HOPMaJIU30BaHHbBIC, U

pa3dMBaOT MUHUMAJIBHBIN pa3psii HOPMAIM30BAaHHOTO YMCIIa HA HEKOTOPOE OAMHOXKeCTBO. st
HEHOPMAJIN30BaHHBIX YKCEN CIIPABEUIMBEI CJIEAYIONINE PABEHCTBA:
— JIBOMYHOE HEHOpMau3oBanHoe unciao dd:

dd = (-1)°[D, M7 [exp,°™ ; (6)
— JIECATHYHOE HEHOPMAM30BaHHOE yrciio Xd:
M m
xd = (=1)S o) 32 ) ; )

2™

— OTHOCHUTCJIbHAA MAaKCUMAJIbHO BO3MOJXHAasd MOIrpCIIHOCTD 6

MaJIN30BAHHOI'O YUCJIa.

1
6Dmax - ZEGM?;

)

(100 %;

D max

dopmyna (4) cipaBeaMBa TaKkKe Ul HECHOPMaJIH30BaHHBIX YUCEL.
Ha puc. 3 npencraBneno orobpaxenue uncen Gopmaror binaryQ2 u pbinarg) na uucno-

MNpeaACTaBJICHUSA HCHOP-

(8)

BOI OCH.
binaryQ
—XMmax XM .~ X0max ~XCin +XCrin X Amax +XMmin +XNmax
| ~NaN | ~Inf ~Norm —~Denorm -0 |+0 +Denorm +Norm +Inf | +NaN |
:‘X I—NaN ~Inf ~Norm —Denorm —01+0 +Denorm +Norm +Inf +NaNI +;(
A”max Acfmem Admin ACl"min Admax A”max
b b
~Xihax -xdfax | -xdfi xdhin | txdhax +XNfax
pbinaryQ

Puc. 3. Orobpakenwe uncen Gpopmaros binaryQ u pbinarg ma auciaosoii ocu (Norm, Denorm -e6mactu
HOPMAaJIM30BAaHHBIX M HEHOPMAJIN30BaHHBIX YKcel; Pb — npusHak nocrounapHoro ¢popmara; Xd u Xn—
HEHOPMaJIM30BaHHbBIE U HOPMAJIN30BaHHbIE YHCIA)

10[ +xd™

CosokynHoctr noneit +Norm u +Denorm ([-xnf®, ; —xd™ P +xnf? 1) sBnsoT-

ax ! min
CA JUAIa30HOM IMPCACTABJICHUA MOJOXKHUTCIBbHBIX WX OTPULATCIIbHBIX YHUCCIT (bopMaTa pbinar)Q

Ha Bcel uucioBoi ocH. Mcnonb3ys cootHomrenus (3) u (7), MOKHO MOJTYYUTh JSCATHYHBIC 3HA-

pb

YeHUs] MOIyJIe MUHUMaIbHOU Xd,, (3HAaueHHE IO MOAYITIO HAMMEHBLIETO HEHOPMAIH30BaHHO-

ro uMclia) U MaKkCHMAanbHOM XNPo —(3HaueHHe MO MOJYTI0 HAMOOIBIIEr0 HOPMATH30BAHHOTO
qrclia) TPaHUI] JUara3oHa mpejacTaBieHus gyucel B opmare pbinary2 (tadn. 3). Moaudukarus
(T.e. yMEHBIIIEHHE Pa3psIHOCTH) MAHTUCCHI TIOCTOMHAPHOTO (JOopMaTa MPUBOAUT, TIPEKIE BCETO,
K CY)XCHHIO JMara3oHa MPEeACTaBICHHUs OMM3KHX K HYIIO dncel (001acTh HEHOPMAaIH30BaHHBIX
YHCEIT) 10 OTHOIICHUIO K SKBUBAJICHTHOMY JBOMYHOMY (opmaty binaryQd. Mcnomns3ys hopmysl
(3, 7), momyunM abCOTFOTHBIE TIOTPEIIHOCTH IPAHUII AUana3oHa IMPEICTaBICHUS YUCEN 10 OTHO-
menuro k Gopmary binaryQ (xn,.,, xd,, 1 Xd , —3HadeHHs MOTyNeH COOTBETCTBYIOLIUX Ipa-

HUII AMana3oHa yuceln ¢popmata binaryQ):
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— a0CcoII0OTHAS TIOTPEIIHOCT MPENCTABICHUS] MUHUMAIBHOTO (MUHUMAIBHOTO HEHOpMa-
JM30BaHHOTO) Q-Pa3psAIHOTO YUCIIA!

Admin :‘dein - ch:i)n

= pl-orso-me) gy g0 ) (©)

- aGCOJIIOTHaH MOrpCIIHOCTD IMPEACTABIICHHUA MAaKCUMAJIbHOT O (MaKCI/IMaJIBHOFO HOpMaJin-
30BaHHOTO) (2-pa3psIHOTO YHCIA:

AN, = X0, = X2, | = 2T (- ride ) (10)

AOCONOTHAs TIOTPEIIHOCTh NPEACTABICHUS MaKCHUMAaJbHOTO HEHOPMaJIM30BaHHOIO (2-

paspsaHoro uncina Ad_, coorserctByer dopmyne (9), cnenosarensHo, Ad, ., =Ad ;.. [Tocien-

X
Hee PaBEHCTBO MOXHO OOBSCHUTH TE€M, YTO Pa3HHULIA B MPEACTABICHUU HEHOPMATU30BAHHBIX YU-
cenr pbinary2 u binaryQ 00yCIIOBJICHA OJMHAKOBOW IMOTPEIIHOCTHIO MPEACTABICHUS 3HAYCHHIA
MaHTHUCC TIOCTOMHAPHOTO ¥ OMHApHOrO (opMaToB (BCe HCHOPMATU30BAaHHBIC YHCIIA UMCIOT HY-
JICBOE 3HAUCHUE MOPsIKA) HA MPOTHKEHUU Beero auamnasona tDenorm.Takum o6paszom,

[ X xcfe, ] =[ XOo+ B Gy XGh=A | =
= [dein +Admin; Xc‘nax_A dmin:l = I:ZidQ qunin; 2_idQ D anax] '

PasenctBo (11) moka3eiBaeT, 4TO MOJYJIb MHHUMAIBLHOIO HEHOPMAaJIM30BAHHOI'O YHCIIA

dbopmara pbinar Gombine MoxyiIs aHaTOrHYHOTO umcna dopmara binanyQ B 2% pasa, u Ha-
000pOT, MOIYJIb MAKCUMAJILHOT'O HEHOPMaJIM30BaHHOTO 4ucia ¢opmara pbinarng) menpme mo-
JlyJIsl aHANOTHYHOTO uucia popmata binarnQ B 2% pasa. Takum o6pasom, auanaszon +Denorm
dopmara pbinang B 29" pasa MeHblIIe COOTBETCTBYIOMIEr0 AUana3oHa Gpopmata binaryQ.
OTHoIIeHHEe MaKCUMAJIbHBIX TPaHUIl JHaia30Ha HOPMaIH30BaHHBIX Yucel Uit (OpMaToB
pbinanQ u binary2 6au3ko K eqUHUIE, OJHAKO CIEAYET YUYUTHIBATH BEIIMYNHY A0COIIOTHOM I10-
IPELIHOCTH MPEACTABICHHS YHCIIa B IOCTOMHAPHOM U OnHapHOM (opmatax. [lecstnuHoe 3Have-
HUEC MUHUMAaJIBHOTO HOPMAaJM30BaHHOTO uuciia pbinarkl cooTBETCTByeT aHAIOTUYHOMY YHUCITY

(11)

binaryQ (x> =+xn,. ,An . =0), TOCKONBbKY B GOPMUPOBAHUHI STHX YHCEN YIACTBYIOT TOIb-

KO 3HAUeHUS I10JIeH 3HaKa U nopsaaka, KOTOpbIC UACHTUYHBI B COOTBCTCTBYIOIIUX HOCT6I/IHapHBIX
u OuHapHbIx Gopmarax (puc. 1). Takum o6paszom,

o-(mpo+1y-idy _
[X i Xrﬁf;x] :[ XNy X~ O nnax] = XﬂniAWD X - (12)
—-(at+l)-b _

2@ 1
uro f(a,b)=1 mpu Bospacraromem aprymenre . COOTBETCTBEHHO, Ul 3HAUCHUM Mpy U idg

Paccmorpum dyukumo f (a,b) = . Umeem lim f(a,b) =1, orkyma crenyer,
a_o
MPEJCTAaBICHHBIX ()OPMATOB CIIPaBEIIMBO COOTHOILICHHE
2-(me +1)-idy _ 1

g b (13)

MPUYEM JIaHHOE MPHUOJIKEHHOE PABEHCTBO CTPEMHTCS K CTPOTOMY PaBEHCTBY MIPU BO3PACTaHUU
3HAYCHHS M.
Ucxons u3 (13), Beipaxkerue (12) MOXKHO 3amicaTh B BHJIC

[X pti)n; Xrﬁlk;x]:[ Xnnin;: Xm1ax:| = I: XF;Ein. Xfriaglz[ Xﬂlil;l Xmag' (14)
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JlecsiTHUHBIC 3HAYCHHsST MaKCHMAIIBHBIX U MHHUMAIbHBIX uucell (opmarta pbinarg?, mx
a0COJIFOTHOM TIOIPEIIHOCTH 110 OTHOLICHUIO K opMmary binary npencrasiens: B Tadi. 3.

Tabmuma 3. 3HaueHnss MaKCUMaJIbHBIX U MUHUMAJbHBIX I'paHul] nuarnazoHoB Norm u Denorm
MOJIOKUTEIBHBIX ¥ OTPHUIIATENBHBIX YHcel popmata pbinary) (B ckoOkax yka3aHbl 3HaYEHHs a0-
COJIFOTHOM MOTPENTHOCTH MPEICTABICHHUS YUCEI B COMOCTaBICHUH ¢ hopmarom binary))

Q xdhy (Ady,) xdh, XM xnfe, (An,)
i2_147 ~ 12127 |12_ 2—21):

+ —126 _ 21 ~ -126 ~
32 | =5,60510386110° | 2 H727) *2 s | =+340282286118
~+1,1754937911% | =+1,17549435110

(= 4,204 (= 6,0858™)

12_1070 =~ 121023 []2_ 2—48):

~+7,9050503810%® | 2 M-2%)= £ = _ 6
| =7 a1ze - 2,22507386110% | =#2,22507386110% | = *1 79769318110

’ ( ~ 2, 994@293)

4716486 £ 162 108 416382 4016383 M2-2 104):
128 | =+1,65764488110° L 13 36210314110° | =+3,36210314010%] =+1,18973150] 16

(21,651@_4963) (: 2’921@4900)

+2—524505 ~ i2524287 l]z _ 2— 219) ~

i2—524286 Hl_ 2— 219)z +2—524286 ~

256 | =+1,8286336110°%%
~ +1,54061218110%%%| = +1,5406121810°"°*

( ~ 1' 82%_157892)

= +2 5963705711158
( ~ 1’ 541@;157760)

* pbinar2/Wf — apobuoe Q-paspsaHoe ymciao, cocrosinee u3 gucautens (numerator),
snamenarens (denominator)W -paspsiqaoit Tounoctu (1.e. AByX umcen ¢opmara pbinaryd) u
o6mero 3uaka st apoou. 3nauenus Q u W cpszanbl cnenyrommM cootHomennem: W = Q /2
npu Q ={64, 128, 256, ...}.

[Tycte @ u b — uncna popmara binarny, T.e. ¢pakruuecku yncna crangapra |IEEE 754,
HaJl KOTOPBIMU HYKHO BBITIOJHUTE onepanuio jaeiaenus a/b. B psue ciyuaes, 00ycioBieHHbIX,
NpPEeX/IEe BCEro, CJI0KHOCTHIO OOIIETo IIUKJIA BHIYMCICHHUHN, TaHHYIO OMEPAIMI0O MOKHO OTJIOXKHUTh,

a .
T.C. COXPAaHUTH PE3YJIbTaT B BUAC I[pO6I/I B J0 3aKJIIOYHUTCIBHOIO 3Tara BBIYHMCIICHHH. B Taxom

clydae CIpaBeTUBBI CIICAYIONINE PaBEHCTRA!
S=8,, 0 §, —3Hak qpody;
Prm=R, , MJ™ =M —nopsanok u MaHTHCCA YUCIUTEIS JPOOH;
w war My Wa pAR Apoou,
enom _ denom _ m
PE™" =R, , MG™"=M ] —mopsmok 1 MaHTHCCA 3HAMEHATENs IPOsH.

* pbinanQ/Wi — unrepBansubiii Q -pa3psiaHblil popMar ducia, CoAepIKAIIEro ABa Moj-
HOIEHHBIX yKciia Gopmara pbinan® (W =Q /2, Q ={64, 128, 256, ...}),KoTOpHIE ABIAIOTCSA
nesoi (left border)u npasoii (right border)rpanunamu natepsana [14]. 3anonHeHue mosnen naH-
HOro (popMaTa aHAJIOTMYHO IPOOHOMY, 33 HCKIFOUCHHEM HATHUYHS 3HAKOBBIX MOJICH IS KAJKIO0TO
3HAYeHHs TpaHull MHTepBaia. Yucna B ¢opmare pbinary2/Wi moryr ObITh MCHONB30BaHbI IS
pelIeHus 3a/1a4 B paMKaX HHTEPBAJIBHOTO aHAIM3a MM HHTEPBAILHON MaTeMaTHKH, T1e OHU Oy-
AYT TPEICTABIATh COOOM MHTEPBAIBHBIN THIT JAHHBIX, BBIYUCIUTEIBHBIC OMEPALUH C KOTOPBIMH
UCKJIIOYAT BO3MOKHBIE OIIMOKK OKpyTiaeHus [15].

e pbinanQ/Wp — nocréunapuoe W -paspsanoe uncino (W =Q/2, Q ={32, 64, 128,
256, ...}). B TakoM umciae B KauyecTBe OCHOBHOI'O IMOCTOMHApHOTO (popMaTa paccMaTpHUBACTCS
TETPAKO/, KKJIbIN pa3psiai KOTOPOTO MPEACTaBIeH TeTpUToM [16], KoaupyrommM 0JJHO U3 YeThI-
pex coctosiuuit: 0, 1,a TakyKe COCTOSHUSA «HEOMPEACIIEHHOCTHY (A) M «MHOKeCTBEHHOCTH» (M).
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[TocKONBKY TETPUT MOIDKEH KOJIMPOBATH YETHIPE BOSMOXKHBIX 3HAUCHHSI Pa3psaa, Ul €ro
XPaHCHHUS ¥ UCIIOJIb30BaHUS B COBPEMEHHBIX KOMITBIOTEPHBIX CHCTEMaX MOTPEOYIOTCS JBa OWTA.
ITostomy pactmpenue uncia popmara pbinarny! mo mocrounapuoro C -paspsaHoro ¢gopmara
pbinary2/Wp npoucxoaut 3a cueT yABOEHHUS Pa3psAAHOCTH 3HAKa, MOPSAKa U MOIU(PHUIIMPOBAH-
HoW MaHTHCCHI. [IpH 3TOM KaXkaast mapa OMTOB MOCTOMHAPHBIX 3HAYEHUI 3HAKa, MAHTUCCHI U TI0-
psiKa UMeeT OAHO M3 3HadeHui muoxkectra {0, 1, A, M} [17], xomupyemoe cieayrommm oopa-
3oM: 00 —cocrostaue Heonpenenennoctu (A); 01 —Homb (0); 10 —eaunuia (1); 11 —cocrosiHue
MHOXecTBeHHOCTH (M).

[Ipu dopmupoBaHUM Pa3pPAIHOCTH 3HAKA, MOPSIKA ¥ MAHTHCCHI MOCTOMHAPHOTO YHUCIIA

dopmata  pbinan2/Wp chnpaBemnuBbl  CleAyIOmME  COOTHOmIEHMS: S, = S, = 20§,

N, =ni, = 2, mp, = me, = 20mp,.

* pbinan/Yfp — npencrasnser hopmar mocrounapuoro apodroro W -paspsigHoro uric-
ma (W=Q/4,Q ={128, 256, ...}). Dopmupyercst 00beANHECHAEM OIMCAHHBIX BBIIIE MMPpeodpa-
3oBanuii pbinanQ/Wf [0 pbinanQ/Yp.

* pbinanQ/Wip — npexacrasiser Gopmar mocrouHapHoro uarepsaibaoro W -paspsaHoro

yncna (W =Q/4,Q ={128, 256, ...}). DopmupoBaHue TOJICH TaAHHOTO YHUCIIA TPOUCXOTHUT IO
cxeme: pbinang2/Wi [0 pbinan/Wp.

4, JakaoueHue

B xonTekcTe nepexoaa K MOCTOMHAPHOMY KOMITBIOTUHTY MHOT000Opasue npeAcTaBiIeHus JOoruue-
CKUX M YHMCJICHHBIX 3HaYCHHUN Oy/eT HEeM30eKHO BO3pacTaTh B CBA3U C HEOOXOAMMOCTBIO pa3BU-
THA KaK JIOTHYECKUX U aJITOPUTMUYECKUX OCHOB KOMIIBIOTEPHBIX TEXHOJOTUM, TaK U CaMOTO I0-
HATHUS YMCTIa, B TOM YHCIIe HAa YpOoBHE 0a30BbIX opmaToB mpenacraBieHus nunpopmanuu. [Ipen-
JIO)KEHHasi B paboTe cucTeMa KOMITBIOTEPHBIX ()OPMATOB JAHHBIX M COOTBETCTBYIOIIAs CHUCTEMa
0003HAaYEHUI MOTYT pacCMaTPUBATHCS KaK MPOTOTHUIIBI Oa30BBIX AJEMEHTOB JJII HOBOTO MOKOJIE-
HUS KOMIBIOTEPHBIX apPXUTEKTYp, COOTBETCTBYIOIIMX HAYaJIbHOMY 3Taly MOCTOMHAPHOTO KOM-
MBIOTHUHTA.

Peanu3anus BEIYMCIUTENBHBIX aJITOPUTMOB Ha 0a3e MpeIoKeHHBIX (hOPMATOB MO3BOJIUT
o0ecneunTh CYIIECTBEHHOE paciiupeHre (GYHKIMOHAIbHBIX BO3MOXKHOCTEH MEPCIEKTUBHBIX
MPOIIECCOPOB, B TOM YHUCIIE 32 CUET PeaM3al[MH TEKYIIEro KOHTPOJIS TpeOyeMol pa3psaIHOCTH U
obecrieueHrs Ha 3Toi 6a3e «THOKOro (hOPMATUPOBAHKS» M «TUOKOU Pa3psIHOCTH IIPH paboTe ¢
KOMIIBIOTEPHBIM TPEICTAaBICHUEM YMCICHHOW HMH(opMaruu. BakHeHIIMM pe3ylbTaToM 3TOro
JOJKHO CTaTh KapJAWHAJIbHOE MOBBIILIEHUE HA/IEKHOCTH BHIYMCICHUIN U ONITUMU3ALINS UX pa3psii-
HOCTH.

Ha nepBoM 3Tamne peub, €CTECTBEHHO, MOXET UATU MPEUMYLIECTBEHHO O MPOTrPaMMHOM
MOJICIIMPOBAHUH HOBBIX ()OPMATOB, aJITOPUTMOB U APXUTEKTYp Ha 0a3e CYIIECTBYIOLUIUX KOMIIb-
I0TepHBIX cucTeM. Ha crnenyromem stare npeamnoiaraeTcsl peaau3alns COOTBETCTBYIOIUX CXEM-
HBIX pemieHuit Ha 6aze FPGA, BIJIOTh 10 peanu3aluy SKCHEPUMEHTAIbHBIX MPOTOTHUIIOB IO-
CTOMHAPHBIX TPOIECCOPOB.

B nepcriektuBe nepexoa oT OMHAPHOTO KOMIBIOTHHTA K TTOCTOMHAPHOMY TPEACTaBISIETCS
npakTHyeckn HenzOekHbIM [18]. Bo BpeMeHH 3TOT MpoIecC MOXKET pacTSIHYThCS Ha JeCsATHIIe-
THUS1, HO HAYMHATh €ro Heo0X0AUMO yKe cerlyac.
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ABTOPU HOMEPA

AxyJioBcknii Banepuii
I'puropbeBu4, KaHIu-
AT TEXHUYECKHUX HayK,
TOTIEHT Kadeapsl WH-
(hOpMaIMOHHBIX CHCTEM
U TEXHOJOTruu Axane-
MHUH TaAMOXXEHHOM CITyXK-
061 Ykpauns! (r. J{xen-
ponerpock). B 1975
rogy 3akoHuuWs Tom-
CKU{ WHCTHTYT aBTOMATH3WPOBAHHBIX CHC-
TEM YIpaBJICHUS U PAAUOIIEKTPOHUKHU. B
1992rony 3amuTHI KAaHIUIATCKYIO JTUCCEP-
tanuio B MHCTHTYTE KNOepHEeTHKHN uM. B.M.
I'mymikoBa AH Ykpaussl.

Cdepa HayuyHBIX HHTEPECOB: MPHUKIAJHAS
TEOPHS AITOPUTMOB.

AHONPHEHKO AJlek-
caHap SIKoBJIEBHY,
KaHIUIAT TEXHUYCCKUX
HayK, JOIICHT, JeKaH (a-
KyJIbTETa  KOMIIBIOTEp-
HBIX HayK U TEXHOJIOTUH
JouHTY.

B 1979 rony 3akoH4MI
AT (asime ToaHTY)
M0 CHCIHATBHOCTH <«OJIEKTPOHHBIC BBIYKC-
nutenbHble MamuHbl (OBM)». B 1987 roay
3alIUTUI TUCCEPTALMI0 HA COMCKAaHHUE yde-
HOW CTENCHM KaHIUJaTa TeXHUYECKUX HayK
B MHcTHTyTEe TIpOoOIEeM MOIEIHpPOBaHUS B
sHepreruke AH Ykpaunsi (r. Kues).

Cdepa HaydyHBIX HMHTEPECOB. WHTEPHET U
BEO-TEXHOJIOTUH, KOMIIBIOTEPHOE MOJICIIH-
pOBaHUE U KOMIIBIOTEpHAs TpaduKa.

BbBIUKoOB Alekce
CepreeBuu, JIOLIEHT
Kadenapel  TeopeTHye-

ckor kubOepHeTuku Kwu-
€BCKOTO HAINO-
HaJIbHOTO YHUBEPCHUTETA
umenu Tapaca Illes-
YEHKO, KaHauaaT Gusu-

KO-MaTe€MaTUYECKUX HayK.
OO6nacTh Hay4HBIX HWHTEPECOB. pa3BUTHE
TEOPETUYECKONH M MPUKIAJAHON KHOepHeTH-
KU MOJEJIMPOBaHNUE B OMOJIOTUH, METUIIMHE
U TEXHUKE, MOJICIUPOBAHUE CIIOKHBIX He-
YeTKUX AMHAMUYECKUX MPOLIECCOB, UCIOJb-
30BaHME KJIETOUHBIX aBTOMAaTOB JJisi Mare-
MaTHYECKOTO0 MOJEIUPOBAHUS, TTOCTPOECHUE
MaTeMaTUYeCKUX OCHOB TEOPUU BO3MOXKHO-
CTEH, UCCIIeIOBAHUE YCTOMYMBOCTH THUOPHI-
HBIX aBTOMAaTOB IMOCTPOCHHBIX Ha Pa3HOCT-
HBIX ®  auddepeHImanbHO-Pa3HOCTHBIX
YpaBHEHUSX.

Binoxkons IBan Bacu-
JIbOBUY, AaCHipaHT pasio-
(hi3UIHOTO bakyIbTeTy
kKadeapu  KoMI' FOTEpPHOI
1HKeHepil KwuiBcekoro
HAI[IOHAILHOTO  YHIBEp-
cutety imeHi Tapaca Illes-
YeHKa.

Cdepa HaykoBHX I1HTEpeECiB. MmoOymoBa 00-
YUCITIOBAIBHUX KJIACTepiB Ha miatdopmi
Microsoft Windows, rexnoutorii amapatHo-
nporpamMHoi BipTyamizanii, miardpopma Mi-
crosoft .NET.

Bboiiko IOpiii BoJo-
AUMHUPOBHY, Hayallb-
HUK iHdOopMmariiHo-
O0YHCITIOBAILHOTO 1IEH-
Tpy KwuiBcbkoro Hario-
HAIBHOTO YHIBEPCHUTETY
imeni Tapaca IlleBuen-
Ka, KaHauaar Qi3uko-
MaTEeMaTUYHUX  HayK,
JOLEHT,  3aBigyBau  Kadenpu  HariB-
MPOBITHUKOBOI  €JIEKTPOHIKH.  3aKiHYUB
KuiBcbkuii yniBepcurer imeni T.I'. Illes-
yenka B 1984 p. Astop 6iu3pko 40 Hayko-
BUX pOOIT.

Cdepa HayKOBUX IHTEpECIB. 3aCO0M Ta CHC-
TEMHU aBTOMAaTH3allli HAYKOBUX JOCIIIKEHB,
CydacHI TeJEeKOMYHIKAI[iiHI Ta MepeKeBi
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TEXHOJIOT1i; BHUCOKOIPOIYKTHUBHI OOYHCIIIO-
BalbHI  cHCTeMH; TIHOOKI  piBHI B

HaIBOPOBIIHMKAX Ta TMpWIaJax Ha iX
OCHOBI.

wws: LopOanb Hrops MHib-
M W4, TUIABHBIA HAYYHBIN
coTpynHuk  MHctuTyTa
npobiieM  MareMaruye-
CKMX MAalluH U CHUCTEM
HAH VYkpaunsl, TOKTOp

/ TEXHMYECKHX HayK,
~ mpodeccop.  SBmsiercs
_ ! aBTOPOM TpeX TEOpPHii:

TEOpUHU MPOCTPAHCTBEHHO-BPEMEHHOH 00pa-
OOTKM THIPOAKYCTHUYECKMX CHUTHAJIOB B
CJIOXHBIX JTUHAMHYECKUX YCJIOBHSX, TEOPUU
OBICTPO MHOTOKAaHAJILHON 00OpabOTKH TH-
POAaKyCTHYECKUX CHUTHAIOB ©  (U3HUKO-
MaTeMaTUYECKON TEOPUU THUIEPCIydalHbIX
SIBJIEHUW. Pe3ynpTarel €ro ucciaeaoBaHUM
omyOnukoBaHbl Oonee, yeM B 200 HaydHBIX
TpyJax, B TOM 4uclie 8 KHUTax.

I'pumn Cepriit
ITaBJji0BUY, 3aCTyITHUK
HavyaJbHUKA JIHT-

BICTUYHOTO HAYKOBO-
JIOCIITHOTO HEHTPY
BiiickkoBoro  iHCTH-
tyty KuiBcbkoro Ha-
[[IOHAJILHOTO  yHiBEp-
cutety imeni Tapaca
[lleBueHka, KaHAUAAT TEXHIYHUX HAYK.
Cdepa HayKOBHX IHTEpECIB: METOAU TEOPii
ONTUMATBHUX pIlICHB, iHpopMaTuKa,
aBTOMATH3allisl YIPaBJIiHHA CKJIAIHUMHU CHC-
TEMaMH BiiCHKOBOTO IPU3HAYCHHS.

Jopomenko  AHaTto-
auii EpumoBuy, n0k-
TOp  (QU3UKO-MaTeMa-
TUYECKUX HaykK, Ipo-
deccop, 3aBenyrImul
OTJIEIOM TEOpUU KOM-
MBIOTEPHBIX  BBIYHCIIE-
Huii HMHCcTHTYTA mpO-
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rpamMHubIxX cucteM HAH Ykpaunsbi.

Cdepa HaydyHBIX HHTEpECOB. (opMaibHbIE
METOABl Pa3padOTKH MPOrpaMMHOTO obec-
MIEYEHUs,, METOABI MPOrPaMMHUPOBAHHUS, Ta-
palieNbHbIE BBIYUCICHUS U UHTEIIEKTYalln-
3aIMsi KOMITBIOTEPHBIX TPUTIOKEHUH.

EnauceeBa Enena
BaagumuposHa,
MJIQ NI Hay4YHBIN

coTpynHuk HMHuctutyra
kubepHeTuku uM. B.M.
I'mymkosa HAH Vk-
pauHBbL.

OO6nacTb Hay4YHBIX WH-
TEPECOB! cpencTsa
MOAJEPKKM  BBIYMCIUTEIBHOIO  IIpoLecca
MHTEJUIEKTYAJIbHOM MaMATH KOMITBIOTEPHBIX
crcTeM, 0COOEHHOCTH CO3/1aHUs U MPUMEHE-
HUS IPOIPaMMHOM Cpelbl KOMIBIOTEPHBIX
cucreMm «Iporeccop-B-mamsaTu».

HNBanuna Cepreii Ba-
cuiabesnd. B 2008 ro-
Iy TIOAY4YWsd JIATLIOM
MarucTpa 1O CHEelu-
ampHOCTH  «KOMIIBIO-
TEpHBbIE CUCTEMBI U Ce-
ti» B JloHenmkoMm Ha-
MOHAJILHOM TEXHUYC-
ckoMm yHuBepcutere. C
2009 r. paboraeTr HMHXEHEPOM BBIYUCIIHU-
tenpHOTO 1eHTpa JJoHHTY. C nexabps 2009
r. —acnupanT Kapeapsl KU (kommbrorepHas
umkenepus) JJouHTY.

Cdepa HaydHBIX HMHTEPECOB. METOABI U
CpelCTBa peaau3alllil HHTEPBAIbHBIX BbI-
yucnennit Ha D9BM B mocTOMHApHOM KOJI0-
JIOTHYECKOM Oasuce.

HNBanoB Hwuxouaaii
HuxkogaeBnu, KaH-
IUAaT TEXHHMYCCKUX
HayK, CTapliuid Ha-
YYHBIH  COTPYAHHUK,
IOYETHBIN panuct
P®, 3amecturens nu-
pEKTOpa MO HAY4YHOI
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