B pamkax 3TOW TE€HIAEHLMM BUAWUTCS NMEPCIEKTHUBHBIM HAIIPaBJICHUEM CO3JaHME CIIELUAIU-
3UPOBAHHBIX UHCTPYMEHTApUEB, KOTOPHIE 00JETYAIOT TEHEPAIUIO CHCTEM C «MATKUMI BBIYHCIIE-
HUSIMH, HallpUMep, B MPEIMETHBIX 00JacTAX MHTEIEKTYyalbHOIO MOHMTOPUHIA Pa3IWYHBIX MPO-
L[ECCOB.

B onHO# M3 paccmarpuBaeMbix cucTeM [5] ammapar HEYETKO# JIOTMKH HCIIOJIB3YETCsl BO
(bpeiiMOBOIi MOJIENI B Ka4eCTBE MPOLEAYP-AEMOHOB, YTO TIO3BOJISIET B IAaHHOW KOH(Urypanuu pea-
JM30BaTh MEXaHW3M TIeHepaluu CLEeHAapUeB (PYHKLIHMOHHUPOBAHUS CHUCTEMBl UM UX HEPAPXUUYECKOE
MO3UIIMOHUPOBAHKE. 3a OCHOBY ObLI BBIOpaH anroput™M MamaaHu, Kak Xopomio ce0st 3apeKOMEH10-
BaBIIMN B 00slacTu HE4ETKOro yrpasieHus. C ero MoMouiblo0 BHIYHUCISETCA 3HAUEHUE MOKA3aTels
MIPUOPUTETA TSI KOHEYHBIX CyOQpeiiMOB B iepeBe (PpeiiMOBOIl MOAEIH, TT0 KOTOPOMY OTIpEeNseT-
Csl IOPSAJIOK BbIBOJIA MH(GOpPMAllMd MOHUTOPUHIA, & TaKKe BbIOOP MOCIEI0BATENILHOCTH BBIIOJIH E-
HUS CBA3HBIX C ATUMU cyO(dpeiimamu crieHapueB.

3akirouyenue. B 3axioueHue OTMETHM, YTO CETOJHSA MHTEpec K (peMOBBIM MOJENISIM B
IPEIMETHOIN 00IacTH MOCTPOCHMs MPOrpPaMMHO-aNNApaTHBIX KOMIUIEKCOB He ociabeBaeT. OTme-
YEeHHbIE B JJOKJIA/E€ TCHJICHIMH MO3BOJISIIOT OOJETYUTh IPOrPAMMHYIO pealn3alMio LEeJI0ro Kiacca
CHUCTEM, IIpU MOMOIIM amnmnapara (QpeiMoB-11a0JOHOB aJaNTHUPOBATh MPUBBIYHBIE UIS YEIOBEKa
«00pa3b» MBIIIIEHUS K BBIYUCIUTENBHON cpejie.
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DEVELOPMENT OF CALCULATOR FOR FLOATING POINT TO NEURAL NETWORKS

I.V. Zoev
(Tomsk, Tomsk Polytechnic University)

Annotation: This article covers the most frequently performed operations on floating-point numbers
in artificial neural networks. Also was submitted a selection of the optimum value of the bit to 14-bit float-
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ing-point numbers for implementation on FPGAs, based on the modern architecture of data types of integrat-
ed circuits. Presented the description of the algorithm of multiplication (multiplier) of the floating-point
numbers. In addition, in this article were described features of the addition (adder) and subtraction (subtrac-
tor) operation implementations. Furthermore, was presented operations for such a variety of neural networks
as a convolution network - mathematical comparison of floating point (“less than" and "greater than or
equal”). In conclusion, presents the substantiation of why this article is excluded consideration dividing op-
erations in computing of neural network.
Keywords: float point multiplication, float point addition, float point subtraction, float point com-

parison, FPGA.

Beenenue. B coBpemernnom mupe [TIJIMC naunHator 3aHuMaTh Bce 00jiee YCTOMYHMBBIEC MTO3UIIMH B
obnactu Berumcienuit. Ecnu panpmie komnanus Intel mpousBoaumia mporeccopst Xeon co BCTpo-
eranbivu [1JIMC Ha 3aka3, To B 2016 roxy cobupaercst HaIauTh CepHuiiHbIi BeIyck[2]. Omunum u3
npumerenneM [IJIMC sBnsercs mepeHOC BbIYMCICHMM HEWpPOHHBIX ceTeil. Jlns peamuzanuum ams
anmapaTHoi peanuzanuu HeripoHHoU cetu Ha [IJIMC HeoOxoaumMo MCIOBb30BaTh MPECTABICHUS
qyclia ¢ IJIaBarollel TOUKON. 3a pelkUM MCKIIOUEHHUEM JTaHHBIM THUIl YUIIOB MOAJEPKUBAET ONepa-
[IUY C IJIaBaroNniel TOUKOM.

Peanuzauus ymHoxkeHMs. AnnapaTHasi peanu3anis YMHOKEHHs HaJl YUCIIaMU C IUIaBalo-
el Toukod uMeer mnpocrtyro peanuzanuio. B coBpemennsix ITJIMC BcTpamBaroT maTpudHbIE
yMmHOxuTean B Buze hard 6imokoB uian DSP GiiokoB. JlanHbie 0J0KH 001a1at0T OOJIBIIEH TPOU3BO-
JTUTENBHOCTHIO B CPAaBHEHUU C 3allpOrpaMMHUPOBAaHHBIMU HA IUIMC YMHOXUTeNsAMU. OJHaKo JaH-
HbIx 0710k0B B [IJIMC mocratouno mano. Ilostomy mist peanusanuu ymoskureteneit mis float point
ObUIO PEIIeHO MCHOIb30BaTh YMHOXUTEIH pa3zmepoB 9x9, T.k. y IUVIMC ux nHaubonblee Koaude-
ctBo. Cranmapt |IEEE 754 ommceiBaer 16 6utHOE mpencTaBieHne 4ucia, rae 1 Out — 3Hak, 5-OuT
nopsifiok u 11 OuT BMecTe ¢ HesIBHBIM OMTOM — MaHTHCca. Kak mucanoch paHbliie sl UCIOJIh30Ba-
HUS MaKCUMAaJIbHOTO YHCJIa HEOOXOIMMO COKPATUTh MAHTUCCY 10 9 OUT ¢ HesIBHBIM OuTOM. Takum
o0pasom, moyqaercs 14-OMTHOE MpeacTaBICHNE YHUCTIA C TUTABAIOIEH TOUKOM.

CornacHo npaBuiam paboThl ¢ YnciaaMu B (hopMate IIaBarolleid TOUKH, YMHOKEHUE MTPOorC-
XOJUT CIEIYIOMUM 00pa3oM. 3HaK pe3yIbTHPYIOLIEr0 YHCIIa MOIy4aeTcs B pe3ysbTaTe onepalun
uckimovaromiero MJIN. B 3aBucuMocTy OT pe3ylibTaTa YMHOKEHUSI MAHTHCC BBIOMPAETCS Pe3yilb-
TUPYIOLIMN MOPSAIOK KaK CyMMa JIBYX MaHTHUCC MJIM HHKPEMEHTUPOBAHHOE 3HaueHue cymMM[2]. Pe-
3y/lbTaT MAHTHUCC 3aIUCHIBAETCS C YCEUEHHEM IOJIyU€HHOTO pe3ysbTara J0 pa3psIHOCTH 9 OuT.
JlaHHOE NeHCTBHE YMEHBIIAET TOYHOCTHh ONEPALMU C ILJIABAIOIMIEH TOYKOHM, OJHAKO, IPU TAKOM
MpeJICTaBJICHUH TOYHOCTh caMa Mo cede MaJieHbKasl.

Peanu3zanus ciuoxenus. AnmnapatHas peaau3alus CIOKEHHs HaJ YHUCIaMU C [UIaBarouleil
TOYKOM fABJIAETCS OOJIee CIOXKHOM 3a7aueli, ueM ymHoxeHue. [1o mpaBuiam cioskeHus 4ucel ¢ 1ia-
BAIOIIEH TOUYKOW MBI JOJDKHBI IPUBECTH MAHTUCCHI K OJTHOMY NOpsAAKy. OAHAKO anmapaTHas peajiu-
3anus uMeeT (PMKCHPOBAHHYIO JIOTUKY MTO3TOMY MpOIIe MPUBECTH JBa 4yKcia K popmary pukcupo-
BAHHOUM TOYKH. 3alUCHIBaTbCS Pe3ynbTar mpuBeneHus OyneT B 40 OUTHBIE perucTphl. 3aTeM HaJ
HUMU OyZeT MPOUCXOIUTH OIEpalus CIOXKEHHUS U MpoBeleHuEe K (opMaTy IUIaBaroIIeid TOYKOH.
Omnepanyio BBIYUTaHHUS MOKHO MTPOU3BOIUTH TaK XK€ B JAHHOM cymmaTtope. J{js 3Toro Heo0xoaumo
peann30BaTh MHBEPCHUIO BBIYUTAEMOIO C JOTOJHEHUEM 10 2. Cxema IpeacTaBiieHa Ha puc. .

!
Cxema

Mopsaok ‘ MaHTUCa  —3 MynbTUNNEK __r—» REG 40
copos i | l

Cxema
|+ rP{myabTMnAeK — | 3hak
copos

Mv::Teme“ L REG 40 _f I—
| I copos
MNopaaok ‘ MaHTuca e
S
Puc. 1 Cxema cJ10KeHUS MU BLIYUTAHUSA YHCET C HJ'[aBa]O]_[Ieﬁ TOUYKOMH
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Peanu3zanus cpaBHenus. Kak yxxe Obl10 CKa3aHO B HEMPOCETSIX B OCHOBHOM HCIIOJIB3YIOT-
Csl Ollepal YMHOXEHUS U ciaokeHus. OJJHaKO CyLIECTBYET CBEPTOUYHAsl HEMpOHHAsI CETh B KOTO-
POY €CTh IIYJIMHIOBBIN CJIOW, KOTOPBIA MCIIOJIB3YETCS Ul YCPEIHEHUs WIH IIOUCKAa MAaKCUMaJIBHOTO
2JIEMEHTA. Y CpEIHEHUE MOKHO IIPUBECTHU K OIIEpaLlUsM CIO0XKEHUS U YMHOKeHus. i peanusanuu
MOMCKAa MAaKCHUMAaJbHOTO YHCIa HEOOXOIMMO HCIIOJIb30BATh ONMCAHHBIM BBIIIE CyMMAaTOpP BBINOJI-
HAOWUN BblYMTaHUE. Taku 00pa3oM eciau pe3ynbTar OyAeT OTPULATEIbHBIM TO BBIYMTAEMOE
Oonbie ymeHbInaeMoro. Eciy mosiokuTensHbId (OTHOCHTENBHO OWTa 3HaKa), TO OoJble JIMOO

paBHbl. Cxema mpescTaBlieHa Ha pucC. 2.

3Hak Mopagok MaHTtuca v

3HakK Mopanok MaHTuca

3Hak

Mopaaok MaHTuca

+
Puc. 2 Cxema cpaBHeHUsI YHCeJI C MJIABAKOIIEH TOYKOM

3akiarouyenue. B nanHoil paboTe mpelCTaBieHbl peav3allii apu(PpMETHUECKUX ONEepaluu
HE0OXOoIMMBbIe Ul anmapaTHOM peain3anuii HEHpOHHBIX ceTel. JlaHHbBIE omepaluyu YMHOXKEHHS,
CJIOJKEHHS, BBIUYMTAHHUS U MATEMATHYECKOTO OTHOIIEHUS IPOU3BOAAT ACHCTBUS HAJA ABYMs ONEPAH-
namu ¢ popmaToM IutaBaromiel Touku B 14 6ut. Uto kacaeTcst yMHOKEHHS B OOJIBIIMHCTBE CIy4aeB
3HAMEHATeNb SBJSETCS KOHCTAHTOW M €ro MOXHO 3aMEHUTh OOpaTHBIM YHCIOM JJIsl Omepaluu
YMHOXKEHUS.
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Annotation. This article touches on issues such as evaluation of IT projects. The features of the ap-
plication of a method to assess the effectiveness. The article lists the main directions of improving the man-
agement, the main indicators of improving production and business activities of the facility, the main aspects
of the socio-economic efficiency of the project. Particular attention is paid to this method, as a method of
total cost of ownership (TCO) in the evaluation of projects risks. The article provides a detailed description
of this method.Also shown are the main advantages and disadvantages of the method TCO.
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