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The recent advancements in the field of neural network optimization demonstrated a high
potential for significant improvements in performance due to the quantization of trained
models. However, there is substantial research gap in the development of criteria used for
optimization algorithms, which will encapsulate a multi-faceted approach for estimating the
quality of quantization methods. This research provides a practical overview of peak error-to-
interval ratio as a criterion for several quantization schemes on popular neural network
modules. The presented criterion establishes an easily interpretable baseline measure which is
particularly helpful in the estimation of the overall performance of neural networks and their
sensitivity to imposed degradation errors.

OnTrMizariss HEHPOHHUX MEPEeX NUIAXOM KBaHTH3amii[l] 11 mapaMmerpiB € omHUM 3
OCHOBHHUX CYYacHHX METOIB 3aCTOCYBAaHHS HEHPOHHHMX MEpEeX Ha MPUCTPOSX 3 0OMEKEHOIO
OOYHCIIOBAJIBHOIO TOTYXHicTiOo. [lonmpu 3HauHi JocmipkeHHS y cdepi  aaropuTMis
KBaHTH3aMii, KpUTEepii OIiHIOBaHHS SKOCTI KBAHTH3aIlli € BIIKPUTOI TEMOIO JUISI HOBUX
BIPOBA/KEHB Ta IPYHTOBHOTO aHamizy. [IpnanHOIO IIbOMY € Jerpajaiis npu KOHBEPTYBaHHI
Mojele 3 BaraMu B ¢opMmari 4ucel 3 pyxoMorw Toukor(fp32) 10 MUTOYHUCENIEHOTO
¢dhopmaty(uint8, intl16). HasBHi kpuTepii OIiHIOBaHHS YacTO HE MPUAUIAIOTH JOCTaTHHO YBard
JI0 IWHAMIKH 3MiH PO3MOALIIB Bar Ta aKTHBALil NMPH KOHBEPTALlii, a TAKOX HE BKa3ylOTh Ha
MPOMIXKHY JIerpajiallito mapiB HEMPOHHOT MEpexKi.

OpHi€o 3 HAWMOMMPEHINX MPUYHH BKa3aHO! Jerpajaalii € po30hKHICTh Miana3oHiB
[UIOYHMCENIFHUX THUIIB Ta YHCEN 3 PyXOMOIO TOYKOIO, SIKa 3yMOBJIEHA HAsBHICTIO YHCIOBHX
3HAYeHb Bar 4 MepelaBalibHOI (QYHKIIT SKI BUMAJAar0Th 3a MEXi KiHIeBuX iHTepBatis[2]. B
poboti[3] BKazaHi CTATUCTHYHI [aHI WMOBIPHICHHX pO3MOJUNIB Bar Ta akKTWUBalid 1
HaroJIOIICHO Ha CKJIAJHOIIAaX HaOIMKEHHS ePBiCHOTO PO3MO/ILTY BHYTPIIIHIX apaMeTpiB 3a
JIOTIOMOTOI0  KJIACHYHHUX PO3MOALUIIB HMOBipHOCTEH. Il CHpOIIEHHS OLIHIOBaHHS SIKOCTI
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KBaHTH3aMlii B JaHOMY JOCIHipKeHHI 3amporioHoBaHuii kputepiii PEIR 3amo3wdvenuit 3i
00pOOKH CHTHAIB.
(. a-m

C O- )

Jle Ta ' 1e BUXiOHI MaTpMIi Micas KOXKHOrO wiapy B opHriHanbHii(fp32) Ta
KBaHTH30BaHIH Momemi(uint8/int16). Jms ormiHOBaHHS 3aJaHOTO KpuTepito  OyIo
IMIJIEMEHTOBaHO acuMeTpuyHy adiHHy KBaHTH3aWilo s 8-0iTHOro, Ta JAWHAMIYHY
¢dikcoBany s 16-06iTHOrO miama3oHy. B HasBHOMY IOCHIDKeHHI CXeMa KBaHTH3AIii
3aCTOCOBaHa TOKAHAJIBHO I KOXKHOTO 31 3rOpTKOBUX ImapiB. Cria 3a3Ha4WTH, MO IS
Mepex J0Broi ta koporkowacHoi mam’sTi(JJKUII) BianmoBiZHMKOM KaHAlliB € PO3MIpHICTH
KOXKHOTO By3jJa B OJIOI, 1 TOMy CTaTHCTHKAa Jiala3oHy OTPUMaHa ISl KOXKHOTO BEKTOPY
By3na okpemo. llpu 3acTocyBaHHI KBaHTH3allii 1O KaHajIaM MU OI[HIOEMO TOYKY HYJA
BIJIHOCHO SIKOT MM 3MIIIyeEMO BCi BXigHI uncia Ta macmradyemo ix. Ilpu 8-GiTHiit Ta 16-
OiTHIM KBAaHTH3AIIl B TOCIIPKEHHI 3aCTOCOBaHI JIiHINHE Ta CKCIIOHEHIlIITHE MacIITa0yBaHHS.
o ominky(kamioOpallito) OTpUMAHO Ha OCHOBI 3aIyCKiB Ha pPENpPE3eHTATUBHOMY HaTaceTi.
[[{o6 HE 3MeHITyBaTH 3arajlbHICTh MOCIiIKEHHS OyJIO 3reHepOBaHO JaTaceT BXITHHUX JaHUX
Ha OCHOBI poOoTH[4].

B ommuci pe3ynbraTiB €KCIEPUMEHTIB I CKOPOYEHHS IO3HAYCHb aCUMETPUYHA
adinHa Ta AuWHAaMivHOi (pikcoBaHa KBaHTH3allli o3HadeHi sk Q8 ta Ql6. Excnepumentn
npoBoauad Ha 100 paHIOMI30BaHMX BXiJTHHUX MATPULAX. 3MIHHUH BXIiTHHUH pO3MIp
HEOOXIAHMHI ISl OI[IHKH BIUTMBY MaclITaOyBaHHS Ha KiHIEBY MOMWIKY. HaBenemo HacTymHi
pe3yNbTaTH Al TPHOX MOIIMPEHHX MOAYJIB HEHPOHHHX MEpexk, a came Ui JIBOBUMipHOT
sroptkr, Onoky JIKUIIL, a Takox, maBoBuMipHOi 3ropTkd B mmOuHy. OTpumani
3aKOHOMIPHOCTI MOYKHA 3aCTOCYBATH JUISl IMOKPAICHHS KaaiOpallii KBaHTU30BaHUX MOJECICH
Ta IX MOPIBHSJILHOTO aHaIli3y Ha KiHIIEBUX MPUCTPOSIX.

Tun Bxiguuii PEIRmin PEIR median PEIR max PEIRqy,
JAHUX pO3MIp

Q8 224x224 0.0029 0.0049 0.1685 0.01344

Q8 224x224 0.0047 0.0053 0.0817 0.086
Ql6 512x512 0.0 0.0 0.1187 0.0028
Q16 512x512 0.0 0.0 0.019 0.0009

Tabmuist 1. 3HaUSHHS KPUTEPIFO JJIS 3TOPTKOBOTO IBOBUMIPHOTO IIapy

Tun Bxiganit PEIRmin PEIR median PEIR max- PEIRqy
JIaHUX po3Mmip

Q8 224x224 0.0065 0.0162 0.0444 0.00181

Q8 224x224 0.0616 0.0795 0.1035 0.0797
Qle6 512x512 0.0 0.0001 0.0550 0.0027
Ql6 512x512 0.0003 0.0003 0.0015 0.0003

Tabmuns 2. 3navenns as onoky JIKYIT

Tumn Bxigauii PEIRmin PEIR median PEIR jmax PEIRavg
JaHUX po3mip

Q8 224x224 0.0002 0.0031 0.2236 0.0194

Q8 224x224 0.0002 0.0039 0.0040 0.003
Q16 512x512 0.0 0.0 0.0957 0.0035
Qle6 512x512 0.0 0.0 0.0 0.0

Tabnuus 3. 3HaueHHST KPUTEPItO AJISl 3TOPTKH I10 TIIMOUHI.
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IlepeBaroro maHoro KpuTepito € #oro miHIHHICTE - BiH Oyne 30iIBITYBaTHCH
NPOMOpPLIAHO TpH 3MiHI TMOMHM HeHWpoHHOI Mepexi. KpiMm 1mporo, meii kputepiii €
IHTepIIPeTOBaHNM, OCKUIBKH BiH 3pO3yMIJIO TOB'SI3aHUI 3 BEIWYMHOIO BiIXWJICHb, SKi
BIUTMBAIOTh HAa BUXiJ MOJENi. 3 HEAONIKIB, BapTO 3a3HAYNTH HEUYTJIMBICTH IO ‘“‘TOBTHUX
XBOCTIB” PO3MO/ILIIB Bar Ta akTUBAIIiK, Yepe3 10 HEMOKITUBO B 3aralbHOMY BUIAJIKY BKa3aTH
Ha MPUYUHY 3HAYHOI MOXUOKHU. Bkl qeTanbHuil aHai3 Takux BUMAAKIB Oyze MpoBeACHHI B
HACTYITHUX JOCHTIKSHHSX.
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The article discusses software development tools for personnel management systems, with
an emphasis on ensuring data security and operational efficiency. Particular attention is paid to the
use of qualified electronic signatures (QES) to identify employees and guarantee the legality of
operations, especially in the context of increased cybersecurity threats. The role of the Public Key
Infrastructure (PKI) in ensuring information security and authentication is described. The article
highlights the importance of choosing a platform for application development, especially .NET and
ASP.NET Core, to create secure, high-performance web applications. The article also discusses the
use of the Blazor framework for developing cross-platform solutions, including Blazor Server,
Blazor WebAssembly, and Blazor Web App, which provide various rendering options and
development flexibility. All these tools allow you to create reliable, scalable workforce
management systems that meet security and efficiency requirements.

CucteMH ynpaBJiHHS IEPCOHANIOM € KPUTHYHO BaXKJIMBUMH JUTS ONITHMI3allil MPOIIECiB yIpaBIiHHS
JIIOJICBKUMU pecypcamH, 3a0e3MeueHHs JOTPUMaHHs TPYJOBUX HOPM 1 MiIBUILEHHS e()eKTUBHOCTI
opranizamii. Y 1mudpoBy epy po3poOka Takux CHCTEM BHUMAra€ HaJilHHUX IHCTPYMEHTIB, SKi
MiATPUMYIOTh PI3HOMaHITHI (YHKI[IOHaJbHI MOXJIMBOCTI, BKJIIOYAIOYM KEpYBaHHS JIaHUMH,
0e3MeKy Ta IHTerpalliio i3 30BHIIIHIMH CITy)KOamH.

OpHUM 3 KIIIOUYOBHX aCIEKTiB PO3POOKH CHCTEMH YIIPABIiHHS IEPCOHAIOM € 3a0e3MedeHHs Oe3meKn
JIaHUX, OCOOJIMBO B KOH(QIACHUIWHMX 00NacTsaX, TakuxX sk ocoOucra iHdopmalis CHiBpOOITHHKIB, i
ONTHMI3aIliI0 3pYYHOCTI BUKOPHCTAHHS SIK JUIsl aJJMiHICTPaTOPIB, TaK 1 JJIs KiHIEBUX KOpUCTyBayiB. B
YMOBax IMI/IBUIIEHUX 3arpo3 AOTPHUMAaHHS HAI[IOHAJIBHUX CTAHAAPTIB HU(PPOBHUX MIAMKCIB, TAKUX SK
kBanidikoBani enekrponHi ninnucu (KEIT), noxae nogatkoBuit piBeHb O€31eKH EPCOHANBHUX JTAHUX.
KEIl ue ynockoHalleHMH €NEKTPOHHUI IIIAMUC, SIKMH CTBOPIOETBCS 3 BUKOPHCTaHHSIM 3aco0y
KBaTi(hiKOBAaHOTO €JEKTPOHHOrO MIANHCY 1 0a3yeThesl Ha KBanlihikoBaHOMY cepTU(IKaTi BIAKPUTOTO
Ko4a. Bin MicTsaTh iHpOpMAIio mpo BIacHUKa (TIpaliBHUKA), a TAKOK KPANTOrpadivyHi KI0Yi Ta JaHi
ceprudikamniiinoro neHtpy, skuii ix Bumae. Takox KEII mae Taky camy OpHOWYHY CHIY, K 1
BIIACHOPYYHHH ITiJIIHC.
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