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(loU)u jtfti OV wlsdesh jdedd § dzsh OHd §JtedfMmj ydddw ftojHMEOL O
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vifmMsdeso Odedy BsHjdzj?2 ftososHdsM! O HOMd n, (st
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[ ijtcdC O [ Hdzs5C 0dzOdz! dzOW vitcd n§ OdzOdz! dzOW
Dice Loss 0,055 0,032
F1-score 0,949 0,970
loU 0,911 0,946

dtcOodadlsj dz' dzgf 2 OdzOdzdL  5C OL HIORYES , 5 4] otfy jdts JSr tidzdSy | RIEB
41, 8%, kojdduygdzd® dz€612, 1% d tetshistzH It o Utc a0 j3ls,5 %y ls £ Isuse | Is t
Fazzyh O0sls SOydifmlseats Mjedzd dzesOydd d Issydetsmils! o7 Hj dzj dedw 5B

1 OctokzL sydesy Isiflsdtetseo Odedj ftetso sHJ dztsfy! ff batch si ze
9" f Sdzdzj dzd v , otej 3w Howdsets JtsatsHO (f or weaardd) , t ifnees)t,z iy
mMf smtss desmis (throughput), LOEEZLSO CPU d GPU, O 1OCYJ

tJLEzd OIsT Otk sydesets Isj fmMisdtetso Odad W H-dzV ts BEaHOiyts) Cagdz
fsCOLOdr o DB dEyOGUhiz def@.7 1

tdLizd sOIst Hj S lstzeg gz dzdj batch size BEdzkzyh Oojls

LWWiClkdodetsfls: My tsdz L 5o Oded W -H @Az t§ i) W as,L o fstdaf v Isls mdg R G B
ftesdLotsHdlsj d desMisd 5 MeOodzj dzedé M HAdSC OdzOd dzf &3d dL E
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vOBd&ZdPjld SO’ &OcthkL sydsets IsjMmisdietse Odzd™ HASS OdzOdz dets?2 st
Batch Size 1 2 4 8 16 32 64
Iterations 1024 512 256 128 64 32 16
Total Time (s) 9,38 8,22 7,96 7,85 7,10 7,14 7,23
Forward Time (s) 5,83 2,80 1,43 0,81 0,40 0,51 0,20
Overhead (s) 3,55 5,42 6,54 7,04 6,70 6,62 7,03
Throughput (image/s) 175,68 | 365,72 | 717,34 | 1270,99 | 2560,75 | 1989,77 | 5173,35
Throughput (TB/day) 4,1280 | 8,5935 | 16,8556 | 29,8648 | 60,1709 | 46,7545 | 121,5603
CPU Load (%) 49,504 | 49,435 | 49,316 | 49,250 | 49,197 | 48,445 46,463
CPU Mem Used (MB) 1429,3 | 6739,2 | 83654 | 8060,3 | 74315 | 7168,5 7106,0
GPU Load (%) 89,91 95,73 96,79 96,74 95,91 99,38 93,75
GPU Mem Used (MB) 844,19 | 1046,19 | 1440,19 | 2216,19 | 3848,19 | 7100,19 | 13592,19
MponyckHas cnocoBHOCTL . Bpewms forward pass
0
AL WO I R W
NamaTh 100 3arpyska CPU
J wl N m—
IR A R A
NamaTs GPU 100 3arpyska GPU
o] AR ] 1 T
£ 6000+ 3wl
°3 10 2 Sf{ms.ze ps s o0 3 o 2 Sft(h N prs % o0
t M disCte @Y defjd Zdz' sSOltss dZOGtlzL sydsets IsjMisdtetss Odzd W fs5H dzt
v OB dzd YPjBld SO’ dz@ctekL sydetsets s jMisdiotso Odzgd™ Istej R C OdzOdz! dzts?2  dist
Batch Size 1 2 4 8 16 32 64
lterations 1024 512 256 128 64 32 16
Total Time (s) 8,92 5,75 5,60 5,43 4,82 4,71 4,69
Forward Time (s) 7,12 2,43 1,25 0,64 0,39 0,41 0,14
Overhead (s) 1,79 3,31 4,35 4,79 4,42 4,30 4,55
Throughput (image/s) 143,70 419,96 818,77 1593,97 | 2560,40 | 2478,75 | 7032,88
Throughput (TB/day) 2,3628 | 6,9051 | 13,462 | 26,208 | 42,099 | 40,756 | 115,63
CPU Load (%) 48543 | 50,412 | 50,002 | 49,710 48,53 48,128 | 47,015
CPU Mem Used (MB) 1406,10 | 6759,85 | 8218,80 | 7546,90 | 7365,30 | 7059,00 | 6865,70
GPU Load (%) 71,97 94,26 95,83 95,88 95,00 95,25 92,75
GPU Mem Used (MB) 601,88 | 729,88 | 997,88 | 1501,88 | 2593,88 | 4765,88 | 9097,88
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{ M disSe@y degd Edz' sOtse dOCtkL sydscs sjhmlsdese Odzd™ Istej F

Irydfmdzdilsj dz@ dzOw Mdztsy detsfyls Moy etsyde' » B jOyd?2 tcOfl
SHAOCtE 1 WWjClsdo datsfyls GPU wftejHjdvjlkfw dzd stsdzr €5 €t
f OteOdzdzj dzd L &3O o' ydfmdzj ded 2 . JHdzsC OdzOdzr dz" § dLsBtcOY j ddW
o ydedhls j dz' dz" § L OHOYyd, Yylsts ftwdoatsHdls € dzj { sdzdets? L OctelzL €
tejLEzd s0OIsj L dz0ydlsj dz¢ dzOw Yyofls: 9 tcj a3 ded stcOlsdlsfyw dzO
or ydmazdlsj dz dgr = wWHjte d MmMddecmtesddL Oyde {§slssCtse. sdzw s H
MsmsOoddd 3,55 M. fttd batch sikse jikBdzsdl 179 Isfisc,HOYUE®OSCE
dzj MOl ydlze or ydfmddlsj d dgbs f eslsdashis! LOHOY o 1§, 60 5d

ve jdzdyujdedj UdMdzO SOdROdtse ftorhOjls Oted¥W BjlsdujmMSize ¢

Bisjdzg L WWjSClsdodes dmMytsdz L 59 Ols! f Ot Odzdzj dz! dzlz ¥ Oterndlsj Csizts
ZOC ZOHdzr = tOfMrtsHtse EZdjd P Ojlsmw, O eor ydmdzj dedw f jted A tSHY
B h detsfyls ' s Emistets?2 Mise O, 0 daj LOHjty SOl § Od3vIst | dfdaifts, iy
sflsddddL Oydw BdBdZdtslsj ¢ CcuDNN [ 2] fsH Btd hdj IsjdaL ster
Odze stedilsd3r MoV telsCd, Edzkzyh Oow Htsfikzy ¢ fO0dBwlsd d LOcklkzLCE

9ntBH sBd Mfj udoeOj s Btsdzj J or MtsC d?2 Ptotso jedzd s Hixfldsd dz§ L Otg
ftesdLotsHdIsj dz desflsd .

[MsBjdzdzs L ORjIsdzr 2 tsmls s zMCds?2 Mfsmse dshisd dzOB
CuDNN fjtejteOmMftcjHjdvjls or ydmddlsj d dzr j e Mztem'w HYg 6 f S
( SGEMM/ vol ta_sgemm) . 1 tod dzjhs Sy YhtgflsiC dtc CoL d3s fizd@E o datads B t6 O
CsdsB ddzOYyds Wi nograd d FFT, ybt MsLHOYI thEzlsdd J dzOS dzC

I sdzeyj dzdzr § tjLEzdz sOIr fsC0OLT 908ls, ybts ko jddyjddj
ftedotsHdls ¢ Mmdedy j ded® MEBetsMmisd tsatls@@tdzlq’(ﬁd.ﬁ]tsm@iﬂtdstj;ldmﬂ}),: >t d)

arqqmmq54¢4w52 ZOCtkL §d ®’eyils bkdzyh O+ Odizll j S ks ¢ oztzs fg | O3
fsor hOsls COyjmise ts Mijcecdzd dz2lsOyd(d d sBjMfJyde O Is B 5¢C
q’tstsq’LatSHcflsg, &zt desfylsd fted kojdzduyddedd batch size.

e MERY sdz/ L 5o Odedzr = dMistsyded € 59 :

1. Ronneberger O., Fischer P., Brox T. U-Net: Convolutional Networks for Biomedical Image Segmentation: [ 4 dzj € Is te ts dedz"
te J Mz teal)jv. 1 /2015. 1 URL: https://arxiv.org/pdf/1505.04597.pdf ( H OIs© B O jddw: 27.03.2026) .

2. NVIDIA. cuDNN: CUDA Deep Neural Network Library. NVI DI A Devel oper. URL: https://dev

BB®Oh jdd¥: 27.03.2026) .
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COMPARATIVE ANALYSIS OF SEGMENTATION QUALITY AND
COMPUTING PERFORMANCE OF ARCHITECTURE U-NET FOR IMAGE
PROCESSING OF VARIOUS CHANNELS

Yerofeyev V., student

Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Pertseu D.i PhD in Technical Sciences

Annotation. The paper investigates the effect of the number of input image channels on the segmentation result and computational
efficiency of the U-Net neural network. Experimental results show that the use of RGB images provides improved segmentation quality
and higher computational efficiency, despite an increase in the amount of input data.

Keywords. Semantic segmentation, U-Net, neural networks, object detection, load testing, GPU.
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6. [ddem¢, (JiMmMfeBdd¢O 1 j zOtekm!
4SCdBOT MM Misj dzls

o dzdzs s OYd W fMlsO! j ©wOMMdssie) 20 OCkkzOd dOv f 6B dzj BOC eOEUfasEHs] 2 Bis H & § | W
qozls j dzdzj Sz Odz dz g OfmMd fls j-CsiPdRYls Cdssi@dsds)e. O dddt s Gde@azd L tetso Oz § £OCIsd ¢S
d
sy

ftsdz L soeOdedd GitHub Copilot, AWS CodeWhisperer, Tabnine. ltotso j HJ

J
sdBdLOydd fsyjmhses &OfdmMOddy, tjWoCksttdded d sldOHSd StHO. i

{y
%0 fesHEzSCIsdo desfls! ©OL©OBBEYUJCBe g COYjMmlsots fescOBBdscs §EsHEZS SO,

sdzs yjor | migsE@Nlse | dzdz 2 Pdglh) [ dgdz U5, CEOHGOBEEPD! HESCLOBBAdEEE 8 j MY j Uj
Yj s jCO f Cudf! “lsjtead, §Osis e d dafle@dzEts H j¢2 fgd dePwy,d "] EusEios ] % OC s st d d

lojH] d{; fMtse toj d3j dedzlz ® tOL tcOBSISE |2 flosctcOBRBRSES B J
ddzsj ctedtelzy stz dzlf 'dzfn Is 2O sfdztsoe j dmeemMmise j dedets G 5 d dzls j dzc
cOfmMf esmistcOdzj dzd j-Offiisddg g Pzl RESEHJIcS Oz, OS] ¢€O¢ GitH
Tabnine. -@ffsfiffd g dzls” fsLeotsdzws Is L d&20ydlsj dz' dzts Emested s
Oo ssBOsRYidnSdz] tOyYydd SCtsHO, OolssHBY sdzdzj dzd W , fsBsh d o to
dzj Md3slstew dzO Y slsj daydoOdz dz" § ftej dd3zh j Mlso @ indiniksj Udis o datisi L
LOHOY, 2, stcjBlzs M j 2 mMdMmilsj 3dese s JtSHASHO. ltetsBdzj 3O L O
tOL OB slsyd COMMifiMisg rRElssdy YOMis dzsd Is dzj t6j G ZOd3] dzls d o5 9 (
Emlssweah da mw BjssHdC d f Olsj tedzts o 9LOdMBsHj2Mlsadw i
dzj toj dzj @9 Odgls dzsls! ddzd hdeydetsfmils! ftejHdzsyjdzd2 CtsHO, Mdz
(B Isse ), ftosBdzi 3" ddesjctcOydd d fosmdzjHlEzesh j2 ojtedi dsC
ssdz’ Cts5 dzdo j dzdtetso Ols! BYJdHOj B 2 HftodtetsMmils ftesdL o sHJIsj dz' dats
d fsvedj dzgds deser 7 EwiLedditsMmisj?2 [2].

Kjdz s HOdzdzse 5 dMmmdzy H fa @dzd Wzd W o dRiNjsiB ) dedesMisj 2 oL Od dBisH
fl rR&ERMMdMisj drsOBd d WistedzOdzdL Oydw 1+ WWjClsdoedzr » 4§ Olslsj todztse
Czs yjorm 1 sOfse tOLWGOBISSd: d2OfdMmMOdedy, tiWOClstedde

I Mmttslse jlsfmisoadd M f tsMis ©ojdzy jdatigsdRr yfg dig wz 8 didd s HeO y d :
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TECTWPOBAHWE (pErpeCCHOHH0E,
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Teckl NpoA0EHEI? — OTKAT WHTErpaLM9
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KoHey yukna
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RESEARCH AND FORMALI ZATION OF INTERACTION PATTERNS
"DEVELOPER 1 Al ASSISTANT" FOR OPTIMIZIN G THE PROCESS OF
WRITING, REFACTORING, AND DEBUGGING CODE

Bocharov A.N., student
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Skiba I.G. T Assistant

Annotation. The article addresses the relevant issue of interaction between software developers and intelligent coding assistants (Al
assistants). Practices and challenges associated with using GitHub Copilot, AWS CodeWhisperer, and Tabnine are analyzed. An analysis is
presented, and interaction patterns are proposed for optimizing the processes of code writing, refactoring, and debugging. The potential impact
of implementing these patterns on developer productivity and software product quality is assessed.

Keywords. Atrtificial intelligence, Al assistant, GitHub Copilot, software development, human-computer interaction, interaction patterns,
prompt engineering, code generation, refactoring, debugging.
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DEVELOPMENT OF A SIMULATION MODEL FOR A MULTI-AGENT
SYSTEM OF GROUND-BASED CARGO ROBOTS OPERATING ON A
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Annotation. This paper describes the development of a specialized simulation system designed to model multi-agent systems of cargo robots.
Metrics and parameters for such a system are defined. A ods ohther am o f
modules indicated in the diagram are described. An algorithm describing the simulation process of a multi-agent system is examined. The

visual component of the final software solution is described.
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Scatter Plot: random (MT) Scatter Plot: secrets (CSPRNG) Scatter Plot: LCG (Custom)
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Annotation. This article presents a comparative analysis of the cryptographic security of pseudorandom number generators: the standard
random module, the secure secrets module, and a custom LCG algorithm. Experimental results show that high entropy values and the
apparent randomness of the data do not guarantee protection against sequence prediction. This work clearly demonstrates the vulnerability
of non-cryptographic generators to state-recovery attacks and justifies the need to use CSPRNGs in information security applications, despite
the resulting decrease in performance.

Keywords. Pseudorandom number generator, PRNG, CSPRNG, cryptographic strength, information entropy, Mersenne Twister algorithm,
linear congruential generator, information security, Python, algorithm analysis, sequence predictability.

39



62-w 1 OkzydzOw stsdeW jtoj deydvy ¢MyfdtcOdelstseo, [ OcdMmlstcOdzlstsa
vrs 00043867 4

ClI LT SARC 11 Lo JHWTTRIR RrRMm 1] ROJUIR[[T RIUYf 3 R
lodvuvrt13 to1teérvdgm 1t R[IJrIA[1RE
seQoayz¢ s. ¢., [JECI I wdse . 1., [OLOCBO (-

1 jdazstezmMMEd?2 esmMkzHOwLmise jdedzr 2 EZdzdoe jtemdlilsjls o dzt sted3Ols
6. [dEmPzeizds O 1 j Ok f!

ZOlsddtse O fOG.. sjade dzOES, MlsOLh g2

¢ dezs s O MisOls! | HtsosHdlsmy MicOodzdlsj dz' dzr 2 OdeOdzdL fteslssStsdzse HTTP/ 1. 1
9 j-BOL cOBBISCJ. {t OMMdB3OIsted o O8 Isfmw Ot L @lezjs® Is de dz'd & § dzdgy dafl dzd WdzO te@sdeetsts te d Is d3d
ftotsj CIsdtetso Oegdideo § dzd) dels § tod dztsy § ded 2 . I Mtsetsy oded dB3Odedy kHJdzjdets 1 otsdz ydd
B lssHtse fescORBARE2 CsiBf j dMOydd tctOddyd dzd? o HITRADISHWHE sddgtf € dgis Ot ¢
dqdzisj teW j 2fMse 6dBSCts?2 HBMISOeaCd HOddk =~ (WebTransport) 9 Mbotej o3 dedzr =
fOblsjtcdzse fosctcOBBIdtctso OdzdY Htod fjtei ntsHy Bl bttOdhmf stelsdzse s fotsls ¢ 5dzO

sdz yjorj MEEAB.HTTP/ 2, HTTP/ 3, QUIC, &zd ksdfdjShdess Odzedj, Odcsedlsd
fedstdlsdL Oydy flstCtse, daj GZOH Y BOY HEMSOs CO HOdd = .

dtsotcj B dedzgOW f OtcOHdGE BO wWOLOBBISEd foesetOBRBBREets B j f
9LOddBsH ] 2Mlse dj d3. HygplesTwBdzt HTTANné§f er Protocol) wWodwyjls
fjteiHOUYUd HOdzdzr » ©® GdzsBOdz! dets?2 Mmjlsd. [ HBZOSCts dOs ddstsB 6O
EmMdzsy dzj dzdj OterndlEfddshigrdedd i®r wvwodqdzd MmEh jMilse jdeder J 56 t60Odzd
ftoclstsCtdz 30z Odestedlsdidd yd MSdma tWOL ddqyud2 EBIYHE HTTP/ 1.
HdzZ? tOLtcOBBlydise ffted ftosjSCisdtesa Odzadd o' MsC s5dzOG tolzy j dadz
HgSCIkil dMitd LsoaOded] SCtdeStejlsdz’ » § Olslsj tocddtgfor Ofyaf(c. to © d3d3d te

lteslstsCtsdz HTTP/ 1.1, MlsOdzHOlsdL qtetso Odzdzr 2 o 1997 ¢t
stcOdzmy Stels dzr 2 ftoslssCtsdz TCP. ] dzO 9o dzts 2 Odze stedIsdsd yj M¢ 52
BdzsC dtieso O dzOyOdzOof-siyp e j bd o¢ Hend, HOL) dz0 trHedzte @3- HCH
Misd HJdzj ded W LOf tetsfr sBtcOB Ols' 9 O Isfyw Msticsets § sdzj His9 Ols
tOLtcOBSIsYde Odz ftedrtsHddzsm! odzgj HisWIs! M JydW¥dyd MSdd OdzGt
Ltcj dzgdvw MmMtsotc d3j dzdzs? Otemrdlsj Slskzter ) .

Domain Sharding 8 { Iss § toEasSgORBOoMmYy tej H j dzj dzd | MisOIsdyd M dn l
fSHHB®R] 2O Hdzv dMmMSEmMmise j dzdese s ko | dzeisid daddvdz]ddgddld IsQe OfizQ tg Qedl

dftcO2Il" (CS® Ofzpgsitcféssiy yj mMStsj B jHddzj dzadj dRdetsy j Mlse O
Hdzv dBddeddiddL Oydd SCos@dtweissa® BEBTBEsh jj Mdasy ds2 &OIlsj 30OIs
Mlsstetsdzy € dzd | dzls O. stsdzl Ols j dzO 9§ dfiyB tstfe € Bd dadj Wi Is@ ystp iz tsIESE B0 S H O
Sctetsdgdzr 2 BOdzZHdz (bundl e) [1].

lteddgwlst 2 © 2015 ¢EtHE MIsOdzH Otels HTTP/ 2 COtHdd&zOdz dzts
ltoslssCtsdz MisOdz Bd dzOteder d3, yYlbsts Eftesmisddzs Odzetstedlsdir f Otefd
d Cdzdjdzes©O [ 4] . | dzOd dgtz iz’ tef § teg § p e Pdzd ] okttt o wLOM
MsjHddsj dedw [ 4] . Clts fsLodzddzts tlsf cOo dwis! d&dsy jMisets L
Hs)Yy dHOwWM! LOg jteh jdedWw HtojHMr HEZPdAR. J ddwded] d2O t©OL tcOB IS
B O dzH dzd dzGtgH dofdzchOO L B Istsydz" &sd d HOXJ otejwHdz &3 [ 1] . | OL C
Bts H z dzd Ofmddzer tetsdedets dzj B sdzt M d dzgd Yyofmilsw dzd ( 6t Odzlz dzv te dzO W
WWJSClsdoe desmls OdzestedlsdEstse G 1 h Jqtetso Oded™v BteOkL j 0. r sf sd
Otsdzso Ctse HPACK, fded y 08 " d2 dzOC dzOHde" | tOMAtSHT ZO & Is
tetsB dzj 3@ dAsQlJtetso C d dzgj BM dzO tejh j dzO f sdzdesfls! 8, dzO f J tej d
Slsj oW HHSENS] SITACPftcdotsHddzO ¢ GMNMsOdtso¢] oBgfEBo GHTLTBI R &
sd3j dals O ttsoltstedas?2 i jtejHOYd 0O0CjlIs0O. HTTP/ 3, tSHtsB toj dads’
tcj osdzs ydosdedz 2 h O, LOS COC lCOLM9o9OjlsmMw slIs TCP o ftsd
[2].

pdzestedlsdBduiMSdd d OtemndlsjSlskztede §| ftoj Jdi3gzh jMlse © HTTP/

1. 1JLOadMmd dizgsfls ! fslssCtso: QUIC tjOdzdLiEzjls d&kzd Isd{f
1 slsjtew -HRDR OG tc O3’ odzdw il bktsdzr €5 dzO Istsls CtsdgStej Isdz 2
sfMisOdz dz" | fesHBd Ols orf f sdzdzj dedd [ 3] .

2. VNG e dadats § EMmisOdetso dzR®TT J : ) ©O jzs ¢ tzgf dedzv CedyflstsctcO
ddzsjctedtese Odzr dzgj f sMtej HMise jdedes © QUI C [ 3] . [ mdzd € dzd § dzls
Bsydls dzOyoOls: Mw o fjtwotsds 34 HO0C4ilsy (Zero Round Trip Ti
(Three-way handshake) TCP.

40



62-w 1 OkzydzOw stde j t6j dzeydw ¢MydJtcOdelstsea, [ OcdMmMiscOdzlstse d

3. fdetOoydwy MmtsjHddz dd?2: dHjdsd¥dcoydy mey s dzdf st
O s dzdS Odz detsdsz Connection I D [3]. ltsctcORBdts s
Wi-Fi  dz© hBtseddzl dzgz¥ fjls! (M) dzO | Pistednssdg'v d ids dedzts X jdaed Vs odid
sBtOBtslIsCd ttOLWr otse MoawLd d itseoltstedatsdts ff sHC dzs yj ded v .

ljtejrtsH dBBidHEZ ojtmMdwdd HTTP Mmtftetsotsy HOdMY dzj Istsdz! €
d fsvedjddjd MfjydiduimMédr flescttOdd3d » d&3j »n OdedL B8y, Cts
tcOLtOBSIsCd Mjlsjotsets 1. |1 Ekmdssedwr IjSMmstsots? ftedtotsHT
ftoscteOdi3dRde" | toj OdzdL Oydd © HTTP/ 1.1 B" dzd MW sSCkMmdtetse Odz"
BsHJ dzd ¢804 jois

[ irnOdzdL o3 1hquaO&dW: Ofigitfts o0dgts(2v 7 O FqwjjddO dzo dz®] O dzG tst6
LOf tetsmise fn dmMf sdzr LsoOdzd ] 3 MOdibizsedso] LETagl st If &8s b 5¢
Bdded BdL Jieso Olst BI jd&3 f jtei HOOJ @B = HOdzdzr », dLBjGOW {ts9

1 Olslsjtedz Lon Polldnmdm$@m ] @dl B gds o tej dzg dzed ( yOlsr
HTTP/ 1.1 dimMftsd Lkzjls B ~OdedL d3 cHAzZddzedzr = BtesmMsoe. 1 tt
Mtsjrnddzj dzdj HB d3tsd34dzls® fswodzj dzgdW HOdzdzr » 2O Mo jted,
didlsOydjdtesdatzin® MowiLd o EkMmMdzsedwr lsMmikzlsMmisedw dzOIsdo dztsc ts

I swodjddj BJdOtdasets Msy Wioj2lddteso Odzgdw o HTTP/ 2
sflsdBdL Oydd M ftedS ZOHBEEE kosodw o0 ke jdd fslssSs
MsOdzs o dzj Hic ] OFs OEEY s Odzetstedlsdz HPACK. 1 tetsc tc Od3d3dz
HdOBd Ui MSdj kOBddyr ddHjShse dz0 flsstesdy Cddjdkso d f.
gL dBj dzj dedv o BjlOHOdzdz' 7, 7yt StedlsdyjimSd o Oy dets H&Y SR]S s
( zOf ted d3j t6, 4 jlHogCHjCHEED )JIJWESY jIs ftejor h O! Bl jd § sdjL dzts?

lLojh jdzadzaOw HtedtstedlsdL Oydw: o Blsdzdydj ks HTTP/ 1.1, t
EftcOo dzwils' stedlsj kOB flssCtsa. t OLOBBIYS dgEy jd da
ftedstedlsjls j sBteOBISCd § ZOddesoh Ctsd: yjd& or hj ojf,

HTTP/ 3 ftjHtsMisOQoadzw jls t©OL©OBIsYyds o3 HisMisktfylkss ks g
B' dzts MCter Ists dZzzlsted MIsj O TCP. RdzsjteW ji2fm WebTransport,
tcOL tcOB BISYdES 6dBS¢d?2 o"BBt BIYHE dOHY Y dts?2 HBMIOs S22 (
tOd3¢ On SHdsets fMtsj Hddzj ded W [ 6] . o§ zts ) jfdafve sy Pz ditscits1 O
dzj sBrtsHd di3sMisd dMiftsdz’ L s9 Ols! SlsHjd dz | ftelstst sdzf 9 oS H
mMyd dzOted § o . J tORC-Bg O tsts HEBERtr 9 Ojls oL @3y desfmls! tc
Odzestedlsds" : Ctedlsdud MSd o0y dzcPptc@@ldafls 3 HHEHGBEAODEEMY O MY SIss
LOHjtYCO Ctdlsdudzid 1§ sdzdslsr , fitejHOs s BjL ftsolststods -
fSHAtSH tOHdSCOdz dets EZftetsh Ojls tcOLWOBIsSCE o' MsC sdzOctelzy j dad
1l kOoBdzdyj 1 f§toj HMmilsOaodedjuddry Cffdessusjtel 5z L

v OB dzdl§ @ tc O o dzjff dedsjls ts CHIERS o

te d
G s
slsftcOo dzj dets Gl dasmdlsj dz des Hikcdrn ftod ©OMEtej HJ dzj ded d H sl
G J
9
Od3

MOt OCIsjted Mmisd HTTP/1.1 HTTP/2 HTTP/3

v e Odzit stelsdg” 2 [TCP TCP QUIC

NSted3Ols HOdzdz" pj SMistsar 2 U d dzOtgdzr 2 I d dzOtgdz” 2

[ Zdz' sd{ dzj andh{_iTl;) (HOL dz¢ © ([ wigitslgtsjd dzjf A dzj L Oo d i d 3"
s dz6 yJ 9 52 d3J » REST, Long Polling, ETag HPACK, Stream Weights [WebTransport, Datagrams
viMss2ydesmis! | L SOY (OLBL dLSOY (TEPL Il r MfsCOw ( Con

Mmd Isd
L jLsfOMmdsmis: [{ydtdOd dets | BY L Olsj dz' dats |l s to 5(JL6.3)
] tjLbkd O] fkbojH,) bscts OdOkJL O &sy ds MHj &ZOk! o
efidd 1.1 € 3 fMmkhjmse jdades Bjdzvjls fsHABHT € t©OLKGOBTM
OdzH Otcls O fsLotdY jls lCOLOL!I v ks ¢ GREihsd RS 4Bt a6l s
MsCsftesdLotHdlsjd d 7@ BjROddL 3o kteOdhf selsdesets o fiyj
sdLosHdlj d dsfmls! d SkCOLskmsRadBtsdls’ Mot dj dzdz’ 7 o

sf dMsS dmMf tsdz! L tso Odzdz" 7 dMmissydzd C 59 :

1. R W Jtedetsteds. ulgkis@dzd yL OFsCHfBEgL o sHdIls] dz@ dzf O [{. tcd detcylsijda], W
20150 EOO HtsMiszf ®©: 20.03.2026

2. RFC 9114: HTTP/ 3 [ €dzj € Istetsdeds 2 ey Miztem] / o6l ptigdazetH sEisdif ©
https://datatracker.ietf.org/doc/html/rfc9114 0 1 OlIs©O® HBMEfO: 20. 03.2026

3. RFC 9000: QUIC: A UDP-Based Multiplexed and Secure Transport [¢ dzj € Is tc ts izfizh) B/tnfgrnet Engineering Task Force.
0 t 4 dHdis ) ls EhftES://datatracker.ietf.org/doc/html/rfc9000 6 [ Ols ©ts fyls 221.38.2026

4. )1 sdzdzOteH 1. HTTP/ 2 9 OHfj2:Mmisppfds] Vicjffp DDA mdszf ©: 21.03. 2026

5. RFC 7541: HPACK: Header Compression for OHTTRHZER pHEG@EEE®
https://datatracker.ietf.org/doc/html/rfc75410 1 OISO HBMsEZf O: 24. 03. 2026

6. WebTransport Framework [ ¢ dzj € Is tc s dzdig'z W\igrjd Wide Web Consortium (W3C).0 t 4 ¥ dd3 HEsMiskzf O:
https://lwww.w3.org/TR/webtransport/ 6 1 Ols© HtMlszf ©: 26. 03. 2026

9 d
mis
or
f t

41



62-w 1 OkzydzOw stsdeW jtoj deydvy ¢MyfdtcOdelstseo, [ OcdMmlstcOdzlstsa
UDC 004.774-043.86

THE EVOLUTION OF HTTP PROTOCOLS AND THEIR IMPACT ON
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Annotation. This article provides a comparative analysis of the HTTP/1.1, HTTP/2, and HTTP/3 protocols in the context of modern web
development. Architectural changes to the protocols and their impact on algorithmic approaches to designing client-server applications are
discussed. Particular attention is paid to the evolution of application implementation mechanisms: from methods for software-based
compensation of limitations in HTTP/1.1 to the use of built-in context compression algorithms (HPACK) and flexible data delivery interfaces
(WebTransport) in modern standards. The need to adapt programming patterns when transitioning from the TCP transport protocol to QUIC
(UDP) is substantiated.

Keywords. HTTP/1.1, HTTP/2, HTTP/3, QUIC, multiplexing, optimization algorithms, HPACK, WebTransport, stream prioritization, unreliable
data delivery.
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mMdmisd i3 : sSOsdzdswjddtso tej d3j dedz" = B esftedwilsd?2 (tls 5 Hts 100),
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BottomTab-dzO o d ¢ Ols st O H dzw smhdets e dzr = tcOL Hj dzis o ftod dztsy j ded v .
B esftedwisdw PftcOQodzw j Isfpw  yjted L React Context API ( Ev
M sdwiidL Mo WL Odedzr 7 1 CtcOdeseo BJjL dgitsBrBHd®BsMIsd §jtejH
~ntcOdzj dedw dzj Mizh jMmise jdzdzr » HOdzdzr 7 MmJ MMdd M sdz' L-lkF Isjndz As
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tetsdzj o 52 BBsH | dzt & HisMiskY @& o JH tshigzidtg edzf(fRts dsF | p Ledbla s e Cloud M
LWWiClsdedz a3 toy dzv dzdiytsdg H O dzd w fMtse toj d3gj dzdz" n ddzls j dzdzj € Is iz O dz

B esftedWisdw i3q .

{ OLOB S OdzdzO" OkRdlsj SO foLotd"jls OolbsdkOsdL (e C
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sfdMsS dMmf sdz' L 59 Odzdz" = dMistsyded ¢ 59 :

1. Express.js Documentation[ § dzj € Is tc ts dzdz" @ { tg pfiglatic i . ftedz/gxPressjs.com.i| Ols© HtsMiskzf ©: 10. 0

2. React Native Documentation [ ¢ dzj € Istetsdzdz’ 21 ftejjndeds i H = fiptepk:Are@dctnative.dev. @7 1 OlIsO HEMiskzf O:
15.03.2026.

3. Firebase Cloud Messaging [ ¢ dzj ¢ Is tc s dzdz’ B {tgjdiplzds fiH ts itpsz/Mir€base.google.com/docs/cloud-messaging.
iT OlsO HBsMisEfO®: 20.03.2026.
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1. A semi-supervised deep learning approach to dataset collection for query-by-humming task / A. Amatov, D. Lamanov, M. Titov,
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I dstelzMMCd?2 etmizHOkhise j dzdzr 2k dzd o | to ) ddstsjdis] Szl 5 te GO Is
€. [ddemS, [imMfkzeddCO 1 j &OLkm!

1 jteyjo iCOzn. IkjRdz dzOkE¢C

W o tgWH fBHARBSHBY 5 tjh jdzd¥ LOHOYd BHdSo ) di3j dedes? dzs€ Od
O, tcetOddydddw d tflsddod d'j MW jter f§tod ij dzj dad v .

swhjj oatcjd3" Bodz hddzmlsokz Oolssdesdzdzr = MdMmisj &3 dzj ts
dzd ddsdz odHj, COC MmajHmsedj, otLddSOjl it
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B LsoOdedj Wddz ste® sSOkZBORZO d jets BHHJHGE OFd2 H O dzd
kte®, O OSCYj] fttddydf OBk’ jets kitse jteh j dfjlse 5o O dzd
.o Addz ste S ORZEB@AD Ists, tyjddeoOshdl ojSltste Mtsistsw dzd
dz' L k2w teW H dzj s dzdz" - L Oh & dgdzj dedz" - gL dgj toj dzd 2 . A
HOM) dzlsifdz’o 'S ststcOBBd: o j Cstetsdy MsmMsswddy d ojChtstesd
2 9]jChtt, syj dzC 2 Ctbttesets daj sBrHdBs it HJ dzd
Eyoj &3 | fl Mmjdhstese (dzdHOter COd3j ter ) . A-§ tzte ts 5 € yafO'B.
MCOLOdzdd or" fsdzdew j sy dz0@ thdese j dBH i dzd Hody J ddw. 7 (
sswded v, Cso Oted Oyd sdzgdzOW BOIted yoO MmMsmisswdedy  EftcOo
dzdzv jIsfyw  Ekltsydsj dzdj Gtej HMNC OL Odzdlets G 5 ) t2f Is t5[WHAHFO'C 5 ok Wyt
Wddz ste s OzRBOdzO dzj BLAM sz BdzH bt S@HRQE SO s Istsdz
j i3 ) cOkMmMmtse ' 3 SLAN idsRjdsHd dzj@R dz@H.0 O] dzd & AMiASESH dzts 0z jOdr
j2dztsfls: 8 BsHj dzd Ho dy J dzd Vs tetsLs@o dofi] dtat@sifr@sj! Is fifyls  Isktect{dZ@s daf:
gw &ikd) , O IOCYj dzj dzddzj 2 detsfylss 8 dzgOB dzs Hj dzd2 ( dzdH Oter
O dzd UJ&J&BH ssySsd o fd&Mmjdz dzr § CtststeHddzOlIsT yJtedtL
di &0 cdizzeddzz, j QA2 VW ¢y c®fY J d2) dzd ztctsMis j 2 h ddg toj " § o
jsmw clsCOL s CdzsB Odz! dets? dzddzj 2 detsflsd o ftsdz Lz dzsC O
O s Odzd30 dzO.

EKF. { Ofh dtoj dedzr 2 Wz ste sOdkzBOO w©jhOjls ftetsedzj Bz dzj
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otsHdls ¢ Ikt&gk, Ykt &Okj BOsdyjmMStsj txdHOd]jt,  dzj dzd
J OtedL s9 Odzdzsy ftededzdy j dzd d , dzj ©WOades dMisd dzdets Bz BOIs
OCt EKF fthbbddtl,jls ©0so, dhkssts, ukt odshdls fdhlsj Eol
B dels 0. O dydets, twwOMftoetsMisteOdzj dzd j dissig] @te d @ dizfs touf jctdzjj L
obbtstesets fosteWHCO, Ykt ftodotsHdls ¢ dzj o jtedatsdzs o' yc
odJ, Ctso Oted Oyd sdedzO%W BOted yod Msmlisswdadw COLT™ 980
HdMY jtemdd hdeSd syjddo Odetets. C OGS | 0 s szj dzffyjd dzdf is & fyis Oniasy «
sflsddB3dmisdud MSCd dgj MsistsWisj dz' dg' d5, ubsts o ftejHjdzj ojH]L
ftesBdzj 8O ftedsBtejlsOjls CtedlsduimSd?2 ROwLOCkjtt §t daj MS tsd
btedcetsdtsij steduj MSdj obbste ydd, sumh dj ftesdLothdr § doj Bcte
dzd dzj OtedL Oydd Mmkh jMmise j dzdes?2 HOY§ ftod BOdzr o dL dBj dzgj dedw 5 &
ts, Ylst dzddzj OtedL Oydw of ftsdzdzv jIsfw dzj o StjMisdtsmisd dfr
BYj dzS K slssteOY MOBO MH,jtydls thdBSk. (ks fssyHO s W
ftojH HEN joB hOGj EREZHhOjl COyjMmlset dddj OdL Oydd dz® Is,
shdeCd. I1Bdzjj btets, Odetstdlsds sBkZOHO]jIs qswqus@q@oalmBz
FastSLAM.Fast SLAM tjh Ojls ftesBdzj &3 EKF LO fujls ¥ kdz O d
jdzd @ Oded v, BMdatso OdzdzBE B c kz®We Islj in dzf @ j W RdzolstcOydd [ 3] . sk
Bfstdydd L OHOYd SLAM dz©@ Hej dzjL OQadfmddir §  sHWOHP yd
ho s Rdetsy j Mlsoa © yOMmlsdy, COYHOW dJL Cbtstern ftoj HMIsOs
CO ICQJetisjL deOBBE dgj L OoadMmddsr = Wddz' stese s OdzdkOdzO H dzv
dy'. uvOSOY HiSEB®RISLIYIY §Losdv | SKFE ipsjteosdzdes o dsts fipd
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ntleOdzj dedw d tBdeso dzj dedV fdzdets? Ctso OQtedOydtsdedes? dBwOIstedyr
COolssydzr § btsySd, ubt Mmddy 0jl or ydmdzdlsj dz' dzz¥ Mdzsy detsfls:
yd fpdzo stedj dz2sdtctso . ]l Oyder 5 Hted dBzbfglse skEzas v 8 izA Mis g O B §
Bdets ¢ sSBSHOdz! dgr B twOMY tcj HJ dzj ded W d3q : o tbdadydj tls EKF,

tcOMmMtej Hj dzj dad j iHddzmls e j dader 3 cOkmMMmsear & teOMmtf tej H | dzj dzd §
dzj sHdesL dzOydesfylsd Byj des$, Fast SLAM Wsi~tdOyvdids wgdaspiLi fds®frids
dL C(sltster i fsHHjttydoOjls Meatsr COtlk. [h"detydse j cditslsj
shdetso ] ftcOoHSY BHESBdY d&OB&EHjdd2, Ykt B iMmMfjuydeOjls oMl
HOdzdz" =, StedkduiMSddap s#tdSL EMFdz] [ ceddOf dz d&2] HsMIsOIsC s . [ Mdats
HiGwOHOYdw yYyomlsdy: ted Mt B &zddze HtedoatsHdls € §rlsjte] tc O
stcOj Sstcdw dzO0 t©Odzdzdn 1 50 O dZEyddZO dj HsMisOIBsyYdzr 2 9
st bod@EsLdglyds LOHOYd ftojHf sdzZOCOjls kffdseo dkzs dzgjL Oo d1
StcOj Sstedd, yYbts BLBOYOjIs dJedstedtese Odal § M § Sde®@tg v Ay df  1d3Q d
filsdzd 1 lsts dBsyjls ftedoatsHdls! C MmMikesflsddzodz dzr@ d3 tsqQj 4O 3.
LB dJted yj ¢ 2 LOHOYJ 2: dzj HisMis Ols sy dats j Csdzdyi Mlsoats € o j HJ
dzj s tcOo HOdzdzr 5 o ydfdzdlsj dz' dz@ @3 L OlstcOls O 3.

DP-SLAM.DP-SLAM (Distributed Particle SLAM) fttjHMIsOs dzw
wWddz steOydd yomlsdy B &Ewzis@s Bisd ulf BMded COtls L OdwIssMmisd [
Cobster 2 sfjttdtokzils COtlsts?2 o odHj BQBADI G lsldctsy sy dgr Chte Istizte dpj
LOdzv Issmis d, Yybsts foLeotdvjls tlsCOL O M ls dzj sBrsH BsMis
ftosB dzj dg'O g Mw Ctodlsdyj MEts?2 Hdzw EKF d btjBlzeh j2 tlsHj d
gHJVY ®BIilsHO L OCds yojlmwy o MmMsodj Misdes?2 Wddz' steOydd IstcO
fsgsh 8 Wddz ste®@ yOmlsdy, eHJ SOYHOW yOfMmlsdyO dzjtdisislds IsfOs dz
sdzt yj o' d3 HsMisdSILjAAM] jits dBs o0 j Hj dzdd MY j yd Oidds @&s 2 dzd)us'tedz@ jsdg
HjtejoO ftjHSBe (ancestry tree) M ttOmMfted HJ dzj dzdz" d3d B
fcdkzdzsets Ctsfdesoa Odegdw ofj2 COwlsr HdY. CORY BESyYORd BT C P
nteOdzd s dzd h ¢ My dMmts¢ dL d3j dzj dzd 2 , 9 daj MJ dede’ = 9 Cowlslz sl
sBifMfjudeOjls dzddzj 2dzlze o ydmdzdlilsj dz! deges Mmdzsy detsfmls: 5 yd
M ZmMstesd3. [ jlssH ftesHj BBt @t Otz Kz M sdzts iy | dade® Mmils
fted d3j dzj dzd v M d ydodz dzr A ftesyjHEt Cstetej Sydd Htoj 2 W O,
Msmistswisj dz desflsd yd dats§ . [ MesA Mz #59 dizgj HIisfipds Old4 tsdg - P d f3ts iy |
f SHHj e Odgd W HjtcjaO tsBdatsoddnyj,ded R ls t= das te jeBfizjinls Wy GiE@dsydls j dz@ dz" -
sftse j dedes ftod Bd hsdy3 Stsdzd yj Msej yomlsdy d Hdzdlsj d ds?2 t
LOdW Istsfisd o dsj Mists Istsyj yder » tsted j dzsdtetses tsctcOdzdydo 0jls tcOL
O o Itej - B ®tda] £r Mytg dialsj dzj dzdj BJBSHO MisOdsOJ s HMY 1 tefs dauirg Ga
esMisO ttOL i34 edzesMmisd MmJ IsC d.

ltoso jHjdedzr 2 OdzOdzdL =€ 0OLT 90j Is, Yylsts 1 otsdzs ydqw Wddz |
LAM ftejHfMsOodzv jls M2 ftshmdjHse Olsj dz detsj S Hc®jntnH taudi jmdzdsj
ddz' stekz s O dzdz30 dzO . 10 MmMjeHdhdzd 2 HJ dz ) ftesdir h dzj dad
ddz stcOydtsdadz §J d3J IstsHT Emiszf ddzd HesBdddtelze h j i fhesedtsy j dd
LAM) . vOSdj MmdMmlsj® , ¢OC CSHhAM3,oMINSHMpro,eliO-SA®0 ofg | HOS T ORI
sMistets§ dadzr | O tejhjddd LOHOYd ¢ dtssOd dats? dzj dzd dzj 2 dzts
CoOHIOIY , sBiMfjydo O ls MmMtsMmlstswisj dz¢ daetsfls sy dss ftod L
COL 6 ) J dedetsls ! L OHOYd, HEMisd e OW  dzd thed 2 disds2dzts f'd 1§ § fipeizdzls j o =
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Cdzryjo'rn COHEtss. JtOWtsear?2d fHABH kZMkteOdzw jIs WlzdzH Od3j dzls ©
T O dzj dedj tshdete ftsidzj Hiso Ols jOdz' idapRls ditfte) RjtedEd Oy d i
setOdd Ujded?2 @iy HEk §tsL OBd d "depdy def H j sz detspdte jid3jf dedy dafy HYlzg te | )
vOCddB BBKOLEBHR, Wdd seOydsdds | BjlsHT MRtOdvsls OCLk
Cts @BEHIWIdECOYdd fJtodddveslsmw o foHotHAE2 ttBtslstlsy -
Stetse dzj o' MES O, O r dsfipdsclds] dzis atAs @ dzdtayjj gz te fISALafgMt Sh A N
fls
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n J0OCIsduim@d { teag B dzgf BRY tSuizl € O HSBYJ
sdzj Gy Odz dzscts tsMlsO bktjeseOdd2 § fO0dviksd, Efkk{yc

SH Od3.
s dMERYT Sdz' L So@ifdsias Gdzd € 5o

1. Kalman, R. E. A new approach to linear filtering and prediction problems / R. E. Kalman // Transactions of the ASMET Journal
of Basic Engineering. i 1960. i Vol. 82.1 P. 35i 45.
2. Julier, S. J. A new method for the nonlinear transformation of means and covariances in filters and estimators / S. J. Julier, J.
K. Uhlmann // IEEE Transactions on Automatic Control. i 2000. i Vol. 45, no. 3.1 P. 477i 482.
3. Montemerlo, M. FastSLAM: A factored solution to the simultaneous localization and mapping problem / M. Montemerlo, S.
Thrun, D. Koller, B. Wegbreit // Proceedings of the AAAI National Conference on Artificial Intelligence. 1 2002. 1 P. 593i 598.
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tej Mktemtso : Yyj dzesteOdz! dese s ftetsyj MstcO, s jteOlsdo dzts 2 f O
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dJto j edzOw yYOfmils! ©OLKLOBSISOdRZO dZO0 Wtktj2Boastetj ASP. NET
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fsLosdweh jd3 fcsmistetsdls! dBsHEzd izt OttrndlsjSCkkztel d HBMisdy:!
sBdatso dzj dzdwW HOdgdz" =. Rdzlsj oW j 2 fi] dridsitg Aedy jddisls " d dalsdgwic QS tdsfigfle talks jj dzd
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ftsfyls
W Iz dz€
Ot Ols dzOw Y Ofls Codif dzj $MO ftoj HMisOo dzv jIs fftEsHstsAc’ Q 5
b
Isdzj dzedv f ZOY stedg’ tls cttedL sdzsOd dats?2  dzts®$ tsfyls d .
ec2Mlsoa © lstsBtcOy j ded W . ltejHo OtedIsjdz’ dzs fHtetso s
f sctej hdztsfnls;?
dm

ltjcftGOWfr]J dz0 9" W g dzj dzdz" | ftoj BN j Mise O BiIstsHsO HJ
J
sdls dL OffOwOlbdscets dL®&jtedls) d dscts &sHzdY d Mfjyd
ydsddtekzs " jets COC Mmdflsj O §SHHjteySd fddvisdy otOY]
oy
Wil Brils! EfMsOdssdjd &GO BOEOGhdtsssyd 2 HIMS §esdl
| Zsesd o' MskfOjls OCH) dj csdjsts, daj o] e’ odes ] ¢dls
C ¢
[ 2" Ctetej Shdzs? odylpGgdL QOGd,j B2s0 Odkettdlsd f o c O dgdsc
bj BOdUjMSts) (o, cBLOL500dd,) §sdzydjd = bedss' s Cf
Is
j dzlsted totso Odzd § tf g j 2zd toHsdz O dzddz Of f OtcOls dz' ~
HdodHEZOM dr B ROCMd&Od d 7 kadtse dzOC dzts dzO
4 dats lj’tstSB dzj
dMm¢ f Bo dzlf tgf
imhm tjoBdddsOoydd odyjHjd &jbsH BsBdtdsedyjnss? ¢

9 L to

ftetsy

Gj2@I¥dCOydd. 1 Oydjdds, BOXOdGMdEEY O dzj OB qdz dats? 1 C
odL Iz j ks (Cktehmtstesdy , o MisOwOdgk § g fdzfls qls *
% d ¢ w

[ 5] .
pdzdlsjdz' dzr 2 OdzOczdL Hj Bsdhstedelz]ls,
qdzflstelzdsj dzls Ozt dZOY  Byj dzS O @ B OO
. 0 9 LA dsdstsHOERS dAMs dzdf i ls o | dzdzts 2 sy | d

te
[
H
[ Moty oded3Odedj fHtod tWOLtOBBIS] B' dzZs EH j dzj
OfMls® fted o' fitsddzj dzedd tebklsddzdy 7 “stefstsd j H if dz

OB dzsdzj Isted W
ig@Bde&“uO““d®d

s OV ff &ZOLY steBO ©MisOj v Jdhstezdj dssd o' Bstc® H dzw
&Qd MsOduj MSsets tOodso jmMdw, dBsddsstdddO oL teOMmlsc
Hjdedw ShzGhldmpulidgsodi sted uyj MSdn ftese o kmksedws &OBTf
Lsts 3j otejkY BOROGNMdtese syds 2 HJMS &OdBd]j ol
Jodzts? BjHdyddzsj. Chktsls &BjlstsH sflksd®Odjd HoEY orf wed
sy scts MzoE@Po Psidzj OB GGy BOJ dzd H dzd s j dz dzgts?2  d BB
Csdsf dzj € tse HjdOojls dnr CteO2 dzj fijtemtf jCSilsdoe dz" dzd |
Odztso dzj dzdv f Oydj destse dz20 Htsdsz, O o' MsCOW o OtedOlsdo
dzls j tc Ot jsdfptdas s o  jHJOtedyj MEs?2 ftOC j .
4 5L HOdzd J EftcOo dzv j d3ts 2 dzj Mls OB d dz! dzts fsLotsdzw j Is C
ter Wikd€ ydsdzOaz
dud M&dn
fn g4 h dets ddzls j G
Jd d3d dzdz" = d da
tsB tc O lslgizts 2
Hilkj2 ft.d o

JB3 fsHHjteycd (o

€ f Iz dyjtifEish) Is @ dizts o dt
4 Clf dzj S MO H_
rodesdts IzH Odzj da

Cidzj desfistsf dz" 2 MkMmMls©es, orwoedww jet Mm¢
Cslsster § L OyoOmlskzy dzj BB d&zOzisEs OB Ismw o Is
{ OL OB 5ls Odzdz’ 2 - O ¢ OBBddzs? C s dzj
dzj MlsOBddzr dzr 7 Y tstelsOlsdody 7 f ZOY st d f
odcOfiedasdodzr = Isjflstse f Bdtdsedyjn
disduj MS ks ftetsedj Bz dedL $52 Bslsde Oydd

mis

1

tc Oy dzj dzd 2 .

ldzjHtsjdzdj ftHBBO 7  StelsOlsdo dzf mq
ssf jHO®R BBI jCIsdods 2 BydWictss Odedz” 2 d dzff
stsdzsBazsmis! d + CtdatsdBd yj MSCOY HsMisky datsfyls
OydsdzOtedetse s dzj yj dedw, 1SO¢ d Hdzw dzgjfte]ts
dzso dw A .

sfdMsS dMmf sdz! L 59 Odzdz" = dMistsyded ¢ 59 :

1. Dolinay J. et al. Posturography device based on accelerometer // Int J Syst Appl Eng Develop. i 2014.7 v . i &. 4A&5

2. Laessoe U. et al. Evaluation of functional ankle instability assessed by an instrumented wobble board // Physical therapy in
sport. 1 2019.7 vu. 35.7 &.133-138.

3. Scoppa F. et al. Clinical stabilometry standardization: basic definitionsi acquisition intervali sampling frequency // Gait &
posture. T 2013.7 v. 37.7 " . 2.7 ¢ . 20

4. 104j.,11jBjtt 1. 1Mkt ddkegk? j dgdezisasy j ddwlis] O i BhHdifs 0.20
316 fr].
rjowdstsomCOw [ . 4., 1 &Oktdss ¢.1., stLdsemCd2 [.6¢6. J1dsdscd
mBqudztsoB,;Btscf(gptstsnzq;tjsismtﬁdzm 1 j dzf ¢i12f3, fRO21.

71



62-w 1 OkzydzOw stsdeW jtoj deydvy ¢MyfdtcOdelstseo, [ OcdMmlstcOdzlstsa
UDC 616-71:616.728.48:004.42

A COMPARATIVE ANALYS IS OF FORCE PLATFORM S AND WOBBLE
BOARDS IN DIAGNOSING DISORDERS OF THE MUSCULOSKELETAL
SYSTEM

Gl ushachenko N.S., mast er 0 seni@ keatutee n t

Belarusian State University of Informatics and Radioelectronics
Minsk, Republic of Belarus

: De men

Brancevich P.J. i Doctor of Technical Sciences, Professor
Annotation. A comparative analysis of classical stabilometry using a stationary force platform and instrumental balance assessment using a

portable balance disc was conducted. The results show that an unstable stance is more effective for detecting hidden ankle joint disorders,
as it provides a specific dynamic load.

Keywords. Musculoskeletal disorders, ankle joint, stabilometry, force platform, balance disc, accelerometer, postural control, rehabilitation,
biofeedback.

72



62-w 1 OkzydzOw stsdeW jtoj deydvy ¢MyfdtcOdelstseo, [ OcdMmlstcOdzlstsa
urs 004.9:331. 44

Rew[ 7Ll o1rRrRE JDIHERRLO [T OJPLIM T O

1 slsy kfdz R. I ., TMisknj dals

1 jdazstezmMMEd?2 esMmMkzHOwmise jdedzr 2 EZdzdoe jtemdlsjls o dzt sted3Ols
6. [ddm¢, t(imMfEedzdCO i1 j Otk !

I dZHO CPdH. 1 Ctsdz. dzOLz €

sONduOB sy dhfjdjHEzjlshY sddwddj HJNBOXOENO ¢ &ZOfMfittes dO + ¥
OMmj k0 fscdtst e Oded v oW jMdcdOd dsets o ¢teOddw ]
dmMOowdédLdzj HsHdMCtjlsdL Oydd d eLejhdeoOddw ¢ &zOMMmtse. ¢ CMYJ
d dBBilstsH tftsted » ojClkttetse. vMisOdatse dzj dets, Ylsts do dztsted to
CdzOMmM fted oyudgsifls®. SIBOJRdy | EkddejteMOd: df &3 tjh jdadj B 1 te
9O h ji orfMsCky B OdzO dzfdUdds o D fadzlz ¢ L dgjsdzfazdhs ! = &I YPARO HO@@fE
Ooydd s o' Btk MisOlsjecdd BO&ZOdMd kmg bzif dzff zez £ XOPMH. dzj ©O

Ty fetg@ds] tBLkyd ddq, Hd B OdzOdzfp C dZOMMse, BOXZOdMdss €O H Odzdz
p0dzdj ¢ OMMmse, BJdzOEdOY ¢ &OMMdW¥dSoydy, dscdmlsdujmsSov tjcte
) @S o lOEAdzZsAPE! , PR

g2o

] Mtsotej dj dzdz™ = L OHOYOR ROh dqdedeséts eBlZyjdedw HdMmB OdzO
BsHjdj2, OC COC MkOdHOBld j Odditsttdsd sfldddL ks t

C dzOG MM [ 1] . A Jidz' sy jledXB@Isrd3j IstsH 59 B O dzO dzfifdj tdasj oHSddin ¢ tm;Glsdz’dsz
dzj HsHdMStejIsdLOydd d oLeojhdeOdedw € dzOMmMmtsoe . CCiy j tod d3j dale
9’ CeOddY ) dhMyfsd Lo Oddj B3 dsecdmlsdujMSs2 tjetjmMmdd, |
[Yyjd&C o CoyjmbseoO orf ffsddw dzOM: s d i =D dECREZM ¢ 1§ & & Geztz®©® © s § 15
ttjCsjdHOydd 6 ofrBtsttl MtOlsjcdd BOROdMNdteso §d HAY L G
ftejor hOjls Mstsd Bsmis: dsy ds? ktjosdd.

] SOoyjfmbej +{CMfjteddj dlsOd dz' ° HOdzdzg' 7 B' oz dMy sz L 59 C
s Mobg&On steeOdzedL Oydd Hdzw LOHOYd B ddzOtcdzts? CdzOMmMmdW d
9r st Odzd v . 1 OBtstc HOdzdz" = 9 Cdz6 yoOjls o MmMiBw HJBSEtOWdyJ
ftosW j MMdsdOdz dz" | R OLOCIkjtedMmMisdCd, o¢dz yoOw Hsdydasmfis? d J
fsCOLOIjdd: kttses jdz Mbtej MmO, EkEHsodzj seotstej dzdatsls! tcOB SISt
EHOdMz] dgdzts? OB SIsT .

Ajdzj ots? fJted d3j dedzts 2 9" Miskzf Odz BddzOtedzr 2 HtedL dzOC Bur
slsfmizlsMmMlsodj of etstcOdzdw . 1 O 1 Isfojftge fded) WA tod@e SES'CHO HaO dyfdrs dBdzj
dzO dzd u d 4 ftesf zh jdedgr 7 L dz2Oyjded?2 f f sd@gsh 8 odLEOddL Oydd
HOIsOMjIs] .

1 sfpdzy ftotso jtoCd dL dz0OBtstc® HOdzdzgr = B' dz EHOdzj dz fMmistsdze j 1
Hdzv BHj dzdtetse Odzd wdz' derdB tRtOF EGWH® Gender d JobRole BT (
BBy ssBHSdBBHOOtheEncodi ng, Yysts foLotsdzddzts fttj sBteOL s Ols! Is J
ftcde sHdzr 2 H dzw sBtOBSISC d Odze tsted Is &3O dzd BON ddzdezse s B EZY
teOL HJ dzj d2O dz0 dsBlizjyipls Szt yOMmlsd o fwsftsteydd 80/ 20 fm W ¢
tcOo datsets 4 2. [ d&z2v MR teOdsj degdVv dMatsHdsets twWOMYtej H j dzj dad W
ftojHslsoateOh jdedw MdlskzOydd, StSEHO o BHdts?2 dL dadr sy jls ¢
i estcdetse s §C ZOMMO, wWOLHjdzjdd] ftesotsHddsh! Mt MistcOlsdW d¢

# pasneneHne Ha TEeCTOBYH U TPEHWUPOBYHYIO BhlﬁOpKy
target_col = 'Burnout’

X
Y

df.drop(columns=[target_col])
df [target_coll]

X = df.drop(columns=[target_col])

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42, stratify = y)

t Mz disiCOUH j dzj dzdj o7 BSteSd 2O Itoj detetso sydgzs d Isjmistsalzs

vydfmdztse r § fjtej dsjdzdzr §j BTr dzd §YwSHO jtedalzlsT fMlsOdzH OtclsdL Oy
1 OOd) ste’ BONOEOE dEMtej Hdzj j d MisOdzH Otelsdatsj tsls € dztsdzj dzd § )
sBkyoOshj2 orBtsteCy (fit), o yYyicet §odkzyjdds j IstcOdsh
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tran orm) . Clsts cOwOdzlsdlzy Is, Ylsts dBisHj dz! dzd f sdzlz YO
BOCIjtedMlsdC OR IsjMistser n HOdde" = 9o ftetsyd MMy ey ddwy ( t

# OHE w cranpapTu3aums
df = pd.get_dummies(df, columns=["Gender", "JobRole"])
numerical_cols = ['Age', 'Experience', 'WorkHoursPerWeek', 'RemoteRatio', 'SatisfactionLevel', 'StressLevel']

scaler = StandardScaler()
df [numerical_cols] = scaler.fit_transform(df [numerical_cols])

df.to_csv("_synthetic_employee_burnout.csv")

o df.to_csv("_synthetic_employee_burnout.csv")
df.head()

Age Experience k i satisfactionLevel StressLevel Burnout Gender_Female Ge
-0.770520 -0.773509 0.880175 -0.994132 1.216101 -1.538798 o False
-0.061548 -0.117483 -0.218776 0.584237 -0.783652 -1.191597 True
True

-0.504656 -0.445496 -0.472380 0.687174 0.203239 0.891614

0

1

2 -0.681899 -0.882847 -0.472380 -1.028445 -0.359462 -0.844335
3 True
a4

o o o o

1.622262 -0.226821 -0.979588 -0.138323 1.224758 -1.538798 False

Next steps: " New interactive sheet \

{ M dasSte®Rdsj o HOdzdzr 7 §tshdzj SsHse Oded™ o flsOdzH Otel

l SHEtSIstso dzj dzdzOW o' BSWGEC O BF dZO twOLHjdzj d2O d2O B EZYOH h
otsMjdd HjMWwls € Hoa OHYOId fm athdlOMO$d jax et GO dgslssO st O H
osMftecsdL o sHdBsMIsd tojL kzdz sOktse LMY j ted d3j dzls O. [ dzw teg n
sBkyos i j2 orBtsteC j B" dzd toj OdzdL s Odzr sted §tSHASHO, /]
ftej Hf sdzOc Oz dMS Ml & jsdxfmii Mise Odzdswi dekistse d&3j dz' M j e s € dzOMm
Eh jMmseze hdrn ftoddgj tetse, olsstes? djlssH RandomUnder Sampl
ofmisd sBi jJCIsso Btsdz' " jets CdzOMMO Hts HEMisdy j ddw B OdzOC
Mfsd LseO0dd] ghHPdkg) B@seso ggh do Odzedw ¢ zOMMse, OO Iste
sltster 2 OoalstsBOIsdyi MSd Cttetej Clsdiclzjls WkdCyds fslsjtc! Odze
] COyj mMlsoa j BOL 9 R Odze stedls di3ts @ CzOmMMdW dS Oydd Hdzw
OdzOdzMdEsdzf d o7 B tc Odzr sted ©OL detstetsHdz" | d3sSHJ dzd: dzZse dfmisdy
Miskzf O h Ow o COyjfMmlseaj dddz 2dzsets BOLtsatsets § d&zOMMdW d & OL
JHMisOoadzwe h jj dgjdzddej 2der 2 Odzetstedlsd3, datso Cdisle Qs odzGS WCe
dqOdz! dgf &5 BOLdMdz" 5 WHiesds RBF, MmMysmsedy 2 Mbstesdls! fdzts:

sOBazd YPdTjtef OtcOdRj Iste’ dMfsd Lizj i3 o dBisH j dzj 2

[ BH§ dz 1dfjtef OttOd3j Iste’

LogisticRegression C=0.7, max_iter=500, random_state=42
max_depth=3, min_samples_leaf=50,
random_state=42

SvC kernel="rbf', C=0.8, gamma='scale’, probability=True

DecisionTreeClassifier

[BEUYdiddi d yjditO0 d&sHjdj?2 (e tsHJddM! M dhf sd L s
9 Cdzg yovw wBhiz¥ I[Istsydesmlss | Is Snedastipazi d eisdOagizizz s PR{SsEo =2 ,§ dafds
fsLotsdzddts Ctdifdjhmds y,j ddls: odzdwvdedj dBjIssHBO B OdZOdzM(
By dz2 h d2 € dzOMmy.

dzw SCOxHB2 dL Istejr o7 BtOdede » BzsF NS JBEPMI BESEH 6 tsg i
tejh gz d BjssHO tsff itgdz’'dils df eSlotgtetgeadzs sBbkyYjddi o© yYdls'tejn o
BjL CttejCydd HdMBO&ZOdZMO, disHjdzz M fteddsjdegj dedj &8 Rando
dmMf sdz' Lsoa Odedj &3 RandomUnder Sampl er BBd " jx&@Gkz&dEfidoe Gfdzd
9 jMmtse CzOmMmtse Yd ted L fOOd3i ste cl ass_weight="Dbalanced
gHjdzsdydzr = SBEYO* M j2 d IjMmMktseats? orBtttiOn, Mitttddtetss O
m WdemOydj 2 fOtcOd3j ste©® random_st atceOcO@b fgfc ™ sMftcsf Oo
tjLEzd Ot (tedmzdess 3) .
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o print("================ BOPbBA C [WCBAJIAHCOM ")

ros = RandomOverSampler(random_state=42)

X_ros, y_ros = ros.fit_resample(X_train, y_train)
rus = RandomUnderSampler(random_state=42)

X_rus, y_rus = rus.fit_resample(X_train, y_train)

print("Pa3mepb po:", X_train.shape, y_train.shape)
print("Pa3mMepsl nocne oversampling:", X_ros.shape, y_ros.shape)
print("Pa3mepsl nocne undersampling:", X_rus.shape, y_rus.shape)

========—c=—===== FOPbBA C [IMCBANAHCOM == ==
Pa3mepbl pgo: (1600, 13) (1600, )

Pa3mepbl nocne oversampling: (3006, 13) (3006,)

Pa3smepbl nocne undersampling: (194, 13) (194,)

{ Mk dSCOBdj e o' BsesC HE  §oidj ftddjdiddy & seHTs

JUjd€ o COoyjmseoO dsHjdj?2 fsetsHddom: M JHfsd Lo O
ofmjMsstdadzj 4§ tetsOdzOdzd L d tots snd)sP Y JSUOMYidSls cho detifigtits e W®RO H d B O dz
Ctdlsjtedj 3 MteOo dzj dzgdw Mz d 2@ Mme OO dietse OdzdzO" Issydztsls
pjtodzs C OMMIW dydetse Odgde’ 7 B jShktso o COyHEBA € dOmMMmj daj
Hdz" HjlsOd dzse i§ MBa@dzd s@ HIO QL Odzd?2 5 COYHBERE § ZOMME d Mt
Recal I-s cdo rFel, ftocjHMsOoadzjdedz" | © C dZzOMMdW S Oydtsdedesdz tslsy g
syjddls' Suifesdkdmhn d&jyHE BBu@BhBJB fsdsy dlsj d do Bt
C &OMMO (tdmizdtsS 4) .

=== Logistic Regression (class_weight=balanced) === === Logistic Regression (Oversampling) ===
Accuracy: 0.9475 Accuracy: 0.955
Balanced accuracy: ©.9714673913043479 Balanced accuracy: 0.9755434782608696
precision recall fl-score support precision recall fl-score support
] 1.00 0.94 0.97 368 ] 1.00 0.95 0.97 368
1 0.60 1.00 9.75 32 1 0.64 1.00 0.78 32
accuracy 9.95 400 accuracy 0.95 400
macro avg 0.80 0.97 0.86 400 macro avg 0.82 0.98 0.88 400
weighted avg 0.97 2.95 0.95 400  weighted avg 0.97 0.95 0.96 400
== Logi?tic Regression === === Logistic Regression (Undersampling) ===
Qifiﬁiiﬁ'a3&3i§3y= 0.6861413043478262 Qgi:;i:g:agéaiacy: 0. 9619565217391304

Classification Report:

precision recall fl-score support precision recall fl-score support

0 8.95 1.00 2.97 368 [} 1.00 0.92 0.96 368

1 0.92 0.38 0.53 32 1 0.53 1.00 e.70 32

accuracy 0.95 400 accuracy 0.93 400
macro avg 0.94 0.69 .75 400 macro avg 0.77 0.96 0.83 400
weighted avg 0.95 9.95 2.94 400 weighted avg 0.96 0.93 09.94 400

t dmMizdas&l alssi fication_report Hdv dsedmisdud Ms 2

rdzv tsyjdeSd Mfsmsedasmisd dhEsHjdzd teOdey Jqtetse Ols! sBi jCIs
B dzstedets Bz ¢ zOMMmk ttOMMyudlsr o Qde@fg's2 § dzt§ sBGHs'tc QM B fiy v abfRg Jsdg'w d
Bjlstedts2 ¢ COyjmbeak ¢ &zOMMIW¥WdSOYdd yj dzj esegts ¢ dzOmMMO o |
BsHjdzd dz20 hdsse | C(tEftsBdmMMO &jyHbk ktydshls: s ftojHms
(recall) djLOsdMdks s o' Bc®hEHEEHSESEScO ¢ OMMdY d< Oyd
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PR-curve — Lagistic Regression (Oversampling), PR-AUC=0.8397 PR-curve — Logistic Regression, PR-AUC=0,8269

101 10
081 08
5 06 5 06
£ g
0.4 0.4
0.2 0.2
0.0 0.2 0.4 0.6 0.8 Lo 0.0 0.2 0.4 0.6 0.8 10
Recall Recall
PR-curve — Logistic Regression (Undersampling), PR-AUC=0.8134 PR-curve — Logistic Regression (Class weight), PR-AUC=0.6038
10 10
0.8 0.8
5 0.6 g 0.6
a a
@ ]
& £
0.4 0.4
0.2 0.2
0.0 02 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0
Recall Recall

{ Mz ASRRSSs g o' j Hdw dscdhisdyui MSs?2 ]t mhdd

Il dLEOddL OydY tjLbkd kOktses oS ds yOkO f§shmistesj ddj &GOtd
ftoj HMlsOo dzj dzd¥ MltekSlskzter hdese &sHjdd, o yYOfldshlsd
dztsy dats i tscztty gfls jfdte j H S OL Odzd 2, ubt d&jjls Stedlsdyuj MStBj L dzO
yjdzjotsets mMsB' sdw Mih jiise jddzs ftejor hOjl Mistsddshls: dsyd

Confusion Matrix — LR Oversampling Confusion Matrix — LR

- 350
- 350
- 300
- 300
o o- 367
- 250 |
- 250
- 200 - 200
- 150 150
- 100 100
- -
50 50
-0 T
0 1

0 1

Confusion Matrix — LR Undersampling Confusion Matrix — LR class_weight

- 300 - 300
°- 340 -250 7 7 - 250
- 200 - 200
150 150
100 - 100
-
50 50
-0 . Lo
0 1 0 1

{ Mk dsKOStedsy@ Bis®&” dscdhsduj MSs2 ) e Mndd
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IfMj o" ydfmdzj dedv o {f tsdzdz" datf ) 8 o endzddtshijsfitLera ¢ s IQdAdqii3Y stels d te

WkzdeC yd?2 bal anced_accuracy_scor e, clmscurfviecati anucr, e p@
tej Ml B dzd dzc © toj OdzdL s "™ 9 Odzd ! ydted L BEH EZ dz i mbl ear n.
1l sdzz y g dedzr | o] tadsdRjjdzlsiclom S sdzd yj Mlse jdedzr | T sCOLOIjdzd d cte
shdzsokz MiOo dzdlIlsj dz' detsects OdzOdzdL © + WW¥ jCIsdo desMmisd tOL dzd ydz' A
1OLBO" ] BSHjdd eMmjinmn Ibtejrn Odkzestedlsddse, Bkyj dde J dzO
ftosH | Bedzigtso Odzd Matsy k2 ftosBdzy Bz fodgd M 4 ded W 9 mils stets dzlz
teJeted MmMdw d dibtsH itted » ojCkttetes §COLOdd dHJ dalsdyc
sBh j2 btydshmisd isdkts 0. 9475, O Hjtejots tjhjdd2 tLOLO
B OdzO dzf d tc t5 9 O dzdzts 2 stsydesmls s & 0.50 d f tdzdats? dzj M smtsB dz
tejL zdzt s0QOIst fsHlse j oy HO Is, Yylsts deodestcdtctseo Odzedj f totsB dzj d3r
Hdzv ftOClsdyujmMétsets fteddsj dzj dedw dzj L O dmd dsts o dideftft @G5 st t2
WeEdeC yds Yslsjte! o EkhjteB of wodzjded® 3jdz' "jets CdzOmMMO (tedHr

=== CART (class_weight=balanced) === === CART (Undersampling) ===
Accuracy: 1.0 Accuracy: 0.7525
Balanced accuracy: 1.0 Balanced accuracy: 0.8654891304347826
precision recall fl-score support precision recall fl-score support
@ 1.00 1.00 1.00 368 ] 1.00 0.73 0.84 368
1 1.00 1.00 1.00 32 1 0.24 1.00 0.39 32
accuracy 1.00 400 accuracy 0.75 400
macro avg 1.00 1.00 1.00 400 macro avg 0.62 9.87 0.62 400
weighted avg 1.00 1.00 1.00 400 weighted avg 0.94 .75 0.81 400
=== CART ===
Accuracy: 0.9200 === CART (Oversampling) ===
Balanced accuracy: 0.5 Accuracy: 1.0
Classification Report: Balanced accuracy: 1.0
precision recall fl-score support precision recall fl-score support
0 0.92 1.00 0.96 368 0 1.00 1.00 1.00 368
1 0.00 0.00 0.00 32 1 1.00 1.00 1.00 32
accuracy 09.92 400 accuracy 1.00 400
macro avg 0.46 0.50 0.48 400 macro avg 1.00 1.00 1.00 400
weighted avg 0.85 0.92 0.88 400 weighted avg 1.00 1.00 1.00 400

tdMmMezdids&€l &@&ssi fication_report Hdzw CART

ltodd3j dzj dedj BjlssHBse BOXOENdEseCd §OtHddOd dts dL Bj o
LWWjChkdodsils! CtdzStejlsdy & f EasRis s O D &O i dze tts@id dz RS o .
fijtejHdMCtejbdLOYydd fsHj Bodhbedss Odz dOdkzyh dj il kd
sBjMyjude ®BHNEY Issydshmls: 0.9825, MmBOkOdnNdtss Odedzgzs I
Bjde hjets CdzOMMO 0 .Blbs fwteaddzyr jelcipi | s 4fols PHAQ dz' dz¥ 3 B O zO dzfyts o5 o,
or csteOdzdY d ®IdedBdL Oydj2 desydrr 7 MeOB Ols' o Odzd 2 .

=== SVWM (class_weight=balanced) === === SVM (Undersampling) ===
Accuracy: 0.975 Accuracy: 0.9125
Balanced accuracy: 0.9578804347826086 Balanced accuracy: 0.9524456521739131
precision recall fl-score support precision recall fl-score support
0 6.99 0.98 0.99 368 0 1.00 0.90 0.95 368
1 0.79 0.94 0.86 32 1 0.48 1.00 0.65 32
accuracy 0.97 400 accuracy 0.91 400
macro avg 0.89 0.96 0.92 400 macro avg 0.74 0.95 0.80 400
weighted avg 0.98 .97 0.98 400 weighted avg 0.96 9,91 0.93 400
=== SUM ===
Accuracy: .9475 === SVM (Oversampling) ===
Balanced accuracy: 0.6861413043478262 Accuracy: 0.9825
Classification Report: Balanced accuracy: 0.9619565217391304
precision recall fl-score support precision recall fl-score support
0 9.95 1.00 0.97 368 0 0.99 0.99 0.99 368
1 0.92 0.38 0.53 32 1 0.86 0.94 .90 32
accuracy 9.95 400 accuracy 0.98 400
macro avg 0.94 0.69 09.75 400 macro avg 0.93 0.96 0.94 400
weighted avg 0.95 0.95 0.94 400 weighted avg 0.98 0.98 0.98 400

t dmMezdds€l 8ssi fication_report Hd&v SVM

Fdzv HjtejoO tjhjdd?2 fjteinHdmMSteilsdL Oydw ftedoaj dz0 ¢ dHJ
fs ofmMjd fzsEL Glsijdz0C s Mistsdz or MsC¢dj twjLkzd IsOIsT BsCElzls
BSHjdzd dz20 HOIOMjlIsj, st j dedes Eydlsr e O HEBdZdtetse Oded j
tejctej Mimdwy M fjtjuHdmMCtejlsdLOYydj?2 fsCOLOEZO recad | ( RODdEd

2).

[ ibtsH o9L9jhdoOddwy CdzOmMMtse HtetsH] dsdmMistcdtcsa Oz EMists?2
Oz stedlsdstseo: Hdzv d3j SSHO GIBtd » 9jChstetse tsdz 5B MY j ud dz
0.958 d precision Bjde' hjes ¢ dzOMfig® + 0 .dZjA dz® tedffls j rde das| |
fjteindmCteilsdL Oydd, dets dzj btejBlzjls dLd3j daj dedw B j &3O H

77



62-w 1 OkzydzOw stde j t6j dzeydw ¢MydJtcOdelstsea, [ OcdMmMiscOdzlstse d

C ZOMmMmtse OS] fttdeojdts § dHjOd ds?2 §&Ommd¥deoydd f ol
sBiMfjuddts fsCOLOLjdd, NEEFHEOOYHR]I hHrdgalikbdl. 00, pr.
BilssH oLojhdoOdzdw CdazOMMtse dOdeBtdzjj bkdedo jtemMOdz dzr d@3 d

sftse j dedets Hdzv Btsdz hdR HOOMjlsse, EHJ dLBjdej dedj tsBi j BO

U OB dzd | @t @0 dzj dzd j  dij d& d§eOny dzj 2 fted OLddydey 7 d3jlssHOR B OdzOdzfy
[sHjd |[jlsH Balanced Precision Recall PR-AUC
accuracy

Oversampling 0.9755 0.64 1 0.8397
[ sadlsdal Undersampling | 0.9620 0.53 1 0.8134
tej gt Minda jt

B O 2O dzfy d 0.6891 0.92 0.38 0.8269

Class weight 0.9715 0.60 1 0.6038

Oversampling 1 1 1 1

Undersampling | 0.8655 0.24 1 0.3148
CART 1L

B O zO dzfy d 0.5 0 0 0.5161

Class weight 1 1 1 1

Oversampling 0.9620 0.86 0.94 0.8086

Undersampling | 0.9524 0.48 1 0.4776
SVM 1L

B O 2O dzfy d 0.6861 0.92 0.38 0.3962

Class weight 0.9579 0.79 0.94 0.7451

[ ibtH Mdkky022dws?2 djHsHdMStEibdLOydd §sSOL0dk dOddj daj

sftstcdz”" = oj CIstetse tsdz sBI M Jjyddz recall 1.00 fted preci si
HdzW HjtdgjjhojGdzd 2 precision EfOdz0O Hts 0.24 ftd BN Jj2 Istsydest
MsMis@add&zO 0. 53 fted recall 1.00. GClts ftsHIso jtey HOjIs cdfts

CdzOmMmMO ftedetsHdls ¢ ftslsjtej ddat stedzOlsd o dsers L @F 18 gt o3 jintdf dstfitsls,
dBtsH j dzj 2, BMBj dedets HdzW Mdzsy dz" = dzj dzd dzj 2 de' 7 Odzestedlsd3so .
dtcOQodzj dzgdj Odzestedlsdzse or Wo ddzfs, Yybsts ofZj IstsH i stedzr = o

ftesH | BsdeMistedtcso Odz dz2Od dzk yh ¥ EmMlss2 ydesmils! € HdMB OdzOdzMm iz
T fodd3jdsj dzdd IsjrdedS BOOdMJse Sd, wBiMifjuyudosoOvw o M|
BjL Yytej L Bj edese s S sdzd yd Mlso © dzsy dz" = MtcOB Ols' 2 Odzd 2 . rd
ykzemlse dlsj dz' desfils! ¢ &BjssHOR BOZOdMdicse C d ) adcyracyjF58)H s d3
HS dH] Odz dets?2 C dzOmmdW¥ d¢$ O©ydd (bal anced accuracy 1.00),
d &0 tdmC UJWJBBEMJWdW [ sedisdui MCOw et Mdy ftsH
tejLkd sOIr g recal 1.00 #Hdzy oMY & dzikdethtsH®OR ¢ B @E@BRdz Jtetso ¢
o l]’tsOClscflufr] 52 lstsng’ Ltcj dadw, Hdz" LOHOY ftsedtsL dqtets
Yyd 20 ftesfkmMi O MoltezHddSO o cwokzffj ttdmMEO MmMEhjMmise j dzdz
ftedtstedlsjlsder &3 wWodzws Isfpw C el d g 2 kO| thd 3OkB jzhf j yée@l | or
CzOMMO. [ il ®Ytstedr » ojSlktstetse M HjtejHdMCtejlsdL Oydgj 2
Mtse 52 sflsd 30dz' dzr 2 9" B S, sO¢ CO¢ s MfJjudoeoOjls recal
Msslse j sMise j dadzts, dzd deg Gt o Ftc zdvis ) Czts R fr]tcOBOIsfaOdzq’Q Crilsts
dzj + WWJ Clsdo dets 3z tcOfMmn tsHtse Odad ® e Mztemtse SlsH | dz COHE
ftejHfsysdlsjd dz@ @3 Yo dzv jIsmw dMfsdz' L 598 Odzd J aLa;handzq’W |
B3j IstsH O, sBJ MYy jydelosdQi.cts jrtejcoats | toj " j dgd 2 f d3d stsH Od3d f
oLo jhdoOdedw € dzOMmMtse disy jls Brls! dhMfsdz L so Odgs Hdzw d dals j te
SHA&ZOCE IstejBlzjls Hsf sdzdzgdIlsj dz' des?2 9 OdzdH Oydd dzO dzj L O dfmd o'
l StH] oPMdffHE sHIse jteyx Hj 2O Ctdlsdui MEOW 9Oy detsfls! o
HOdzdzr = fted tjhjdedd LOHOY CdOMMId¥dEOyYydd M HdMB OZOdME
BjL Gttt Cydd f¢OLOdd ddL k¢ MfsmMoedsmls! or wedwlis/ d
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MsMsOadd&zO 0. 686 HA&W dEsecdmisdy MEB2 tictjmMmdd d SVM, d

9T etstcOdzgdwy 0. 00 Hdzw CART.

1 0ddzEyh j2 SCodWdekzOydi?2 HEZY LOHOYd ftscdtsL Jteso Odzd

Chtsteso M §fjtejHdMCte] IsdL Ogrfedaccyraryc0962r mecision 0.869r8call®.94).b a |

j stsH oLojhdo Odedvw CdzOfmMmtse fsCOLOdz MofsMmisOCesdd J tod L&

stcOIlsOr , yls s Hj dzOj s Jaots Zdzdo j tOdz! dzr a3 toj h j dad § 3.

SH] GIsdzMistcdteso Odzts d HQ ®,dz' 821 O UI3 Slstd LBz flIs 9 Odzd H Oyd d dzO
edmMCO (jitejtsBlzyj ddv. 1JHBHdMCted IsdL Oydw fs¢COL OdzO

Oydlsj dz¢ dz" d3 Mded ¥ j ded j 03 preci si on.

1teOCIsdyd M Ow  toj C sd3j dzH eDygdvdzd Isif &y , L @ Py Yy RO e 2M& ¢

rfMsC O, MzjHkjl dMfisd Lo Oy d@tsHjdd M EOSMHdBOdz dzr &3 r

s MBOZOdMdtctso O dZBRSAU s, s y@ztsdgis df ) tsBh j 2 Issydesfisd. [ fIsd dzC

dzj Htcj dzgdw wodzw jIshiw SVM M cl ass_weight="bal anced' .

[l YN )
§O8 O

)
q
)

e MERY sdz L 59 Odedzr = dMistsyded € 59 :

1. J+seddz, 1. [Olj®Oldyimédy thmdtser RO dddses [ttiEgPddY [f1fifs6 E
i218 f.

2. AdOR, 1. [Ohddedzsj ®BBEYjddj : d2OEZCO d dmSEmMmlses §oMmistesj ddv C
1. An@zpBEMSCoO Ltcjfhfg, 12022M.

3. wddzjdz, 1. [Mmdetser Dat a dS diO&zif®e tsd HEDIdgl ra t/ a .1 . P yutd ea@ iz Isj dis. | td BjIAHR O

1 dsjtei3261M.

4 . 1Y | dzdzs 2, C - | sty BBbRyJjddlted ddzdj . Hu W j izfeing £©.-) t6 j ffidg ) d 5,
2018.1652 M.

5. AdOR, 1. [Ohddedzsj ®BBEYjddj : d2OEZCO d dmSEemMmlses §oMmistesj ddwy C
1. A@EPpBEMCo O rfs MaQimmip. 2015.

6 . 1 J dalsyg dz [ - d . OrRyiffd dzj HtOHGRIj, Wftgidtezydf r , By ssHisdzsedw 1T Eyd B
[sMCo® : 11 fmh Owi 2h08sdiR, 2007 .

7. rjtetsds, [. 1 tdC &zOHdetsj 3O Gakidaegrn dsTenzouFlodzr j € Bdz SBBH o ¥ d dzilstolz d3j dzls
Hdzw ML HOddw d dals jfifigy jCds Z/O df! ide' EFde¥big dz.j B Ztce : | JO&ZFB8Bd MO, 2018.

UDC 004.9:331.44

RESEARCH OF BALANCIN G ON REAL DATA

Potyomin I.V., student

Belarusian State University of Informatics and Radioelectronics
Minsk, Republic of Belarus

Golda O. i PhD in Economics, associate professor

Annotation. The paper examines the influence of class imbalance on the efficiency of machine learning algorithms. Using the example of a
dataset of professional burnout forecasting, three balancing methods are compared: oversampling, undersampling and weighing classes.
Logistic regression, decision tree and reference vector method were experimentally evaluated. It has been established that ignoring the
imbalance leads to the inability of models to identify a minor class with high overall accuracy. Class weighing is recognised as the most
versatile solution, providing high balanced accuracy and PR-AUC without changing the amount of data. The results form recommendations
for choosing a balancing strategy for tasks with an uneven distribution of classes.

Keywords . Machine learning, class imbalance, data balancing, oversampling, undersampling, class weighing, binary classification, logistic
regression, decision tree, reference vector method, balanced accuracy, PR-AUC.
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vrs O00640662: 0

o dra L

Ji1ralryr1 R Ardgydrondgrl 3
[ Y I 1] BERRARTE H |

TCPa t 1t ¢} (JRA VA4

stsdzmisd G pte@mMddizsoedy ¢. 5., uwCotstejy R. 8., M

1jazstezimmMCd?2 etMmMizuOkMmise jdedz" 2 EZdzdo jtefdlsjls ddeW stedsOls
€. Jddms, tJmimedkdso i1 j &ok

sdHBEE gs.Olteh 2 ftojf sHOd

O dzdzs s OY g wigls Ols ' j dMfMmdzjHizjlshmv fsedi O B jMijujddy vyjdshisdshlsd HOdd
CdS toj dasdzscy HEsMlskY j. ltjHdsy jd Bhdsctkiss dijdsod tPsH Ao d-ZOPEEEE §O
dMftsd? LEsh j&ts Hi ber natze? zQon@mbéisj WL Wash o ¢ dr yOs h O  Jd 6OMlstekzC sk ts
o 0dkzdHOYyd:s, &jrnOddL B dsecdu MEets EZHOd] ddv, IttOdL OCydtsdadesy k¢ teOo dzj dzd
ZOC tolz L tsy dztelssjisi dstestg e@zd @ f sHlse j ey HOs k' of IgjsA tzsy § Wiz ¥ sdgB AZSMd : MdMmsj GO &
fslsjtet tBdasedzj dzed? o (dzOtekh jdzdj TsckOMse Odzdgsmisd Bl jShkdsets cwOl O,
Codgf dzdSlsr o Ctdstesddilzj & j HIOedsmisdujMSdj SSCOLT BjL MCE' ke fiso

s rj Mites O slsydy 2 Mjte jte, yjkshlsdshls! HOdd 5, StdSktjdsd 2 HE
sfldBdmisduj MCOY BdsCqEssC 0O, dscduj S kHOd] dd j , -sfjidsjdaes otCedegdty o, dzjJdadv2a,

| dese s sdz' L sofpistdgedg thdl'djij MdMmlsj 5" WER ydsddtekzs s o Effds
3 HOdzdzr d3. 1 ted GHdsotej d3j dedes? ©BOBBISC ] LOftesmMBse
swd otsLdzdCOsl fslsjtew tBdetso dzj ded 2, CodaW dzd S Isdzr |
B2 CLOWO. [t scskseCndd { 50 ftse dzj BO desmdls f ted S dz
ftoswodwjlsimw dzgj ktd Ct o kOBdJUOR BOL'™ HOdMM -,
dz 7 HOdzdz T, ftOoddzOS ftojHdB) sds? B OMisdsE iyl jtosds
Misdetsmisd yYj dzj issBteOL dzs 6 OMMBOeds Ols: €O Mise ZOMtse C
ftodj 30 d destedzsOdzdL Oydd LOftetsMO HB IsteOdzl OC Yty dzizts 2 ts tzde ff
slstsBteOy j dzd i ORM)Idzjf BOL | HOdzdz 72 [ Bhdatsd DS I iy i & ts 0 Odzd
d3dz1sctstjislsisqdzgulsag]uvaljtsq’dzq’ds@shq’Q Cdzd j delsmC dJ LOf tletsfyr s
(HOJTJCP) d dmftsdy L ks hd2 Hi bernate H dzw tcOB SiIsT fn Ol
MsteHdzdSCtso, ftesjSltse o MeawL j2 EkyOfmlsdw [2].
{OMMdsOlstedo Oj B 2 Mjttojte fMmistesjdz 5 §mds2ds? 0o d
CsdiOdzH O  § tod dzd B jldfjMe s BCP HOdzj j GsoisHdls dJdWteOmsekzs skt
Cdzstetsdzdzj tedzr 2 2 fMmjteoadMmdr 2 Ctdskter, fthmdj uwjet dL dj
toj dzv yqdtsdzdzgs?2 BOL ) HOdzdzr 2. 10 il g0 § L tsj m il ldzd 9 dz§ ded j dg®

r
Kanenr TCP-cepsep [-----u

Dispatcher/

> Controller
Router

!

Service —>

/
nunTx(), |/
ommit / rollback

ionM
Session lan-agerf_) Repository
Transaction

Hibernate ,,,,{0“?’1-\.‘"([\:“»1”_
@Version, cascade

PostgreSQL

{ Mk dASSOQUEE j 5O sBEOBBISSd Cddj dsMHStses L Ofsho

ltej HiNls Qo dzj dzgdzgOW MR j BO BlscOYOjls dzgj Istsdz Ct5 fstWHBE
slso j IsMise j dzdesMisd i ¥ HE Mdzsw di3d .

1 jtcoOw dzddedw L OR(dlIsr Wlstsd3dtsizjlsfnw -gEeid SHis 15 B0 @S jindadi s |
fMjtco j to ) dzd W dydtetse Odzdzts 03 W sted3OIs j , f sfdzj Yd 6 ts d:
LOttjedMmistcdtotse Odzdz” d3 BOLh ttlzlstsd3 q’ f s 0@zt Y CO. 9| C
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Cdzt yos Isfmpw  tsBtOh jdedw ¢ dzj Mih jMlsozs hdds dBOh telzls Od3, 1
odzj COB Isw yj dzstcOdzdL s9o Odedzs dL fEIsd d IjdzO L OftesMO.

mMetsdz Sk Mmjteadmde 2 fMdzts?2 Jfctisde®Oasbz I Ly jIs dfiflftc o Iclisle © dedzr |
sdLotsdz dzr 2 deOBBtc fodz LsoaOlsjdz MSdr L dzOyj dzed 2 .

1tOS dui MSd2 M3 iz « sséts kZtetsodgw L OCdzs yojlsmw o tOd
[ Mdzd k! dzj Msslse jlsMiseakzjls h OB dzsdez, Isj dzs L P GasthOd sfish |
Iste;slz;d315d3lz sdfk, orftddgidd] fttilttdhOojkmMY HE dOYOLO f{tc
BOMS dtelzj smw ftsH MBt2 ORM ddzd BOL' HOdd 7, O dsSOdkdL k|
Bsesf slstsydtsets Mjtco j O 1 Istsylf hd dz@daf § O dzts iz dzts ifi4p gl tzgeS Slatc |
Bjdet hj ojtosWisdatsfmils! otodzj yidedw o twOBtslslkz kyj EkZfttOo dzv j d3"
1 sfdzy ftesntsyHddy &EOtehtekzlsdL Oydd kftwcOodzjdedj fJjtej HO,

sBiMfjudeOjlsmvw §tcd Odgias®@GBY MOcaiOBs o jtcodmder § & ssHT
OCIsdo dzetsfls! MowL Odzdzg" = Mkh detsMmilsj 2, dzaj HBfEMCOsIls ML HOdd W
dzOoBtstclz dHj dzZlsdW dC Olststetse  Hteddsd dewe s ftcOoaddzO fftoj HAZ Is dets?
l]’tsq’ucﬂgjz,ﬁztsfr]ls detsfls! dz20 MjtcodMmdesdy ktctsoadzj o' Oy Oj sfw  dzj Istsd
d o Stetej CIsdesmMisd MOBBSets Myj dOwdw dL d3j dzj dzdw H Odzdz" - .

1 sjSkhjds Mjtajtej 1t fHftoswadw jlsimw o dgj MStsdzr CSdr Is
dL d3j dzgj dedd Mmkh desfyls j R s tff Ss@zdArfljlsdgts ¢ f dzO@ Mo w L Odzdzr j tsBi j Cls!
tej OdzdL 2jIsfqpw yjtejL soft del et e, fted Ctshtstesdz L Of d M dfm!
ZHOdzj dzgdv MlstctsS d. rdzv mewrLd MobitkzHdd O d ftsjtlsO fij

Hke d2ft@™ fowL' LOftjhOjlsmw, O ©Odz j kHOdM ddOv &y jls
ftsL HOddw desots?2 L O§dmd. ¢dz0dsedudets, ftod EHOdjddd i
HjOClkdodlky sffw fewL Odzde' j LOYdMd bEyOmlsdw. v jd dodgr B
fowLiL j2, ojHENdE € dsedujmSd EHOMd) ddz' 8 SBi jSOd. 4
fgmisj B0 foHHjydoOjls dzj st Stk Slsdshs! GlsHj d d !

dzOB tstc @ H Odzdz = .

Hdzj HEs N d2 Cdzskzte L Oh dlsr  f)oowr LOuidzdEy disftg @iz 8 yaOsypgdzr . o5 | ).
Hj2Mmodw Hitsdydr of fsddvls! MY OltiOtedts, Ists jMls! ddst L
s Mjew yOmMkduds LOWdSCMdss Oddzsets tojL zdz SOO. R &) d
g dzgj HY jto MjMid 2,0 @jslds sHair BRe risiseltte Sessi on, dOyddzOjls IstcOdz
sfjttOyds d o LOsadMmMddBtsmisd sl tojLlzdz OO dzdets {§tsHIse j toy
ssysSd Ltojddwv dzOH |y desisd Bhesetsf shbsydksects Mjtco jte® L Ists
Mow  L®Odtslz L d3j dzj dedv ExJ L OfdmMOdzO, -LG HEAB WY jddgd WL. O9 j teh d dzO

Hi bernate t©OmMMdiOIstedo O®jls Sessi on CO¢ Cdzlsj S Mils ] te
ZORsHWIsfqw & MMmMisswddwes transient, managed, detached (
gL 3 dzgj dzgdw M BOLtS2 HOdzdzr = [4]. vOCOW dBsSHjd 90y dO HAw
MotsHdlsy Istsdz ¢ts & dLBsdvydd dO Mmiststetsdzy wvi . [ ixHEZ Ylsjc
d Wdemoydj?2 dLdijdjdd?2 Mizhjmsekzjls { tesdjOytsls =Cdz0 yeddsly lsie iz
CtsdeS 2toj dzlsdzr ~ CodeW dzd S Ists o . R34 dzdzs o L Issd3 ftesd3d yEkIs¢C 1

EZsCdeso O d Ctstetej Cldets] kZifteOQodzj dedi MmMesMmisswdzdw dizd flh desfr

sdzgE yjor ds BjinOdedL sz ftoj HisSlsotcOM jdadWw f tsilsj oW dade” = t5B dat
o My Ojls Ytsdzy o4 temdd, fsd3d ud dedetsjy OdzdeslsOydj2 @Versio
UJtsfr]cffr]ls,jdzlsdztsﬁ]lscf HdzZw SSfilkdikdmMisdyj ME¢ts?2 BEsSCdtese ¢ d, 0O fte
fOdwIsd HBd 2O MtcOo dzdo Ols! Mmw M eojtemddi? 9 HacRCzadipzfd g Ols
CodW dzdClskzs hdj tBdatsodzj dzgdw d ftcj HiSlsoatcOM Ols!  fslsjtes dL d3d &
l ast commit wins [ 6Nersiof-fijlEtOUR]L ¢z dsO&tsgQj yfiss o bkhdzseodd ts

Uj ¢z kMl Otej o d2 Mmded 3ts¢ Misthgled L @Y Jdg@I] Is B defia] Q B jdsdetz o j t
fsdz BOL' HOdzdzr = 9 152 OtendljShkztej tMisO]jlsmy MistcOr
Ftcsoadzgy Mrjdd TBHHjYydo O Ismw wBWL O] dz desfyls! Ctedlsdyds n
MewLd d kddtOod dohiftsf O'ls sfptsls eOydddids, ylsts HOYJ ftd G
MdMmlsj 30 R~ teOdzj dzed v dz fsLotsdzdls LOWdEMdtetse Ols oW H fi |
[ BY Bdzded Is j dz! dzts LdOyddz tijyxdd dLtsdvydd sStcOdzL OC yd?2 Po
dmMfsdz LEjlsmv 6 EdRtcdewOditfead OsBRdyfejaytdee®j s Btsdzij fddz dz
HOdzdzr = © ©BORCOR IkttOdL OCydd [ 7] .
[HdZOC s Hdzw ftedC ZOHdesEets Mjteo jteO® BGHhdsEts Rtetseodzw dLt
fMdzj HEE h OW BESHJW JSOYydwY t0OLHjdzjd ot otj d3j dzd d didsif totse
HJ ) dzOw LOMNdIsO quztsfnlsdztsfnlsq’ Hsfisde Of Ismw ssdz ¢85 MfMtsy
sCdteseo S d, Mmjtoce dMmds ftcOoddz d BEteOded yd dzd2 Mmnr J d3r .
'[OBtslslsfr]I;’tsfr]tssdzlsfr]ls fto Hdztsy | dzdzs G 5 sty HdstisHD  dafdatsts asjif tisvisd
TCPMjte jtcO Hted 15 uHEHAOLRE] G@2YH' QdzdL Sttt 7 §sdzj Hise
LOftesmBse. 1 06telkzL sydsr 2 Myd dzOted?2 o Cdz® yodz ylsjdedy € tsdzdzj €y
sBdgsodzj dzedy d dscedud mMStsy EHOM] ddy MmMEhdsfmisji2, O OCYJ
MssclEf dfj Cls' dnttfisidetzjnCdisf €. t iL-BghMsOsychbQ®bd] df &O td
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N KAHEHTOB: 15 = k 3anpocoB Ha KAMeHTa: 250 = 3anycTuTh cTpecc-TecT

V| NobapuTe write-3anpocsl (POST/PATCH/DELETE)

Mporpecc  (MIND
BeinonHeno: 3750/ 3750 Success: 2798 Failed: 952

Avg latency: 3554 ms Min/Max latency: 0/ 3489 ms

¥ Pacny no stat

A
status 200 -> 2798

status 400 -> 1

status ded4 -> 937

status 583 -> 14

¥ XKypHan cTpecc-Tecta

{ M dasiSj 2z dz' lsOlsds j fpls®] i

l AatH] {SMfjtedds dzZlsO or ftsdzdzj dets 3750 Isjfpstser 7 L Oftetsh
dZJszr]u’J'l'h9d5132. dtoj Hdz2v W L OHJj By 6@ fushmls @FOF dB@ &B dz'dgigO v t OMf tcj H
sk jlstse fBCOL dz1s 2798 wlkojlsse M CtsHtsd 200, 937 lajlst
M CsHtsd3 400. 1lteddydi dOdz dzts 9 Oy des, yYlsts o Y ktedzOdzj daj L C
ddzj H59 Ols J d'tsdets € t5dz€ ztcj dzls dzts 2 dz,OGtGIZLCtSQ fr]JtGSJtG dzi fjtjnBH
HJOGdetsMisdtelzj 5" j tlsa jls', tlsteOy 08 h dj sdz2Ctej Isdz" 2 Idf ¢ =d

[lsoajlsr 404 dzfj ©OMMBZOIsted o Odzd My QOQ ftedL dzOSC dzOtelzh j dac
fsotcjyHIddj 0B OOgdz' @ fig SBWOh jdedj &3 ¢ MEh deslsw &z, Ctslsster j
gL d3j dzgj ded ™ k2§ dezq’ dZseduyujMSd EHOdzj dz Hieeddd § sls¢ 5.
otsLOoON Oz BYJHO] B 2 tWjLkd O Stdfktej dsdzses HsMiskzf O ¢

s dz¢ yj edEQujLded § Hdzw tyjdSd LOMNdr yjdshisdsihisd ddjsls
slsojls 400 otsLdzdt fHtod fHtsoltstedzs?2 s sCj MtsLHOIs! EZyJ
ftotsj CIlstsds. Clss fsCOLT 90] s, ysts MmMitweojte dzf HBfEMCOfIls HE
ftojtecr 90jls CdW dzdClsdgze s jteOyds Hts WdSMoOoydd dZJCiSthGJQISd

[lsoajlsr 503 lktcOy 08l BBdzjj Mdzsy de" § SCtsda dzdClsr ts dz€ Iz te
9 Ikjirn fMdEyown, CEHO tHddk ikt EMfjesoOd chc13‘4'dzq’lsJ d dzd

L Qoteh Odz tsBdztso dzj dgd j Iss2 ¥4 LOfdMmd. 1 tjLbkd kO] kMOt
slsC dztsdzv dzOfM! Mjteo jtesds S OC Ctdi dzdCls SCtdbktej dzZsdegsets H sy
SHBSo 6] B3j dzdats? ©OBGI] dimStsd Sdrn f(skssStse i §agf p O dftn
EmMlsOtcjoh ddz L dzOyJ ded j 5.

l sdzzu dedz’ § tejLzdz 5O’ ftsHIse jtey HOE s, Yylsts § sH dOGctelz
MdlszOydd o MStrlssj fosotejyHjddj HOdzdzr . | Ofteslsde, §fr
fpewerd d s "kCd LOYdMmd “"fiaf: EMIOOHK Jd Of " HsHlEss &3 SISCOL s
st jlsijfinls § sHilse jtoH d dz tGG)B1*_=,lsv_:,fmj1sfr]ls|3dzts:fnlsJ ftod d3sj daj dedz" = Mts ]

CodgC toj dglsdets? Bt OBGISS ] L Of etsftsoe .

ltotso jHjdedetsj dMfdzj Hise Odad BQOL Odzts, yYlbt vy jiptdylgEaygfls !
s
L

]
Java sBiMfj yude Oj Ismw dzO0d B sdzj dzOHJ>|dz.13 ftcd MmMtse dgj Mls dats:
usYjsOddj HRBOwhtklsdL Oydd Of esMO®, Mjteodmdes2 o OdzdHOY(
or f sdzdzgj dzgdv i jteOyd?2, optimistic locking M§ € ddd dafq Jsd
qL Bjdzj dzd?2 d ftseorhOjls Efmsts2yde Isfr]lsJ fjteeo jtodzs? ©BLOBIISC C
CtsdeS o dzls dzts 2 d&zOctelkzL § j Mmd e j to fitcjotsHdls Ctsda dzd C Isdz" §
ftoddzsy jdedw, O dzgj o MmMCter Istsj  tso tej MjHAGQf ] oH Codile ~tsB  Cllshisl ji!
ftoj Hdzsy | dedese s fSHARBHO HdzY L OMdlsr Mtse dzOMmMtse Odzdzesmisd H Odad

st dMERY sdz! L so@fddsias Gdzd € 50

1. Keith, M. Pro JPA 2 in Java EE 8 : an in-depth guide to Java Persistence APIs / M. Keith, M. Schincariol. i Berkeley : Apress,
2018.7 535 p.

2. Bauer, C. Java Persistence with Hibernate : a definitive guide / C. Bauer, G. King, G. Gregory. i Shelter Island : Manning
Publications, 2015. 1 608 p.

3. Fowler, M. Patterns of Enterprise Application Architecture : definitive guide / M. Fowler. i Boston : Addison-Wesley,
2002.7 533 p.

4. Mihalcea, V. High-Performance Java Persistence : a comprehensive guide / V. Mihalcea. i Bukarest : Vlad Mihalcea,
2016.71 486 p.

5. {tsdzfr]OdzaJﬁ],]avaCEEYRletﬁ@g;ds M Odzedza ) B. € : ] o tafipeicioe 21 4 .

6. r1d?2 S. Y. Jlejujddj o MmdMmisy osr BOlLI.HOdzdzfd:dzJ:VWGSﬁZGSZQf]pwdedz. /

7. tstsG'IchtsstgreSQL 1{Mmdetso 'SQK:L rEWjB. §tsMsBdi iél p. 1 11jfs tcszdetsh 336200 1 8 .
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e trRILr VR ¢R2ELBRC w[ruU?e

ddzj Mddz® ¢ . ., MmMlskH] dals

I dstelzMMCd2 etmizHOkhise j dzdzr 2 kdzdo jtemdlsjls ddz¥ stedgOls
€. [ddzmS, [imMifkzeddCO 1 j &OLkfm!

skdzdCtsd C@da. Isjndz dzOkS

| ©OBlk] O iRlsHe@daeDifs Kplijrey j dzd v MsydOde dzs?2 Mmilkd, fejHsMsOodvsh jes § sd
(sslCdrn Moseh jdd2, oLOddsH j2fMsedw f) Stdidsjdstsd  Hiskzcddd §sd Lo Ols,
o silsj 2.

dJGeBHdW MtsydOodz dg'v] sidEds WHa dzsnlsdis o dzr = ddzmistckzdzd dzlsseo s
sdz' L ks Ismw H dzw s h j dzd v, fzedzd S Oydd dzseo sfMisj 2, fints
tesmisteOdzj dgd¥ Ctsdelsj dzls©O. 15 Bitej twsmMisO ydhmdazd §sd L s
J Bdzsfls! 9 # o Bizdz™ J ded & F B sBJ M jude O h da LWWictlsd
LtsoOlsjdzj?2 Htekze M iHtsise thds.y JOdiR tdas g dzthgidsd, ttedj dzlsdtetse
s¢€dr Mttseh jdd2 d B Mtes] ©OMftesMmMisteOdzj dedy d de?¥ tste dzO
j 2, M€ teslsHOjls ftedtedlsils dzOCtsddydsdiz Ctdzlsj dzlskz, ME s
(DdzJ desflsd f2Bdzd S 2§ d3s?2 dJdaW sted3Oydd [ 1] .

I Mdeso dzts?2 L OHOYJ?2 fGteddztsyjddy wedwjlsfw ftoj HisMIsOo dzj o
SLHOdY Sttt dr Isj ¢ fMista2disfolreydzdrt Giuedz dgizde L Asflzistm Hs 8 Ols j
tj OS¢ ydd. [dsedj Mootjdsj deder § MsydoOdz dg' § Mmylbsd §iej Hd&zOG
DfesddcOoydw IsjShsse’ n B dd< OYydR0 0y fipddsedmaiftsig Jdzd § d3 H d
2o 5L sy desMils! C s3] delsJtetseo Oded W d dzdz B iy 1S HO@dg{w 0 j ISBE 51
0dze stedIsdBd ud MS OW dzj dzls© dztse sfmilsj 2 ;

4o sL i3y detsmls! T sHfdm 9 Olsy Mw dzO HfesWddzd Hekzedns ftsdz' L
[JHd&ZOSC s ddesc d 4§ Sfkzdvtedsr | § &zOIW 5tecd3r sSB &zZOH O Is [sOC do
Wz dz€ yd ts dzO dz, fpdzts y dzr 2 fsdz L sa Ol dz MmEd2 d dzlz (3 bz & ), H iz
CoOfMmMsdddL Oydd kB dzdSkj BEee s ¢ dals | dals O, ftosWddw {od Lo Ol

1 sfdzj OdzOdzdL © fMmEkh jMmlselzs h dn ted " 4§ ded 2 BN dzts ftod daw Is 5,
ftsdzy L s Olsj dzs o tsL dztsy tsfnlsi:

DNfEzedzd S o Ol! IsjCMissear j ffMmls’ Hdzdds?2 Hts 1000 fdde sd

2ftedCtoj $dYisMisOdz &3 HJOW 02 dzr ;

oL OddBsH j2MsotsaOls! M Hitkzeddid fdz LsoaOljdzvdzd M  cdits
adlsmwe, SCoddsj dzZlsOtedjo d toj fsMmistse .

Y jtoj Cdzg yols! iy dd3 dzj delsT deseotsMisj 2 dwiyHE Rtetsdsdse du
MOdz § sdz' L 59 Olsj dz' )< ddds A dfetftdzdivdtipalal § detseor §  § shlsr ) .

1 sz’ L ts9 Olsj dz! sO¢ 3 Hisdzy J dz2 d d3j Is oftsL i3y detsmis dz0 fi)
ftesW ddzw . Clsts oCdzg yojls o MmMiBw LOGkzLCE dqLtBtOY jddY O9
SOCYJ ECOLOddWw dzd ydes?2 d dz¥ sdedFO yteljdm fte filfyf,r dos@{ telzPdzjotelzj NOC € O
® Htkzedr MydOdz dzr = Mmjlswana.

]l COyijmbej bjndtsdzcedyd ME 2 hdase ' -f Hodfwlztsty Q LIdig@ B BAOC ) atf
B'dz 9" BtcOdz Msj ¢ MERN (MongoDB, Express.js, React, N
feddeyd § &z teOL HJ dzj dzed W z0 Cdzd g dzelsmC zs d Md tco § todalz ® yoml
dMmf sdz’ L 59 Odzd JadginRESEct ydts fsLotsdzv jls 1 WWjClsdodes k2§ tcOo dzw [k

d tjOddL s Ols: HgdzOBd Ui MSd2 fd LsoOlsj dz MGC d2 udiakzlg j to¥
Emstets?2 Miso O. #j o j edzOwW yOfls! sMdseo OdzZO0O dzO0 Node. s d
sSBtcOBOIsT 9 Of P HEMP d toj OdzdL kzjls REST API . [ dzv " teOdzj ded W

sBifMfjuyuyde O h Ow cdBSEkEt MRrjdkkz frtOdi ddY d@EOEsSMis] Zd&f s o
vOCYJ BHds2 dL tsitejddzesMmisj 2 fteddztsy jdedw wodzw jlsfw
Cloudinary Hd&wv ~ftcOdzjdedw d tBttOBISd hEzd sdd3ij Hd2de = W
®BOM" OB dtelzj Bsils! MdMmisj k" L O Mmujlb Mdgdepdede” f de@c teedzL tft5fc
e MztemMtsy BECdr B jteOyd?2 6 AteOdzj dzed® d BBttOBBISC] dL 5BtOY

vOCdd3 tBtOL 503, O te@ridsly Qaligy ] fasiwsdzv jiIs tojh dls! L OH !
ddW sted3dOydi 2 BIYHE Tsd LsoaOlsjdzvdRB o Wsttd3Oly @IS tesB dZBE &

g dMsS dmf sdz d fiple Ouze Gso :
1.EBSCO Information Services[ ¢ dzj S Istetsdzdz" 2 tcj Mztef] . 1 Ols QRIS BttEs@Wwwdzbsto:conlréseaftld . 2 0 2 6
starters/social-sciences-and-humanities/microblogging
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gR1 Ml J1RYOARC B EBJRRI?PV L1 U frrvs [
1t flosrrtdf KEYBMOARKCAR[1TULB 1 anf3zem 1 ¢
Il SPRANG[ [r[1RR

Il s2Isse ¢. 1., MmlskHj dzls

I j d&zstelzmMMCd2 csMizuOtihise jddr 2 kdde jtehdlsjls dd¥ stedOls
€. [ddzms, (jmMikBddCO i1 j Otk

ViMlsjtej dzS 59 OagH 1 . 5§ 7dz. dzOE¢S
1l woBwsls] ftjHdshdde dig ddusi ol 24 tagj yHEz Keycl oak d tef tezfdgspisidades®. 1R L o9dz] ¢

HOdzdz" 7 estsCIWID ¢ 2O dzjlskze fYsLodwjls IsteOdat OCydisdedzs MsL HO9 Ols: d 5B dzts9
mdzdy OW Mmilsj ok dzOGtekzL Oecrdf Isf €Astz@dz v st at el es s

I MmpoEddz 7 Mdflsj GOR sekyjdd® Oklkjdsd¥dcoyds d Ot

MfiydodzdL Jieseo Odedz" § toj M jded¥w € dzOMMO | dentity and Acces
ftesetcO d3d3dziscts fI’]tGJHfr]ISSO OolssdzOIsdL Oydd ftetsyj nGE dfdsfod dzdj dac
tc s dz! SOC Hfdotso OAM] O o' ftsdzdgwv jIs Keycl oak [ 1] . 4jtoo jtodz
o] OzdL 59 Odz® dzO BOL | Ysfikzdzvtedesets Wtoj2BotsteC ©®© Spring Boo

Keycloak dOHjydt ~tcOddls bkyjldzr j HOdzdzr §| d f§ SHH-Jte) (¢
On) . [HdEE@E gt oL ddC0Ojls CdOMMdud MEOwY ftosBdzy BO tOMY te
mMowLroeaOddy dHjdisdWdS Ottt ftsd LsoOlsj vy dL Keycl oak M
PostgreSQL [3], GHJ nteOdwisfvw tyjdtd d fscguymnmsiffts o O
MrtcOdzv Is! MistesGkz YyJj dzsfisdetsmls: 1 Isdn HOdzde 7. { Mdzd Mmtsiste
sBlkyd dzdw dd o Ct8jd@3 MzkyOj dzaf HBd d2O §slsj tewlss fmw.

glzh jmMsakzjls oL i3sy desfls! 9 ' f tSdedg) fdmitevin tsfig d dén teAsdiztd m AREIST
COYHBA HXi adsch Ols j dzv Hdzw §f sdzEyj dedv ftesWddvy. 1t 1t fMmj
d fMsLHOMl Mdzdh Stz 3 jMisSCkzs MawrL! d&jyHE MjtcoaodmMOdd. mteOd
Keycloak OCy]j dzgj yj dzj MsspteOL dets: jets MstekzC pktePdzintsd th tztz]
mewird d L(Dt]’tstsfr]f

[ dzw LWWiClkdo desets tej h jdedqw 1 Ists? f otsB dzj dp:Times (JId o dzj
Cfdzc{uchdchLqu’q’ ftoesWddzj 2. 1 Odedzr 2 BRI~ OdzdL 3 ttOBBISOjIs Mmdzj H
tcOLBdteOjls IstsCjdz HBsMIskz] © ( JWT )Reactdf jotd fasQ g @z dz'dR o ¢ dzddje dzlsifipS ¢
LOftesmMO. I My dsedsO MddrtetsddL Oydd oMmbtetsj dzO dzj  sfted HMls
lIssets B dz cOL tcOBSIsOdz M J ygoOdz! dgr 2 St tsdzj dzgls Jwt Aut hent
HTTP-L Of tetsfy Jjh PHOdR]JWYW s Mas?2 C(sdstttsddzj ctse d MsBdteOjls ¢t
Csdzlsj EMIsO BjLsf OMdesisd. 1 OtcOdzdzj dz! dets Ctsdzo jtolsjte ftoj 5B1GC
realm_access.rol es dL EsCjdz0 d i sBLGOLEZjISMW od MY df
BJLBYTOMdesMmisd dzO Ektwtseodzgy Mjtcodmtse tOBISOdzd Ctttey € Isdats.

ltod kM jhdes?2 teseo jteCj YosHYdmd btsSCjdd dL djcets dL e dz
f syls O, AR [, O LOCYJ Hst sdzdzd Is § dz! dgr | H Odzdz" j s Cttf tste
ftoddztsy § dzd 4 BB tc@dO jdEsipw BCOLES SH O dzdz” = . { Mdzd LOfdfmd M kOGS
dzso OW IstcOdzL OCydvw, d o bOBdZdYy) MSLHOjIsMw Mo jixd?2 f{tes¥W dd
esdz¢d (race condition) d HEBddtseo Odadw LOfdMi2 fdodslsH dz
sotséts ftsdz L tso Olsj dzw , MsrtcOdzj dedj o' f sdzdgw jIsfqpw  yjtejL MMl

LOhMdh jdz0O tseteOdzdud dedj d3 Eded S Odz? desfylsd. [ Mmdzd 4 HesWdd L
ftsdzy 2 M HOdede" dsd dL It j dzO. 1 mdoziz yOojs ¢ @z fdaia) dzgvOL OR Jdzi 3
sB dztso dzw j Isfyw , Yylsts ftsLrotsdwjls fsHHJjt)ydo Ols! Mse zOMts o Odzdz
consistency).

]l dlsscjy HOdzdzr 2 fHABGH §BLOtdY s -HAdderSdsd o alzklz lHetdp sd3t©
g dzd ) Of smw MdlsjoOw dz0 G tc ALIEC Qs @] IsHnevy c dzp &k = S d dZ3ts My Is dz0
mMssBh j dad 2 . 1 dZ20ydlsj dzt des Y wseor hOjlsmw slsCOL skmists2 ydoe sfls:
QoltstedL Oydd § ZzOWtstedzO ftotsHtsdzy dls BB MdzEy o Ols! fsdz L tso Ol
ftoj dzh j Misotsdz wodzw j Ry Is NGB lct®dz) dztf gt ©l ess (Miteoajte dai =
foOodzvisd) . wdzj HtS9 Olsj dz' dzfs, fted Eojddujddd ydmdzO §tsd L e
CstedL sdzlsOdz! desy BOMN IsOBdtetso Odedj kL dztse §ted dztsy j ded W .

sfdMsS dMmf sdz' L 59 Odzdz" = dMistsyded ¢ 59 :

1. Keycloak Documentation [ ¢ dzj € Istetsdzdz” 21 ttejjindzds Mt s fiptpk: Afv@w.keycloak.org/documentation ( H Ols ©
SBtOh jddw: 29.03.2026)

2. Walls, C. Spring in Action, Sixth Edition / C. Walls. i Manning, 2022. i 536 p.

3. PostgreSQL Documentation| ¢ dzj € Iste s dzdz" 2t Joy €f)isistin® Mtps://www.postgresgl.org/docs/ ( H OO ®BtOh j o
29.03.2026).
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lidatoeffal ot our mtrrevl { [rREOLTULI4
VItolJr1irRC vrawRUL NS cur

| sdzseddz . 4., MmlskHj dzls
I jistekMMCd? etshkzHOLmlse jdzdzr 2 kdedoe jtemdlsjls dda¥ stekOls
G. [ddffze A]LPQ 1 § zOtelz !
Ro Odzs C1T ie plsj Rndz. dzOEZEC,  t
tOL tOBBISC ) udmisjd dO stedilsOddj (

52
i oL dssy dats flst s sHsqigizO A Qpy HN@ s ¢ 5 deaj € @, dz!
sd ¢ dejftdcetsHdshsd yjds?2 §owksdd ud

fls J totsio Otz jC dzs yjos?2 {sOf o
fOwOldy 7 MmiejHmise OF kikisfhlss
sjChkdesah ¢ Odid, &eyjls §ied
sqLotsHdlMY d f§sihdj ksdts, S$O0C khkks2hbeos §jtjH0Oy sMw Crstizj ftzs gl o
btesj degse s MOBElsj Msdese Oded™, Colstier j fsojewsls Cdsyjerj HAW OB
bes2fllsots oMmistsj dsecs MO®slk|Misdess Oddy f§O0dvisd M GJSLs]chd . ddd
Lickh O h j ctiold Odef @ s Misdiese Odzdw § OkW Isd .

] BB&OMIsd kjfMisdiess Odzd™ §OBWIsd &Owh jor j Isjflsr MisC
BOCMd BOdz! detsé s Bf flstetsH j 2 Mlsadw d oL ddtsy detsfisd tsB-akzeawz y d o C
O sOSCYJ yYyomlsdydesy B dzO e jOdRdzsdzjsd fig fdtef@ edzbfty fr) Idnitsde to j d3j dzdz" of
[Oteh jor j IjMmls' dsydts ftejHMmMsOoadls!: COC OBt ®BOLh jor
&ZOL " 90 jIsmw dOBt §fjttOyd?2 yYlsjddy d LOfdMmd HOdzdz n, ¢
BHd?2 wyj2e2 f Odw Isffw h djffijve O d § 1 dztisdglElzts d3Oteh j o sz 1 dzj oBj &
O tcOo dzj dzedj dL d3j dzgj dedw OHtejMtse [jJuv, LO Myuyvyl yjes d ot
wyj2¢) fsmdjHte Ol dz' dats.

fowhjorj IjMmisr MisOdd u@ndyBuil-ltfedk]ek(MBIST)" fgr jidOs5te" J
dmf sdz L se Odzdfm* Hdzw fHteso jtcCd wWydidsS [JUv d20 dZ2OdZdydj dzjid
fSfOHOds ¢ Stdjyde &8 sdz LsoOlsjdwdzs. Clsd Mojdr o ftsdzdzy ok
d fMstesdddmn: d&O %Y MsSCt2 d&scdsC . sH fHdzOdksH i BaRRmsgn s s fip
cdBCthb®. { Bsets COYjMsots s jtesS § OBWIsd d&zOf W Bzs L Oso d
9r BtcOdzdzse s L O thdtseskz ®&Otwh jotsets IjMsO d ded ¢ OC dzd a3ts
M sMtse dz B B 2Oy d O  tef) 1 dad] wed'e jdztstdz j 2 .

[ v tejh jdzgdw ftesBdzj B ) cdB ¢S tsmEegramnigieOMBIST tf & § Bdz: L &S
sfdsods i3 Blsdzdydj &z Wodw jlsipw ftosctcORBBJickzj B3OV dseds O, fi
CsHE ftosdLod dzf 2 i3Oth jor 2 IsjMmistcOf s § @Bdze s I dg" o ) §f f5 ldzef
sB dz2Otelzy j dzdv Bsdz " jets Cdzdud Mise O Ywlsjdydod dr - dzj dMmt
Emstes?2 Mise ts mMosls j Misdtetseo Oded W tsls BstcOdz! dzgs G 5 EMmlsOtcj o (
CzOMMmd WiMBIST dsd fd dzz  dzj f tod ¢ 5 H dztsgls s fids OB P BiE o ' B tc O dadzts
fsfstetsj dgdwv Mnj 3" &BOwh jossets IsjfMmsO.

lted MBLHOKRI SGHO, ft C(thttetsdz &Oth jor j Isjfmisr B
Programmable MBIST, Fydlsr e 0dzdfp! MdzjHkzehdj HoO Ctedlsjtedw:

l.stsdB3f OCIldztsfls! CBHO. Clbts dzj e I cBd B s Y c@q dgd BPL BF g o
d dmMftsd Lkj B2 Hd&" RtOdsy dzdV¥ KOth josets kjMsO §OdivIsd.

2 tsMisslsO CHO. | jSBABSHIHBO HAY &dddBdL Oydd o j teswisd
kjMlsO d kEftsh jddw lsdaOHCd.

17 dzs feddevlsts tihjdedy dfmfisd Lsbdb! JEislcis g Giatads, B
CesHdlzjIsMy ftodL OS¢ fmMdziHdi?2 fjttOydd o d&BOwh jotsd IsjiMm
gL d&3j dzgj dzdw OHtejMmtse: jMdzd ftsdzj w©W0Oeo dets 1, sts OHtej fiysEL d3j ¢
fMlsOteh jets & dBZOHN j iB3z. yQidskzjlo@2ls BYd s fisiste@yd d: J mdzd f tsdzj
s jteOydy LOfdMmd, o wBtcOldsdt MdzEyo] o' ftsddy jkhy fjttOy
slsHjdzt dgr 2 Bl Hd&zY CtHdttse Odzdw HOdgdz n . Rma LdOyjddj o
s j tcOy@teh j o sds Isjj fptOd ' , ISjCkhjj LdOyjdedj HOdd 7 ddz
s LdzOyd dedd HOdzdzr = tsflsOY Isfqw dzj dL 3 dgdzr &3 M ftcjHT HEM j 2 E

] Efmbtes2Mmlsej tjOddLtso0d Odectstdlsd oOdkdHOYdd - tOdw
MOBsIs j Misdtese Oty IEEOMEE Q.o | jsBosH]BSMIs! jes B EZMdss dj &zO
fosdLottd dky Hdddkz d fedL ZOSsdR SCsdyuOddy IsjflsoOLast 1§t
Operaton B dls o fMmdzjHdzj 2 ®YfjttOydd. 1 jtoJH d&OYyodkztsds fteso j HJ
fcseo JtS O LOf dMOdzdetsets Odzg tsted Is 3O.  Uast Dpkiatip®y d kstsdy s jinfigle o iy y dsl
dzj 90dzdHdz d3 d EfMbts2MmMlsets dzagj o' fsdzdzw jIs ftetso jteC 2z f OdsvIsd

vifmsr fOdBWIsd s dr oBLHj2Mlsads dO r"teOdew " d jswd jH Ocflzdz
dzj tOL toclzh Os h dj . t OLtekh Osh dd3 dgOL T 90jIsw IsjMls, Colstster 2
AntcOdevhdeafmw fjteijH ftose jteits?2 o IjMmlsdiolkzj d3c? B kOMIsd § Odv
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fodswIsd, Colstster 2 cdOOdasdolzjls Mtsh tcOdadsts Mfipdzz WEQGO dgv d t5] = i 1 j
L Oo jteh jdedw.

[Oth jor j Isjfglsr o Ibtt?2 Wttdki, o SCttbtttts? ®dd Mlsteswish
COC tded ftetso jtews s tcOBBlssMf s dtsMis! § OBWIsd, des dedC OF
5B d&zOfisd fOBWISd HOdzdzr jtso OQdedisdzlz dfE RBIdgly sS@X Isd o dzts?2 OB SIST
dzj stedeo d Odzt dets?2 L OHOYJ 2, stcjBlze h j2 dzdets Ctsfi Jtetseo Odad™  H
sjiMmMsdicseo Odzed] By des fesotsHdIls! dzd h ¢ ftcd cOtOdadsdd wslsmiz
fowisd, dzOf tod dffjticH Opd dfsfiiy@ated ¥ EfMistets2Mise © ddzd §ted ddedyd

]l tjOdzdL s9 Odzdesdz EMmMlstcts2Mlseoj § SHHJ oY Odg iy oLt
f OkwIsd . lted orBBtey tWJiYddBRO dzj cOLtwckzh O h jes Isjfisdiese Odz
BOwh joses IsjMsO ol fkdgOiiAsts ¥ Edzd o Odzj dzls dz 2 dzj cOL tolzh
ftosojHjdedd dzjtcOLtckzh Osh jodts IsjMmisdtetseo Odedw dgj dz' L v Istsydzts
OMEsdz €5 Bded SCttetej Slsde” j, Gslstsdse Hdzvw 9 OdzdH Oydd dMy tsc
teihddedi dmMfsdyjdicaCdsztcdzs” 2 @ 0O0dzOdzdL Olstste dzgO® Mdzseo j toj 6 dMmls
fpow L+ s | Il ydmdzjdedj tejLbkdz OO IsjMmlsO® MM jMmlse dzvw jIlsfw
fndc dzOIs z t5. ClOdzts dgdzOW Mdc dgOlslztc® or ydidzw jlsw fitcjH ftotso
t OBBWY MdedzOlskztc® o' ydmdzw jlsmw ot otej dd3Y ftetso jHjdzdWw dzj tcO
dzj Mseo f OH j dad W HjdOjlsmw or oatsH B Istsd, Yylsts o " BHJ f tofs¢
dzi M cOo desMils! o wyj2€0s8 [vu.

RIstsG ts9 OWPrdgrangnigide MBISTE s tets2 fijlso O (2@ j ez® s O gy dzC j 1.

——WE—>| ——WE—>»

Write [ WE—¥
Control - ‘
——Data—>| —Data —»| pata—»  Memory pout>
—Addr —»|
Signature —————
—Addr Signature Signature | | _
MUX Analyser Compare
—Start —»f VE:
Reference
—Clear —»| —Data —»] Signature Signature
—A
ddr — Reference
Control Signature
FSM
Test Regime
r Busy-»>
Dout

t Mz disEn 130 MitesjClsdtetso Ozdatse s kEflstes2Miss @ MOdBEIs flsd

] tjLbkd O] fsjChditss Odd™ -Bf it OlptszsH O ditsts | i th)is® tsO d3
Mokl Msdse Odzd™ (O&YIsd M KBdSds] EOc BO&EBEROMG i 6k dk d
BOLh jor 7 Isjfmisse, o SColstesd COYHOW 6§ jtOydw fl Wyj2s 2
6] OkdL 50 Odzr iy dd ©OLWLkh O jets d daj 6OL6kzh Osh je Isjfls
fesdLosH MY ¥ EdS yd s te@iztsdzs L OH O dzdats xizj dzdsOteh j o sk s j fls
dmicd L s 0ddj &5 Mdc Ottt OROEdL OO HA&Y f§SHMYY 5O
HOdzdzr & d ©OBBYJ2 MdedObkzter IsjMmlso.

el (MERY Sd L o difdsias Gazd ¢ s
1. Abadir M. S., Reghbati H. K. Functional Testing of Semiconductor Random Access Memories // ACM Computing Surveys. i

1983.71 Vol. 15, Issue 3.1 P. 1751 198.

2. lvaniuk A. A. Optimal Memory Tests Coding for Programmable BIST Architecture. i 2008 i R&Il, No. 4.7 P. 32i 37.

3. Van de Goor A. J. Testing Semiconductor Memories: Theory and Practice. i Chichester, UK: John Wiley & Sons, 1991 i P.
1957 207.
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o1t o fuso P fhudeldnrrevl o-lRpr kJ
LACT UV ARC w R[OOSR [ v m1 [GOUANG R

LtedH s G siylekz v j. dzls

I jestekMMCd?2 cshkzhOthlse | diizs @ 5@z © § e Pisd st dzj S btets
€. [ddzms, (jmMikBddCO i1 j &OkM:

ZOds" 20 9MIHOEh d2 ftcjfsH O
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sd

ot di3jdzedy 2 {sOf ©OLoadkdY Jd¥ stedkOyddsds 7 jrndsdscd?2 ROLOCIkjtedL kzjlsf
(lsuw) o ftofj Hdejedsdgjnfme d ifezPlg je@ dzzé H jWisj dzd detsfpls? . v HOdMzj dzdzOW OB SISO ¢
MlsOdzH Otelssdz, yYlbsts ftejHl Wodwjl fseorhjddzg §j IstejBtsoOdedw ¢ COyjfmbelz, L OH,
o tjOd desds otej d3j dzad. J HOdzdzs? OB ts5lsl§d tetOn@diEPis tedf o ©F Bz L @Y ¢ S s il jedsTy €

ddzdzso Oyddzdy | lSOdny selsde j o3j ROdedL &5 Hdiv sflsdidL Oydd §jjHnoud §slst

PClszOdz dzsmlsy dMmMdzi Hiseo Oded™w BB EMdzZEe dzj d2ZO Oten dIsj € Iskz te dzr
CazOmMmMdui ME et MisjCO jRdskeedZOWHbRTFCY sp Mj i3 Misdzze
We b RTC, sted j dzls d tets o Odzdz" 2 dL dz0y0dz! dets dz0 -toPHedaE 9 Q dz6 &L #
LdzOuydilsj dz! dzlz¥ ddaWtcOmMlstezS skztedzlzy dzOctelkzL Sk ftod f sMistetsy dad
1 i BBAaBHd®BEMIS! LS difj ffifided?2 DTLS d SCTP, 0O IsO0¢yJ M
NAT (STUN/ TURN) d&0O Mmbsttesdz Mjte jtt® fHtedoatsuwls ¢ dLBT
S6eOded ydoe Ot Is oL B desls d CtedL Bdzls Odz! delsG 5 BOMh s OB d t
JCIsdoder iz toj h{f Gzl 3 eslEissdz WebTransport, WEkd yddzdte
lsisQIsdzO QUI C (RFC 9000) [1]. uUvjrndsdzsedw QUI C BI jH
dats kS sy sy Olsd (TLS 1. 3), O OS¢ i h OjIs WkdzH O
Ccftsl@a&@blz@dzisu;tspﬁ-mq’ n(eHeBal do ¢ k i ng) LO Mudl dikzdz sdq dzj € (1
dz' = 9 ttOdE On s H dats 2 fnj Mmdd. 1 tod d3d dzd dzd 4§ WebTr ans|
dOHOdzdz" = yYJtejliL dzj dzOH j 3 dzr § HOISOGteOBRA" , Ylsts o3 dzd d3qd
Isls j te© q’ fslsjted 1 OCjlstsa, djdLBjydr s © BjMftctsa sH Az =
tej OdzdL Oydd bteOdmf stelsdzgse s ktese dv Mmdmilsj d3r
OdzOdzs® WebTransport: Streams (ftlsSCd) d DRDAtjagr s

ftod d3sd dgw & Ismw H dzw fiteiHOyd Izl]’tcsOadeI5 dn fd e dzOc
ydd, GHJ 90O GcOOdzlsdtctso OdzdzOW sMisOo ¢ O. ]
5o Odz Hdzv Istd O dzfigdavj ysdids j @ EHEd ts llsfr]';deJQIz H Gdg A to O C
H
q

s
q
s
dz
H
d

&
O]
&
N
O]
11

Jddv todzzyjddw d fcolttedzs? wlsftcOoCd ftod sl
CtcOSCsotcj di3gjdede" = Miljoer s Metswhn, tBjMfjyds OW
dtL Cdz® yjor n d dzdzts o Oy d 2 mdMmisj o3r weo dzw jIsfyw d fi
ng Unit (SFU) 9 MmMyjlOoddd fm dzdL Ctsktctsodzj o™ o3 Gt
dyd tsdedyFmMBCdd ( Mul t i point Control Unit), Ctbktster j o
fsolststedets CsHdtetse Odzd | ofmJin 9 ntSHWMZ ] 2 f f ldsusCHikp tc oo 8 W +
sdzdzv j s to s dz ddzls j dzdzj ClsEOdz dese s BOth czlsdL Olsste® § OF |
JtYy Sk tBttOBBISSCd HOddd -~ d0 Misstttdy MjtejttO® d tBJ MY 4
cj20 HA&zv COYHBGEH { tdzika @ls pdzwydenpad Isy wdf Hazdd Is Odg'tc Ols. R f
H
d

]
Is
dz
H
H
H

ST O Fa —““—'Oﬁ-I 5 =TaQ
I s me=H0
mImo LS Lo}

5 O
o—:

]
H
Is

zv toj Odzd-H O Y YO SFHLoatsdzW jIs 1 WWjClsdoades EfteQodzwis! O
BJLdskY oddwddi yYydsdzse Mttt d BeMsted d&O MisOB dd dzt
siCIsdtelkzj 3OY MdMmisj BO 1 su 6] HMGEOD dzv jols ¢ B ddEdz" 2tc O
J Clkztedats j ted M jded J BOLdtlzj Ismw &ZO0 Mmistesetsdy tOL H | d
sdzOG tclzy j dedats 2 sBtecOBtsISC stcOW d¢ O. lLOodBtsH j2Mise d
Mjtcodmdezs I sdzseds, o ¢ dzg yoOs Mz dycdzj iz P j W EkdS yd
EST API Server (Golang):te j Odzd L 2 Isdzmafd. Sdigf Mz tc OO0 dzj dedw™w o d tols &z O dz!
LOyds d CssteH d dzOy(d® HsMiskzf O. l T BStS wLr o it
dJodzsmis: ¥ o L OHOYOr CtdS ko dzlsdes? Bt ORIy Bs§ ©
d 3L dtctse Odedats d3iz f zOdzdtetso h dC Iz L OHOVY. HJtco jte ts
a

o-fg 2o09Q@"
&

=0

d¢Otstese CdW jtojdzyd?2 d 64 dzj eOyds Ofmd BRI Isted ydzs
e|ServerCIuster:GtsIzl]’lJ’O dzj L OoadMmMdd3r = kL d&zse, OB SHe@Erdingr 1§
(SFU) . I Mdeso dzgs?2 L OHOYJ?2 EL kO weodzw jlsfqpw ddalsj dzdzj € |
Zyomilsded c Odsd MmJ Mgdald y 4 Q@ Odd L O yd¥ j SEW fsLotdvjls H
Cdets?2 My s desmisd  tod o3d ded ds@iz! dsto§ oSt C d3 jidicle oty Bicc @B
odgzs f jtoifMmr zCk HOdgder » BjL tojfMmMktems] BEBE IscOdeM €
Zter fsLotsdwjls Mjtee jtok HJZOBI Y MEd OHOfIsdtetso (
Misd b ftsf kzinlddds X sl teij tsedzistsftsls . dfd@ ddds O .

ftoj Hy dzj dedzOw " d dfOny B @etizdelzgd SMATS: COyd mseaj or Mtse
5O Hdzw B M MJ tco j tedets 2 MddrtesdzdL Oydd MmsMistsw dzd-
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1 sHfdMydSe (Pub/ Sub) foLotdvjl tj Odat stedlsd L @ Pdsds j listed Yo
ZyofmsdzdS thftcOodvjls &iHJOFOSjls &O dsSod dr 2 kL jd,
fMsslse jlsmiso s h d2 Issfds NATS. [fOd d j kL d ¢ d&OfMmisjteo,
CsdigdzOIs ', G datso j dzdets ff tsdzlz v @65 Isj GsO GG sz du daAl fits JC iz d dy @i jOten | ts O
CzOMmM jtcO® foHfdmroOjlmw dO bsfdsd OSkdody n ¢ sdB3dzOls, Yls
fsd LisoOlsjdzj?2, HOYJ] jMmdd tdd WdLrdujmSd S ds yjdr ¢ t
toj ¢ dtsdzOn .

[ dzw sBJ MY UplpdMisj dzsdzetsiisd H Odedz’ = 9 mdmlsj &34 dMmy sd
Slso j yos hOW L O ntOdjdzdj KRjSOHOMd » ftsd L 5o Olsj dzj 2, dzOf
lLOoddsHj2Misadj M BOLB?2 HOMDG » SfldidL Jteseo Odes Hdzv B j M
Oo st d d . 1l s Bts 5 jtcOlsdodetsets BB dzO H Odzdzr B, o
OB tSlsOs h 2 tsfy BSIBlsd B &3 t5BJ jSCIsdzr 8 mteOdzed dzdh O g . 1 5oz,
Otendodzr j WO2dr odHjBLOYdMj2 o WsttkOlsj MP4 OolstsiOlsd
fMsslse j Sfyflgo eRj SOH Odedz’ j (Hdzdlsj dz desfyls: , My dmMssS EyoOfls dzd ¢
HsfMiskzf dg@ i3d ftsdz' Lsea O jdzvd3 yjtejL REST API, ybts Lo Bd
Otcrndoa O3 oaMmistej .

[Mtsets] o9dzed BOdedj o© twOBBIS] kZHjdzj dets 3 - Oded L O dgd izl s 5k
StcOHdydsdedzsets dMf-Bl j e Odedf sdWjtey jdede' 7 todME O3 OLOC Isd
odaj Hicj dz MBsotej d3j dedz’ 2 MlsOdzH Otgls PASETO o jtefpdd v4. public
f sdzdzs Yy j dzdzlz ¥ € ts dzy jOfousdsste S tCaytdediz je rekffitai’ 2t § d&zOMls j 6O f totso SH

Cedf sscteOW dyud MS 2 ojtedW¥WdsoOyds fsHfdmd IsCjidd M dhft
Ed25519). GOkt dm&dz yojls dzj B ~s@fdieisintdse % r f jsdidsizg @' v dztg 2R P
Mitco jtelz OoalststcdL Oydiaff df €O Bfgls Bdzwasdzjse s M j H ddzj ded v, yls s
CsdigdzOlskz d BBh ¥ dOctkzL ¢k dO Mijlkjot?2 SCodskt.

1 0 Miststetsdzj C dzd Y deisifigistsiqj tslzd Wo § B te  d3d dzv § Ismyw Is§ n dzs dzts 6 d
ftoj HsMIsOo dzv 8 h OW fow d3ts 2 dzdL Ssktetsoadzgj 0" 2 HisMis & gzls M s Oy {
EmMstes?2Mso © (H. 264, VP9, AV1l). 1ttyjfmMm CtHdese Odedw d |
Wdeso " j flstsCd, vyt foLotdvjls Bddd®kdL Jttse Ols! dOctkzL C k&
f dizOo dzts s otsMftctsdL o jHjdadW odHjB hg . c@udagj ") dad df O dFfu 1Oy d
dmfsdzr L 2j sy WistedsOlIs Protocol Buffers (Protobuf), ¢kt
LOGCsdzco C s s MeOodzgjdzeds M IjSCMmMstseor i3d W sted3OISOdRZd (J SON
StcOWJEO © WebTr ans pwlstd ts cHOYIs OsdaefOfgdgfkdw Pr ot obuf 9 fowy
shde¢d ddzsjteftejlsOydd MmMistekClskzter f0O0CjIsO dzO tOL dzr = € tsdzy
BddOtcdzgse s f slssC O ftosdmMnsHdBglsesMistej j § OttmMddeO® JSON

rdzv ftseorh jddw dzOH ]y datsyisd OB Mflsiy dizts cas  Unfy daty e ds'e s de S fipliz 3
Odze sted Is d3 toj dedzse s e fsHC Az i dZBYT bt szOh @RI €1

h
Zm¢
COlC sote] &) dz
p S5l OdzOo dz
Oklsj dZsd % ¢ o
1 jtemyf j CIs
sBlzyj ddw
Cdzd j dals O,

s
dzts 6 s sBter 90 MmoweLd d dzd f4ted €dzt yj dedvw a3
Ojl fjmmdeBhdrea Jdze OSls s sstedzscts § LA s
dd d fMmtsc kOmMse Odzd™ § OOdj stetseo h W teso Odzd W .
or HOdz! dzgj 2N jets wOLoadlsdw MmMdMmisy 3" Mmew L Odz
H dzls j dzdzj S sz Odz detsets  SH QY tfted w Mk & Pdzdfs Weis dz
0O O J dmMmdzj Hiso Oded j 53 a 5L sy detsflsd dMf sdz! L 59 O
fiy Olsdw H Odedz’ = iL fssljted SOYifmsoO odLEZOd dsects oM tedw
vsOCdd3 tsBtOL ts5d3, COLOBBIKCO ftooettOBdidzsects Mg MG .
WebTransport d NATS wodw jlsfqw fjtemf jSilsdods &3 dzOf tcOo dzj dzd
fsLotsdzw s Is fMfsL HO9 Ols tslsj yd Mise j dadz | CsdsiBzdad € Oy d sdedz
YedS ydtsdzdtetse Ol o Efdssadwih 1 Cflstj sOdz dasls tvds MasS i< 2D ¢ st
BjLtsf OMmdesisd d SOyjfMmlseO® tsBMmdzzy do Odedw §sdz L ts9o Olsj dzj 2.

e dMERY sdz' L tso@figdslas Gdzd € s o

1. RFC 9000. QUIC: A UDP-Based Multiplexed and Secure Transport. [ € dzj € Iste ts dzdz" 2 € tdzjj ffj Iistsfp]dadz” j T H O dzdz’
t 4 dd&3 H & mipdz/flattracker.ietf.org/doc/html/rfc9000.

2. WebTransport Over HTTP/3. W3C Working Draft. [ C dzj CIstetsdzdz” 2 T Ggzfhesgldzdz” | TH{O A & .
H ts ) Is EZhftp®://www.w3.0org/TR/webtransport/.

3. PASETO (Platform-Agnostic SEcurity TOkens) Specification. [ € dzj € Istcts dads’ 2 € tdzjj f§ bstefipldade’ j T ¢ O oelele’ | .
H ts ) Is EhftpS:1/paseto.io/.
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i datoffvdr wtorveshH R 01 O REWIMU)
sdfJTUrsArRE 1Tt rpimel] JIRR 1 Of ddNLt P3
NET

1lE2h0O ¢. 4., MmMiskH] dals

I j stk fiyf) HoPAs dstfjlmzdz 2 kdzdo jemdlsjls da¥ stedkOdSd d ted
€. [ddzms, (jMikBddCO I j &OBk M

[BYj2 NS OdeH. -dJodst. . dzOEC, H

£OB s ©OMMEOLEds 0% s flsedid , M Skt Bdd MsOdS do 0 kv Mss o] d,
iHdBjddpsestedd d Otnjtsdscdd, o uOmbsdshisd ssftwsh di ky O d Msitod
Cyd2. [eBtmdkser 9 0jlmw fteddj dzgj dedj desor 7 dBjlssHiss d WsttdkOlstss i
HWisfiw feddsjter Ghseglstbdd Bz @y " s@so e § 66 ¢ EOskdaocts) dg O aj =i
kO dhmisstedd 1 61 44 &Okmd.

dtolsj ¥ D&BHdzso das? desfdlsj 2 ddW stedOydd t §sh dsd. 1 dC
Higjodzj 65 BAO, Cwlstter j bkyy d j dRasdkisCo: s disso sy tsdzty dod):

dzg Hd fjtoj dzd 3O Is diL tIsdn L dz0dzd 2, BJ Myd dzdz" . JHdOC 5 dzs
ttOL tolkh Ols! Mw M otcj Bidej &3. [ O] MsrtcOdzgjdedy ©® BEzLjj d Ish
M 1 CMfsdzOlsOdizd dzai dBscids MY tef § v i ilgls a3 & RisY sdz@ j Y H ] dzd2 o5 9
fjtejd3jh jdedw dzgO or Ms©aCd. 14 tjHSd Mdzzyod th,0>|, Zlsjted
dimsstedd. 1tttz Stedlsdyj MSd o90ydets LOWdEMdese Ol! S OC &
Hisis ZfwzOd gz Hise Ols jdzj 2, O odzgjhdzjj otLHj2fMlsadj dzO dzjV

JfdmModedwy dBzL j2dgr 7 1 S sdzOlstse MSLHOB s Exj BB j 1
odHBBa: © BkBOydZ 7 COtltslsjCOn, dzO Wil dd@yOdz KXty §
BOl jtZOMIsOdzd f jtejotsHdlmw o ydWwtese kzs fMtej H Iz, ftswedddfm:!
Zyy sk d rtcOdzj dzd® HOdzdzr = 8 SCtdzdzj Sydwer ftojHBjIsse Oten J
sfjtdtetso Ols! IsjCMmisse” 3 d fGJeddlsdodsy &3d SOV dyd MS ddd
tdMmMfzedzd O 1 j dzOtclz ! H S fpd = f tste sfMmls Oy Isw ZO 1 Itsd -
BzL jjodHjddd ftesctcOdBd | fnte j-Sem s ef @zd-{ Q@A Bictg s fcH [ o 1 e
fSHHjtey doOsls Mtsotcj d3j dedz’ | W stcd3” f toj HMtgOB fzgzdzd v ¢ f © @zflz] & )
dLtsBtOy jdedw, tjLEzdz sOIT tjdzlsegjdesomMisets d MfJjSClstesMC s d
fls s dz! Bisdz "dj tsBi j d3" Ctsdzdzj Syd2, Colststor d3el Ofs BUdE@HSO sfifs  Cdgip
GsHBdR MEstetsMmlis! ftoso jHjddY B jteOyd?2 d das@dn fifdeoOdegdizdt8 6ji jd&j!
f OHOj Is.

[ v ftojsHisdZj ddY bjrndtsksedyjmMStsets tOLE 90 B dzts ¢

MslsteHdzd uj Mlsej M RrRdMisdlsikzstsd dhmsstedd | ¢1 14 &ZOtekzfmd, d
Oten jsdzsedud MSdr dRORBHEBSC, {1 tofsc tc@difisasts sdzd) tef) i dytisdz jOS, i) dalterd j @
BzL j2ds?2 HjWwIsj d desisd . 11590‘” MdMmisy BO HBdzY dzO B'"™ dZO dzj |
fMsotcj Bj dedz’ 7 W steBOSOR (IsjCMls, PNG/ GPEG, PDF, OBJ, TI FI

HECkZdj dzsOyds - @F s BEdpHjQlzlsOtedz’ | S dedcd, byjlsr), © kOGCY
OdzOdzdL BOMMEBsSer 7 Oten jsdzsedyud MSdr BOIj tcd Odziso .
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6 Odzd L s Odzdetsy M dMY sdz' L 59 Ovidkpy. 3 1 cCANERY dgsulsi tniCds ¢ sABJAPE H T Gjdgj eOydd Isj ¢ Mml
WedSyd?2, fddjd'jd j Oyitjdmb] E@Dde dasBoddey &3j dzd. 1 tetse jHjdz MeOos dzd s dz
Cdz;lsts‘qdztscts hEds® (Worley noise) d WtcOClOd detsets hkEdgO (f Bm)

lojHj g yjHEdZOY ¢ jdzj EYGEBH 5] (Lt ssstetsdy L dzOyj dzd
CO®R) steso § S50 j tof dats f lstafd lodRugiifuEve .Is irOO2e f SHRBH § L o 5w
HjkOddL qietse Odzdz’ § MmtekzSskzter f doggdzd BOdz dz B L ObteOlOdd

[ Mdets o 52 Bsdz  ddemlsoa © (Jtetsyj Hiztedz R sjSCMmiszte weodzws Isfiyw
fMmjoHsmdEyo2ddy j, dts dzj ftejter ode’ | twOfphispe j dzj ded™ L dzOyj dzg

JteOHdjdasde T HiEd. dL dzOdBtsdzj j tOMmy tetslstc O Bflidativise @' d&3j Is s
CteOHdjdzsdy 2 hkds, BBjMYjudoOshd?2 cdkOHCd) §jtjntHT L dzO1

AzdzSydy "EdBO [ 1] StjHjdvjlkhyv $O¢ ddisjtef sdvydw f
pjClststetse M h j dadw :

o=t

6o  0f0f@ o h 1)
CHNIfMjoHbMdEYO2d' 2 ctOHd(| dzbj sk Ovz) % ezl 3§ Q d of dzls | tef ts5dzv
[ dv sBjiMmfjujddy cdOHSEMisd dMfsd LkjlsMY fcdOydo O h O
V0 @ p© pa @)

L OHdj dzlsdzr 2 hEds BBEZOHOjIs MdziHEzsrhddikd Met2Mmlse Odd:
fitcintsHise d SCStdbstttsddtlkz] dsMmisd YOMstslsdats?2 MistclzC IsPaglin. 1 to
Noisef tcdo j Hjdz dzO twdMmbkzdeSj 1.

{ Mz dsKtedd3jte ¢j dzj 8Oydd Isj Pejilshioise f) § sdsh s
s dzj ssydz 21 zaRl &3 o Oy dz' 3 3 Is\Borley djoise,0 dAs f dzgth)ey O dzdz" 2 dzO o'
tOmMMmisswddwy HB BddyO2"'dn Gftted = Istsyd . Az d] gdiyy g s s
fMdzj Hizs h d2 o dH:
Mo QO 6 @m D ®3)
GHIj inw gdgHo2h Oow syt o.

114



62-w 1 OkzydzOw stsdeW jtoj deydvy ¢MyfdtcOdelstseo, [ OcdMmlstcOdzlstsa

sdzjlssydy 2 hbzds Westtddekjls D OwLOCjtody j MstlkSlkwr @ wyj
leddjte ¢jdjcOydd Isj WopleydNeise {ip dhts dsgda «z0 tod MlzdzeC j 2.

{ iz disSe®djte ¢ dj €Oydd Isj WoylsyiNeise ) § sdsh i v

ANtcOCIsOdz! dzr Radzv 3o j dzd Y dedw HjlOdzdL Oydd dMmf sdz' LBy lsfpw
(fractural Brownian motion). Ak dz€ ydw W tcOC s Odz' Hs[A34 fij bsdzdgydzj "Hizdstbed 2 o d H :

Ow @ to ¢oh 4)

CHPTORY dZdlszHONECEOBY Jydjdals dgjde M jdedw OB dzdlsbzhr .

[ Odzdz’ 2 BjlstsH ftsLotsdYjl SCtsdBdddess Ol! djmMSsd C5 yoOf
d GB®ROHOjI MmdjHEshdid Mes2Mmso OR]: MOBSyfsHEBG), o6& M
lted3i 6 6 dej eOydd Isj BmElego j ] fsd®h vy mizdsj 3.

t Mz dsCtePdjte ¢ dzj tOydd IsjBilsker f §sdsh s

steOo ded 5§ dz' dz' 2 u @GO dzg Ozd j BB IssH 59 ftoseo sH d dzts iy f s f
odLEZOd detsj COyjMmlsets, or ydmdzdlsj dz' dzgOvw Mmzsy detsfyls: d ¢ ted d3d

JtOHdj dzlsdzr 2 hkd3 sBiMijudoOjls cdzOHSC d3 dzPj b & 8ls § fs et
Hdzv G6j dzgi tOydd: BdkOSCte, tjd j¥O d BYEeSdma Ij SMiskzts.

sdzj ssydz" 2 hkds dzzyhj fsSHARtSHI HdzY COdRdy, SCtyd d BGtd

AtcOCIsOdzr dz" 2 "k fsLetsdzwjils MEh jMmlse j dzdes s dls! Hls
SHAdOSCts ko jddudg oz ldr g7 ydfiseplsr .

sfdiMsS M sdz! L 59 Odede" = dMistsyded ¢ 59 :
1. Graphics Programming: Procedural Textures and Noise [ C dzj Silstetsdzdz” 2 71 teff ] . HsMiskzf O
s .
d

https://www.mathematik.uni-marburg.de/~thormae/lectures/graphics1/graphics_11_2_eng_web.htmi#1.7 1 Ols ©
2. The Book of Shaders by Patrico Conzalez Vivo & Jen Lowe [€ dzj € Is tc ts dizdg' iRl taif

https://thebookofshaders.com.i 1 Ols @ts fi) Is z25.38.2026.
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It trRfrr VR VYIRS ArrsevlrRe (RERARMINL L B
Vilrrcotrsr affazfudrdrf Aoz UrRm rrRIJu1 3.

slsOmjody 5. [ ., MmiskHj ds
I j d&zstelmMMCd2 csMizuOtihise jddrr 2 kddoe jtemdlsjls dd¥ 53Ol
€. [ddmS, timfkzeddSO 1 j Otk
stbdzdStsd C@dam. Isjodz dzOES

2 Yjdzse j ¢ dstsyjls MlsOk! o dzOHj dz yjds H Efdggeds cda tsfBRldssIcEs i sV o df o0l iz
dz 8. [descdj drHd OS] dhkl kHsBdis] MjHmbeots Hdv fio]HshisOs dzj
BOIs' 2 O] Isflf todi @eagizsded b J B

r

S Oy H
NYdotsls
BOL to

Il ddelsjtedzjIsi Mmikh jMmlsekzjls ddzit stcdz@tpdzON ®zd f tc @ of ¢f dz'RZEOZF . L Ot
ZO2Isd, djsBRatsHd®Bs ftoddsydls! dj MOl B tedes RBdatse 5 o) d dzd 2
O wOLBEEMORZO 5 LOLd i3 IsiBOIdUiMSdds MO2O0B d W stk RO
tIsdr HOdzdz 7 20 HEMisEa Fftodiasflg 2. 1 [sdzy Mg Csd3 stezHs5L Ol Ols

]l fsfmdzjHdjj otej 3w dzOB &t HOj MY tesMls ydmdzO HBON dzed 7 |
Btsdz' "5 tOL dgstsBteOL ] f &ZzZOsWsteds HdzZv dr o d&zOH j dz yJ o. 1 B
dzj HsMsOISCORd. wtjHd dedrn By des o' HJ dzd Is

-fsdMS BjL oL sy dshisd dOMbtes2¢d Ydd sttoydd;

-dzj HsMisse j edzOw ddzh stedzOyd v ;

-slsfMzkMlseadj disHjwOydd.

t OLtOBOl" 0o Of ttfgzsw jdedj HtodL o Odes EfMktcOdedls! HOdzdz j dz
ZHtsBdzs?2 jHJdes?2 ©tsySs?2 HBMsEzfO ¢t ofpj?2 dsz;gHﬂHcfsdI)]lﬂﬂsmﬁzE
ttOLHJ dzise sy des o™ HJ dzd s/

-B dzsce (;

-tsBi W dzj dzd W ;

-MftcOo sydalzs ddeW stedsOYyds ;

-COtelstsySd fdlstsd3yg o .

] Oy dets?2 tMtse j dedetsMils: 8 wodzw jlsfpw toj OdzdL Oydvw f sdzdetslsj € fyls
Me or fsdzdgy jIsmw 5 dzOL 9 Odeds , o Bj deh ! O o lsiAf tE 2 ddOJ © Odgd §
Od3. Addz ste’ HdW B Wodzj dzgd?2 o Cdzs yOrls Isdf tsBi Wodzjo
d HOYO) , sdf Ydotlkdsets (¢sh¢d, fmMtse OC d, Gter L zda , [
& 50l fsdmMC O W@y ds MishipdElctts®@d s J dzdf s te jHOlsd] dzé 21 to(tsts O L
02¢C o) .

e R
"-§aa

[sHj & dzgsc s o dzd d3O dzd W LOMdzEy do O Is MdfMmlsj 8O ¢ Okt
J BOdL Jtetso Ols+ JdW stedsOyds t ofjn HEBOMNddr X dotslsds
JHJdZCfW ftcdoadoCd d sBddfERBtEsHsCly . z 9 jtodts didsj telzg W lftd;’lsdzJLtsaOI
sfedwisdws, fMmewLOdd = f d5 fdssdyodd, OSHE COC ctad
ddzj HEjl EZftsdkvdkzls! d ttOLcteOddyjdedj ddaW stedzkOydd d3j 3 H I
ddz¥ stedBOydw 5 bty Hod @B B'dEOH | sk f@®skR&d. I tod
By dzs ftedowlL Ols! € Bdtselk ddd B Wodzj dedé, Isjd5 MOd o5 b
ddW stedzOydd .

RL Gsfitsejdzdesiisj?2 dstsydes orf Hjdzdls: c¢deSks fdmlsj ik
fod Liso Olsj dzj 2 dzO dasts dzds. dzj s Isddd oy deisiz s M d §

-dzj Qo lststedL s Odzdz’ 2 fsdzt L 59 Olsj dz’

-OolsstedL 59 Odgdz” 2 fsdz' L s9 Olsj dz! ;

-BBHJjOIststs;

-OH B3] dzd Mistc Ols 516

stetskj ke, o fddsyjddd t6jOkdLso Od OoksBOdL oo
d2j fsHEBBOS h g2 Csdalsjdals. v g Sfls fydzOy© dzed satiels BBty & §f BEGE( § b
dzdh dedrn M B tsdztse ), fsmdzj yYjets ftod B dzOtelzy j dadd deOtelzh j
fedL™ or ¢ &OMdddsr, HIMStd®BddOydy, fosksdotsyftcOs dr j
sMSstep dzj dzgd™, Cctketsmis ' dd dezihnS @dL (RO BN jffgH L tedls j dz
fsolbbtstejdzdy ). 1 dzv Mstseh jdd2 ddL¢s2 d fMejHdi 2 MmMisjtjdd
dr Yjdet Etcdtetseo Oded . wtstsBh jdedw f) or MsCts?2 Mjfjd s to

iz
az
Is

=3
Q—
EGS
=

utjq’fr]tsQ dimf sdz! L tso Odede 7 dMissyded ¢ ts
Pet popul ation continues to increase while pet spending
Assomatlon i1 OO f k8 dzd ¢ Oyd di: URL bBttpst/@mw2a0nzasbrg/news/pet-population-continues-increase-while-pet-spend-
ing-declines (HOLO tBtOM jddvw: 04.04.2026) .
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rRUGSRY[resRrRE QUYNMRWSI v L4L SIréo so
RlLevt vl 1o [1 oy ROIOMR U ST L 3
611 ot dvyr 3m vesdy RU[ ]

stelzB Oy sMmisRz.H j dzls

I j d&zstelzmMMCd2 csMizuOtihise jddr 2 kdde jtehdlsjls dd¥ stedOls
¢. [ ddzmC, i hOueezdgd € O

RoOdzs Ci pite dlsj Rdz. dz2OEC, 1 &

cOBGls] fjHdsyjd &jssn sflsdddLOydd OffOwLOkd’ i EMStstdlsjdj?2 doO
kdujMSBeEts fSHABHO, d fsLosdYjls OHOfldEss Ol MEBHY g s S &GO ek Is § T
OOlsdy j BdsCd. SCWWjChkdodshls' &jssHO fLsH] dsdhstdiss 0dzO0 &0 § t6d ds
MfjudoOjls MiSLHOd]] Bdj] SSBRfOCkd 7 d {ditesi ¥WjChdod 7 fiosyj mh

4 tso toj d3j dzdzOW Bd Ctotst dzj € lgfte egpds® MGusQ Uisizjj tdzd J o3 ¢ (
L dzjteetst WW jCIsdoadesisd d HtesdLotsHdlj dz desflsd ftod ts5¢tcOdsd?
ddojtemMOds dr 7 WHjt Hdv tjhjddy EkLSshYfjydoddL dtess Oddz
Of f OtcOldz 7 toj MtemMse. wlsOBGUIBEII s ORPEIH j dls® § sl dzy
e Mlztemr , BH&ROCK o dj oMjcHO Eydkreojl tjod d j
sftcjHjdzj dzdz' | o jlsad SBHO dscebkzl dhfsddwlils: v CtwwO2dzj tojH
H Odzdz" =~ .

Ajdz s OMIstswh j Qo dzsPBfigls ™ W KtedZ3OdzdL Oydw ftetsyj MmO Hd
ftosctcOdRBdzse s CBHO Hd&vW Elstsyds dzdw IstejBtsoa Odzd?2 ¢ Otrndlsy €
OdzOdzdL tsLotsdwjl fjtej2id Bl Isjtstejlsdyj MSts?2 wyjdSd c¢natk
Of f OtcOlsdesdyyg dasfevj, Mfislsste O ik dBdL Jtetso OdzO f sH toj Odz! dg' j
o' fsdzdzj dzdj MO Ry qzdtetso Odzdzs G 5 BON ddzdzts s S SHO dzO 1 d3lz dzw |
Mt IkOMMdeseosydzr = HOdzdzr =m. 1 6bdadydd Bl MsOBgEH Mt
dMAisHdGses SBHO, HJZOBIUjMSCd2 OdOddL YsSkfmdtkzjlshmw do
My sdzdzj dedv, d oCdz¢ yojls Wtsttdddtetso Odadj dzOBBStetses oA tsHM = H
ntSHdzZ A 9jSbbtetso , 9 Cdzs yow GteOdzd ydz' JfMisdp s difigizfuSOR dz'f s 1€
Ff sdzdej dedets iz f jtejrsHE d COYHEB2 s jtOydd; 9r wWaodzj ded W
dsduyud mMSd2 gkl or fcsdzdzj dedw OdzetstedlsBO; §sMmistesj dedd 1§ to
dedz" 53 HddZOBIdUd MEsEts OdOdzdL O W addgwdgdsifiv  adz0 © izt s te1dOxizgg | -
fsdz L soa Oded™w ddeflstezSC yd2, B yYyjifssycorn MmewL Odader 7 d dzfisteclz
[Hdzed 3 dL fteddsjdej ded?2 M jydOdzdL dictse Odzdz’ 2 Of f OtcOls dz -
Of f OwOlde &3 BEsSSO®R] W dLdujmSd dej Skesdedtelj 8 5 WekdSyd2 (
10 tdmikzds J 1 ftejHfmisOoadzj dz Odze stedls 3, L OHOdzdz" Rtcddg® d & di

l

mls ©
of {
sB 4§

q
9
9
C to
HO
d

Zdzd € Odz' detsfyls di-Is(SLRNIQF 2 HAZWVA O OS¢y OffOtOkkztcO, mMddalsj L d
&z0 tfdtsesj MOldud MS cSEA cB(M@kdE| ) ®o | A zdzg® ydzv MsCteOh j ded W
ttOMmMMmyudisr e 0jIs MisOB ddz' detsfls MAJIEEORiesc Of cOR@sE fsalstst
Input: N, E, 1,
Output: UNQU
I8Pequal <~ 0 jum s
for k := 1 to 2N do i 4 el pug responce
reSPaceum < 0
sta, respagt < STA_ch(CHy, E, 1) Y : ; opl rst
if (sta== 1) then "g"“cf"m_,, IMEM [{ > REEGS CHk
resPaceum ¢~ 1eSPaceum 1 ounter 0 *> rcsphlqml C’?.’_ UF
sta, I€8Pagt < STA_Ch(CHk, E, J) ' - [ = |'cs|)jzmcu‘1n 2 )-GSE
] - Fresptmsr | | OP <
if (sta == 1) then ' 0x60 T PUF
1 k
reSPaceum < €SPaceum + 1 ! I CTRL
if (resp,ccym = 2) then 1 : K i
TeSPequal <~ TeSPequal ' ' command _
end for : ' - 7y
'eSPequal < I- (respequal == N) : M 1
return resp,qq, | CONTROL UNIT |

{dMzdsEzdstdlsd ©OMYY SO kddSod dsfisd d MtkzSkkzcO Off OwOlsc
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Odui MSd2 OdOdzdL S 0OLOdz, ylsts Of f OteOlsktce® H tsdzy dzO
ydd: MmrHeded odzjotsdjdzGe jjeHddipsdtey, o dafds@gfdgd v d3tsH Iz dzv
s jtoydd MY jydSTruddCHERZY) % dtgswdidlzd § d o' ydlsOdedj ¢
sOdzsOdzsd, MHoedce oftOQoat dzO L dZOyd dzdj tjcecdfmisteO, ddzils
duPddzgifad ] M Hot2CB2, o' ydlOdedy tjedmlsteO sls jHddzdy
ez yd?2 dzj MlsOdzH Otelsdgr Hdzw Mbkh jMlseks hdn Otrndlsj Clsizte,
Yddedz" | dL dei MStsdz €dr fesmisr 7 d demistclz € dedfds d3k . Mt OwdPinc
IsOo dzr § ddzmlstcz¢ ydd, ifMdzd ded or LM 908 IsMw BOdS s
stez¢ ydw dzd, d3ts » dats tOL 9 j todzlzls b) dzOB tstc ftosmisr = t
dLotsHdIlsj dz detsfplsd, Uyt bkfttsmisdls (ttsyi MigdH b i isdidas atg
teststf jteOYd2 ¢ v.

[ojlsdls: dz©0 etftsih, COCdj Mfjydod d j dJdhsekzSydd
dzdL . [Get yjdzrs wodzw jlsfmpw dL d3d dzj dedy Of f OtcOlslzter HdzW H
dqudzsdz L OfEMC4 . r dzvo dA diisste dsls GO " | § NedifEOplDE # kstiyw  EZ Is sy dzgv
difmlss s dn ©sMisO L O8 d M Isredpdsal dztdn s O @Y jds | SefHidEs jc G o tei* |
isfteiHjdveshddd StO2dd] MzEyod, vyt fmMewL Odets M 9 j tetsy
e jAS|das.? st E dZOMdts Oddtstedlsdsz or h j, -tslse jijds Omaj? dzsfyls d L
dzdzj dedy ddzd dzj o' fsdzdzj dedj ddzmMlstezCyd?2 o bkMmdzse dz@ » B dz
OBddz d" , dzj BERHJjIs orf ftsdzdzj dz dzad tsHddz BSOS B dEzsSB zH
dzdzj dz Istsdz 5 tSHddz EZMmdzseadzr 2 BdzsC;, d dOCtsdzjy, J Mmdzd
odzr | BdsSd. uvOCdHB tBLOLBER, fHtoseajHjdd] HJdZBOB] U] ME G
Hsets dL Csltster o SHAEJdE L tOddad HpdGosts oHddsdEd d3duu@ fifisadse@
eSS yd?2 (9" Oy Oj BOWY o Htetsyj drksOr) Htod HJZOBI Y ME A
Fof ., o Mdzzy0j yOfmlsdydss) M Os d lpdzizy©j A dzj MeP B d dz! OB dzaf 1y
Hijls @O0 dzj dz'  ( Useetz@dpdf'dj Ofizifistedls BO, dzOdBtdzjj Wtelts Hj o
jdzj dzdw fHtesyj dzsO Motsjcets dhMfsd L 8o OdedY o Odzétstedlsd3j o

08 &2d 4 OO0 oMt YO dshlsd dLewOdd & ddnstzs yd2 o L Osdfd dt
RAzMIstclzC ydw Fns, % Fps, % Frs, %0
G5y jdzd] Hobkn Ljcodhmstse (add) 20,0466 | 20,1738 | 20,2016
]  ydlsOded] ®©jcedmlsto s judddyu' (o|00002 |00002 |0,0001
tbrﬁe;“"‘s” fs Onwjmlk, Jhdd HoO MBO| ;4305 |111170 | 10,0038
] jtojoibH §65 OHntk) M Moufded dis] g diffisad Y 0,0002 | 0,0432 | 9,9648
1 jttjobH §65 OntkjMmb, Jjhmdd ©jcdmise |0 0,0216 | 0,0389
IL"Isq) OBMbd® SdSct L dgOuj ded ™ o) & d| 11,0869 | 11,0737 | 9,9649
HBEEN ©jceqmiseO o L dzOuj dedj dezcdz” (]0,1269 | 01299 | 0,1196
0tedW s bquiMcd? MHede tjcqdmisteO o] 00002 |0,0002 |0,0001

4 ls
tc O
J d

d
dzj
dzfry
q dz
fnls
dziz
m
M
s
¢

§ON>"HT0Oo GoSoI=o-NEFE
FET§03 "S- "@T nog QﬁﬁwngWOq
&h>3x%q3q§>mqo

FAGETGE O

cC OE>aNFo

RdzMlstez S ydw add wodw jliw fteddjtesds sjn ddamlstekzSyd2, ¢
EftcOodzj dzgdw . [ded M tsdz L 28 Isfyw o3FTA ehigltls € jizdz] s o § ¢ dzP 3Y bz
ftotoffls ddzmlstezSyd2 BEHjl CtO2dj dzjcOlsdodets MCOL' 8 Ols! Mw
g jydodzdL dqtetseo OdzdzOW ddefplstelzS ydw or ydlsOdedw dL JjHddedyr (¢
odzi LOQoadMmMddsMmisd tsls ontsHd = HOdzdzr =, d W o ¢ggv jdlsfnWO ter tftdstyg "C df
dZzOBtstc® JdemlstczCyd?2 (instruction set architecture, | SA)
M CtdmMsOdasts?2 (addi) d or ydlsOdedw (sub). vO0CBs2 i fBH
LdzOyj dedj dgkzdzv (zer o) : VL togtOdedty i Qidggfsiddz € yfifgff tadd d o fMtsy
tej cdMmMEtals Odzlsts?2 dzsedud MEtsets dgzcdzv . 1 ted 1 stsd3 dzj Mdstsistew ¢
pfstej YOjlsmw OC yj tjHC, €O0¢ d ddhbtekzSydy MBteshHO tjc
| SA Hajdzlfy dls. RdzmstezS ydd o jlodzj dedw fted MOo dzj dzdd tej ¢ d Ml
(bne_one) d MttOodzj dzd™w twjcdMlstcO® ) HoB2C82 (bne_two) =a
BjNHE bhmdsedr B StdmbtezSydwdd Jd MisOs dustesfizhistcks aydw R b
EuyOmbeobkjls tjHCE, dts t5dz0@ By jls HOI: Mkh jMmise jddzgr 2 ftedtst
A A, d EBdtOls: jy dL | SA daj ) j dzOlsj dz! dats.

[ ddzOBd Ui MSd2 OdOdzdL Lot dzv jls tsilsdBdL Jtetso Ols Otcn
mMdMmisj s § seBOdpy Odz! dg' §| dzOctelzL ¢d d dm&dzs ydlis: gL B Istsydat
dL d3j dzj ded ® fMeh j Miseo ks h j2 Otcrdlsj Slskzter , dzts sBj My jiude O,
Ldzj G WW jClsdody 2 WHJts

ef NERYT sd L 5o Plgdsias Gzd § 5o
1. Kaiky M., IVANIUK A., ZALIVAKA S. Methodology for constructing statically reconfigurable soft-processor cores for hardware

acceleration of algoritikdds : ¢ Ols. 12204882 wz¢.
2. RO Odzs € d. ¢. RMMdzi Hise Odad § WdLrdujmed dzj Cdzsdedtelzj d3ts? WkdS ydd
RAW sted3@Isd 2025, Is. 182 DOI: httpst//doi.dng/10.37861/1816-0301-2025-22-1-73-89.
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¢luvffouvrRYOARC Sf U Aw3[ oruesf IR vyIue

CTrsvt vy oL sl orthsfof rroffadot pdg 1 y1]]
Y11 r}YtRrRCURR

BBy JdS s [.¢., MmMlzHj dals

J jastezmMcd?2 ctshiedazofiiEdhfgdgzis?2 ddW sted3OIsdSd d tOHdEsL d

G. [ ddzim €, timMfeedzdc O 1 j &ZOtlz !
ZOlir dz0 dMiHOth d2 ftojftsHOS
| ©OBtl] ©OMMBOtEds O kMw OCkkOd d' j ftsBdjd ttecOddLOydd NS EOHMS G
bsteetsor n ftojHtedd sfw] HagoaseBdL dzj MO. ) sOkOddL Jietss Odzr  BOMM OB W«
sh dBCOdR] bLfwOodjdd” LOJOMOBI, O kOCy] Mootj dj ddr j destedOlsdodr j Istoj

1 j &ZOlkf . [Bshdse OO djsentHdEshs! R wdddidkde s &) ddd © dd it Ot -
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