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O BE , HEIC d& §F Ml L dzOyj dzdzl s i@ Is @
kOCset woLBdlslsw sSBYdMd  Is! MY L O WEtsdst

W S
WS

‘Ot Q¥ 108 "Qk o

¢ oj iU BBEOY 2dscts fdeshkk:
"O@Q & OE @F  'Of @ T

[ dzv tssLBdlslsw SBdKO’ s MW L dZOSO L dgOG f
g AQCA®EQ & v
Atz s v detse d?2 e kLtsdz Hjtejod, wed? d

HdzZw Csydatsets L 7 L dzOyJ dgdz . [ dzv € sy dat
fsoltsts s Is! Mw s jtejrd jlsOfd, §¢d da

[fdf OkcEGRIwAYr sekzutsed HjtjoO t' hj dg

10 Sydsdklz Cwsy' Odkestdlsd CART ¥ stk
LG ' Hdzs WwWCtsGts 9  HBLRZOO' Ist fMmw B' dzOtcdzj 1
O yOdz! des’ odB ' t6Cd. & dzOfMdz HisC, kot
Hdzw wCedn odStdz’ s figy d3tffte O a1 dztzts v € 'd 1. @A) o ¢

1 600 d 2O < ZOH Esly ‘difd R s dbls o dzOMmls|
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1 vydfdss ' ©L&OCH: #$tOAh ddEs NE®' ) H ozl ¢ ds
MM’ Hd & L dzOuj dzdz” i3 L &OS (.

1 sObjctt' Od fiahOotEdns0 Cafd Y(da")HE HG ) V&
' Hgdzsy d dzO sy dzdo o L dzOuj dz .

I i@ s lsd B3Odz dz " sets MjtejH ogsdpEziENR D
CShts dz@B' 8 HOd R © o3 "OEafGr dz@QEZ Is nf)'C d

"0QEYQ p g&
SO
1" Mmdzv  f sH ' dEzOWdes Y d(dedf " 0 sBO ' SIsOd3d o ' H
fsCOLdd¢ wWetsfils' tesLBdlslsY Histe" o dzs *

00§50 +1'00EVQ F1'00EV0 X
1 02CE0Ndd 800y 0 Is' Mw "GO "l B BAf IsdsD c' daictz

10 Ctydssz Sty fsBikzHtsed HJjtjOod O O0Odz
VQE" M Hdzw o' 7 sy dzdedrn ttsL BdIs|s'dv ovfif' d
tesLBdlslsw ' dzO2C O d 3.

stedlsjte’’ LEfddzesd Odzetsted s 5z

e sttdlsdsd fsBlzHtsod HjjoO t'hjd O
fSodzscts §oH &k O § ' Hd3desy ddzd, s o5 M
CjLbd 5O’ OC] Hjtjots odwoadls! W
dzj SBR' Hdzs N lskydes B3 B[ ety te6
MestedMisOlsd M’ dOfsky dddd §' HESHOWB] :

1 t Odzdz' L &z fod dpisdedz s9 © Hijtejo O ftod
HsMwedzgj dedz? ff jodese s Stedlsjte’ © .
1 [Bd3d %4 dadaw G dzd B3] ozfi) Is @idetieg Az Is! fMw ¢
C'dz €' M oL EOdzizy j dz .
T [ dz2@ 30dz! dzO C'dz €' Mls 0 OBBEISUY '
Mo stej dadz? obkzL dz' @, wWChits o dzdn d3j
1 5COLdedSCd jJWjiClsdodesimls' Odzdstedlsds’ o RO
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(Wi Slsdods Mis! Ozestwdlsds' © oadL dzOBP" Is! MW

o~ YO
ni Qw Qlﬁﬁh P
C o e YO
i memh ()
¢"YO i
YO "O0 00 p T

HJ
TP(True Positive)i yj ¢ ' dzv €' fMmlis: ftcOo d dz
tejL kzdz sOIs' 9,

dzts ¢

FP(False Positive) yj ¢ dz@ €' fls f sz dz€ so 5 ¢

CjLEd 5Ok o,

FN(False Negative] yj ¢ ' dz@ € fls! f sdizd dzC s ts

CjLEd Ok o
[fdf SBOdscts d&zOBSEE HOd]A

1 2dzs 9 d B tc O dzts HotklOBookisg Qar@etiafien Predictiont

Kaggl e. [ dzw tej Odz' L Oy"' °’ BEHJ A&z 2
Biotsdzt 9 Odgdz? cetslsjdz' 9. 1 OB' t6 HOdzd A

ot O

Not Ca rsode6l etdLodgO$ .
sO0fd tBtesBSd HOdMd A

—~

Q. =

1. 1 dHOdzj dzdzw dzj ' dzWW stcd3OIsd o dzd = L

2. [BtesBCO fHsfbEme o

¢ &zOfMm
3" Mmls

gL dzOyj dz©@ y*' dz‘d T1p ) Lidzbodkidmp status{ A Cancel ¢

Edts ftesojHjdets dedL Sk jlsOf" & GBtetsBSC (
WiClkdodzsfls' Odzetstedlsd3 & dzO tsH dzsdBBz dzOE

dzO ¢

3. sSHEzo Odzdz? CObjcetsE' Od dzdn kO

ydmdzse d;n tsL dzOC
4. | dHOdzj dzdzy ;HEBdZ COIS' ®

5. { SLH' dzj dgdg? HOdzd R ( 20 5L dzOS

1

kjfissokz o " 804 Hdetsh j dgdz’ 80: 20)
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V tejLid O’ €' dz ' Mis! L dzOC L dBj dz" j dac
odB' ©Cd o1APES B@S2977.

{jLEd sOd € d&Ofdi SOy ' kO st o dW dzdz

1 sC0LdedSd JWjClsdoe desmls® Odze stedIsdz" © dBC
SBtcOdtse s Odzestedlsdzte ' cdzdedded HJjtej 90O

vOBdz. 1. tJjLkd IsOIsd IR3dzO

ID3
rnubuHa
yac -
nepesa TP TN FP FN  precision  recall F1
HaBYaHHA
1 0,0s 1877 266 723 111 0,7219 0,9442 0,8182
2 0,25 1783 370 619 205 0,7423 0,8969 0,8123
3 0,7s 1690 574 415 298 0,8029 0,8501 0,8258
4 1,8s 1700 586 403 288 0,8084 0,8551 0,8311
5 4,05 1701 538 451 287 0,7904 0,8556 0,8217
6 7,05 1636 505 484 352 0,7717 0,8229 0,7965
7 10,85 1566 449 540 422 0,7436 0,7877 0,7650
8 14,05 1479 434 555 509 0,7271 0,7440 0,7355
9 16,0s 1446 418 571 542 0,7169 0,7274 0,7221
10 16,55 1439 416 573 549 0,7152 0,7238 0,7195
11 17,05 1436 416 573 552 0,7148 0,7223 0,7185
Ges
16,55 1436 416 573 552 0,7148 0,7223 0,7185
0fMEXEHHA

vOBd 2.(jLEd kOd CARTNdY
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CART
ranbuHa
pepeea Hac TP TN FP FN  precision recall F1
HaBYaHHA
1 4,1s 1877 266 723 111  0,7219 0,9442 0,8182
2 6,35 1877 266 723 111  0,7219 0,9442 0,8182
3 8,5s 1877 266 723 111 0,7219 0,9442 0,8182
4 11,3s 1931 231 758 57 0,7181 0,9713 0,8257
5 14,5s 1813 176 813 175  0,6904 0,9120 0,7859
6 16,9s 1807 145 844 181 0,6816 0,9090 0,7790
7 20,0s 1802 115 874 186 0,6734 0,9064 0,7727
8 22,8s 1802 117 872 186  0,6739 0,9064 0,7731
9 254s 1780 122 867 198  0,6737 0,9004 0,7707
10 28,1s 1808 116 873 180 0,6744 0,9095 0,7745
11 30,5s 1693 149 840 295 @ 0,6684 0,8516 0,7489
Gea 46,25 1474 223 766 514  0,6580 0,7414 0,6973
ofbMeNeHHA
I dmdetse € d

[ OCId BOd 2@ CcdzdBd 2@ Hjtej o O)D3 tfisaglzy sz
C'dz ¢ fMlss 5L &zOC OBtz HOdIA. ¢ OSCTE
B'dz2 "k ¢ dz €' Mls! tetsL e Odzkzy j dg' , LO tcOr L
Yd ez OCARBUe]'Isds h ' yOf dz0e yOdadz? BisH | dz
By dzdodn Cd3B' 2Oy’ 2 L dzOyd dz@ L dz0S. [
dzdL ' Ct5° GdzdB d dzd CART 6 j azepL ' § 'j 26 j © 'OdzOC ts5fls
we fjuBeOdEBSEd odh ' 2 IstydksBBYfj tc]) Octod
CARTdz&¥0 SO00 "O0860'YY mpopptpp Ycrimp ¢ w

s dMsS & sjOkkzted
lL.stdsdzso O s. 5. [ Oh ddzdzj zD2020Qudzdzv2.7 9f.j IstsH (

2 mOteyj dzS s 1. [ . [ MmdzsoiRO2&BO" drztizsc 5 dzO o y O dady
3. Scikit-learn [ O i GeET R i tdxdd H ts Mistst/drikit

learn.org/stable/modules/generated/sklearn.metrics.f1 _score.html
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{rtdrsd fJrrRYLRm Y Jatorp1? wy 1owwu
Atdsuv o 21 4d oL 6J uqv

[ Ot v s' ' dz
Jr 9" o0 dBdzOdz! dzd?2 Ekdz' 9 jtemdilsjls ' d3
ANOSCEd Isjls ftedS dzOHdes™ dB3OIsj B3BOIsdC
mariia.kisil@Inu.edu.ua

0CskzOd d2 fls:

v dzddz hdp sz YoM edmlsiyk' kst fw
sdeS sdztse* ydedr f Olstsdzse ' 2 dgj dzdh j o v ¢
) joddzdzdds Y OCkstesd kOCH’ sted o sy dzts”
dzj Mo 5° YyOMmdes L H" 2Mdzj 2O H'® OedesmMlsd S O L
Bsy dzd o sfls'  tetsL § ts EBHdzY &3 da@ | tzd dzdz'ls3e Iz fls
nottisBd, bt®kz otdd fktejsk‘ §shddj
ftosy ' ZOCkdSd kO tOddy s° H' Ocdshsdsd.
L zORtsHY j dzdz o dkzOMisdotsfmisj?2 YwOClkOd o, o«
Gtk dj dstsd Hd&v o flsOdzse dzjHizdWE H' OC d
LORottey 9 Odz! , G©MS' d ¢ otdd HOSI! L d
odwodvisd dOwWeds Mis! §Obsdse 2, hts hj
Md B ssd3” o .

[ Mdets ¥ tefe i3z dz8 o O dzdzw

[ sfydz'" H Y j dadza™ fjteij HBOYO' 0dz0dz' L d
LEBLOY jdz . 10 Gfdsse' W©OCkod ds’ It
WeOClkOd dts’ L & tdsfls' (' d" O &OLe O
¢c' BBdz' Mdz® L i3 tedz Mlis 5 dz@P) d3jddadgd - H a tisd3 s
' Lz BjlssHOB]. JJdCtswedhisseky yd HOd
[ {4 BBOY j dadz? L Odzj >} dstis’ o tzw & 1810 wis (i bizte d o3
tejL kzdz SOIsd, O] SOC 5y OzOdz' L ¥ Is! fMyw :
tetsL 3" todetsfls® d3' ¥ LtsBtoOY jdedz" d3d L HBstotse d-
fOssdse' yd' L &' dzg .

oz stedlsds
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fdbsH  d3dz’ mdaets’ tetsL o3 tedztsfls’ BOL z°
Hsfd' HYy ko Odscts B' ‘SO f' kCtss L Cisdg'
O. I1tk'd sadLdOyO k! v C' d ¢' M’ SHB& «
1tod L3 dzgh j dedz' tesL &3 ok Ctd ese U Myt
Td EEMB & A BttdzdO oL ttORkdSE ¢ dgdz )
o9dcdzvH:

D=1 lim g vo lg N (O)/lg O (1)

v dZ2Oh sz o df OHSCE dzgjtsBR' Hdzs 9 dzj Misd
sy dzdlsd WtwcOClsOdz dzk L 3 tedz Mis fndz'
Odze sted Is d3ts 3. l*"d fjteijHBOYO' 9dL dzOyJ oz
CR tesC, s fCtdoOsls! WtOClsOdz, o' H t
Yy'2 LOdzjydesfls® odH' dzw* Ist MW dz dz' 2 dzO
dz' dz' 2detsr WkdCy' ‘8. (LEOREZdSE f OttOdjk
Hsftsdlis® 'IsjtOy' 2dtse s d3j ssHlz dz02 &3 dzh g
tejLzd sOl, O MOM®] ' Bds MdzO tesL ' tedz Mis:
Cklstsoad?2 CtjW ' y' “das y' ‘' fewdhks .

t sL 3 tedz’ Mis! d ydeC dojfn! SHsfdz ' L BB IstsH " ¢
WieOCIlsOdz! dats” tetsL d3' tedetsMmlis’ sB' ‘ CIs' 9. v
BEYJd LB GOIsdMmw L * digdz Mdest tetsL d3' tedz’ Mls
ftcOo d dzis 3.

[ idlH [  dzEBofm! Cses8 YW e O’ £ Issikz,
Mlse stet ' Is' M Odc@XdzjLde QEE] Isi dzs, WwWECj IIsOC 5y
A csCtcd o Odztsd30 . rdzv y! sets tBO' €O 5B YC
fdshz fto]jtn dg SO odL dzZOyoOs*s Is! WtcOCIlsOd
e GisHdg] Is3tsy j d3sts fsHOIsd deOfslzy ded 3 ud datsc

1. 1 5B OJ darlg@M'OH tc BEgetfg HE ' o .
2. 1 2HEY kRS qic ®OHPyB ¢ s

3. 1HE i35 dBfisd o jUntfdase j ton dks- W dzv
f OtcOdzj dz' dztsEts Is° O L O V¥ tstcBlz zOBd

ug (i J)=maxugg i, j)+1.maxm n) 1 (viugr Am,n) (2)
by (i, j)=minwy i, J) Tminmn) 7,GN1uar {m.n)
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A).

4, | JOntsBiz" Wi OtcOdzj W' dBE Az dzts &
V=i i(ug@.J) bg@.i) ().

5. 1 dzO 7 i dEsE
Au=(VaTVar 12 (5).

6. 1 dzO R s if Gsls ®dzL dgkz wdz' fyls
D=21 (2lAp/lpgot) (6).

tiLkzd sOIsd
Frdzv ofteso OHY J dedey 2O fteOCIsdy’ teSL tetsB dz

LsBEOYjd2, H) COo@igkDy@ld Byt L&
sBesedqlsd '8 ' dZO shdse' tjLbkd SOl o t

10 jLEZd OOBd OOk Lk "7 §jodO yofl
OB &gy jd HB 2. v b2 yoOfp w¢ L dOyj dd
AW fklsls 90 t' Ldzdyw §tswdse s v Isddg,
B' d&zr hj uystddnr §'CMmjd o, stsBlsts d&zO dz
1 Bk Mis: I sMlsOdeds' 7 L BBWOY jdede? 7 j tg
ud dzts ds, Bsy dzO@ Ltetsedlsd o dMmdese ¢, h s
L 5B tcOY j dzdgV LB dz hE' Is! Mmw L L totsfMls O dzd
CtR tetsC, Ikl Isda, w¢' & fswils! yYsteds

1 Oflskzf dzd?2 d3jlstsH, WwCd2 Bkdbs L ¢ dv dzklst
EsL 3 sl [ dSsof) ChEB. Ki?2 §' wu:
ZOf ' oltsdzso R kO dsdslstsdddr L SBLO j d
odHds, s tltedBOd L dOoyj ddy mkkk‘ ot
fec0dzOd ko @ sOIsq Ists, By dzO & lsdls

(Y desets LBBWLOY jdedzv *° kde' COdz? deddsd. [ u
f swfdzs * Ist mw L Odzj 3 dz' Mlss WicOCIlsOdz dets’
LSBKGOY jdzgdzg . 1 tste adgs s yd HOdz, HJ odC st

tesLBdIslsw, 2 lsigsyuida® asdmdzse Clz h 5, yga B
tesLBdIslsw, Idd3 d3j dg" § L deOyj dzde? WicOS Is ©adz
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) Offlstsiize Odzdz® sjlssH' & H©OClOd dsets Od

Yofmists odSdzdS O ItekHdsh' . v Y sBkz e
pdCstedMmstsoko Od WLOCkOd &2 OdkoOd L
LsBEOY jdz . IdB' tof @ BEdz yOOsdd § OY"

f Oy ‘' dlOesdte wdBd, LsCtej B3O L dztsw ' Mmdzd o
fsCOLOs, hMts WLOCISOdz dzO tesL &3 tedz’ Mils! L
fiweiodhkz* 1,98, IssH' WwWC Hdvw §0Oy" ‘ dzls’ ¢
vsOCdds yddesds, oMmlsOdetse dzj dets, "5 WiwOCISO

L H o sdtsIcSE B' dz' h =8, dz'y LtsBteOy | d&
Bsy 20 o dtsCtcj i3dilsd Isj dagH j day ' b : L dzOyJ dzdz®
HdzW L tsBtcOy j dz LHBStesodns fOYy' " dzls' 9 9
f Otdse' v dd.
l dmdetse € d

vitste'w WYiOCkOd o o' HSCtdo O o j z
Hisfydz' HY j dedg" B, Istscsz tHdeddd L §jtemf jSls
WSROy S ¢ BjlstH WYtOCkOd dSEt His
L OfMmistsmiz o Odadz™ HiSL & Sdzv dzj dzd h § slsted
MistezClskted tBO‘ Cl' 0,0 dOdzgew 52  Jf %o ] E lisch €O«
sfsedkdotsmls', s o90ydkdJots o dOzyYy' , dJ
mW¥j cOnr . 1 OoaHwC(d me s’ 2 LHOBdsMmIs' s
L OC tsdzts d3' to dz' ' S &ZOH dzg W st d3q WicOg |
By dzdo smis® o OdzgOdz' L 34 HJ-ydzd BBS L 5B tc Oy
s OCdd3 yd dats ds, WteOCIsOdz ded?2 ' HR"H C
O oW di3ts a3, 0O fwollduddd fitemfjCisd

6] Odz dgscts fo' k.
uf d fdECl j tOlkzted

1. Maryenko NI, Stepanenko OYu. Fractal analysis of images in medicine and
morphology: basic principles and methodologies. Morphologia.
2021;15(3):196206. Ukrainian.

2. Bassingthwaighte, J. B., Liebovitch, L. S., & West, B. J. (1994). Fractal
Physiology. New York: Oxford University Press.

3. J]BtesBS O RBiHJqUdedr L BBteOyj dz dzO tsfdatse
ZiJMjtedsttsa O [ISsO ' dz ]
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1o & {rrtJw ltreryCcvuC twzrl?
[ U

R1AJIRM 51 vuwl

[ Ote" w stt@oyk¢

Jreo'ofm! €2 dzOy' tdzOdz dzd2 Lk dz' o
C R 2 we OdzO A teOdzS O

ANOCSEdz Isjls ftedC dzOH dzs™ (BOIsj BOL

SO ' dV stedzOIsd ¢ d

Jw |
fots

mariia.kravchuk®Inu.eduua

vV tetsBBIS' oL GV dzIsts dBsH | dz2f Hdzv  stfilsd
BEHY jJIskE dz2O tshmdese® BO2 M ef! C¢sets ' HA

FtcOR o Odedz" d3 Istcj dgH iz, i L sdzdzetsls’ , L 59 dg
OHMB &S v' 5O  WlkdgS gzt M dzez® dzv b fists H
(sl shmstsSso d2, kO¢ HB® & dsehndztsisls

PteORko Odzdzn &5 j W j Clskz dgOMduj dedzy . ) tetse j H.,
W' fsCOLOdkd LHOL M &sHjd Istyds
CjLbEd sOd § jHlgEjstrox s L Oftes] sdse
fed2dviskby ' hjdd k MY¥jt' oL fsH' dz d

ImMdzsoa dzd 2 oG fzbH j dz3sH i dz . S Isd ZOdz! dzets@
BEHYJIsk fsBkZHSoaOdZO d&O BOLBotdBEZz t' od
"dzoe jmMlsdy 2 (KPI'), w¢gj oCd yoO' IstejdzHd
Lisodz hde' WOSIktsted [ 4] :

KPl=a , § M O
(1)

HYd Ctyjdz Cod3ftsdzj dzls 9" HfBO "  HO' L O t' L
“dzo j MiIsdy' 2.

vtej dzH s d2 ¢ & dRfdsjdepHizlse (HI9 Bt Oy O HB9
Clkgo dzsfls' RBOLS jlsddetsoadn ' dzoj Misdy'

Wi
hodHC SIS L d3' dz:
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T, =mh )

HjLsdd gL s Mls! &sHjds ' k' MY L O HEfs
(Stfddzkm O Mmddzkf), Nt HSLotd' owOnNGoks

mgWBQBS‘ f it sHJ 0B L
a2pdt 2850t 63
Cco '+ sin
2= 8}13&" F365 2 4 %" Z5p 6 &

©)

Aj HO' LiBsélz otcORtsalzo Od MmjL sdedz’ € ts5dz
Hdzw Isdydav. [ 6]

wdzh © W OC Wt o( Q)so dz " dz R YOSk o d
COdf Odz' 2 sfdmk’ s Mw te' o dzgv dzdz oB:

N
O =a/’i4 Q)

i=1
1Bodz hdg WOSktsted d\syklk: oCds yokd GO
MijttjHtsodh j-H ] YO dglz’ W OC kst O toj

True and predicted KPI. R2 = 0.784 MAPE = 1.122%
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D © 4 e

tdm. 1 1itijHBOyjdd?2 KRB ftwOoandod
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10 cteOW " ¢k IBCOLOds o  Hf 9" Hdz MISKPI d3' >
so - §4tjHBOyY ded d3d L dzOy dzdzv dz3d , silste
BBy HBZ' OE M  d3tsH § dz' . 1" LEOd LOYy' w HJ BsdeMmls
tsmdzts o dz' Ctsdzd o Odzdzy y' dz tso s’ B4 Isted S d s
md L &dzdzg fOlsjtedzed. AJ wi§s ‘fidsy d I9' s Bifzteitts o @izt
fslsjdzy Oz Hdzwv §BHOdz hsets odC sted Mis O©dad
BYHY J k.

] BH | dzt 9 Odzdzy o-f Bde®O " elzj H' ©Odzt ytso ddz € tsd3f t
BO2' Msadnrn &BSHjdzj?2 toLftsH' ¢z &GOt j Is d da

[ dzv y! sets LOMbtsmMsokels! Mw ' Ld2 " HAtS
SO 77 WEkdly BdOd dtscts of dzde z.

{Hddd L {§WwBHEH o §jte] dzj ] dzdzv, (c@®r B¢
LOted 3Oded?2 W i€l toj ¢ dzOsd MWdzvdeltoyds 2 9 d ¢
HsLotsdzV ' isH jdz¥ 9 0Olsd of dzdo toj C dzORdats’™  (
¢' dzr ¢s5R fjte" SH' a. 1 Odzj ¥ dzts 9 ' H ftod
LOfflssmtso s Is! v o Oc¢ twdzd dyf ZLd@ Iy 7 O dzadz™ 3 X
L Oted i3S 55 .

M =x" (5)

1 G ZOHY jdzd 2 o] S ZOBdzd2 o dzd o ts Bl Upcdafoes ‘IS
pONBok jW¥jClk odlstcOls O tj s OB o {t

P
an(l)Xt—I,m
adstock X, ;> o+ %ot W M=
a w, ()
1=0
(6)
[ 2w s H | disle CidEdy W OHEdEhHse £ 5 Mw W k2 dzS
LOBJ LY jykz® cdzgzyslkz Westedsk Ctecdots’ dz0fmd
fedMCtejdaj, SOC ' Ekfito' d dzgj dzj L tetsflsO
[Hd&ZOC dzOH G tdz® cdgkyS' Ml WkdSy' ~ EkMm¢
By ddylzo Olsd MlsOB "' dz' d2' Mls! Yy d¢d dBEBHJ C
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Hill(x ., K, S) =

(7)
[ dzv Istsets, htsB otORkZzoaOLd t'Ld HBOCMHIH
HEHOLSBots Y@y iz WEdeC y' & m' dzdzO dzO

fjtjlbotstc] dz@u O stwdgd DHHi | | (x), WGCj sy
. B Kb,
bmHlun(th) = [?n W (8

0.5 1 03
0.95 0.748 0.392!

half saturation  slope he?

15 2 08
2 1.867 1.144

beta * Hill
0.
1

tqf. 2 1sojn' €O WkdCy' ' ftod to' L dzd "

[ dzv  LOBJLYJjUd dedz? dBOMh IsOB z9 O dzdas s Lofftftsad
Cd W' y' ‘Ldls Lo0¢ s dzts dsdztf tsd®dr'd digdalsts tsL f SH'
MzCEzfddr o9dltcOls, hits HsLOotdW' OHOffIlskzo C
et L OUkhsmls' . [SHjdk OHMssCE BEdkd

et al., 2017) [5].

[y @O BO2 ' M' oM St5° BSH  d
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CROSSMODALITY SUPERVISION VIA PSEUDO -LABELING FOR
MEDICAL IMAGE SEGMENTATION

Markiian Mandzak, Andrii Pereimybida
Ivan Franko National University of Lviv
markiian.mandzak@Inu.edu.uandrii.pereimybida@Inu.edu.ua

Introduction

Assessing cranial muscle development in children is essential for understandin
normal growth patterns, diagnosing neuromuscular conditions, and detectin
developmental issues. Magnetic Resonance Imaging (MRI) is a crucial tool ir
clinical settings becausi is noninvasive, provides excellent contrast for soft
tissues, and offers high anatomical detail, making it especially useful for pediatric
care. Despite these advantages, automating the accurate measurement of cral
muscles in pediatric MRI scansmains a challenge. This is largely due to the limited
availability of pediatriespecific datasets and the high cost and complexity of
manually annotating MRI images.

Recent progress in deep learning, particularly using convolutional neural network:
(CNNs) for medical image segmentation, has greatly improved the automatic
identification of anatomical structures. However, these techniques require large
well-labeled datsets to function effectively. Unfortunately, pediatric imaging data
is often limited due to ethical concerns, patient safety, and the difficulties associate
with imaging children. This scarcity creates a significant difficulty when trying to
train deep larning models on pediatric MRI data.

A potential solution to this challenge is to utilize knowledge from other imaging
modalities. For example, Computed Tomography (CT) provides detailed structura
images and has many adalinotated datasets available. Projects like
TotalSegmentator [1] haveleveloped advanced segmentation tools based on
extensive CT datasets. Although these tools are not directly applicable to pediatri
MRI, they offer an opportunity for transferring knowledge between modalities, a
technique known as cressodality supervigin. This approach could involve using
CT-derived segmentations as psedaoels to train MRI segmentation models,
making it an important area for further exploration.
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Another challenge in pediatric medical imaging is adapting models developed from
adult data to work with pediatric images. Since children's anatomy undergoe:
continuous growth and development, their cranial structures differ significantly from
those of adits. As a result, models trained on adult data may not perform well on
pediatric scans. Therefore, understanding whether -Bdeéd models can be
adapted for pediatric use is another key area of investigation.

Research Questions
Given these considerations, our study focuses on two key research questions:

- CrossModality Supervision: Can knowledge from @ased segmentation
models be effectively transferred to MRI segmentation, ensuring clinically
relevant and anatomically precise results?

- Adult-to-Pediatric Model Adaptation: Is it possible to adapt deep learning
models, originally trained on adult anatomical data, to perform accurate and
reliable segmentation of pediatric cranial structures?

These questions not only address pressing clinical needs but also present
significant methodological challenges in the fields of medical imaging and deep
learning. The findings from this research could substantially improve our
understanding of knowledgeansfer across different imaging modalities and age
groups, potentially leading to more efficient use of existing annotated datasets.

Data and PreProcessing

The SynthRAD2023 dataset [2], created for the Grand Challenge in synthetic CT
generation for radiotherapy, includes CT, MRI, and CBCT scans from 540 patients
aged 3 to 93 years, collected from three Dutch medical centers. The data is divide
into subsetsarresponding to brain and pelvis regions for both CT and MRI/CBCT
scans. Each subset is further split into training, validation, and test sets, with Task
1 Brain containing 180 patients.

For our research, we focused solely on the Task 1 Brain subset because it contain
paired CT and MRI scans, which is key for our study. We began with the 180
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samples in the training set and performed a manual review of eatfRCpair to
ensure quality and alignment. As a result, 25 samples with significant artifacts
were excluded. Additionally, we removed one more calibration sample, yielding a
final datasebf 154 highquality samples, ensuring reliable and precise
segmentation results.

For initial testing, we compiled a mixed pediatric MRI dataset consisting of 50
samples, sourced from six distinct datasets: Calgary [3], ICBM [4], and IXI [5].
The data were stratified by dataset source, gender, and age group to ensure a
balanced represtation. By integrating data from various sources, our goal was to
improve the generalizability of the segmentation model.

Incorporating these three datasets into ous&fiple mixed dataset enables us to
cover a broad range of pediatric ages, imaging protocols, and scanner types. This
diversity is crucial for ensuring that the proposed approach can generalize
effectively acrgs different scenarios.

Methodology

We initiated the process by running the TotalSegmentator modeisjtaskic
variants) on CT volumes to extract various anatomical structures. We focused on
three main tasks:

- tissue_types: subcutaneous_fat, torso_fat, skeletal_muscle
- oculomotor_muscles: skull, eyeballs, extraocular muscles, optic nerves

- head_muscles: masseters, temporalis, pterygoids, tongue, digastric
muscles

Each task produces a separate set of masks, which were subsequently combined
generate a comprehensive segmentation covering the head and neck regions of
interest.

We used the HBBET model [6] to generate brain masks for all MRI scans: HD
BET is a powerful deep learnirigased tool for brain extraction, known for its
robustness and ability to generalize across diverse MRI sequences.

168



These brain masks were then used to deface the MRI volumes, ensuring patient
anonymity prior to further processing or visualization.

While TotalSegmentator provides detailed anatomical labels, many of them are toc
granular for our pediatritocused use case. Therefore, we consolidated the detailed
labels into the following simplified classes:

- brain: Includes all brain tissue.

- skull: Comprising skull structures.

- subcutaneous_fat: The subcutaneous fat layer surrounding the head.
- temporalis: Grouping the left and right temporalis muscles.

- other_muscles: Includes masseters, lateral/medial pterygoids, tongue, anc
digastric muscles.

This curated grouping focuses on structures relevant to pediatric craniofacial
development and simplifies the training process. We also introduced an implicit
background label for nerelevant structures, such as air or other anatomical
features not inclugd in the label set.

Finally, we trained nnUNet [7] to predict these curated labels directly from the
MRI scans. Figure 1 shows schematic visualization of our proposed approach.
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Figurel. Highlevel visualization of the proposed solution.

Conclusion

This paper outlines our initial progress toward developing an automated pipeline fo
segmenting pediatric cranial muscles from MRI scans. By utilizingd€ived
pseuddabels generated through the TotalSegmentator model and training a 3L
nnUNet, we achiesd anatomically consistent segmentations across a diverse
pediatric dataset.

Our next steps include comprehensive fstessing and robust statistical
validation of the obtained results. If successful, this pipeline could establish non
invasive, volumetric references for pediatric cranial muscle development, enhancin
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pediatric diagnostic tools and facilitating earlier detection of neuromuscular or
developmental disorders.
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I sy
v MEyomdessdsz Mo " Is' Htetsdzed HJ HOA Y, (
0Oy ' 8, OjBL2IBBES M d M CsEsMYf sH O
SO o9dCtdzOdzdzy o' 2fp Csodrn L OoHOd . ) toisl
dz@) d Mils j i3z ¢ dztsB O dz' ESERSS ) sH vy ' & o LOdRDAY | dzdz
tetsB dIs A" kttOLdzdeddizd HB olsttOIlsd Mmdce dzO
CGdzeh ddz¢ d OB B dzO9 d3d mdz' O0k0OSd. vtz L t
z0e ' ¢ Oy ', L HOIsdzd n LOBJjLYjudisd BJ L1
Mz Zlsddd Sufbdd v ydr bkjLOR tosL cdW dlzlsts Ho
lLsHdtsyOmnmdzd s odi L Oyi v O ftsBkHBto O €
205t odgw dzdzy YW stEwLOW' 2 HEtsdO 'L Mkl
1 " HR"H 1.
SLAM
SLAM 6 vy Odkze stedIsdzi ydz©O L OH OYO, weo

S H dzts Y O fdzts BZzHEZo O9 COoOtlsk dzj 9i HEBSE
Bi MyjL dORtsHY j deda?y o dz' s i3kz . K2 fiHAi
Oo lssdes dzgdzts M Is i 14[ ¢, smMCi d ¢d HO' L d3t
o' cOYy' ' o djioi HsdBdr OBt HJdOWi ydzd -
[2,6].
IMmdeso dzi St sdzj dz2lsd SLAM:

A dztsC Oickidu @@ W) dzdz? § slstsydese s f tsdztsy § dao

BzHlz  Is' fw; 9o Cdz¢ yo' tftcOy® o Odzdz H Odzd

(dzi HOO, ' HJBCOMj ted ud i dzjiNbR) i) 2 daisd

syi &Sd fsLrdyi’ kO tti ' dsOyi ' 1] ¢;

A fsebkHtb @isd Belpdedzy SO Bdatso dzj dedz? Bts

HOdzdr ©i H HOILydS¢i o; COKIO By J BLEIS]

we filkCtei, Ikt cwmicidyds o GRits ds®mH] dRils. dz
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Inertial Measurement Unit (IMU)

| MU f ' Hdzlz OCMmjdzj sz sted Is © fe1
BOG dz' Istsd3i Istets 3. GCMi dzj esdzj Isted W' CSMmzs s
sfmi 2, G O tEtACtfled " o dHEC " Mis! 5B J tols Odzdzv .
HiSL 8 sdzw * sy ddlsd wt'  dsoy' s ¢ iosjstE jisa
“dalsj oo Oz yOfmkz [ 3] .

AN dzIste s OdzdizOdzO® ( Kal man Filter)

AN dz ste doOoWBB @O OIsde dzd?2 B3 IssH By dzb
fs' Hdge® s jtcj HdE HOdz , "kdz add3 tct 8 O
fslssydesets fsdzsy jdedg? BO' Cl50O. 1l tetsls
&zt dz2" 2 ded B BSHjEZYBRBI, " BBBRjYE' 2666 L
dzj dz' dz' 2 dzed” L OHOYOR.

Unscented Kalman Filter (UKF) toL'!
HdzW dgj dz' dz' 2ded s MdMmilsidz. 1 OdR Mils! dz' dzj O
dzOB ' to -Isfipuds®® W ¢ ftosnSHWIs! ydted L dzj ¢
ssydz hz ty' 2tk MmnMsodkzs 6] SEASBUYWID,5 H 4
ftoedMmkzlsde Cklsd, tBjtlsOdedz?y IsO ' dzgh * ME dzC
l S stedMisOdzedzy to' L dzgdrn OdzestedIsds’ © Hddz¥ 9 ¢
9' HjtL sBtcOy j dada?

szt ysoddz jlsOfsdz £ toj Oz L Oy~ SLAM
B Myjetsmls', s HO' LdBselkz Issydss o dL dzOn
COtelsz. 1 dzv y! sets LOMssMmsokzsIls! M¥ Ho O t
(tekyds ) IO dzjQtwesd3jtcjyjo’ (cdzdsddadz ) .
i sLedzwdzj s C dzOMmdyde® oBj IstsH .

1. Scalelnvariant Feature Transform (SIF8) ils* 2 ¢ d2 H& dOMh Is(
s © LA dz2 Mo ' Isdzj dadzv ; 9adMs¢ O Istsydz f
LOf Olsj dzlstse Odzd 2 .

2. SpeededJp Robust Features (SURF) f tedh e dHh j dad 2 9 Ote
yomls¢sots fOIsjdelstso Odzd?2; bOSBYy fls® 2¢d
3. Oriented FAST and Rotated BRIEF (ORB) s Isd d3' L s Odzgd 2 H.
tcJ Odzt dzts d3lz yom" ; hedHCd2, 0 dzj d3j dzh
BOMh sOB Izo Odadz” .

ddtjH djltesiBitejqiodr B@BilsSH & HdddB L
SuperPoint + SuperGlyé]:

1. SuperPoin® CNN-tBtsH j dzio , Svs@aB© o d W o dzj dzdz? IsO t
dzj 2tesdBjteiyjodds OdOzsetsds SI FT, CtcO!
odHdBsMIs® .
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2.SuperGlued f sBkzHB9 OdzZ0O d&O cwOWtsadn dzj 216t
pfMlsOdztse dzt © Istsydzs o  HYtse' Hdzsfyls' &3
odSitstedmssolkzy yd SCtodlsj CMisdzz ' de¥ stedBOY®
B' dz hj tBYdMmdz o Odz! ded 7 6] Miztef' o .
lde'tc Ctdltcjlsdesets Odzdtstedlsdsk L Odzj y dls:
ssydesmils® IsO tsByYydMmdzs o Odz dzgd n  d3ts »izBh ayhighst;
G dzd B d dzdz' BdssHd YyoOmkss §fsCOLEZEIs! CtcON |
} " HAa'H 2.
1 ste' adagv dedz? W islsseteOW ' 2 Hisdkz 'L fMkzf ks
rtczed?2 " "HAR"H Hts odL dzOyj dedzy ff tsdztsy
GPS tfdtso 0Odzd?2 &0 BjLYitsMjtejHdz B MY
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( dzOH O dz y' WtcOe 3§ dzlsd dzOL d 9 Olsi] g Mg Q |
fitejCtedlslswdg d&3' ¥ ded &3 .

tdfm. 1. wnrd BOIsdudzi fted Hils Oo dzj dzdzw |
stsyjdz IsO2dz B Misdls! Is 5y dz' CotstcH d dzOIs d
ftcOatsets Clzls' o, hFts HO' Lfsclz L odmset
CotsteHddzOIsd L dzO2H jdedn L dZOS E G jtctOW’

JTop Lett Coordinates
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)
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Lat, Lon, h {50 O HocEslsO o jtndy SEt o
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WedSy' 2;
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Tabn. 1: Abcomorni noxudku FEM-poar’saaky

3uinna  Cepeaus noxudka  Maxeumansna  Minivansua

i, 2.1-107° 54-1077 0.0
- 2.0-107% 4.1-107% 0.0
Gy 1.2-102 3.7-10°2 2.2-107%
.. 9.5-1073 2.6-1077 1.1-107%
o, 731077 1.8.10°2 1.0-10°%
Opg 1.5-10°* 3.9.10°° 3.1-107%

4. 1 dfdzts dels tshs
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owf sCOL Odzts f slsj dzyi Oz e dzdBsE s6 5 dzO9 Yo
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APPLICATION OF A KRIGING SURROGATE MODEL IN
OPTIMIZATION

Oleksandr Shchepanchuk
Ivan Franko National University of Lviv

Faculty of Applied Mathematics and Informatics
oleksandr.shchepanchuk@lnu.edu.ua

1. Introduction

In many engineering and scientific problems, the true objective or constraint
evaluations can be very expensiv8urrogate modelling, also known as
metamodeling, addresses this challenge by constructing an inexpensiv
approximation"Qfrom limited highfidelity runs of true model [1].

The goal of this work is to develop a unified krigibgsed surrogate modelling
framework and accelerate optimization of both benchmark functions and comple;
dynamic systems achieving similar accuracy with fewer model evaluatioosr
thesis, we present a structured workflow for surrcgabeel development covering
data sampling, krigingpased model construction, and validate its effectiveness
through targeted experiments.

2. Surrogate modeling framework

The basic framework for surrogate modeling is following:
Prepare and sample:
Train surrogate:
Test:

Exploit surrogate:
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3. Surrogate modeling approaches (Kriging)

Several surrogate modeling approaches exist, including polynomial regression,
radial basis functions (RBFs), and Kriging. Polynomial models offer simplicity but
often lack the flexibility needed to approximate complex functions. RBF models
are more flexibd and can be viewed as universal approximators, their flexibility is
easy to control (that is, we can decide on how many parameters the model will
have), they lie at the foundations of other methods (e.g. Kriging) and they are easy
to implement.

Kriging, on the other hand, provides us with both exact interpolation at known data
points and an estimate of prediction uncertainty at unseen location. The
interpolation polynomial in the Kriging model expressed as:

‘06 t B 0% R Q)
where ¢ A@BB [ 1w @ 1 basisfunctions
[ | H BH i correlation vector that allows the width of the basis function

vary from variable to variable

n MMM -vector that controls how smooth the exponent i&m
direction.

t is the maximurdikelihood [4] estimate of the constant trend.

0 the weights are chosen so th@tw W , ensuring exact interpolation at
the training pointsw

For the derivation of kriging the output déterministic computer experiments is
treated as stochastic process which could be displayed in the following way:
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Any two observationd @ and @ ®" are assumed to have correlation

Aibe HAle® “Ho'l BE i oM™ ®)

From which we can have a correlation matrix

Aibe HRle E AiHe hRle-
é E é (4)
AT He" Hloe E Al He- Rle-
And covariance matrix
#1 00 A (5)

One of the methods to find the parametgrand 1) is to maximize the likelihood
of y. For this purpose, we construct maximlikelihood function 0.

4 " R — — Rgp-

§

1

(6)

Then when we take the log which results in:

10 -Tlan -1 -Tdys ———— )
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From which we get the estimations:

t ——h A4 )

These MLEs can now be substituted back into Equation (7) and constant
termsremoved to give what is known as the concentratdiftéftihood function:

1'd -1 K -1duys 9)
Thus, having solved the trerjd and the weight vector
0 Nw "1Hy the Kriging predictor at any new poidt is given by

[1]

wo t oy Mo pY (10)

4. Experiments and results

This section presents our optimization studies on two examples: the
classical BranirtHoo benchmark function and SEIR model of rumor propagation
[2]. For each case we use our pythmased implementation of Kriging surrogate
described in this pape

4.1 Branini Hoo Benchmark

The BraninHoo function is defined as:

Qo 0 O b i itp 0AT & i
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4.2 SEIR model of rumor propagation

As presented in [2], the SEIR model of rumor propagation takes the form:

" i o T (0

Qo fTio® ‘D
rr’Q o ra | 'o
Ui 0 1@ p | Qo

With initial values :
i o ™h Qo ™ h ™ mMth i 0 mh

where:

1 T -contact rate based on social media penetration index ;

1 * -latency rate based on the media literacy rate among people of spea cifi
age group ;

1 | 7 probability of sharing fake news based on the trust rate of specific age
group to social media;

1 T T recovery rate based on human development index.
The parameter bounds used in this study are:

v ohiach v @t 8uph (v m@tmwgiph | v mghi &8

We define the performance metric as the cumulative infected load:
0 B 0o

4.3 Results

Branin-Hoo results:

Training set for surrogate: 25
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True function calls, when optimizing directly: 80

Surrogate accuracyY 0 "YOp& p T TY TBO WYX

Surrogatebased optimum: & F opupug LTI QS T TMTT
Direct-optimization result: & fw oPT o X VM'AS TW WX W

SEIR model results:
Training set for surrogate: 50
True function calls, when optimizing directly: 151
Surrogatebased optimum:

TRAR m™nodinomg ndrnoy 0 p@C T
Direct-optimization result:

THARK  mmigimeg nh@nwow 0 p& XXP
Surrogate accuracyY 0 YO T U ¢ VO TRow @Y

(SEIR): Kriging | Sampling = Ihs

- Benchmark (BRANIN-HOO}: Kriging | Sampling = uniform

re L
/ . o
v 0 -

Image 1. Parity plots comparing true vs. surrogate
predictions: A Left: SEI BraniiHowbenchmark p a g a
function
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[ted BOdz tjLbkd sOIsd dOs YO dzdz"

10 tedMmbzdSl ddyuj dBsydz® fsBOyYdlsd ' Mist
fjtehdn MotsCO jfsi d&Os yOdzdz :

Loss History Accuracy History

—— Train Loss —— Train Accuracy
Valid Loss Valid Accuracy
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#eEd $QE

tdm. 2. whbkst' v osktOls O ktydashlks

10 oMbk dsde tdhmkdSk &ty d0 §sBOoydlsd
By’ LA hjddz? Osbktdss' d dscts datsdgj
sBtOdzdrn LBBWOYjdz, oLWIkdrm "L 90d HOY'
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Image 1

#ED Q=

tdfm. 3. whbktt'w osltOls O ktsydasmhls'
l dmdzse € d

] AfsH' HOdzts’ tesBtslsd BhRdzs ftej HiNlsOo &
OolstsditsB " dz' dgdrm sz tedzedrm L d2OS " ©, N ts o
sfdatso ' . dbtern ' sjClskzted ftetse te Od3qd ¢ dzOH
fcsCtcOh o O ~ ' L yYyofmsds SO tetsL " dte® 9 Ols

M & kjwObktd

1. Macgence [ [ dzi € Istetsdzdzd 2 T ted ] fdg . Hisfls
https://uk.macgence.com/blog/introductittrautomatienumberplaterecognition/

2. Globe Newswire ([ dzj € Istetsdzdzd 2]. T te J thjzednds Hisfls
https://www.globenewswire.com/newslease/2022/04/18/2423484/0/en/Idiebal
ANPR-systemmarketis-projectedto-reachUSD-4-8-billion-by-2027from-USD-3-1-
billion-in-2022-it-is-expecteeto-registera-CAGR-0f-9-2-from-2022t0-2027.html

3. Huggingface { dzj € Istetsdzdzd 2 ]. fcd Metehdd Hisfls
https://huggingface.co/datasets/keremberke/lic@tsie objectdetection
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https://www.globenewswire.com/news-release/2022/04/18/2423484/0/en/The-global-ANPR-system-market-is-projected-to-reach-USD-4-8-billion-by-2027-from-USD-3-1-billion-in-2022-it-is-expected-to-register-a-CAGR-of-9-2-from-2022-to-2027.html
https://huggingface.co/datasets/keremberke/license-plate-object-detection

tdrtdasd reArrovtdofwun florvfwy Jwgrr 10
ETHEREUM

MmOt wjte' 2 1 iddmse dy

J1o'oaMm! €2 dOy tsdOdz dd?2 Ekdz o jtemdlilsils
ftcd ¢ dzOH dzts”’ BOIj ZOIsdEd " odaW s
sergey.haral@gmail.com

dClskzOdz! dg' ls! DEX E Mkzyomdsdkz me ' Is*

VvV MEzyomdesdzdz Mo " s W' deOdeseo dnrn Isj n dats
OB Lo Ot Ist o jdzdit’ f(toflkzdwtdshls' . | tsdd
90dzt Isd (btsCjided) BjL MjtejHdds o, Mt
Codzstetsdzr dzOH Ctsh sOdi3d. 2 =EEORWH kizOddf tsio tézt
dzj L Odzj q dg' st ' fJtesL stc’ Mis! , O OCBY to
90y dzde " Mis! wsLodlsCkz DEX (HJjyjdestcOdz' Lt
OClzOodz dets®s .

Et hereum w¢ f zOsWstcdsO Hd&zVW ttsLtetsBSCd DI

Ethereumd SH dzO L dzO2ftslskzydz "dr B &S yj 2 d
Hdyd dzlstcOdz' L s9 Odzdr L OMssmMEdzs " 8, LBCtL]C
CEdscOC OB dBsy dz0 t©j Odz' L o Old M dzOH dzkz
YyJ dzstcOdz' L so Odzdr i sfjtejHdzd S o990 | 508 I dz
My " dz' desls O tsBdzZWIs! Et hereum dzOH' 2 dats® t
p Otels' Mls! IkteOdt OCY' 2 kO BdBjYJdzz § sy L
& Hjtesd & MW jt' DEX.

1dHBd € AjdlstcOdz’ L so Odzedn B 6y ( CEX)

AjdzsteOdz' L ts9 Odz' B' oy (CEX) BOsl:s ¢
B hjdvyddd HEzY ROCjtefps Cdrn OLOS, MS"' d
mMets’ 7 MmMjte jteOn. stc' @3 Itc s, YJjtejdtL L O
sBd3i ko Old Htsfmiskzy HEgMY gk zOGBS o OR
Cstedmiskzo Oy’ L dglzh § dg' Hse ' W iIsd B' toy '
mMed jted ydils! " HJ  HJyJdsteOd LOy" " s Ml
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DEX WwW¢ t'hjdedzv: fesLtste' Mis!, BjLYJCO

[JyjdsteOd L soOdz B' t6y' (DEX) odt' h
Yyj dzstcOdz' L tso Odzadrn ff dzOlsW tsteds. |1 OoauwCd o (¢
sfjweoy' ' fMkOsls! ftsLsteddd ' HshlsEkY] dd
' H Codstesdzj &3 CSstedmiske OU' o ,kjhded k' dzOadet
olstcOlsd OCIsde ' ©. [ 4Jyd dzsteOdz' L Oy' v 3 dz' ¢
tedLdS yjderzted, LOBjLYJjuykzr yd o' dz dzd2
f sfdke.

AMM (Automated Market Makers): ftoeddayc

A MM, OBts QOolstsBBOIsdL 58 Oy dgFCREIdE IsLdgly,?2 ¢ Y
CstedmMlszo OyYyods fsSEfOlsd SO ftesHOo Olsd &
mdmisj di3d (order book) steHjte BEGC' 9.

ftosH OO0 yvw di3qd , sBd dz 9 HB RN Ish O H Q) tdsi Lf
StsCj dz' 9. A fedzd Wottdikze s Mw Ctstedmiskz
slsted gz & Is 9  dzOG sStesH Iz L Csdz" ' 2 L O
BOIs j d3OIsd yded d3d W sted3lz dzOd3q , dzO0f ted € dzOH ,

constant product automated marketker)

wzZo Q
s LOBjJLYjyk® OoltsdzOlsdyded?2 B OXZOdz { St
sf dMsC d sjteOlkzted

1. Ethereum Development Documentatidnttps://ethereum.org/en/developers/docs/

2. The Uniswap Protocalhttps://docs.uniswap.org/concepts/unisvgaiptocol

3. How Uniswap Works - https://docs.uniswap.org/contracts/v2/concepts/protocol
overview/howuniswapworks

4. What is Uniswap? https://www.coinbase.com/learn/crygbasics/whais-uniswap

5. What is a Decentralized Exchange Rttps://blog.uniswap.org/whég-a-decentralized

exchange
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https://docs.uniswap.org/contracts/v2/concepts/protocol-overview/how-uniswap-works
https://docs.uniswap.org/contracts/v2/concepts/protocol-overview/how-uniswap-works
https://www.coinbase.com/learn/crypto-basics/what-is-uniswap
https://blog.uniswap.org/what-is-a-decentralized-exchange
https://blog.uniswap.org/what-is-a-decentralized-exchange

rdefwrrriic zJrrs{rww ITrRsL1 o1 (
1oy LI RrRm [1 [t OASEBEMBLER
{ sBOdz zd3dcg dz' ! Cd2
Jr o' oy Cd2 dOy' tdOdz dzd? Ekdz' o4 tsfnd
ANOSCEd Isjls ftedS d&zOH des™ dB3OIsj BBOIsdC d
roman.shmyhelskyi.pmo@Inu.edu.ua

ZzodHSBH' W st j tboOpdssGc Of OUaS dzbiaf)dtsjmAin Isds © o |
9' Hig' Ldarztzrs MY eBOFIOSIBELOL s8] o dd3 6 9 Od
fslstc' Bdagdn HdzW o dStsdgOdedz ydCdz o, toj Oz
ftotso j Hj ded R LOB ' 9 Bzdzs MW stcd3tso Odaets
C'dzr CsMls’ sOCI" 9.

sty 0@ odB  tC O BO' wBMWE 1 Isdm. 1 dzvw fsE
dstc 3O dz dz' s tetsLfsH' &z Sy des’™ L ded -
tcjLbkzd SOO®RBd OdZOdzZ' Lk YtsHdRZO odB' 16 O dz

[ dzv f ste’ adgwdedz?" Hotsm odB' tos$ Blz'ddisdz's.d €t

10 Ctodisjtel * ldz] OdzdzOMmIs Olsd Mis d Ydz® te' L dzd yv
[Cte' 5 By d€d LO LEOHOdddE Cwdlsjt' ' d,
TOLOCkjttdMisdSd odB' LG (§sHOM k& IsOB dx

vOBdz. 1. | dzOyj dedzv ydmzsadns = O

wdzmlstezCy* w || oop dec 'gaox

SO ydmdaztse O
nOtOSCIsjtedMmls

djtejHde Ldzd981, 614 3876, 683
[ 8H O 976 3873
[jH' OdO 978 3874
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[jo' Oy' w 924405, 004 [47780,511

]l Ote' Odzn O 925,330334347,82833933

4lsOdzH Otels 30,419242826, 915803593

rdmyg j e’ w 924,405004 (0,001783948

#J toj Hdg €C9d30,404029406, 912344826 4
9" Hnddzj dadzv

stsyw' y' “dals |0,0309890060, 001783948

v sOBd. 1 Ydwddd htedWissd odh' dzj dets R Ot

wL fYsHOddr E OB d. 1 HOdd R, By 2O H'
MOB"' dz d&', M  dz2 ¢d &BjH' Oded SO BsHJ
loopH j i3 dzMmistc iz LdzOydes o9 dh k2 MmlsOB "' dz' dg' fls
C' dz Ssfls’ S jttOyec? jnz ds@H ' L d@Ey dafsO @] 1 Iz
Ofmddjlste’ 8, JSMyjifm. J[HAOS, didjtzicd dd@a ©F (
hodHht!) HOdZSBE o Jf OHCE, d&@O2YJ E 4 w©OL

1 Ofmszf dzdds HBMdz' HY j dedav o5 ot dzd o tosL
oS sdzOdzadzy G jteOY' 2 L Odzzdzj dzdzg? SO ff j t
dSkzOd dz fls: Hisfdz HY J dz fswfmdzs * Is!

ZO2j% jCsdode "dr Mmithmse o Glted BOdEY to]

{BLEYHd fls! tjc¢' MseO KO ofdds dO h
fjodzdR odMOHS PR dzs 'L tjLbizd Ok & Hj
it sStedsseo Odzs o dB' ©Cd GeMYWEsd 1000 L dzO
C'dz Ssfls' OCI' o fslkte' BddR Hd" odS s da
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ltetso jdzd MsOdmisdyded?2 OdzOdz' L odB" ¢,
tesLftsH' dz Sty des”™ odB' ' t66€d. 16"  Hdzs L B
f HiMsOoad o' HRadddld ¢ fslsjLbkz f§tots datste d3l

{t SLGdzvw dzgj d3ts  to' LAdsemblergz®ls M dz¢ o 1 § sH O
OOz’ Lz o9fdzdok LW HAdENIS' tjc' imepes’ o

MopisHAHHA: movzeroal & movzeroah MopiBHaAHHA: movzeroah & movzeroax
U-cTatucTtuka: 5@6274.5 U-cTtatucTtuka: 580615.0

P-3Ha4eHHA: ©.6266671938789958 P-3HaveHHs: 8.96208028589589501
»Pi3HMUA HE € CTaTUCTUYHO 3HaYyWoi (p 2 ©.85)|»Pi3HMUA HE € CTATUCTMHHO SHA'YOI

MopiBHAHHA: movzeroal & movzeroax MopiBHAHHA: movzeroah & movzeroeax
U-cTatucTtnka: 506489.0 U-ctatuctuka: 511173.5

P-3Ha4eHHA: ©.61495698689@456 P-3Ha4eHHA: ©.3863541641639673
»Pi3HMUA HE € CTaTUCTUYHO 3HaYyWoi » Pi3HUUA He € CTAaTUCTHUHYHO SHaYYWoK

MopiBHAHHA: movzeroal & movzeroeax MopiBHAHHA: movzeroax & movzeroeax
U-ctatucTtuka: 517127.5 U-ctatuctuka: 511114.0

P-3Ha4eHHA: ©.18424082558542576 P-3Ha4eHHA: ©.3889308474419325
»PisHuLA He € cTaTUCTU4HO 3Hadywow J(p 2 ©.05) [P PisHUUA He € CTAaTUCTWUHYHO 3HaYYUOK

tdf. 1. Ifdde toLEwHdsNs' tjc¢ fsmwd @O b

10 tedmizdeCz 9COLOdets §stc’ o dgw dadz?y wWCdn

ftsL dzOyos Is " dzfiszelp € {5 ¥ 2O Mz f & j Oy’

fteseteORBO, IssBlsts, L Odizdjmezl, | ©" st s dt
[MsOdedz' &' sjted 5L dOYOs s tcald C Mmidkiyg,;

SHdzs2 3] dzdzdaB z oY E s tctotsL oW H dz' M ls ‘subBerod,* Is
subzeroah, subzeroax, subzerodaxe ' Hif s9 " Hdzts ff sL dzZOYO*¥ Is
9aditsdzlze Is! LOdzz dzj dzdz? toj 6" Miste’ & ' L dzts’
9 ' Hdz' d30dzdzv .

1 BiLbkd sOl's ftjHflsOo dj dzds dzO tod .
of d&zdo O 2O o (S SR dpdg & dz4 5 @O H sz H
EELEYHdsMs jd MstO dO hodHCBH' % o(
©jc¢' MistcO MOBESEs o' H MiBj §SHOdS &0 tc
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MopieHaHHA: subzeroah & subzeroax
U-cTaTucTuka: 454981.5
P-3HaueHHA: ©.9096848006509815 P-3Ha4eHHA: ©.60040171798511052647
»PisHuuA He € cTaTcTuyHO 3Havywow X(p 2 ©.85)|»Piswnus ctatmcTudHo 3navyma SA(p < 8.85)

MopiBHAHHA: subzeroah & subzeroeax
U-cTaTnctnka: 498653.5

036211762196318 P-3HaueHHA: ©.9154773644511262

TuyHo 3navywa B(p < @.e5) »PisHNuUA He € cTaTUCTUHHO 3Haqywow (p 2 ©.05)

ubzeroal & subzeroeax MopisHaHHA: subzeroax & subzeroeax
U-ctatuctuka: 497608.0 U-cTaTncTuka: 543901.0
-8134042387451859 P-3Ha4YeHHA: ©.8005554886344332292
-85) I»PisHnua cTaTcTuuHo 3Hauywa BB(p < @.es)

tdm. 2. Jfdds tsLGWHddshE' tjc' MmO d&o !

10 9" HAB dzlz neov, He dsH § teHO' YW sulQififdsEys o’'ts L O dzj
tesL teW Hdasls' toj ¢ MisteO( te' L dad yvax).! s tsls dzO

UOCtsy Bhkdazs ftetse jHjdats HEsfMdz' HY mdete®nule § dz
[ d&zv ydr ' demlstczCy' 2 Bkt ftetso jHjdes HB
BO2Isd, 4 BO2Isd. sbkzls d&3d dzj dtsyJ BS 9y d
Yyomlsddz0 tjc' Mtz tsBdtO' Is! v Oo s hfEOIs d
i slsted Bz Bts dgdztsy j dadzbytel dz@ yjegdel Iz dzrsk &b ok Iz
word, ssBlss He ©O® BO2Is(d. I8y 4, Zyomls: B4 |
CdemlstezC Yyt T, O tjLizdz sOI BEH,j 8 Ho tzug |
tetsL oW kO mils! B tcOlaldd HM@e ) HEH dzj L B>
d3dzts ) § dedzV L ahigj o= cfgiyvtgiteds dz0 yj2 W OCI, Bl
sl dPyte@ B), wordol 6 pdwad 82 B' Id) . 4L kd
tcdmMizdzC &z 3.

CS By dO ftBOydlsd 'L ftsHOdr tjLbkzd s
BO' ofdzde dzO HjwC'® L T defmlstelz Syt 2. 1
ofdzdoz oL O Odz dzy ®BO° , Hj My o' dz BO’
HifM' ofdzde BLkothtsdy BirHBWE . M’ A

vsOCdd3 yddesdz, & Htsmdz Hddzd ' ¢ 0L Odzqd

Hs dzOf d i) Odadzvls OWdsddz' fors € OL Odzd, wSd2 o dzg
@O NodHCBH' Y odCAsde®lElz f jwOy' 2 &
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U-cTatucTtuka: 0.0
P-3HayeHHA: ©.8
»Pisnnua cTaTucTUyHO 3Hauvywma B(p < ©.05)

mulzerob & mulzerod
U-cTaTucTuKa: 10eee.e
P-3HaveHHA: ©.0
»Pi3nMya cTaTUCTWYHO 3Hadyma M(p < ©.85)

mulzerow & mulzerod
U-cTtatuctuka: 19166.5
P-3Ha4yeHHA: 2.4042130834596563e-305
»PisnnuA cTaTMcTUyHO 3Hauvywma B(p < ©.85)

MopisHaAHHA: imulzerob & imulzerow

U-cTtatuctuka: €.0
P-3Haj4eHHA: 0.8
» PisHuUA cTaTUCTuNHO 3Haqywa B(p < ©.85)

imulzerob & imulzerod
U-cTaTucTuka: 0.8
P-3Haj4eHHA: 0.8
SHUUA CTaTUCTUYHO 3Hadywa M(p < ©.65)

imulzerow & imulzerod
U-cTaTucTUka: 136268.5
P-3HajveHHA: 4.88091185504844e-176
» Pi3HuuA cTaTUCTUYHO 3Hadywa M(p < ©.85)

tdm. 3.
ZodHECSH WmBEdOQaz2 y dls+ o' H tetsL teW H dzts e
L Y HA Mis! sdds hedHhj odStdilz’ Is! Mmw
fMlse jeHy o Olsd, hFs ftcd odS tstedfls Odzds Yy
tetsL A3’ tedz’ Mls s JtcOdzH' 9 SO dzgj odSCtstbdmls
dz2' § dzd sBR " HOztS.

e dMtsC
1ydksB ' dz2 | . | .

Ifdde LW Hdsh' t] ¢ flmubimdko h o

& sjcOEEd

dten ' kjSChkkzicO O Of OOldzj L OB

isd ©: ¢sO@2pd&Od, 2012.

2.U-sj Mls o Odzdigdz € Is tots dzdzff R h ttetj fndz:te/fy/ s t a t-d3@ dzdz@ s
9 ' Isdz /

3. mdztse flesctcOdzo Odedzy . [[dBiBjoUSlY to t5 gl jP d38 g jtef

https://elib.Intu.edu.ua/sites/default/files/elib_upload/16,05/other/tema 9 osnovi_progr
amuvannya_movoyu_asembler.pdf
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J1o"oMm! €d2 dOyY tdOd dzd?2 kd o jtemdlsy
WOSCEZdfkds dzOH dzs”’ BOIlsj BOISdEd 1O
olenamikhailova@lnu.eduua

Vv Yy'?2 BBl "  HHOdS Ijttejlsdydsdkz Is

HJdzOd3" € Hdzw Htelkzydeddr bsdSdn § dzOMmisdc
' fslsjL w.1. v d di3sh j dzf O, 0O Modij : (")
o MlsOdzts o dzj dzts HsMisOldz 9 DO " Q das & Gls tzts
Ctedlsjte" 2 7 MmMddekdvtedsts' LBktoj detsfyls’ L
By IssHBR - OddsBBC " 20 (B ssHisdE MC " daud dac
LsCtej BBO; (" ") H Odz' yv &BjlbsHdCO fshd
COteRsdz'dr@dzdh sk s Oy ' sdeOtedz’ r~oddz' )  dzC
o zOfmdzadn WhkdzC y*' 2.

t SL G dzw dzj d3tsdzj ote i3y gl dzz S H dese B eztiziglz  § filpls
hdtodizd IbtseoMWddafdcetsistse dzj dzz L BOIs j@ " O dzt
Cj%W'  y' ‘ dzstsdgml e O dz® H dzj j ks * His f
sO¢, hris Ml " f9'f OH O L MmJtedHddedetss dz' dz"
Elso tstes s yd mo 'mHIte) te Stz M ls d dftxizO fiff lsf Gz j tels f €
4209 Odzls Oy § dzde™ ( M d@zOP | | dzlelz] et dr CApbQRdZ
Ny temisSC s L Oh | dzgdzj dEdi@ @2 © HAZO Wi @®g g2 1 2B Y
Ctolzlsded 2 Ugtsdyi @zlsH 5§ 20 j dzdzw , s L d3 hj dedzv
¢ ' fsjiLd BPEEPtEEEOH BSOSO BOEB2Isd o ¢
kL O Odz dzj dedinl L &) il dz, L zfd dz Yl B a3y
OcF Mgl Is © HjWtstdsOy' -2 § Al | sO¢ ", A
LOHBo tsdz! dgv ¢ Is! :

(i) o' o dgW dzdzv o' 9o BO®d —0 O m 9 q,

(i) LOSBd 1 20 O06fF 6 -¢cfF ,0¢g ©Olgr 9
Q1
(i) My o9  Hdzsh j-gigtzy —susih " 1| , lgT —I | 9
q,
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(V) CtcO2te' bgsed yothsimscmns s@ OChal diftd,
dz0 o Odzls Oy j dada?

0 s 0, 0 s 0.
skl —Q -CjW y' " dzs L Mk oOks— stefis €

Cy W' y' " dzls L ¢ df da@tls depzEn s C sls
106" Q' WRisic i3z dzs @HEARMEY 1 to & Sidas@ffipls duddSdits b j
(V) © OBfbtOCldsdz LOfdm &BO' odcdwH:
TN D L T6 FOD v YN
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b o len PH 8
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vkl fsmis' tt HBHEEZ MY dey 22 ¥ HABB 5B dPOY
s O dz' dz' 2 dzd 26d W EYOREOy " s dzedd ¢ dzW H :
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rkdg 60 | @ — OGeQ !Ifk~Inh
N
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2 82 dzts Witedzz dz? s Odzz L OHOyYk (1) (
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Uit jf@s 1L B yd Mis! OfttsSmddBOy' 2 |
] sdz' v sdy dificizj ded 7 AiugSSC M d EBUH ¢ Is(
o &zOMmisd a sflsw dzd
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[ dzv  ftetseo jHjdedzw yYydmzsotses OdzOdz' L Iz
o dCsted s OetzrOlgls g gzbzd, o delssodzj des™ L O
sBtOdets LOoHWEd 26t addvlsSsadds d3j » Odzg
B ydedafs* SO ckMmlsddz®, Ml 2¢" Mls! HB (il
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