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Introduction. Nowadays, oil for IFTworld called Big Data is one of the most
popular, mainstream, and expensive things. Everyone surrounded by data, which
demand a lot of space, algorithms to analyze and power to give a conclusion. And
business eunciate expanding of big data as progressive fresh product in the market.

Formulation of the problem. Big Data area calls for managing the solutions
of applications. Operations being a part of amptdduct provide the ideal way to do
this. XOps [1, 2] $ a combined total of plenty different positions/methodologies that
provide support for the application in the delivery of the final product, monitoring,
version control, fault tolerance, process automation (Fig 1). The requirements that
emerge from the Bji Data area include knowledge of machine learning, the ability to
improve data analysis, and experience of work with cloud technologies.

DevOps + DevSecOps + AlOps + MLOps + GitOps + BizDevOps

XOps

Figure 1. Structure of XOps

Each of the positions/ methodol ogi es
person shouldbe involved in the operation, the main aim of which is to connect three
processes: development, testing and maintenance. Therefore, only the environment
and the direction change, and the Auni
positions into oa methodology.



The main content of the work. DevOps (Development Operations) is the
most common position, as is SecOps (Fig. 1). The main work of such specialist is to
set up pipelines, continuously deliver the product to the end user, automate the
processof continuous testing (both in pipelines and in the form of regression testing),
support services and project builds (Fig. 2). However, in the case of big data, this
specialization requires a deep dive into the cloud services and the use of resources
provded by another company for data storage and analysis.

Figure 2. DevOps lifecycle [3]

The purpose SecOps (Security Operations) unlike DevOps is to protect and
secure the project. The responsibility of SecOps is to provide the safety of the data on
any digital media, create a safe space for the project, configurate the analysis of
suspicious activities, and eliminate them if necessary.

Both of SecOps and DevOps are in any project, including the ones that do not have a
sufficiently large amount of incongrinformation for processing by the application.

As a rule, GitOps and DevOps have the same responsibilities due to the
speci ficity of t he wor k. However, Dev
control, the overwhelming majority of which is the Gissm.

BizDevOps (Business Development Operations) [4] is more about a
methodology than specialization, which involves working with business in a
collaborative manner, which constantly analyzes the market, the needs of the current
client and prioritizes théasks in the current moment to maximize the income from
the product (Fig. 3).

Figure 3. BizDevOps lifecycle [5]
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The need for MLOps (Machine Learning Operations) [6] appears on a project
with the addition of machine learning. Such specialists go de&p nmodel

optimization, training tuning, scaling, diagnostics, and forecasting that demands
much more steps for the development and delivery of the product (Fig. 4).

O O,

Figure 4 MLOps lifecycle [7]

AlOps, as its name suggests, is an artificial intelligethat partially takes on
the responsibilities of a specialist in the field of monitoring, analyzing, correlating,
contextualizing, and forecasting. The task of such specialists is aimed at machine
learning in order to process a huge amount of data orsitlee of the logs and
environment metrics, the state of the network and information about the traffic of
coming requests. The programs allow you to detect anomalies in the system, analyze
the causes and suppress minor warnings grouping them by context.
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This trend towards creating a huge number of directions among operations has
already existed for a relatively long time and is constantly growing (Fig. 5). The
concept of XOps became popular only at the end of 2@2dbeginning of 2022 [8].

Conclusions having so many tasks, XOps cannot be one single person due to
the number of responsibilities for configuration, environment maintenance, model
analysis, and machine learning. This methodology can be represented by three
specializations- DevOps, SecOps and MLOps. The greater the division of
responsibilities between a large number of specialists, the more quality there will be
in the work performed and in the product support.
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[ Mdzts o dzd 2 L3 ® wBOrAEARJ. d@3tsd3j dzls hogdHCE
Ctosmtf dzOIs W tstc d3dzd 2 f" " HR " H, wed?2 HiSL@AS dzw °
f dzOsWtstcdz. 1 jtojoOecd ftod Mo skPlzd Ctosmic

i Mklsls' o j L d3j dgh j dzdzv 9 lstcOIs dzO OHOY Is
LOBJ LY JyYyJdedgv OB L tetsB Sk dztso ts@ 5

iodmMsC O hodHC' Mis! twsetslsd LOsaHWEd € tsd3

i Ld3gj dgh j dzddyls 'C " WO X soyjd3 ftcd Mmlse stcj dadz
3 dsB' dzt dz' B jteOy 2dz MdMmilsj d@3d dO S wtsmy o

Tdssy dzdoe " Mis! " delsjetcOYy' ' dOIsdodzdr dBSHLE

102B' d&2 " fsfkedwvicdddBd IOSdBd Witj 2 d3o st
Flutter Itsht. d'tLjcdy@f @BV tejjldsd®@dstcSC d wWE F
we dz02B " dz2h fsfldzvwtcds dz2O HOdzd2 yoOfm.

ANtcj 2 3o steC React Nati ve. React Nati ve
f so' Htsd3dzj dzdzv L f slssC iz JavaScript od¢
ZOlsdodzd dsd Vi ew. l wddzydNth t itcsd slsdzy Re - 5y
oddz" sCsd3 tSHdsE s 9o-ORaeAotsc Na tdisvdy dzbizp RO dz'
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Hsf sBBsétss Virtual DOM, bkt®kz hts o d&ise ' do
DOM ftOys ' Lk Wdteotsdkdkz ftsyjm' , wed2 ' d
BiJBfjjtcjHdz B dsB ' dzt dgd d3d tetsL tetsB dzd & Od3d ,  dal
"L dzOIls d o dats & CsHBO 58 B @' t¥dz' L @Y H st SHBC
Offd dzn tetsdzdzs 6 5 BsMmis' 9. 1 OWeodzd?2 CtSH BBJte
Cod3tf sdzj dzls' o, w g 9L O' ditdon ' prodgamming intadaled o da
(AP ) LO HBfdBsEEs HjC dzOteOlsd o dzts”’ f Ot
Cstedmlslzeo OYO.

A J zOH O Bsy dzd o * Mls totsL tetsB dzW Isd  dzOls

dzj o jdzd S dr SCtBB3OdzH L tetsBdd S @9, O © HJWE
tetsL totsB dzd § tsd3.

ANe]2dBotsteS Fl utter. FIl utter ftcj HMIsOo «
wed? HiSL o 5dzW ° Mlse stcs 9 Olsd CtesMtf dzOIs W ts1
odStstcdmissolzo Ols sHddz Is 5 2 N d CtSH.
LOMssMtso z° Is'- v, -ahpd@tsE df 2 dstsB " dz! dAn dif ets dltc
i OS, CGlOW ' ydz ftesetcOdRd ' H dzOMis’ dz¢ dz
Linux Ish s,

[ 4BEIsdzO o jtem'w Flutter, wWeCO fttOy® 90
BzdzO 9" HB®RO ' H CSHBO 58 dzOL 9 58 ¢cSkye.
tetsL tetsB dzd €0 b5 DasGz,z 2L L OwWoCtss dzO By dzd o
L SBtcOY J dzdzV L Yomlstsils s B' dz' h dz' Y 120 ¢

tcsLtesBdzd C " @ L Google Ek zOdz O Blzdzts ¢
fslskydzed?2 twjdz' L fjijtejH MsQEA @f dagdz Bl ot L ¢
CGtceHdzy 2018 Sk, Bkt ttetdtsh jds t FIl u
GtoczHdzy 2019 ttsClkz, Lo6wedefmw FI utyjerf jlichlx
f dzOIs W tstc d@3O tdzls j oW g 2 iz, h ts ftedL dzOyd dzO
mMimwgodh O.

[ dzv Mmlseotstcj dzdzgv HESHOISEC " 9 Flutter od¢tst
BOGCOL oHtMEtdOdzjdz®. 1 ' H yofm ttsLtetsB S d

zO Dart k dObdoeodzd?2 CtH HftosctcORd L O HBYH
fdtedH 2Bt SLZOfdHpLde@3) L Of'EME Olsd dzO Andr c
f ZzOLYW stcd' . [HEOS fttd tLtesBY' ftets e tcO
odSCstedmstsok: JIT (SBf' dvy' v ftosctcOdd
zts odiBBtdmlssalz’ Is+ w Hdzw tetsL tetsBSCd
ftosctcOd3do i@ istso zo Olsd BEZH! wWCd2 kzdz¢ B dz
fsls' &3 LO HBftsd@setss Lkisdd' s ¢ tsdOdH dsets
ftescteOdBBEz. [HA&ZOS HAEY OSSR MjtjHsoadh, v
OCty bkjCMstsodts toj HOSCISLLOGHI glua | o &tf lfc
fiy' Odzt dz'  &zOc* dzd, WwWEC' HBsLoBAEWEIs! MYts
SLtesBSd ' H Flutter odSttedmistsolks st qw f
sOCdd yddetsdz, dzOB' t6 ' dzfflstclzdzj dzls' © o H
O Flutlsler dstslzgPazdPs " Mis! Mlsostcj dadzgy, * dalsj G tcC
dSstedMlsOdzdz” d3 B©Hdz * ° Bsod ftoseteOdkzo Odad
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HSHOISSC " 9 bk B Ox Oz BB MsfSjics@z : L Histetso 6 W,

MiszH jdzls® 9, oftetso OHY J dzdzgVOrls J ~dgeElsiias G 2~ ufdlste
H dzw BsH j dzt 9 O dzdaW sO ftesj Clskzo Odadaw z o
odiBtedMlsOdzdz?y HBOh Jqdzdesets L stz H&ZYW L Of o5 8
QolstsdisB ' dz' 9, Hdzw ' Hoedh jdedgw  =SCOLdzd S " ©
zO dizOG S H g EHR B dctctsH Oy " 8 Istsh 5.

1 0Cts00 st c @O L L Ot sdetso Odzsdzlz Is C
FHsME 5dzOdzj dzdevy IsO fftcdhodHuh jdedegw totsBtsisd dz
HEHOISCOMR L O HGSftHBscEE wte] 2 dgosteC 2z FI ut
JWiSCIlsdodz Mils'j dgdtsBLodH W difilsH j € dzOtc Ols d o dzts d3kz
BBsB " dz0 dzgd s C dzlsj W j 2" 9.

Il dmdesalC e j L zZdzt sOIs y' ot tcsBtslsd Isj to
Hsmdz' HY J dg Wtc] 2d3osteC d Hdzv okl uststBE rd IS E
Native, O IsOCtsy BRdzts fdedslgdi.HJ dzts § tstc’ o dgW C

Il zdzd HtsMdz' HY j dadz o' Ldedy" ® ' HARBHOA
" ez ydr HBHOIS 9. 1 OtOL Flutter ° fn L
By | fshoOdzdlilsd mw odh s fcsHEzCIsdo dz' Mise
CtcOh ts8 HsCEkZd3j des Oy' * ¢ OB jRIfy tytddsrd LicHSQ l4cdz
BOMh IsOB tso Oded = , hodHCdn sO odmMtsCtsif totsH L
yd mdzj dzdzed 3d § dzOls ¥ ste 3O d3q .

1 dz209 jHjdetsets odh ] dsydzO LttsBdlsd IsOC
odf jtcjHY O React Nati ve LO §flkzdzvicd: M
tdeh ddsd Stedlsjtet wdzd, ©Odzj o B Ldgjf', dzOtcO]l
Native yJtjL o' Hdzthmdts Wd&@sdsHd?2 o ¢ Fl utt

lrtrJws 1 lar[ 017

LW y' 2dzO H s Elutel j[ dpldf' Isvc s dzdzd 2 { joy itsteiH s Misz 4 &
https//flutter.dev.

2.{ W' y' 2 dz0 H SRertdyatdAEs] O ydzve Iste s dzdzdi 2t JAdfdz e mMis iz f
https//reactnativedeV.

3. Vladimir Novick. React Nativé Building Mobile Apps with JavaScript. Chapter 4i
20171 P. 114.

4. Rob Whitaker. Developing Inclusive Mobile Apps: Building AccessibleApps foraGb
Androi d. United States of America: Apress, 202

5. Wi ndmi | | E. Flutter in ActiBé® fm.: Manni ng

6.Abshak P., Abshi shek N. React Native for
20177648 M.

7. Frank Zammetti. Practical Rlut e r : | mprove your Mobil e Dc¢

Latest OperSource SDK, 2020. 364 c.

8Wargo J. Apache Cordova API iGBG&@&8kMook. [ .: Ga

9. Best Language For Mobile App Developmdnty dzj € Is tc ts dzdzid{2] >edj df) zHetf) Is 2 t
. https//www.webiotic.conYbestlanguagefor-mobile-appdevelopmentvhatyouneedto-know.

10. Shaun Lewis, Mike Dunn. Native Mobile Development: A CsBsference for iOS
and Androidi Chapter I 20197 P. 1-3.

11. ¢Androi d. 1B ' todzd ¢ tojydfls' o & T4 BHotsE RO OA
CdemsteczC Yyt v L fted S dzOH OB H AW ddzdz B Odgdzv HZ® o wH Bdy
LdzOey'®@# Java ' ‘" dasjtWj2mMkz Java SE API .
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12. Ei senman, B. Learning React Native [ Te>
Sebastopol: O6Reilly Media, 2017. b 242 p.

13. Garbade, M. Native vs. croggatform app development. pros and cons
[ [ dzd S stetsdzedzed 2 t6d MEztem] 13/ t Py d 3Mhttpdydaethursio/nativeest b a d e
crossplatform-app-developmenprosandcons49f397b38ac

14. Brian Kayfitz. Flutter Cookbook: Gar 100 proven techniques andsolutions for app
development with Flutter 2.2 and Dart, 2020. 376 c.

15 Flutter, Flutter for i OS devellopgnos B[ [
H 5 M Is Htpsflutter.devdocggetstartedflutter-for/ios-devs

16. Napoli, M. Begnning Flutter: A Hands On Guide to App Development [Text] /
Varco L. Napol i. b 1st edition. I3 Birmi ngham:

vrs 519.876.5
| . {. ¢ddstsfzj @S 58, 6tew2n § ydz
WOy BsdOdz! dzd? Isjrdz yded? Ekdz gy dzmifftsisdstc @ T di
0dg o j tefmd s jfIsOdgrBlzazj dgys B dzd dzy, 1 ' B34 uud dzO

fouvrfouvrYyr [ fJrrvelw! wrrrf wy
1 vt omulorcf VHsowf ?

O desls OYOHf totslf sdzetso Odets BOI j BOIsd ydzze dBtsH j dz ftsh
BOWIsded C soats’ &3 GOy’ = dzOMmPdzj dzdevzy @8 O f ©dZOdzOw *© 6§
sBydmdze o Odzr dedn  JjSMfjteddsjdels' o, wed2 ' HiIsejtH
hodHC Mis! L ftsoms HY jdadgw * dgWj Sy’

sdz yso ' wibkEEQ’ 20 EsHjd , EOVIsddSse O & ¢t
CdaW g Sy, MdMmisd &3O H W gte p tetp! @tz bz =~ dz® Mg dzy dzdzv .

Il Mlsgf© BOGOIstse " Ctsokz " Mlststc’ ® dzt H Mise L
geoOldmw L t' L dtsd0dz Isdzddzd L O~ 9 5tes 9 Odzdz
“HJ A& . 10dzj ydets o' H HtoedqtoesHd o' tckzmiz,
" B3OIs z ,dzd ) O dg' dits@ts \J tetsL f so ¥ H Y j dadaw
hilsOB ' 9, ZzO2 Ctclzff dz' h ° L wedama Ekdzsmd dzd
Jdz@ d3 dz 2tsdz’ & dzb HJ 2.

1 OtcOL , L Mt BCddz ttsLodlsSCtsd3 d&J HJ
tcsotsC o Odzd " dgW j Sy’ fg lsts tc "L \OwWe Sls tHd3lz ,f O
dz02 H j d& az' ¢, OBt otsdzd oL OGO ftodt dd
dglslsw & HfMMsea ©. ¢dzj ©'H HJjWEda " daWg Gy’ 2
fsmsed MYytse " dz' dzj dzdzv twtsL o dlsCz L OOy J dedz
l4s@ 1 wf , fsyolkesdd j§f ' HjdBB W VwitsEts 99 Oy (
JwoOof ' w, WwWCO HSSLoBEW' Oy ‘' dzlsOd3 ff tctsH 59 )

VU MEyoOmdesdzz Mo " Is’ HZYd 903¢B Ewedlsd
Nqdlslsw dzj Is" dz2 € d&O WwWilh®R'Mn! @dkicj tytsR f§ tyddff
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Ctsdalsd dzj dzlsd dzOM 5° f dzOdzj Isd, W Ekdzn Od3j dzls Odz' &z
COtH d dzO dz! dzts o f dzd dzj dzO oL O diBSH ' Is ©

f tseo " dz' dgj dzdzv f sSh dtej dzdgv " dz2W 4 S y' " ;19w Os@®D |
fJjtoj tddsiiisQdzH j &3° ¥, BERZHEI' fted2dgWvls' tc' L dzsd
SHdddz "L fjtehddy SO dzO2B"' dz h BuyJ o9dHddzd A

tetsL ftsofme HYy jdadgy “dav J S y' W @ MlsOdzs tsB d3j X 4 dadew
[ jlstss HOdts' tesB SIsd ‘ 5B~ o liz dzl®HziA® dz
BOWIsddSsoas™ & Oy’ (tjekzdvicdsets §jtej:

dzOMmj dzj ded d3d ¢ 2z dz& Is O d3d , fcodwWLOdsets L d3j |
sfdmiz L ftsome HY Jdzdz?" L OrotStes 9 Odzg' .

ldr'" HdZ HOdz HdzW HGSMdz' HY j dadgw :  1dgw ' daW
B Y M BEBO & MsOBRd 1 " By Quzd dpd ( s P&dz'L 9 O 4l
Bse ' dzt detsfls' ) ki ted dsiHdEic ts2008a0] ) | waRe I 2y d c
202ke s tosCkz; MIlsOIsdMmlsds O dzso dr N tsH j dedzd -
19 L wdmisdllkzlsk t cRPige®' scEOd'EY Usd; PO L
dzOfmj dzj dzdzw Ct5) desG s 3" Mis O, LO wg! ftod :
fijtcjmMkzo OdzOMm! OB, d&OofOCd, LOkzdh OdzOMm:+
Cydese s L o3 Mls ydtejgr dzdojdzdSbkz ftsadBSlz (

1 sMisOdas@O K @uw. HisMW cdzd dzdzy ff sis Oo dzj dzts”’
f sMlsOo dzj dz' dzOMlskzf dz L OHOY" :

1 {40O0d Lo Ol C dzOMmd ydzkz SI R 3sH j dz
odCtcdmlstsa lzs yd ZOkzCsots o MlsOdetse dzj dz (S
SHEY Odzdg? dz0O tMmdeseo® o dr "  Hdzdr HOdzd - ;

1T 1 sBlzisdo GRsHdW ' S s800dZz SI R gtsH j dz¥ , )
B ctOyY’ = dzOfj dzj dzdzv ‘L o dC Sted MisOdzdzy d3 Isd -

1 1 0fmMistets” Isd f OtcOd3y Isted BsHdW ' C 5o Odzts”
Csd W' y" " dals " dzlsyg demdo desils® CsdzlsOSIs’ & ° dzH «
My dteOr ydm: dz0 tej Odz' dz' HOdz s ¢ dz ¢ Ml

1 1 stc’ adaWwIsd tslsted B3O0dz’ tojL zdz SO, L teSE

[ fdzts o dzd 2 L d&3' MisOIs joiz® Is ¢  dzj dBtsH j dzs 9 Odzac
fshdtej dedev " deW § Sy LH' 2fMdz] dzs dz0O tshdetso
BsHj dz'2, deOMmpjCdzj dzdzv  Jodese s toj G’ sdgk tesL 6
' HBB WO O Is! te' Ldzgd2 MlsOllzMm " dzgHdoe "  H' & 1
C'dzr €' Mlst Mftcd2dzvIsdzde d= HISS) A o BctsB dalt 'St
(Infectedi | ) ; 3) codHOdzj dzdg@ e YyebmMtlz® Lka O’ Mg d3ld
so¢ sdn, ~rlsts f§tsd3jitcR)o," H' ¢ olss@BRA  Rdztend
Btsy dzd 9 * fMls fsolststedetse s H dzw dzd L OR 9 Stot
"dzHdo9 " Hd 9900 Is! MW dzjte’ Ldzedd3sd d3 ¥ MmMBB
LECBH®ORdD dets¢ f JtojJ~BHE " dzHdo " H' 8 L Hdz
sB Zditso dzj dzd 2 C ftosmMisslstse ) f sBkzHBs9 '
OOz sdydetse s HBsMdz" HYy jJdedgw 2 dzj ¢ ¢ ' Milse dzOf
otOnrtsolz’ " dEZBOY 2ddY227 fedBHz Bistc B 209y Ok
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[IsY i, ©® HOd 2 ttBtls' wBLEEYHO' Is! MW &
tdaW g Syt 1 OL dzOyJ dziz BsH j dz L Oc Odz' dzj ¢
yd Mmooz dzdets s Ctolzf , fso0wWL Odats’ L 3" Oy
slstcd R3O dz@zday &@3H L @AZOH s d - hts sfdmkzsils! oL ¢
stsBlsts sBAd3 dz “"dz2W j Sy ‘¥ o' HBEROO' Is! Mw dzj |
LLf sd3 y dedL € d &3 Mls.

| Bl fste’ odgv dzgts tojLbd SO BEH,
CotsdzOo ' oMbk L O HER{MESEYLs 1SS0 fj d yaso ¢ Bdz
pOn Lo Oedz" & COyY' ', Ctdd §O0LOkjlted &St

"dzgHd 9" HEE® 9 L f sHOdz hddg ' da¥' C lzo OdzdzV O3
LHStetso dzj dgdgv ' deW ' C s Odzdr ' dzZHd o " H ‘Hey)j t&'j dzo
sOCtsy Httso jHjdes dzOdzON Iszo Odzgdz? ff Ot O3] Istoklz
ZtcOrzo Odzgdz?" & ctcOYy' ' SO L 99 jHjdedz" &3 HES dz

1 OzCtso O dgso fL ddisad sisfdsz  SI R d3sH j dz Iz
9dy OHEBE 9tOnlzo Odzdz?y BOBEUZE ¢ B9 tsdH Bl jSte jo3z'M
hts ©'  HBlzo O Is! Mw Cydese s Hdg" g Hisfpdz' HY J
hodHC' Mis! M dtej dadgw " daW J Sy .

l dimdetsg O . tej L zdz' sOORRd fHtetso jHjdadmr Jj &M
ZOMiskzf dzd?2 odMmdesoa e ftets Isj, M tsd dizse s @& cdg<
&ZOL ok dBOwWIsddS tse ts° B cOy’ Btsy j MmMils
tdeW g Syt o2, ‘ f'H Yyofm dBOlkj BOIHydese s lsijq’
B cteOy' 2dzg sy Md.

LI 2004.415.3:681.6

ol e twf .diyt, ez ¢l ed dz & OB B BjSdyidd
L0y sdOdz' ded? Isjrdz yded?2 Edz gy dz2miiftiSgcl®  ¢zOd
" odzj Lz dg de2j 1aVrafCiszjdis sl Shsdfj = dd' S af P

Irs{trRoeuvd11CcC REACT (fisswntrrsf]l
rfc tdrt 1 sursrIfrwy

b desls Oy todlsts f jtojoOcd odQsisd gk @ dzdetzv R-dedsa ttc t
lsddz' Is. tssLStdlss fteddydyfd wtseslsd Virtual DOM.

s dzs ytse ' ofjitkteg @ d3o\kiterCt, u a | DOM, " Lizdsdgtsis Wisd® , i ls d |
checking, dOIsdedz Mmis .

Il Ms (o, tsfyls O dzdz’ HijMwisddz' slsw M sMmisj o' &«
9 jlB] m deSlEB " &Mistczdzj dzls' @ Hdzvw "7 L telsBQq’.
9 jJBdalsjteW j2M' &9 CtedMmlskzo Oyd dzO tsfdetso Ul
off jodzgj dzets o BBH(Is! Hts Iste" 2Cd z' Hjtc' o M.
tesL tetsB dzd € * o odCtsticdmMstBdt losL BBERY 't ® IS OztsHT
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dssB ' dz' dzd - OBts Mmjtco j tedzd n HESHOIC " 9. 1 ©
Mlsotstecj dz dz2O BOL' React fteOyselss hoduhj,
[Mdetseo dzd 2 L GZ'Rép- UgisBislsgdz' tslIsj C O Hdzv Mlise
Cstedmiszo OyoO. ‘[dedig]n 8 todfm ~ 7 dgtSydg{ o Mis! od¢
ftesetcORBRzo Odzdz2y L BdzdL!' $dd3 Hts HTML MmddasO¢
i sLtesBdzed$d Bsy ks HsMWeOld odMtS’ f tot
9BkHBBo Odzsets £ React M tsim@Edeitufl BGM[ddzY IsO o
10 HBYf tdise s React od By jlsy Mlse tste!
Hsf sty zIs! o903 fLBlzIsdmMw dzgj fted‘ dgdets’™ fd Lk
sy ¢k, Cedzd Y dzOtejhIs’ L O jteh s Mw L O
Csd3tf ' 8 Isj cO ode®WL NWIs 'h tsifpf"w tsCtc' d3 Odz BOY'
Codf sdzj dglsd By kls! BRI dZjecSt L & dzj dz
ldmsCd?2 o' HMtSIBC UJtGJSthstGdfnlsOdzde CtsH Iz
YyJteess, ftoedLotsHdIs! HTS q’ﬁtsGB ' o dgv € tsdazl
1dYd dOeojHjdzs f jtcj o Oc c{ we' sy Blstodc
i Virtual DOM sy J f* " Hodhdlsd ftesHEZzCI
2

HEHOLS o, hs dtsyj LddL dIsd Bse ' todz Mls! ¢
O ¢tz CotedMmlsizo Qdzr dzedy' $d2 HBsMe ' H (
i 1 d¢tsted fmls Odadz” "LsditteW dzse s f C HRBSHLE
Miste’ dats € hgdHh j, sdda MOBdd HESL oW

ColW tstelsdz" " j f° H Of tBtslsd L 90" dd3 HTESH
sO¢" MmMtste' dz¢d CtOh j. [MC' dzodqd stsd fHteOtzd B
Cdz' “ delsfps ¢ 2, IsO¢ 9 Mo jtds 2 yYyoOMmlisd dz
sHddz * b2 yj Wkdty tsdOdkz | twjLEzd IsOls’

i1OoHwed fjtojoditstedmMlsOdedzr CBHE MMlsOdzk
BtsB * dzt dz' HteHs,c OB Bk dOfIdMOdd?2 f° H
Bzlsd odStttdmlsOdd?2 HAY MmMlseotstcj dzgdg" BB ' dz
odSstedmMissozo Olsd dzgj ' &z ¢ d MO2Is, Odzj 2
ZO2 BOIsd Heo' o jdzde' Ctdi3OdzHd totsL tetsBdzad €' o .

Virtual DOM

Re'é{Dé M.

iz

tdf. 1tddydi dcdc®stsdhnvOddzual DOM

wL siistew dz7 ok cBdsdectso stcd Bt fftes ' L A
CLBlistew dzd?2 JavaScript, YRIBEREO Ofss g IsAsee Gz
mMokkd?2 C€tH w¢ E Mjtejtedz 2, BOEC ' 9o Cdz' ' c
9 HGtdo O mMoO2ls E Mot s BWOERZL j t6° , o 3 |
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] O. v oHHHOMHILSEO B (SFFIAngl e Page dqAppl
2 yom. 1" H yYyof LOoOdzlsOy j dzgdzg" € sted
y''s LO9OdzIsOY jdzdzgw . J tORtolzs yd, hHis 1
Gsdz B dz* h dz' Hotsm MJSkdzH dBsy |
sze OYo, MS sy jdma'] wafiize JLs@fsnd dzlsoCigC
SHdZO 9 0O0ctdikBO fttsBdzj ZO: fshkzCse' &GO
w¢¢ O3 Al dzsfmqw B 1 d € t5dz0O dzdz"
00 odftwOodlsd OS" fHtesBdzy &BBd [ 2]
s od MmMbotstes ' Isj b dEeijds] {sdstHostaitis
sHEz, ttsBdvyd tjdeH jtc' dzc dz0O Mbststetsdzs Mmj
sy 4 Isd fcsHSoY o OIsd tjdzH jto' dze S BdiEf
ste' desC w€C dzO0 fiwejto', OC ' dz& dSedz' v Cdzl
ydzdeo ' Mils! CtoOhsBets ' dgHj S Mizo Odzdgy Misstc’ dats
Mo HE Cttcdmlsize OYO. 1 tdz b IssG ts, sO¢
sSteOYO’ s+ mMw dzO WL B 2. lted odSCtstedfmls
oddzdz Mlsotstcd Ol S C gt dagedz tcj dzH j tolzo Ols
Ctsy hOBdzsdzd Hd&zw Cd2 ' dzlsfys €57 fls s te 5 dzq
otstet 9 Olsd Ctsdif sdzgj delsd, wEC&' ftwOys sls! dzO t
Virtual DOM. Document Object -Mpdaf smMOBB { OO
oLO BsB' ' CBOR] ©® HTML, XHTML IO XML Hfts
BtsH j dz' Csyjdz OS2 HBCEZAB) dzls " e Oten
HJtcj o tsd3. ldestedmissoze yd mMfjy' Odz dz d3d Ist
fjoddrn Jjdzj f3j dzls’ @ dzOh G EsSOLSSE Vdgj daS® n t5 U g
Mlse stot ' d3ts HddzOd3" ydzin Is S talzlagStdQ € Is dizg/dzlz = tsayjj B3ts
sdztso dzt 9 Qo fmw IsOC heoadHEB, WwWC yj d&Bsyddest
H Odzats’ L OHOY' Hjwe! Wicj2B@BotsteCd odCtsted Mlis
checking ftsdz"c0O' o twjckdvicdsd®kkz i dlkzso Odzds
MstezClsztec® HOddAR. 1 tsH ' Bdzgj L OoHOdzdzw Btsy §
tcOL odMsCsdzOo OdzlsOy j dzd~ HBHOISC " 9. Virti
fOdz' Wis"' . v Od3d Iofts d3izfn fotc Ozt dtg Ele, DOz L o3’ dz® °
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IMGUI. DEAR IMGUI: LIBRARY FOR APPS IN C++

Abstract. The article considers the creation of a graphical user interface for programs that
process information in real time frame by frame. Praciicglementation based on the IMGUI
pattern.

Keywords:rendering, graphical user interface, immediate display mode, design pattern,
shaders.

Introduction. Game developers are often encountering such difficulties as
finding the best approach for applicatidesign. The main problem is that application
should be able to interact not only with game objects and models in real time, but also
with GUI. Since some data can be changed on rendering of each frame, these changes
should be displayed immediately on uskle.

Main Content. To solve this problem, developers use immediate mode
graphics approach for designing GUI. IMGUI (also known as immediate mode
graphics user interface) is a graphical user interface design pattern that requires to use
external library wih should follow certain standard.
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App Library

Animation O
— Render — )
Build scene nenCel f
User interaction

v
Update on — Frame by Frame

—— Scene —

Pic. 1. IMGUI pattern structure

Among them, the most important are sync with game scene and graphic, be
overlaid on scene and have ability for customization all basic elements abided by
whol e game d e ssiuchg@ulshduld da niush maré ffexible and should
have frameby-frame render mode. All elements of such GUI must be drawn by
primitives with API and widget hierarchiy every child of widget have relative
positioning by default. Same thing for positioningdgets in window space. Besides
that, they also should have functionality with layers. However, you should remember
about constant workload on the CPU. Th
are loaded on GPU. All the calculation and rendering amaing in parallel mode.
Which means that rendering each element (pixel by pixel) and rebuilding scene with
cleaning vertex buffers doesndét affect

What are shaders? If trying to explain simple, they are small (in most cases)
programs thagives commands for GPU how every element should be displayed.
There are a lot of types of them, but for GUI the most common are pixel and vertex
shader s, because most GUI el ements are
to render interface. The firshe used for adding colors, so you can easily apply some
filter to texture. For example, creating bloom or blur effect for 2D objects (images or
screenshots). The second one is for positioning objects inside the scene. By default,
the scene is divided viitaxes. Their max values bound to dnieft top edge is-Q;

1) and right bottom is (L1).

The most popular open library that implements IMGUI approach is Dear
ImGui that written in C++. It uses several graphics APIs and additionally supports
differentlanguages and baakds. It was presented with Allegro 5, DirectX, GLFW,
I0S, Marmalade, Metal, OpenGL, SDL 2 and Vulkan APIs, so developers should not
be worried about developing their applications under different platforms.
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Pic. 2.Dear ImGuidebuging possibilities demonstration

ADear | mGui I's particularly suited t
real-time 3D applications, full screen applications, embedded applications, or any
applications on consoles platforms where operating system features are non
standard. o

But from mine personal experience with this library, | can say that it is not so
flexblefor creating complected and customi zé
library methods for rendering or create a new one by-papiing. By the way, this
library needs additional tools for rendering such things like reading files guativg
directy from file. Moreover, there are not presented default methods for blurring or
creating shadow. Thereby, you need to write your own shaders usingBiour

Conclusion. But this library has a lot of advantages. For example, it is
envisaging optimization, dve a lot of functions and elements for creating simple
interface (has demo windows that shows all its power and demonstrate all elements).
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Also, it has gamepad and keyboard controls, and this library can be easily integrated.
But the coolest things areahit is provided with multiplatform support and fantastic
debugging features. So, as for me Dear ImGui one of the best opensource solutions
for game GUI development.
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L fjtemdOdziz, L O @BH "'"sHoZY HOdd 3 (tes MY
o' Hftse" " HO" L O dzOB ' t6 dzsoadrm MY otetsB ' Isdzd ¢°
Yy fsMOHEZ HEXY] 90y3ddeotst SO IttkzHtHR MisC st

v * A ‘ L to ®Vfi§ldsO dzda® tc cBUAdE 'L Oy " L Odzj 3 dls
MlsOo dzj dzdz? HE " & Oy ' yswsdBz HJj W C° stc e Odz'
o' Ldzeddzd f  HEHOM®B], hHtse fsCtOhdlsd Mot G
oMmMskzf O HteBEHBLORR] L OBJL Y Jyj ddz” . 1 ftesa
ZftcOQo dz' dadgv f j temtsdzOdzsdz 1 6"Qjo dalzjdzdzy tiplif 5 o dzt
By 20 OolstsdzOIsdL z9 OlIsd , O ykzutsedds HtMme '
LOHBSoBdzj dzgdzg? MY " otetsB ' Isdzd & ' o . sty Jdz OMmY J
odCsdzlzo Olsd L SHdes Yj dstcOdz' L o Odzlse s
LOB J LY Jyd dedaw daisdzve dX stz © .0 Mitts OH A3 dz' Mistc Ol
Bsedzd ftsHBOId ftes Mo ™ 2 f j toeisdzOdz.

1 sMisOdzs o € O) QoGHORAAS.L tctsB dIsd Oolstsdi@BOIsdL ts
EftcOQo dz' dadev f jtocmsdzOdzsdz IsO ' HBBtk datso -
ol sted3sOyYt 2 detse s dzOff 5o ddg fadatzy ff tcds df o OEzE ¢ B Iz =zt
MdMmisj d&3d L cdzzySddzd WkdeCy' v di3qd, LtesL zd3" d
sy dzd o * Mis s fsHOd htsets ttsL " dtcj dzdgw Mg j €
oMsOdeso dzj dzgdz?" HtSH OISO dr dBBHEZA 9.

1 J sBr BhdetsBtdIsd MdMmisj dzdz k1§ tc OO diaf datlz® €A ok
MtezCIsktcd BOLd HOdzdr L 1OSdd3d WEdAdS y' W dic

1T edzz y& d 2 " HB ' 6 COdzHdH OIs " o ‘ d3 5>
My otctsB ' sdzdC " @ dzg@ tsMMdeso® COdzZHJH O &, W
| flcotstcj dadg?y detsodr M " otctsB  Isdzd S ® ° L to
L 3" dzQzl»,” HABOH Odzdz f j o dzed= HBSLOtSdZ © * Is. H.

1 H'L d& i@ sieR"@AIC sdzlsOCIs" 9, L O HGfd@setss
LOoaOWL Olsdmw L dz¥ Hddets® ;

1 wskyded 2 B dzts € L C Odzj dzH Ote j O3, wed?2 |
f dzOdzlz o Odzdzy M " eBjM'" H IsO ' dgh dr ftsH' 2;

1 disy dzd o ' Mmils: B¢t Oted HIsUYP Jotz Mg o St 9 Olsd

[Mdeso dzad 2 L &3 MilsH tc@fplsdesB slsd dzOH H Odz
o i tsdmMisOde dzOMmiskzfdz® djIssHd SO ° defistelz d3d

! BilssHdCO By dSd Sl dzj ¢ mdets”’ i W4 Clisd
f " HYftd, BMiss O

1 Odoo, Python, PostgreSQL, XML.

[BMWwecomefslsteddzC 2 MdMmisj &3 E§ tcOo dz' dadzw
Management, HRM) LtsMsOlsdddj o MmMjtejHdz
dBgdzeH HB 2030 wCE.

10 Mdzse ORI 4§ SMY jte
OdzOdz' Isd ydz'© ' dzfls tc iz dxge'dz
hisydesse s " dzlsj dzj SIskz Is
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" dzlsj et OymMY M BB L d3j Ists¥ k- o Odzj dzdzv tsB -
o0ydzdoddzd Hd&W ttsLoeadlksClkz cOdzkzL ' .

L fjtc tSH f OdzH | d&3° =~ o &8 tc WfdEdfolr diyiadipll s f) s B
COzELwr MlsOdzd Ctedmiskze Olsdmw ' dziilstelz d3j dzls
i J et dzO dzlz . vsOCy 17, we fteOo ddzts, odittcd
HitSL @ sSdzw ° MC ZOH O cctcOW' ¢ d wBBlsd M ot
L IsodzwIsd ttsetslskz ff jtemMsdzOdzE L "~ fmdz d3d totsBt

102B" d hdddd odttsBdzd S Odzd MdMmisjd3 kf§ tcO
dZzOL 9o Odzd ISOC° Csif Odz" (fJt] tcOntso Odz’ )
Cezanne HR, Ceridian HCM, IBM, Kronos, Merc&doq Oracle, WC, SAP,

Cegid, UKG, Workday [1].

10 flssydzed?2 yoOfm dzO2B' dz hlz HBdz¢ ted dzgC
L O2 RO LtctsG tc ©Odizdz ftosHEZCId ttsm' 2 M S5° C
" Mststed ydzes ¢ sHd2dd3d L do2ftsfizdvwicd: hdr 6
spdz CF' HfOcd * d3sfise O dZO0 ftsMmistcOH WY dzin' ¢ s BE
1 O " Is! fsfted Isj, hs d&O ftesHkzSCId yY! et
mModzC yvy' oftesHitay ¢ dz Ctsn tcdits OQakzdzz € tc ® sz
Cedf Odz" W= BRkzeo MlsOB' dz2odddQé f s dls dzO Mt j Yy

1" mdzy f syoObSlk o datsdzOMh IsOB desec s o lststc
LOBJ L Y Jyd dadaw H dzw ' Hted ' d3Mis o-w QstOG tsYf totg ‘Her
f sy Odzd hzC Olsd OQdzt Isj tedzOIsd o 1d. JHdz " B
B J G

dz2 g 2! €5’ CRBf O ' Odoo S. A.

Odoo WOPEFHBBE OdzO MiBj "TsHis jWjCIlsdo datsc t
" Hfted  dgdzd y* ¢ s° Is © HJto) Oo dats”’ H' Wdz! dats
ldSstedMlsOdzadz?y IsO off tetso OHY j dzdz2" Odoo My ted
B'Ldzg Mz © uvCtO dz sO LOBjLHifudsdtzyydunid
9 JHJddz" B' L dzj M.

[ dzvg * dz' " H | ls@ddzdi dsth)ls O o dzj dzts”’ L OHOY'

L 202 tsd3dIsdmw L Isddz, wW¢ odd3 tor ‘Is: qw jW G

[ BL©OR Zds¢ C s dzj S Mdats’ jWjicCilsdoe dztst

s
f  Hted ' dBMise O ood LHEBSQ) desdzviywW OCCls d ydzts H 5w .
fsCOLddC @ Ht BOLdMddS L dOyjdzy €' dzyj o
pO0etsoddd SwjW' y' ‘ dsOB] L dzOyd Bsfls’ Wk dzs
L dzOyjdadzy jWJjSlsdodesfls', hts Htste" 9adz¥ ' 100
[ilHIC O tyljdMmdzs S s j Cisdo datsfiyls” 4y ts
NS OdzOH * Is* fyw L B ssH' 8 JOCBddR ydtsets 0Od
Rj Is tsH s j sto C zOMd¥ ' €Oy > [2].
[iltH jSMyjtlsdd: Gy ' ds¢ kO Ctstej dv
ftsfdz" Hise dz' fls: J S Bdes 3’ yd@hR, 2 dzfh B y ' O Qleddzd
nOtcOCIsjtedL e Is! €' dgydoe' twjLkd IsOd H' W d

sf dMsCHOdzdr f t5C OL dzd ¢S Bokz d3ts © dzj daddRe y g3 dzdzw
dZstcdzOIsdo dzsL OC sdzsH Qo ydrm OCIs’ o, BzOIsj ' Odz

¢ dzOH Odzdzy  fiplsRAYlgjdidrdsdchpddists© L o " Isdztsfyls * .
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10H O Ist MW Ctedlsj sefnls O desoyljddedjrozdz? o L 2 dz
h 6202 d3j dzd qf i3 Ols O dsq Is @ f fitste fip's o § veQs HtEI€ vy ') j dz'
L 2Oy jrifdiarfAcsdIsj to * o odL dzOyOs Is! Mmw L W odzo

MlsOlsd Mmils d ydats’ ' s jtcOlsdo desk adH IsdzsMmb Mtsl
o' HdzsWjOdedz] ydztsets L dzOyd dzdzv €' dzyj(dlscts toj L |
Pi

1 = # Q 1

Xi = 5=+ 100%, (1)
Hy THtesyj dalsdzj of 1 dapOfjlsifdito Sets Y sCOL d2d S O
twWi WOSIsdydzj O YjsifddL d&2d S O ¢ ' dzgyj otsets o
fJjt SH,;
t BI'BOL dMdzd tedsOWisddL dzd S O €' dzyJ ose s tog L &

WOYsy jojHdy SEs fjte SHE) LO Lo Ikdd2 fjtc'
1 5COL fzZdes’ H 5B eS| * dz HisMW ¢ dz dzdzv WOC I
CjLbEd Ok
rdzv ltsets, hse Cwdlsjte’'’ B 'd' P 5B "
Cjtokzo Odetec HOTHS 5 § j 6 S tod o Odzd o Exladd dzf tHjdiEsjcr
' HHOS 5! W Ctcj ¢ zo O dadzs s Wstekzd (2. 2

IIi = f f(XD), (2)
Hy TIYdMmj dz dzaj L dzOyj deegts fiff St tedjL colisfol GRdztLe iz y J o |
%;f ( MBPIs j B30Isd YdzO© W Iz dzGeys Wi t£050a jdédCoGR dzdzy
lted Y' Rz odStstdmissokzsls! 4 L Odzj 3 detsfls
T dz' dz' 220 o dMmnR' HdzO () = m), ¢ tsdzd
HisMW ¢ dzj dedzv tc § L Hzapl B B Iz, O fted dzjHtso dC tsd
WOCIsduydzi L dzOyj dzdzv MG ugd O dzo tzd Bzts ¥ f5 €z dze & 9 )
 dz' dg' 220 dedL n' Hazp, (K tsdzd 200~ tsyk* Is!
toj L zdz SRR dzh Jdi3d o9 dlstcOlOR] tj Mztwhm' o,

ZOLOR o' Is! v &Pd ®. C A Wiy v L OMs
tj Mktemdds §SCOL S bso OB lswBd,ls ¥ EaRH 1L
f dzd dedz' Mls' tsesyYdr SOHE' o, oltOld ©EBGYL

T §"  teOd3" HO, C tsdzd L O s Rots wilAr ©ds Cfrfve | Is " HAs ]
C'" dzyjojgaasz! sOkE ' dzg LOBAtSYkz’' Is: MW dzj HESHO
Yy'! sdsz yd fggodz'j digpzy MCtstej o Odetse s ff 5C OL dzd €
Wstodizdzts 1 = 100 %i LOO fWewtcdgz e ; 31 = 200

1 dz' dz' 2 dzO L 0 tStetsls dzO (" IstcOW dz' MOdzC y'
dzj G Olsdodzd rL @ " HiisBE dzd Jsdzd yYydmj dz' daj L &
fsCOLddCO fHtwdotsHdlsweo dhA kdzjiw Okdzo daffls
(@4 tcd ¢ dzOH , tesL C tcOH Odzdzy  adgfudsty BedzdOwizf 2dzd B tc Quo'
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f stolzh j dagdzv IstczHtsots’™ HIMydy dz' dzacp)tc O nAs'e ztf tisQ (
2 odH® bhilstcOWdedr MOdS y' 2.

10 HBYdRscetst § 8O0 dz@afgLdmC- so 2 s+ Mw ¢t
fsCOLdds | W iCOstegzstitstc’, o dgt ¥ Is! Mw  to' L dg d
stccOdz' {®YORdSCd L kZtcORkzoOdzdz" d3 " = 9 Oy dzd o

sl dzj C mMded 2 ¢ O Lzl Cte O Wsjs ®is dbplzddyth sy © M) Is
fsCOLddC " o JWiCIlsdo detsfls ' hts ©"  HBBtOY O
' Hftcd ' démdstodoils Oalaflzv toj MkteMm' o, mMsy' Odzr dzkz

tcjLEzdz sOIsdodz Mis! fteOyYy® M otetsB ' Isded &' o

Yy OfisC o fsCOLddSd odL dzOyOs 5! fmw L
jStdtsds ydzdn, My’ Odz dzgdn ' GedOds L Oy" 2
9 ' HMsl$ ' o C dapdadday s dadd o OGtso ' CJ W' y' ' d

Cit' adzdylso ® (2. 3):
YIli = IIi = Bi, (3)

d Yil L dzOyJ dzdg?y yYyOMmMlsStsotsets ftsCOLdJCO jW
J M dzOdzd d3] o BOSHEO dzdzv | ¢ Bdzs 3" ydzd - , mMsy"'
sC OL dzc{JQmaQGts%q’? Es8BsY yghistzco se s §f ¢ OL dzd
l Oetsoad?2 SCtjW' 'y ‘"dals fsC0OL Lk 9 " H dzts ndziz
L Oc BzC telf Bztsmils® fsCOLddC " 0 Ctsd3tf dzj € Mdats’
l " dz OCtsYy ootsHdIs! MW HdzW Efmkzdzj dedzv tots
stcHtsdtady CIsdoktsy dzse s Oy 9adzd € O. l Q¢ ts
ftotsf stey' 2 dzes o4 jipd QF ek UOMsCtsodn S OL
tctsB slsd .

I sded odL dzOYO®s st MY BjlssHBER JSMYJElsdd-
dc

H
]
]
z

fsCOLtdC facdmo 5° dadgy &z = 3 1]’c[lstsd3c{: ozO GH div 1
sCtoj B (B8C@agddno tojLbd! SO 8 H' Wd datst
LOW' CMikzoOlsd §j odzsj tcsdz@yte dededzj y@lsAh d 09 5,
fsCOLddCd tjLbd SOIdo dasfiisy’ PtOupts;, [HH g C
(i o206k 0, 5.8 kw | yHisdisdast§ OusLl d s s
J S sdesdy’ ydesegts tetsiL

dsSk § nitd' dEhlsse O.
5C OL dzg € jWiCksdo detsfls"

B

)

s sy dzj & fMdzad 2 ]
L dzOyO‘ (B4)MmMw L O Wstedslz dzts®

" HYtcd  dEN®dz®- )X Jo

Tt
(ITi — Bi)
Eyn= ) , 4
i " Bi+ 100% )

i=1

HyT S, dzo €' Mlsy yoOmsEsoadrn fsCOLdS 8 |
[yS @& f HimMzdzC seatets L dzOyy dedzy € tsd3tf dzj
E{f cOo dz' dzdzv
fjtemMsdzOdzsds ' Hftcd ' d3Miso © L Odzj ¥ dils! o' H
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fwehs omds oBjdz" 95 BOMX o, It EftOs d
dzj L OH 59 ' dz' dzd d3;

Twehts ods L dzORGHJ100 Odz' o' OY©OL et
fjtemMcdpOdEydsd* Blso © ' L OHBGe & deddg ( Oczj da

TwChits podets L zOSSHJ-BO BW B Bdzh b Of Op ¢ 6zls dz®
f5COLEECHY Qo dz' dzdz? § jteMdzOdzsds § ' HY ted "’ dsf

Twehts osdets B' EOCDES daOEYd SO j W jCisd

fjtomMsdzOdzsds "' Hfted' dsMlsoa © ° o' H A3 dzdetss .

1 ted L dzOyJ dzdzv s y' dz Mlseo stej dats”’ Qo lsts
Cdzs ysoHRBES Y ) H@OPE S j dzdz? oL O° ddsH "~ B dzj H
M otctsB " Isdzd €' o L f 59 MW\ @didgdizdzd Bd Is@@mswlsau
O9BRkzHBSO Odzts G 15 o' Bitclkz COdzZHdHOIs" 9o,
BOC M BOdzr des™ JWJjSCIlsdo detsfyls”

L L' wWLCE L uc{d3 dzOh © MmdMmilsj B3O f ts9 d dadz®
IBOSC Md 3O dz' dzO h e dHC " Mis! HMskzflz HE * dai
Mftcj HMIs Oo dzj dzdz"e o[‘detStSt!Bch‘slq‘ ’d30j§t§r]c[d3(9dzJ dzts

ModHCd2 Htsfr]lslzu' Hts o' WEdeC y' sdzOdz! dac
ftetsL H ' dzj dadzW Izszu deG)dzIz fr]cffr]lsc; B dz2O tot
IsIzl]’ dzd h j Hts Is ‘ Btedz,@u " weo

B Lz s ﬁ]tj"lst@IthGJISOBdZ»V\HdZQIEB]dBW Hy dzy' 2 detsfls”

Bdzj 3 ® MmdMmilsj 3" .

OkzC s O detsalaf ic @O, oB HsdsBEZH sMdz' HY j dets SO
Koy 2O tddllkz ' h jdzdgvw 5 € jtolzo Odads®
Odzt dgdr Isjrdesdzse’ 2 dz0 fwslssyded?2 yofm.

l dimdets d C fdz'L ikOIls® BhRzdzs Mftetsj Clstso Odats SO
d B3z Cjtolzo Odzdzy f § tefts dzO dzts d3, hts L OHT
HY j 60, f" " Hodhz® JWidSIlsdo dz' Mis: s Mmf
sdzv* fteseotsHdIlsd cdzeycd?2 o' HB' to datse d -
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H
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]

)

ns &
N N

TG O -
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© . 5y

bt wserRfo ? _
1.Thomson Carswel | . Hr Manager s Guide to

2018, 42

2. | sd3Odzj dzl 59 5. 1 2dz ‘o U . 1 ©O9 H O dzda" ¢t
dWiClsdoe dz fnljststsug‘fr]L dzj fr]a steeOdz' L Oy* . g dMmlsd d3dz’
Sj ndesdBs6'ds. "sd’ &, LvVHALO  dzO, 2015, wu. 43
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L $004.415.3:681.6

[ w-.IMMJMWQBWBldemJQwﬂﬂ-W [ 4 dzd fs

L0y tsdzOdzr ded?2 Isjrdg yded?2 kdz o jtemdlsjls ¢ d

1 o1 Awdf JTRrRs{trReuvOG1T1C J10O06svwl uUR
dgr(tr{lrzw AUTODESK 3DS MAX

ddzsls Oy [ MOdets 4§ s5lsj dzfp$ @ rsapd§ Stisd fgls Gsdfdpz L o f t
Autodesk 3ds Max, dOojHjdts fteds dzOHd *Hplve € jlsdzdzv,
GtsL 0w Mdzj dats o gL dzOUj dzdzy  dzsW s ' dBGdS Sks@ ) s @)dzdzds dzjz dztsh)
MS zOHdzgd = tsB' ' CIs' 9.

sdzt yse ' ez eoCAsd, -fgr dz€Ilsd,| ofzsH j dz¥ 9 Odzdzv , AL
BsHdW CObtstd ¢jtdjlste'

| Hlsitgitss’ * Cbd (s8' ' Chd, SbtddOd o
e zOHdd &3 SO y' S Ooyek Isdith ¥sdzO sfqlssﬁuse @ 0lsd

S
Aut odesk 3ds [ OR. l 5 dzd By kzis! Zzlsd
BsHIW' COltstel Loft, od¢CttdilsOdd” ws:rscrs
s H j dzt o Odzdzv . A Btsy dzd o sls Ttkzdzlskz Ist My

By zIs! B s OdzOMlsts tsBO6' CIs" 9 Isdflz Loft,
odBtstelz W tstcds, hs sy kzls+ Blzlsd d&zOHOdz j dzj
BsHdW ' COBBStO. 1 B8Isjdy Oz IsOSdn t8BO " CIs' o
ftotsW jm' 2dets’ H' Wdz' desfls”® 2O @5, d ¢ da@fHL, © 2 dz]
ftotsy Clskzo Odz? d&zO IsO ' dgy J dzj tc dzO, o Ibdz ydHt
o' L ZOdz' L GdgtisHe] dz jtste .3 D
[ 0O tBfsisOdzOdz' L o Olsd ditsy dzd es'B ' )W jstb b
HOId LtesL zd3 dzf o dL dzOyd dedzy Is®H Jf dgtsdzfigdOta)lz ek
fjtcjoOced dztsWlis' dze Iz, hts d&zOH OF [s! Yy'! sd3z Iso
fslskydtsets adStstedMmMlsOdzdzy k2 ' Ldzd~ MW J O .
[ Mdztso dzd 2 L 3" dndso tstioty ety ‘I Coldf‘te f sdzv e O
HWiCdmas Wtteds Y jtoj ydesets  j toj tetbdzdz h d@dw FHIEE
Blsts fr]lsalstet“lslfr]w sfdetso dz0 £'Cdg” v ¢ ( dazC
4 ted ydzd n fjtejtc' L' o (W sted3) . 1 totsW j " ¢
o tcs & Is! Cdzso dzz dz' dz' ¢® SO HBHOE Is! dz
otstes ‘ Is! Mw Yo jtornda" W L Qloctiod®rgilsE GBSO s
tejto' LOABd [ 1] .
V totsBBlsS'B'L CUsAdd Ctstedmlskzeo Oy Misd¢ O° Is+ Mmw
1 litehdgdedfsdzed odL dzOyOs sy Wisted3dd s 6] Y
l sdzd BOs Is! o dkzOMisdoetsMmls® Corner, Smooth
1 vl ceBjag®filsd dzO M ZO2dzk &3 ¥ HoBBO o j tef
1 vf zORfgAC 2 dz' MiIs! L' " HdgOdedr Mmj cd3j dzls’ o
1 stetsi®C dz' €' Mls! Y BH"  d2' @ Mjedzj dels©O, hts o
s'dz ¢ Ml CC' 9 odL dZOYO' c&OHE' Misy IsO M
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1 zdvagf dmkzs Wstdglzzz s o dL dzOy®'s ' t ffj dx®o dz
| ¢ dz €O oaddse WwWEC HB Wtttd i jtj ydssc
Astedsd hdzwrkz Bsykzls! B Misdisd Is' dz2 ¢d fsH
9" Hd3so dzW ‘' Is' Mw wif izd Wds@lsixlz,, B PHS! d3° Misdls! w ¢
fif dzO2 dzz ( dz2Of ted & dZOH f sdzyd ¢) . s Wtstedy
HOo O tsB 3 Y J dadav . l M Wetedsd dzO hdzwokz f ¢
My zO2dz' 9. uvf' Wteddd dzO "M dzw n k2 f 59 d dzdz®  df3C
1 O OlstsB '| ‘'0fld" 8 Mlso tstosss IsHNdE ‘L' O WHisd dsfd3ztsdz®
Bsy dz20 Mlsetstecdlsd B ' dzzh y' COeo" IsO MEC dzOH dz t
[ dzw f sB zHtdse'd" ClUsdef tlstej B O M Guyt®ds'S z W WH)tts dx
o dH" dzd Isdh diyfcdzD? flgdzv y' tsE 5 5 BAEdis/GomppundzS Is
Objects/Loft. p SIsdozo ©Oah d ' defflstelkz d&3j dzls, f slstc’ B dzts
Wstcedsd Get Shape, ' vl sisdlis s dDIsiss tc Ok
it BLEdzW dzj dBts Btsy dzd o sfyls® dzsW s dzgcz. 5 fr

W tste dzd , hdzZw s sd3 o MisOdatse dzj dzdzv  to' 9 dzVmetfris Is sy
(1, tdfm. 1) HA&Y 6L dOyJ ddv" Isets, HJ BE
Ge't Shape H&v odetstclz W stcd3( . U OC 5y i t
Czsdzz © Odzdz? Mo v e, dtstclz OBIsW SterBP tajnlsckdz ( 28
fsd3" " jd&ded  (hbfsdss S, ° §jted MisOdaj
sB' ' Clsz CpSpdyOH Mis ottsac's ‘o VIsB ciskzH o f & dC sted fr
Csf " v o dn "-tHpas] Is didiEds d3elzrHsjit an@fgls sise Odzts L
f4tdlsddzlz, wed?2 oMmlsOdatse dzj dzd 2 L d2O 2ddiplsy @ d
smM¢' dz0 Wk OB HzOMIszf d&zO HBY EMISdABZIO L d3 dz0 W st
sB' ‘ Cls’ [ 2] . 1 jtejrtsHd 3 Y WistedgOdzd — d3ts >
© " Hdztsh | dzdz' OBts L O 9o HMIsOdadz® , O &Os' O
HEf sdiise s Cdesf =€ (3, twdm. 1).

Creation Method

Get Path Get Shape

Copy * Instance 2

Surface Parameters
Path Parameters

1 Path: 0.0

* Percentage Distance
Fath Steps
:r e 3

Skin Parameters

{ ) OOk sted fsebHE] SBO' Slk
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i SLedvdzj i3 dz0@ fted S dzOH' ftesyjmn Mo Sio
ftedCteOMOE . (EPMMyjdk Bkdks HSHOMS ktd MY
hts BdzO oLWISO B BDLE dvONlsEissaOdss  GsHd¥ ' §
stz Ctds. zd&vR Bbds fH' djds dO Heo'
CoOHWGOIsdts® Wistedzgd dzO o HAB sy 75% Pat h.
LO HGf sdBsEtss Soalg % Stc kOISO

{ B Slsto dc \SEHHEE feds wOmOe

r dzv  Hj Wisflew®ody Clskz IstcjBO odH' dzd Mddify2 tsG ts
TIssH"’ E MfdmEEk f OtcOdfelsrmations L @Yy o d i'infizvis § fgd
HjWBStcd3OIlststed Scal e, Twi st , Teeter, Beve
o' CtsdaigQh Isdz®» O dz' E wWesdz hBsy 20 HESHOISd Is
BezierSmoot h (tedfm. 3) .

® Scale Deformation(x) | ps

t Bl " Cdzs dzZOdzOM Iskzo Gdale H j W Sted3OIsts
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s sB' "SIk By dz0 L OMssmMtseo o Olsd H MY
fsBkzHtso' dOMlskzY descts 5B ds'Olddskz H(J & dsfite. d304y) ¢
dZzOH Odzdzw dzj sBr ' Hdzs™ Wstedsd, IsO Twi st Hdzv

3 Twist Deformation

{ gt sltse (¢ CBOEESYURZO fedScOMO hdh¢oe

[y &0 Ltesedlsd odMmdsetsS, nNts hdwitd §
flso toft-tss O®lsFlsd 'L MC zOH das ¢ § sigstdasteiot
sdodz MY slso ol dfa diede flats'  ftste tsfiply dizs v
©Om (twdf. 5). [GHjdo0dd" Nfdco?2 d
BOldL 5o Odzj . )ted B d BOd dz 2 ¢ oz Cts
Cls 'L € tstodS lodesdsizh st ¥ . dzfijlsits 2 d3j dzls  H &
s ¢ wiC dedifH W st dBsOdd [ 3] .

tdf sHjd2' vdzddissds fdltcOMm
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I dfdzsalC d RtsH' tsetslksd Bbkds sfdnOds d
oS stedMlsOdedzy tBO6' Clkk'' & Ikdflkz Loft b f
MY steBz dz sEddats EfjdrsHd fMiso stej dzdg 5 OC d 7
fnu’;uc[W‘udz‘ odLEBOY] GigY o HtRO® Ismbt Isdzj dzs o
kWil dzekz E flsettej dzdz MC ZOHdzdn tB' ' Cls' o

brtrJws Y JLuRrR[ ¢ P

1.0z BSB [. ¢., [JOSMdksesO [. [., Jjdgs0O w
BsHjdzj2 kO fMmyjds k Istciz0pdg Oelrzszfl2 MiDjst®)’ eead s b ¢ o
20181130 1.

2.1 82¢t5 ¢ . 1.,  oesteded & . 1. sl 68 Isjtedad
dZ0o YO dz' dzd 2f  ShEz@ da(S J dHOos dzdylsets yv{D40&m 1 jlsteO

3./ slssh ddzim! CO 1 ., wL-tgez jlzdziue O dadp's dais dfs & 5 & to G Bdzt
3ds Max L Hdfe@Wfdatkd /"3D o' s : iR16'H. ftod Isjnc

L 9004.415.3:681.6

g. . 1 tdGfsHul dk godisls. w0 dfy. jddif ez ¢ s
L OuOskz dz?2 Isjmdz ydzd?2 Ekdz 9 jtemdlsjls ¢ dz ft

lefsJRrRIJovw T osuv @)oo RrRuwlrR] U
ct Jyrwfcs w el [ ¢ uDATAISCIENCE

¢ detslsOhy ' wtsB sIs' tetsL e dzv dzzls’® tsmdzseod ' H e Odzd dzgd
oLOCOd ad) MBBYddzls o wLetls' Lt dj dts dz0 Odetsted
" Hisdf d, LOCOdz dzz f sBkzHBO Iz, s yOfm, hts odlstcO
MistelzC Is iz tc dz' fferj &8 t©j Odz' L Oy"' ° SO ftdsdzZOHd CtsH
L OGOdz' gyl ‘0 L OlsteOlsd yYyOMmMkz dz0@ WkdeS y' sdzlzeo Odzdz? Yy

s dzv Yytse ' Ofpdsts tfddssds o GUOMEB ' * GsEzCIsktedz fnj i3d
BOI OdzOtipy i3 Istsls J, Gz j Y@fh) " ¢ OMdBY Istslsd ydzsets ff tsL dzC

Mis.af0 HOdZd2 dsdij dzls Isj - dzts dediEE ' adedz@ X" d
Ck ¢ d ¢ Mmbk! fwedhbtes o kO ydhnjd dJ
"9 IsO ac{tG thdeW LOoaHOd "L to' L dzd

; "s 'z fmls stcOdzL d Misste’ o, h ts
l]’frgs\maﬁﬂl’sxﬁzf 24 o3 mwy' ", ' 2 mdes
" fMils!  dz0 f stew HBC -ted duidgs, de'Op dAstEdgy ', & |
Is ! tcsBslsd SR tIsjtc® L Odzjy dls! (
sste' 9, Odzj * o' HlswEbkBmk! MO&E &d B

hs sMsBdzdots OCEZOd dts f§tod s
Htsfyd HISBT.GJ odoyjdes oBijtsHd By d¢d yo
science odCtted Mmlsso-ZO s diffvis tstfstff dgvddgf 18w 1y Oy dz’ 00
BOE s to' Lk ME dzQezflzm dz' Mmls ¢ Yyofmkz ttsBtslsd
BsYJ LOHO OdmMWw dBBOIsj BOIsdydes® W stedBz dzts® )
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SEOHOIdMY E weCtsdBkz ©OL' heodHC' Mls! BE
"fylsdls: ydSdz), €9 OHtOIsdydzO Sff) stz dAf s tc
9oCdZOH jdd?2 ydédz (2 tOL' ftosctcOBO o d¢ dzlze
TtesL A3 6 on' ' Hd2Zdms HOddrR). 1 tdSEd&OHd odh j |
odhj o0 Odzls' &, ' Mdaz¥ Is' Odze tsid@dygh)).L  dzt
ltos dz@r fdREFE o sted s o thdsed 2 yomisddz Ml
[fMdzse dzd 2 L B'Ifjldc jmsesak. "¢ L Ocdzds dls: fiqw
ESLH' dZv¥2 * 9 d&OHOtes 2 Mmdz'H L 202 sdidlsd M
BOL j BOIsdyded &3 L B Mssds. ©C &OHM fMis! Odcts
YomsdwL zZOYfoes s w¢ O (dOftedS dzOH: MEC dzOH dz’
tsBlsd L dOYUO s v, w¢ O(n)). uvifjt f
[ dzv  dz¢ H d dzd , weCO daj 9doyodzdO dBOIOdzOdz' L ,
Ofd i3Yilsysils f W B3O HE W ¢ s fdmidn Sz udiadgtacters © |
WedSy' v, U dO'tskkz odfOHSE odSsStedfmistokze
sy’ &Z¢d MSC kOHdsMs' Odketstdlsd 8 IOC W Hi
fjodd?2 te' o jdz OBMlsteOSyYy' ', YsLBOodl: fyw
Odsdsdlsdsd ' 2 OmMd&flslsdydsts’ ¢ zOH dzsfyls * .
Ozc stod sz sy pn? Hants'c d Uz OB G RBZz ©WOL " &d ¢
hts Omddf Istslsd ydzd 2 YOm HOdzs ¢ ts0(n*Poasts to dyls d
T(n) =0(f(n))=0m?), BEH-§tedd? BB ®BEd stcdlsdikz (
ftod S dz@b+on+6) . 1 dStstedmssoalze yd OS] 5L dzC
hts ¢ kOC' f L dds(dug teted ¢ WEEHE Dwkls d 5B d3j X J dzts
cxrf(mMyef>n(edf. 1IT(M) scAf@B Y e >aMm’ -

tdm. 1. I Tnjses teHodg(fmmtets (n)

sifJts, Cdzd totsL ' BteOdzd mw Istesnd L € ts5da
yomkz twtsetlsd OdetstedIlsd3' o, HO9 ©O2Is] LGOHO

csB slsd ‘HOflt(nd) d2]. O(log(n)) M o dH N j O(ue »Otn - log(n))
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hogduh jouidy, y sMC ' dz¢ Sfth) NidygeR) y ‘tets s O f s ' dz d
WikdSain)e kn+b (tedm. alN,)ke NHER. A ] By dzO L tetstL
H

shd vy ks yd U’&deﬁ]ﬂztn?:.an‘__—mll?a—),ud): sty (M Okl w ¢
CcOddudsd o df OHSE &y j Bt § 5B Oagfflsshg b 15
b dzS ) = — OB dzd ¥ O Is! MW lim +#i5— —@zlz dz¥[ sy j ,

n-ln (a) n—oo 'ln (a)
otcOrtsolze yd fHtodtesHlz  tsi ‘fiHsdzts ™ L to(tsntsAD dadzizO
Bsydzdeo s M OL Ols(d, hts L ° LB dz2 M jdadgw d3 n
Odze stedIlsdsz MS dzOH detsfyls O( n) L tesMisO* L ft
O(log(n) )T hoadH G " Mis! LictsMlsOdzdzy L d3j dgh &2° Is+ myw
ltcdd3 Isdets,Of ffl§° © Ol og( n) ) &zOo ' Is! dzJ 9 ¢ (
sM¢" &zt ¢ MBdzdots’ ttsdz otdes dzgj ©° H' GteC
s0Cd2 yYyom twetslsd By dO HMWEld §tod
CtetsLH" dzw?2 ° o sdzsH Otcs 2 & ~n YO dzj oM C
tejLEzdz sOIs, Odzglz "fjwyts wif c@s O o Is s d3lz f
odCtstcdmMssokzels! Lwsom @@ "dzhd2 " HR'"H HT
fsdzv g O o W] CktemMdodetsdzge ttsL f sH ' dZ H O dzd

CtesLH"  d&zv2e E dzOL 9 a3 IstsH z) ' csLgna WL O
(9" HSBtOY O Mjdel Mdzsoa © ¢ o dzOH Otes 2 e ilz dzO
Csdzyd fy' v, hs dzOtetsHd dzOMmw HESMdIs! HOo dzts
Z§ tcOo dz' dadav , 9 WOtk ' Ldtstc' HdZO H j o) O9 (
dzi 9 j dzd € ° Y Ofmils ddzd rls Od3' Lyh Isfitpte &= tizse . O daplziize ts tc  Is d3
tcsLH' dzdIsd HOdz Hddzw totsBtslsd L dzj o j dzd € d d&3d

tsLedzvdy B3 Htoddeydti ttsetslsd Odzettdld
ftod € &zOH ' OdzestedIlsdz MBtelslzo Odzdz? L dzd Islsw O3
M¢ dzsdz’ Odze stedlsdzsz Mitstelszo Odzdz? o dBtStetsdz Sel

1 MmMjoHtsCtsHSorBel ecti on
Il """ H: HoBGBdBddEddh BOMJde A
Il dr" H: Z{ stewsHCds ot BOMJ o
minindex:= 0
fori :=1ton—1do
forj:=i+1tondo
if A[j] < A[minindex] then
minindex = j
if minindex # ithen
Ali], A[minindex] := A[minIndex], A[i]
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{ 5L G dzv dz) 35 Odzc stcd Is d3 MargeSort .1
fsBkzHkzo Olsd Odkettdlsdy Hs@tfuz? e toHsdzH ' Gps B Is kPO
sf syoOlkClz tjSktemMdodzi WBLH" &z Bs dBOMde ( tec
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tdfm. 2. tJ4SkttmMdodz] teBSLH " dzj dzgdzv dBOMJdoe kz

r Odz' dzj 5B ~ " H dztsm  HiaRVe ZGctpfddediz = 2 HL 9 " dz€ " o
Merge. 1 09021y fssHdodhismMw dzO tMmMj oHBC SH

1 mMj 9 HsdiggH M

Il 2" H: 9 HMBlstse Odz? dOMdoed C D (Htso
ldr"H: o' HiMtlstso Odzd?2 d&OMdse B

1 =1

j=1

f

ork :=1tondo
if C[i] < D[j] then

B[k] = C[i]
[ =1+1
else
B[k] = DIj]
Jj=j+1
CS odHdzs NMNedgedz'tcdg'lsizizds 3 J Hdzw C By desets o
odSdzdSkz (tedMm. 3) BlzHJ oS sdzOdzts dz' dz' 2 &
(990 0Olsddzj dzts, hs €' dzr €' fMis! sfjtOy' 2 dzO
HOdzd ~) .
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M d 9 H MegsSort

' H: HBSdgdd &2dA?2 BOMJdo
d

/

~n'  H: 9" ' HiMttlstso Odzd?2 d3OMde A
BOLBSe' odfOHSCd ' cdtteso Odz'
= PeKypCHBHO BiIcCOpTOBaHa NpaBa YacTHUHA
D := peKypCHUBHO BiICOPTOBAaHA JiiBa YaCTHHA
[ToBepuyTU Merge(C,D)

2 o (5 6 B 1 @ [0 Emte.
Vo)) Vsre Ve Ve

\0'2|5 6"/ \|1'34? / Pisews 2
\'n[1]2'3[4]5'5[?|/ Pizere 3

tdf. 3. (JjO0d& LOY v Odkdsldhio cddde S0

[ dzw 1%&5‘&3@’0:14‘2 Hdzwv 4 tegclztefnqa;a-gzefﬁ odS
s jteOyY' 2 dzO0 1 to' 9 j dz' .

[dzw 2 gtaétja;dwcau'z Hdzw 2 tegclztequa-gzefﬁ od¢
sf jtcOyYy' 2 d2O© 2 ' o j dz' .

[ dzv 3 tc' atEd | sOF 3.

Idatsudls:, s Ek Coydshkkz ' osd od¢ sdal
BfjteOyY' 2 n § sddetsy jalzj IdaPls Eczde ,C * vinds ! f ‘toH to @
tc' odz’' 9? 1 0Oko Oy ddiss, hts Coydetsets tOLEZ HO
Histe' odzs ' Bsydzde' 2 €' dz Csfyls’ f6H' dz ® H
sHddedys. 1dh isfdmOodd sfjttOoy' w §s Mkl
Miszge OBt dscOdW dsds dzO " ufMisOs 2. 1d
log, n. [sted &3z * dBts, hts MSC &zOH dz' T1MdEn - logd)dze g Is ¢
ZzOB O Ols s hogn)mhdzy R@dzg stedlsdslz Sel ecti onSor

def mergeSort(a, key = lambda x: x):

length = len(a)

if length > 1.:
middle_index = length // 2
first_half = a[:middle_index]
second_half = a[middle_index:]
first_half = mergeSort(first_half, key)
second_half = mergeSort(second_half, key)
=0
i=0



output_list =]
for k in range(length):
if 1 >= len(first_half):
output_list.append(second_half[j])
jt=1
elif j >= len(second_half):
output_listappend(first_half[i])
i+=1
elif key(first_half[i]) > key(second_half[j]):
output_list.append(second_half[j])
=1
else:
output_list.append(first_half[i])
I+=1
return output_list
else:
return a

td. Oz LOYy' vW Okzetstedlsdzz Mer geSort
bdzetstedIsdz' © Isdfkz §tsH' dzv2 o tsdzsH Otg

e Oted ¥ i3 Yydzk M &zOH dz' fMls: ©OSKY sy dz0 s
sk jdzj oz o cTwsdiscad) @GBS .tetl BikE gk yj

HEf SdiisG s wets’ By 2O tesL o' WL Olsd L OH O1
Okzecstcdlsd3z Isdfz ctBLH' dzZWw2 * o dzOH Otc® 2 & . ¢
odCdzd C & o df®)tsdply ‘telO Yy W2 IsStsH' tcsB SISO dzO0O te
MO tfjtcOy’ 2 HERLtchHgyadeEBS oS dzd ¢ " o . s '
odedzd ¢ o dzO to' 9adz sy dzO tsB yYd Mdzddgle] , tc ff dsae”
a', HMtdij tc ad'Coddv C' Mis! toj CktemMdoededms o d¢ dzd
(tedfm. 3.) (v fiucdTOmd o dteRr2gedos?dd’ ©' Mmls!
dzO-3& to' 9 dz' d3tsy dzO a @B L h@fk syl IS dy,” ‘ vAs f SH ' C

HOAZ €' d § ' fMls! 1] C bk wfij dossdzedif o b S dzdiGzde; H G
C'dz €' Mis! S jtOy" 203jdz0N e’ o diS f jHEDA) ' 020zt b Ods
o dCdzd S On 2O te' odz (1) .

n.logba/_ .
LD (1)
Hjij descsj to jid detiyj, e toj Skteido desc B © & L Wd§ 'O d
Hizj dzdz o R rdzf R dzH OWEE)B ! t6§ C & B(fn )i dt dadfiEt ys 0§ dzd
o' HEBEOY O C'd ¢ fMis! 8§ jteOy' 2 =>5H)dY SH dat
s'd ¢ M Y jOy 2 dO efm' S to' o dn
S jteOy 2dO S sgdod’ © L LicOR Hog,@dgsy g Kistsa
¢ zOMisd dzj sSBR' Hagk WisttRzdz (2) .
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nlogp a
logy n logy n logy n

T(n) = Z aif(bi) _ Z nlogba,%'?i) _ plogsa Z
i=0

f(0°)
al
(2)

HJiLl detsd3j dodavtd,' detsdzj to toj S ztofmd o dats 6 51 Sots[jCWlzd ¢ 'O d
H' dzj dgdz" o m ‘a WSR2 & @O = , toj ¢ z B(fn i ol dzdfizt ys 'S dzd
o' HSBKBOYO' ¢ dzr €' Mls! s jteOyY' M =H)dzv SH dat

10 d&zOo jHjdetstE odhj Wtodikzdztse W tstodzlz dzO
BziwiCtsets Odzestedlsdzgz Isdflkz ctesLH' dzw2 9 I
Wstcd3dz dzd sy dzO L tetsBdisd HEZYJ] Y €0Qej kL OcC

0(n%), eciu a < b (3)

0 (n% « log(n)), eciu a = b
T(n){
0(n'°8» @), eciu a > b?
HihTCtsJ W' y' " dals f sH adelf " &l 'CH dgded  HeQ ededd,nd o d
i Mlskzinedn) =n? FoiWwkzdSy' v, hts 9" HiSBtOY O
HdzW BSHdtsets toj CecmMdo desets oG dzd € Iz
i swdgg s J Wi SIsdeodz mis! Wstedgzdz L fted €
Oz sted Is sz d3dats ) §t ezBzD = &, G mPO~yliz(8 &€ N) |, d = 0. 1}
Yyomkz weBlsd HEzYW Odestedlsdz s Ot Wwzs d Oy O
Odze stedIsdzz s Otc Oy bkteeddn).. 2@ pyt hon HJo .

log, n 3 _ 1
T() = o2y 2= cploma( L IPET
3t 2

i=0
= C(1.5n°823 — 0.5) = 0(n'o823), (4)

def N(x):
x /=10
n=1
while x > O:
x /=10
n+=1
return n
def karatsuba(x , y):
=0
if N(x) == 1.
return x *y
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if N(x)%2 !=0:
X *=10
+=1
if N(y)%2 !=0:
y *=10
+=1
while N(y) < N(x) and x!=0 and y!=0:
y*=10
[+=1
while N(x) < N(y) and x!=0 and y!=0:
X *=10
[+=1
n = N(X)
a, b= x// (10**(n//2)), x Y410**(n//2))
c,d= y// (20**(n//2)), y % (10**(n//2))
ac = karatsuba(a,c)
bd = karatsuba(b,d)
pg = karatsuba(a+b,c+d)
adbc = pg ac-bd
return (ac * (10**n) + adbc * (10 ** (n//2)) + bd )// 10 **|

tdm. tJO0d L OysOe Oyde@ER ¢ Is dgle n
vj MOk By ddots slsttdBOlsd, MSsdfilsOsh

a=3,b=2d=0=> a>b?=>T(n) = 0(n'"83).

l dhdts®OEE stedIsd3d Isdf iz ¢ctetsL H'® dzw 2 ° o sdz
L dzO dzdzW OQdze stedIsdz’ o HOdztsG s sd§ &z Is O o &3
dzj sBr " Hd&ZO d&zOo d yS O H dzs BSdas)>p dats sz @ tOGEE @ dg' W i
Science

lrtrfwpaerf o1 ?
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[ . 1. J1litcgdgs gto Od
Oy tdz0dz dzd?2 Isjndz yded? kdz e jtmdlsjls ¢r d

PtJatofve 1914y evyevve rfe fdrcesgool
JIToRrRIO[ 201 to6Awfrv motyuldrrcC

b detsls Oty wWizdz! sOIstsdz HEMdz' H Y jddgdg?2 ‘' H HTHSDISSRE] dadd2y it
tcOy' sdzgz r Otoylzo Odzdgy rotstcdrmn d20 yYykzStesod?2 H' OBJj s
HOdzdn SO 2O tsMdzses' ©BEOdsets fosHEZSsosats Csh (

sdzt yseo ' tc@kss @ - Otcylzeo Odzdzw, " dz' BdzO tsH dded yw,
f tc tsdgdz O figs & .

Il Msikfsh 2¢ IsO OOz L. dOwWoeodzdr  totsc tcOdzded
~n Ottylzeo Odzdz? ¢ 0OL Oo, hts KOG OB dzj Cof
fsCtcdo O Is! o 4 Mm! dzj sBr' Hdzd2 CtstedMmlskzeo Oyy
tesL tesBCd f oSG g QisaEay s das@g plas O dzdaw st Isdc
~n Otcylz o OdzdzW HsmdIs! OCIskzOdz' dzd 3. it sLtetsB € (
Lo dzt ‘ Is! v dzj sBR ' Hdz Mist § jtoj M" ydes’® dz
'"OBjls Httkzetsets Isdfkz, foMmis' 2dats MdzOu &z o O
HSf 20 jdzdzy ( jtejodh jdedgy desteds MY 53 d 9 Odzdz
otstej dzgdz? ftosctcORBAesEts HSHOKCE dRsotss C#
sy doOdzedzg" R~ dz' Bdegdrm BHJdzed Yy’ .
[ Mdzts o dzd 2 L d3' MisC tadsoedtRIsidr j OBLJjAS o tsto8 9 O dzd
Bts o dzstfs'lsH ofifvh j dzdzv 5 o' o dzv cdzs SsLd o Ctotso
0¢ Cstelisdzz ' dzmiz dz' dzlz . AzCtosa d 2 H' OB j
notSter 9 Odz! , kO jdzdzw o dzzlste” hdz' » Bc Odz
19008 yd dz0 ¢ ted yddzd o ddzd ¢ dzjde@dzvy zLSQetsoots
H' OB J Is 9CtcO2 90y dzdots dOIsd LBOZOAMNE O
fijtejodhbkoOlsd HS{ EZMmisdd destcdsd N tSH j dzdzets 6 s
zO2Mmddz dz" hj ot dzd o O Is! ZO0 " Hodh j dedav to
sflsdd3Odz: dzgd?2 MC zB®H d§ B MPWIsthdsts @ HatsC HdzWw B O
dzj sB ' Hdzs o dzOfmdetstelzy Ctsdzlstetsdzs 9 Olsd to' o j dz
ttse dls! OC sk Odz dztss dzj SB S ' Hdz s L tets
BOSC Md 3O dz! des M tetsMmisdls! IsO ftodhoduhdls! {t

mdz' B dzO WwisH ( iz W h s iz ydad 2 f OcOd3j Iste H dz
okzcdzj otsH " © ) C tsdz toj Is dzts dzlz fticsHEZCIs® n O
tc' odasL dzOydz©®O 10 ¢ fttsmMisds eokzcdzjotsH & 9o
Coz' sCtsoddzlz. 2ztSHjdedzi tSBA3d N J dzdzy N satsiipgy s
H' OB Jj v CtBedH ‘Isdf & -l Omgsoa qls o {BOHSCE, ¢ s5dzd
(wfuv) dHddd di fittjodhiziltfaslE®OL daf€Cmiz] @d°
dzj HsMIsOIs dz" figle j dzolzDc B 3§ X 4 dede M 5 d o O-dzdzw
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30 5 w35 {rjHafjdddhfizkz C ' Mmis ¢ okzegdzj o fs
MsOdesadls: 10 mJ]. lted6auf m[ odOjH 4@ SHJddzd
{ n tjCtd3j dzH Oy 2 " Mdzkz ¥ Is tsB d3j
Odz;'>|dztsfr]ls' ' H 9" ' Ck IO MOl dz¢ H d dzd ,

L dydzetsis ©) gizd};dz@dz
t SL G dzvfdigodgsH ' dzS 2 My sy de Oyo, wed2 d&BO

ftosHEZCIsd o x,Gcae. fumls'Lt O py' de> LOSCEYCE
M sy do Oy zodtad aizjvdz' . ]l COL Odz o J d&zd yd dzd 1
i ' oteh' jHdAHdz" d3:

n—1

Z pix; =2,z >0
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Scan the barcode of
your plastic bottle

Recycle

Recycle plastic
bottles and claim
20p

Recycle

The Scottish Plastic
Bottle Recycling Pilot

We accept bottles up to 750ml and
the majority of mainstream brands
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310 Bbtjls'! sz j sOf ftesf sdzz’ Is! v o dCts
tesedIlslsw sy (LecOtedh) dO M jClstcOdz des s
zO o d&zOMmisdetsMmiswr o jcjlsOy 2dedr " deHj CM' 0.
fsCtcdolkz. | ttsBBl' foftsdkz s' iMw od¢ sicdMmist
Normalized BumRai o) Hd&v odwedz dzdzgv o detste’ dzdm ISJ T
fiskzy j doj &3 §f sh CtsHy jdedz? dz' " o sy jyORd [ 2]:

NBR = BandBA- BandlL2 2
BandBA+ BandlL2
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CdW Oy to Sdzs BBz H ' RG2S 208 Mg ks dzd S O

[ dzv o dH' dzj dedgv dzi "sHOQodz' n BBiY €Oty 2
"dzHj Sk dNBR (Di fferenced Normalized BLuU

dNBR = (NBRprefiré NBRpostfire), (3)

Hy NBRprddOiyjed" Hts sy @PollpdvNE Bp @wktzf i r e

4. [ GLESBSO ®sHjd dj 2tesdds’ Bty
0o dCtdmlsOlsd Oth' sjClktc® LetclsStots  dzaj 2
"Hj's tesBlsd OC dAo Y@ licss@aapt Yt L Gt
f' ' Hode t©€d. oD ' kjShkkttd & Mdlk! 3 L ¢t

ftsodetsL o' WL Cso h QOtcd . 1 so dz' Miss LoabwL C
nOteOCIsjtedmMisdSd wW¢ o9n' HdZ HOdZ , o9tcOnRtsolzk
P d@Rsawdz’ Mis: Istsets, hts IstsuQ(D ode ' t6Cd Y
Ho ' 2C g lekzlstotstfff) 2 dzlz W z dz¢ soow QW dilsyc o © 92 s
WedzC y'' v odL dzOyo 4k fmw lsOC.‘.c{ds yd dzts d3

g(y,y) = y-log§+ (1- y)log(1- ()

Hiy T fescdasL 5o Odg Y Ui dip@ ugj Cogdyvdz: Q dzO ) dzdzv .
BMjjHSBRY 53y Wehts kYSO dzgj Y= B O H ¢
QB tdy Mlss ke, s ksySo ‘' sMjtjHSBH

. 3ropTka
Bxiauuii map 3roprka

IlinBuboka Pe3yapTyoun map

Ilingndopka

Kapra 31auens 4

Kapra 31auens 2

Kapra 3nauenn3

t dhdten " Isj CIstztlz® degs ey’ GshEzCE 5% J
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‘' SH detizZB o fylg@ teso d - S tsMd3’ ydzd - L dz° o3¢ " o
otsdzd dzs Mo stedlsd Isd dzyoOfmse ™ Mjte' ™ § sdz
YyJjHEtGE fted2dawislsw o' h jdgdg" N sSHB f jtoj o
Otcdh ©) yYyoOMmisddes® o3 HdgEzzA EEOISAH SH XY B
dzsoz Lisdzz s34 %" . [ dzv toj Odz' L Oy' o
Isj te' ° tcOH' Oy’ 2 dgts’ Isj B j cOlskzted ¢ tsMmMd
Is d Is 1CipdzGedz) wy [ Olsj BBOIsd ydets yj dBsy dzO § toj

x =aQ; +b+E 4)

H jaiw M¢ tcOisg' st € Mj dzv L tsB tc @Y jndede'Oischtd) ISt Oy jyjC
L sBtoOY j dedzv fi'ifgdzf O € s p P f sd&3d dz€ O.

tJOdz LOYy' v dBjbtsHdSd odC tsdzByk®n 91 Qtotsd o
2 fHtoj HIMs@®Ez&jsdztioddy Mr j B3z t6j Odz' L Oy' ° dgj Ists
@O ydWttseadn L dz &3¢ OR .

TET AT
Q@88

G Ei~=sIsaQg
9

ImageDataGenerator

A N
—

4 Nl rescale=1./255 : g T
target_size={150, 150}
Input_shape=
{{Mone, 3, 150, 150})
data/img_train/ A 4
B 4 )

data/img_val/

Inception

£ el
13 ”ﬁ“
A 4
Output_shape=
{{ None, 2048L, 3L, 3L}})

!

bn_features_train.npy

weights='imagenet’ @ —

bn_features_validation.npy

{ dBulbttkClktcdzd MEj KO Mo sts) dedg? dzj 2 615z
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@ ©jN0 fsCOLOkO L &Oyj dzdg" Isydesils' 97 %,

v OB ddf yvw
vssydesmils® BOMsES, sy s Bu@iz dz@r H S e
LOftotsf sdgtso Odgts™ d3d ssHdS d

[OMmSC O ssyds M , %
NBR 70,24
dNBR 76,58
MIRBI 59,14
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