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wnubny  wdwwihu b pwpép  wpnwnpnquyuingpiwdp  Bupwlwnnigwdpubiph
wnwudUwhwunynipyniubpp b wofuwwnwtpwiht hnupbiph pwpnnugniutbpp:

31 bupwqund ubplujwgynid £ juunph dbwybpwnudp’  pungdtind 5N
wnyjwjubiph dowljdwu wytuwwnwupw)hu hnupbpnud pwqdwdniuyghnuw|
owwnhdwiwgdwl Uwluwynigynup: 6% ndjuiubph wpynibwybn dowldwt wnlw
wo2fuwwnwupubpp  Ybpwpbpdnd BU ndyuiutph dowldwt  npulh pupbwydwn,
huswbu ophtuwl nhuwpyndubph punpniejwup b wwuwynpdwup' oguwgnpdbing
wnyjwiubph pwotujwd dowlydwu dhowduwpbin, ntgpbupnu dnnbjubp ud ghubwnply
wgnphrdubin:

(bl 6T nyjwiubph dwldwu wpryniuwybnnigniup 2un Juplnp £, wjo ybinp
E hwjwuwpwlpnwd |huh hwoynnulywu nbuniputibph ogqunugnpddwt nunbuwljwu
wpryniuwybwnigyut hbwn, hwnwwbu wdwh ypw hhdudws dhowywypbipnid, npinkin
Swhuubipp Yuwwywsd Gu nbuniputbph uywndwu hbwn: SYjwiubph pwofudwsd dowldwu
hwdwp wprynitwybn Juunmbph Juqdwsl punpbihu wponwnpnquuunigyut b
wndtiph Uhgl wpmynitwytin tinfughenud quntityp ndquwin £, putih np uh 4nndhg wytih
owwn hwyynnuwlwt nbunipuubiph oguwgnpdnwip Yuwpnn £ hwugbguly wndjwiubph
dowdwu wybih vbd gniquhbnwgdwup U dwdwuwyh Yndwndwup, huy dinwu Ynndhg
wju wybith Ubd dwiuubip | wnwowgunid wdwwjhu dwnwlwpwpubph Ynndhg: Pwgh
wyn, wprynituwybwn Yuuwbph Yugdwslh punpniggniup NP nuup fuunpp t:

T ndywiubph dywydwt wnwownpwuph wpunwnpnnuljwunijut b dwfuubipp
Uwwwwlubpp Ywpbh £ ubpluywgyty htinlyw) pwtwsbbinng.

t = t(s,nr)
p =vnr
r € Ryns €N

npnbn U U v-u hwiwwwwwufuwuwpwp  wpunwnpnnuljwinyyut b dwiuubph
uwwwwlwihu gnpdwnnypubpu Bu: 0 5% wnwownpwuph Yuwnwpdwy dwdwuwlu
E, hwodh wnubind s pwpnnipgniup Yuiujws dnunpwiht ndyuiubph dwywihg b
wnwownpwuph pwpnniniuhg: <wpynnuijwt Yuumbpp punugwsd £ n pyny
hwugnygubiphg, npnughg jnipwpwitgnip niup r nbuwyh hwoynnulwu hwugnygubip
nhunwpydws R dbpgwdnp 2wpphg: 6% ndywiubiph dpwldwt wnwownpwuph  p
wpdbpp Juhujwd | wnwownpwiph  Juunwpdwt  dwdwuwlhg U hwynnuijut
Ywuwnbph  punipwgpbphg,  dwutwynpwwbu  hwugnygubph pwuwyhg UL
hwugnygubiph wbuwlyhg: Uwnnpl. pipdwé pwuwdlu ogunwgnpdynid b hwoynnuiywt
nbuniputbph  wpryniiwybn hwdwlgngeyniup - quubine hwdwp' hwodh wnubing
wpuwnpnulwuniypywt U Swiuubph twywwnwlubpp.

min[t = t(s,n,1),p = v(tn1)]
TER
O<t<st0<p<yp

npwbn t-U nu p’-u wnwewnpwuph Ywwwndwtu dwdwuwyh b Swiuubiph pniebh
uwhdwuwwynwdubpu bu:
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3.2 bGupwqniup ubpluyugund £ BT wyuiubph dwldwu  hwdwihp

hwdwywpgnud pwotujws huynnulywu Ywumnmbph punpnigjwiu pugdwdniulghntiw
dtpnnh hpwlwuwgnuip hwoynnulwu nbuniputtiph wprynitwybun b pun wywhwugh
punjwydwt hwdwp (nbu LHwp 2):

Llwip 2: Upryniwybin hwoynnuiywu Yuwuwnmbph punpnigjwt pugdwdniulghnuwg

dbpnnh Yhpwndwtu wofuwnwupwihu hnuph gdwuwwwnltpp
<wdwlwpgnud dapnnp hwunhuwundd  npwbu Swnwyniejni’ huwpwynpnig)niu

wwny  unbindt]  wpryniiwybn - Juunbpughtt juqdwasubp hwpgh - wnubing
ogunuignpénnutiph  Jwpppubpp, dwulwynpuwbu 6% wnywiubph  dwldwu
wpuwnpnqulwuneymp - b sSwiuuwpryniwybinngegmiup: - Ubpnnh - Yhpwnnudp
uYwpwgpynid £ hGnlyw) wptuwwnmwupwiht hnupny.

L

Oquwgnpdnnp hwpgnid £ ubiplujwugund Processing engine-htu inpwdwnpbiiny
wuhpwdtion  wwpwdtinpbipp, huswhuhp  Gu  hGunwppppniejwt wwpwdpp,
duwdwiwlwhwwinwdp, dowldwt wnwownpwupp, Ywwnwnpdwu dwdwuwlyh (t7)
L Swiuubpp (p') uwhdwuwhwlynwfubpp:

Wunthbwnl  hwoynnuywyu  Jwuwnbph  wpryniowybn - ugdwdubpp  npnobint
hwdwn  Processing enginep hwpgnifu  nuinupynud £ owyuiphdwjwgdwu
dwnwyjnipyntu:

Processing engine-u ogunwgnpdntd £ owyuinhdwjugdwt Swnwjnipjwt wnwownljwd
wpryniuwybin - Yuqdwdslbpp Dask  gateway-h  dhongny  Ywuwnbp  uwnbindbijnt
hwdwp: Lwjwgnyu Juunwpndu wwywhnygnn Juqdwald punpdnud | nGut,
et  Ywu Jh  pwup  wprymtwybn Jugiwalbbp'  hwoyh  wnubing
wnuwnpnnulwunyejwu U dwiuubph tywwnwyutnp dhwdwdwiwy:

Processing engine-p uwbndnud £ hwodnquluwu  gpwd’ hwodh  wnubing
hwbwlunpnh  hwpgnudp, U ppwlwbwgunid - wju Dask  Yuuwnbpnid,  npp
wwhweoynn wyjwjubipp ubipptinunid £ 6% wwhngubphg U ulunwd inydjuijubipp
pw2fujwd dpwlnidp:

Ubpowwbu, dowlywsd wpryniupp wnwpynid £ oguinwgnpdnnhu:

n



Sentinel-2 Cloud-Optimized GeoTIFF 7
g ’
Algorithm  Optimization algorithm
Require: , ,p' > Task complexity, execution time and cost constraints

Ensure: min |t = tgn P v[t.,n,r)] subjectto:t < ',p <p
rcRr

configs f- finite set of Dask cluster configurations
results 4- {3
optimalPoints 4—{}
for config inconfigs do
time 4- r(s, n, r) pfind or predict execution time for the given config and complexity s
cost 4- time x config .instanceRate x config.nodes
ifcost <p ANDtime < ' then
results.append!(con/ip, cost, time))
end if
end for
forr inresults do
nonDominatedPoints 4- {r.cost > it.cost AND r.time > it.time foritinresults}
if nonDominatedPoints is empty then
optimalPoints, append(r)
end if
end for
returnoptimalPoints

16 A. Asmaryan, V. Muradyan, et al. Paving the Way towards an Armenian Data Cube. Data 2019, 4, 117.
17 Sentinel-2 Cloud-Optimized GeoTIFFs . https://registry.opendata.aws/sentinel-2-12a-cogs/
18 S. Petchrompo, D. W. Coit, et al. A review of Pareto pruning methods for multi-objective optimization, Computers & Industrial Engineering,
167:108022, 2022.
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EO Cloud Simulator (EOCSim) ,
CloudSim1

(Million instructions per second-MIPS)

3.3

CloudLab2

19 A. Sundas, S. N. Panda, et al. An Introduction of CloudSim Simulationtool for Modelling and Scheduling. 2020 International Conference on
Emerging Smart Computing and Informatics (ESCI), pp. 263-268, 2020.

20 D. Duplyakin, R. Ricci, A. Maricq, etal. The Design and Operation ofCloudLab. In Proceedings OfThe USENIX Annual Technical Conference
(ATC), 2019.



Dask '
2
64 128
' Sentinel-2 NIR, RED, BLUE GREEN
( -0,08 ), (
-0,32 ) ( 1,2 )
3-
3:
5,7%- - ( :

21 H. Astsatryan, V. Sahakyan, et al. Strengthening compute and data intensive capacities of Armenia. In 2015 14th RoEduNet International
Conference - Networking in Education and Research (RoEduNet NER), 2015.
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ujuwqgbgubiny hwoynnuijwt nbunipuubph Yhpwndwt hwdwp wwhwusynn wpdbipp:
CSwpwpwlywu  dwipwpbnujwdnyeymup  nwnwluwuppbihu,  pninp nhnwplws
Ywuwnbph Juqdwéslbph Yhpwndwt nbwpnid uuwwpdwt  dhoht dwdwuwyh L
wnpdbph hwdtdwwniginiup wpryniuwybn uqdwsubph nbwpnud unwgywd dhoht
wndtipubiph htinn gnyg £ wwhu, np htwpwynp £ hwuaub) hohtp 2,3 wuqwd wybih
wpwd Juunwpdwu dwdwuwyh b 4,7 wugud Ypbwnws Swiuubph:

EOCSim dnnbh quwhwwdwl wpryniiplbpp gnigwnpnud Gu, np dnnbp ndh
pwpdp Gogpunggnuy, bpp hwdbdwnynud b ppwlwu wpryniipubiph hbn, ophtwy’'
Cwywunwuh  wnwpwéph  hwdwp  owpwpwlwt  NDVI-h  wuwnwdwdwuwlyh
Ywifuwwnbudwu nbwpnd R2=0.88, huly vhehu pwnwiniuwihu ujuwjwupp RMSE=78'
hwayh wnuGng dh 2wpp Yuunbpuht Yuqdwslbp, npnughg jnipupwgnip niuh
wwppbp pwuwyh b wnbuwlh hwugnygubp:

3.4 bupwgntbup hwyppd wdthnthnd £ 3-pn gfunud unwgywd wpryntupubpn:

Gynifu 4-p htrnwgnwninud £ ubinddwu nbluuhYuwgh wgnbgnieyniup jwjtwswyw; 6%
wjwiubph  hwdwpwsniubph  dwldwu  Ypw'  Uwwwnwl  ndbbwgng qutlg
hwywuwpwlznnigniu wywhbunwiht twpwsdph  futwjdwt b wyjwiubph dowlydwu
wpwgnipjwl pwpdpwgdwt dholt: ©nfjughodwt hwjntwpbpnudp  htwpwynpnieniu
Yuw futiwg b wwhngh hhonnneyniup’ dhwdwdwuwl wwhwwubing Yud pwpbuybing
dwldwu wpryniuwy Gnnigyniun:

4.1 upwgunud ubplujwgywsd £ wouwwnmwuph Uwuwwwwndnipniup, Ubpwnyw
(wjitwéwyw|  wdjuwjubph  dwldwt  owwhdwjwgdwu  gnnigyntt niubignn
dnintgnudubipp:  Mwhbuwnwht - wwpwsph  wwhwywudwu b wnyjuibph  dowlydwu
wnwgntejwu thnfughetwup hwutbnt hwdwp ubplujwgywd Bu wdjwiutph ubnddwu
wgnbgnipiniup ndjuiutph pwofujws dowldwt hwynuh dhowwynbinh hwdwp: Uy
htnhuwyubph  wofuwwwupubpnid  hGnwgnnjwd  Bu dEdwdwdw]  wndjwiubph
dhowywjpbph wpnwnprquywuniyejwu  pwpapwgnudip npng uwhduwdwynudubipny,
npnup wannd Go npnonudubiph Yuywgdwt Jpw: <Gnhuwlubph  Ynndhg gnyg |
wnpywd, np dhowdwintiph wpunwnpnnuwunteniup pwpdpwund &, Gpp dnwnpught
wnyjwiubpp ubndjwés Gu, Ywd Gpp thnthnfudby 5o npny Yugqdwésldwu wywpwdbnpbn,
ophtwy Ynluophtwlutiph pwtiwlyp:

Utp Ynnudhg wnwswplynn ndnuwp ubpwnnd £ wwppbp  wluwnwupwhu
hnupbph  hwdwp  ubnddwt  wpryniuwdbn - daennubph - hwynuwpbpnudp'  hwodh
wnubiny wndjuiubph dowldwu dwdwuwlyp: “huownplyb) Gu nbipunwght, pywiht,
huswbu uwl wppwijwlwiht  wwwybpubph  hwdwp  hwuwublh - wnwug  Ynpuwnh
wnwiubph ubnddwt pninp dbennubpp, npnup wowlgyntd Gu dhdwdwdw| wyjwiubph
twldwt dhowduwypbiph Ynnuhg:

4.2 bupwqiund ubpyujwgywsd bu  quwhwwnwiubp, npntp pungdnwd  Gu
wnjwiubph ubnddwu  wpryniuwybnneeniup dedwdwdw) 5% wyywiubph dowldwu
dwdwuwl:  Fuwhwwndubpp  gnyg U wwihu, np ubnddwu  Jdbennubpp  niubu
ubnddwu  wwppbip  gnpdwlhgubp W gnigwnpnd Bu  nipwhwwnly Jwppughd
wnjwiubph pw2fudws dowldwt pupwgpnid: Ukdwdwyw) inyjwjubnh dhowyw)pbpnid
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wnjwiubph  ubnddwu  Jbpnnubph wpryniuwybungeniup quwhwnbine hwdwp
puwnpybp GU nbpunwiht/pdwiht 5% wdjwiubiph hwdwp WordCount Lt LogAnalyzer
hwybwsdutpp, npnup oguwgnpdynid Bu indywiubph ybipnwdnijuu b dywldwu dby,
Ubpwnyw|  wbpunwihu L pdwhu  wnywiubph quindp,  huswhuhp  Gu

K-Means s

NDVI

Dask  Spark

s Deflate- Zstandard- : 4-
ubpYwywgunud £ Dask-h W Spark-h wpnwnpnnuwunigjwu  hwdbtdwwnnyeyniup NDVI
hunbpuh hwoduplh hwdwp' hwpdh weubingd  dnunpwht - wndjwiubph  wwppbip
Swywiubipp b ubnddwt Jeennubpp, npnup wowlgynid Gu dhowdwypbph Ynnuhg:

Llwp 4: Dask-h L Spark-h hwubdwnnigniup' hwoh wnubing 16, 32, 64 9P
Swywny dninpwihtu niyjwiubpp b wowlygynn ubinddwu dhpnnubpp

Ywwnwnyws ghunwihnpébipp gnyg Gu wwihu, np Dask-p W Spark-p tnpwdwnpnid
GU wyjwiubph dowydwu tdwlwwhy Yuwnwpdwu dwdwuwly, huly Dask U Zstandard

16%-
4,72 3,99
Dask- Spark- Deflate s

4.3
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Regression model

JIreference

Prediction module

HTTP request
(recommendation or
prediction parameters)

User  HTTP response

(configuration's
recommendations e

simulation time)

RESTful
API

Recommendation module

Llwp 5: Upinwnpnnuywunggjwt owunhdwjwgyws npnanuwiubiph uywgdwu
Swnwinipjwl Yunnigwdpp

Dwnwjnypniup  pwnlugwd £ wnwowpynipiniutbph  (Recommendation) L
Ywujuwwbudwl (Prediction) dnnnijutiphg: Ywlfuwnbudwt  dnnnyp qguwhwnnud |
njwiubph Hwldwu  dwdwuwyp' hhdudbind  wwppbp  gdwiht L pwqdwunwy
nbgptiupnt  dnnbiubph pw, npntp nwnigwoybp Bu oguwgnpdtiing  uphdnijjuwghnt
wjwubph  hwjwpwdniubph  dnnGudnpdwt hhduwlwt  hwwnlwuhoubpnp:
Nunigwudwu pupwgpnd bwqugniup £ hwugyb) htnlyw| Ynpuinh $niughwt.

= (In(y) -XpYbly) - Xp) + XpP

T X-
Y- X
) 1-
(cross-validation) :
/ = exP , Yy~

p Yuunwpdwtu Yutfuwnbujwd dwdwuwlyu £

Unwownynieyniuubiph  dnnnyp hfudbind Ywufuwwnbudwt  dnnnuh wpwdwnpus
wpryniuplbph Yypw U hwogh wnubing ogquwgnpdnnh  hwpgnudp  wnpwdwnpnd |
wpryniiwybn - wnweownpynigyniu: - Unnnyp nhuvwpynud £ pnpnp htwpwynp
Ywqdwslbpp' hwodh wntbind nyjwjubph ubnddwt wewlgynn bpnnubpp wnyjw
wotuwwnmwupwiht hnuph hwdwp: Ywtfuwnbudwu dnnnip Yhpwnynd £ htwpwynp
Ywqiwsubph  Ywwwpdwt  dwdwtwlubpp  quuwhwnbine hwdwp:  dbpowwbu,
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wnwownynyzjnwiubph  donnyp nuuwynpnid Eounwigjwd  wpryniupubpp puin
Yuwwpdwt dwdwtwyh U ybpwnwpdund wdbtwwy n juqdwsubnpp:

4.4 Gupwgqnifup wdthnthnud t 4-pn gqifup wpryniupubipp:
Uzfuwwmwiph hhduwlwy wprynitupubpp.

1.

Uowlyty £ wnwug ubipdbph, hwoynnulwt Gupwlwnnigwsdphg wulwiu L
punwjuynn 6% wnyjwiutph Jowldwu hwdwihp hwdwlwng, npp pwjwpwpnid £
dbdwdwyw| wnyjwjubph  wpryniiwygbn - dwydwu b wwhwywudwu  hwdwp
nhunwpyyws hhduwlwu uwmwpnnwywu gnigwuhoubphu [1, 4, 5]:

Uowlydty £ &% wnfuiubph  wpryniwybn dowlydwu  hwdwp  pupfujwd
hwoynnuywt  Yuuwnbph  punpnipjut pugqdwdniulghnuw  dbenn’  hwayh
wnubiny  hwyynnujwt  Gupwlwnnigwsdpubiph  wnwusuwhwwnynipyniutbpp W
wytuwwnwupwiht hnupbiph pwpnnigniup [3]:

Uowhdty £t B wduiubph wwhywudwtu  hwdwp  Gwfuwnbuwd
wnuwnpnnulwunyewu owinhdwjwgywd npnonwfubiph Yujwgdwu
Swnwjntpnlu, npp ndjwiubph dowldwt wpunwnpnnujuwunigjwiu  pwpdpwgdw
hwdwp wnwowpynd E ndyujubph ubnddwt wpryniuwybwn dhpnnutbp [2, 6, 7]:

Lpwywpwyjwsd woluwmnmwupubph guly

1.

H. Astsatryan, A. Lalayan, G. Giuliani, “Scalable data processing platform for earth
observation datarepositories”, Scalable Computing: Practice and Experience, 24(1), pp. 35-
44,2023, doi: 10.12694/scpe.v24i1.2041.

A. Lalayan, “Data Compression-Aware Performance Analysis of Dask and Spark for Earth
Observation Data Processing”, Mathematical Problems of Computer Science, 59, pp. 3544,
2023. doi: 10.51408/1963-0100.

A. Lalayan, H. Astsatryan, G. Giuliani, “A Multi-Objective Optimization Service for
Enhancing Performance and Cost Efficiency in Earth Observation Data Processing
Workflows”, Baltic Journal of Modem Computing, 11(3), pp. 420-434, 2023. doti:
10.22364/bjme.2023.11.3.05.

H. Astsatryan, H. Grigoryan, R. Abrahamyan, A. Lalayan, S. Asmaryan, G. Giuliani, Y.
Guiguz, “Scalable data processing and visualization service of Sentinel 5P for Earth
Observations Data Cubes”, Arabian Joumal of Geosciences, 16, 618, 2023. dot
10.1007/s12517-023-11672-y.

A. Lalayan, H. Astsatryan, G. Giuliani, “Enhancing Earth Observation Data Processing
through Optimized Multi-Modular Service”, Computer Science and Information
Technologies (CSIT), pp. 95-98, 2023. doi: 10.51408/csit2023_19.

H. Astsatryan, A. Lalayan, A. Kocharyan, D. Hagimont, “Performance -efficient
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PazpaGorka 001auH0I B BBICOKOTIPOU3BOAUTEILHO T1aT(0 PMBI JJ1S1 JAHHBIX
HabmogeHns 3eMin

Pesrome

Jlanmpie HaGmonenns 3emm (H3) mpeacraBisior coGoii orpoMHBIT 06heM HUH(GOpMAITUY,
cOOPAHHOM CO CITy THUKOB, CaMOJIETOB, IPOHOB U HA3EMHBIX JJATYUKOB. OTH JJAHHBIE HEOOXO0TUMbI
JUISL MOHUTODHHTA OKpYaloIied cpenpl, MpeJocTaBisisl HHPOPMAIMIO O Pa3UYHBIX CIOSIX
3emmm, BKTOUas arMocepy WM BOAHBIE pecypchl. YeemmueHne o0beMa qaHHeX H3 Tpebyer
OTPOMHBIX BBIMMCIMTENBHBIX PECYPcoB L 0OpaboTKH KPYIHOMACIITaOHBIX —JTAHHBIX
JIUCTAHIMOHHOTO 30HUPOBAHMS.

Hccenenoparensekue coolIecTsa MO0 HCIIONB3YIOT ClIeTHaIN3UpoBaHHble Iiardopmpl H3,
WM TOIB3YIOTCS OONMMU CEpBHCAMH UM BBIUMCIMTENBLHBIME pecypcaMd  IT0OaJbHBIX
vH}pacTPyKTypHBIX IIpOoBaliiepoB, Takux kKak Amazon, Google wm Microsoft, xoToppe
IIpeyIaraoT y100HbIE CEPBUCH ¥ OTPOMHBIE BEIUUCTIUTEIHHbIE MOIITHOCTH U PECY PCHI XPaHEHHS
JaHHBIX. O0a TOJAX0Ja MMEIOT CBOM IIPEUMyINECTBA M OrpaHMYEHMs. Pa3muuHble
CIIEIMAIM3UPOBAHHbIE IUIATGOPMBL  IIpeJIaraloT KOMIUIEKCHBIE pENIeHus Ul JOCTyIA,
o6paboTku n Br3yam3arm JaHuex H3, Takwe xax Sentinel Hub (SH), Google Earth Engine
(GEE), WEKEO, CREODIAS u ap. 3t mwiargopMbl HHTETPUPOBAHDI C BHIUUCIHTETHLHBIMI
uH}ppacTpyKTypamu, Ipe/iaracMpIMI MUPOBBIMU 0OTauHBIMU ITpoBaiiiepamu. B yactHocTH, SH
paboraer Ha Gaze Amazon Web Services, GEE pasmemiaercs na Google Cloud Platform, a
obmaunsle Tarpopmel WEKEO n CREODIAS, co3nannse o unuimaruse Copernicus, - Ha
CloudFerro. Takum oGpa3oM, TToH0GHBIE PEMICHUST SIBISIEOTCSI OOMUMIA U JOCTYIIHBI TOIHKO
[ONB30BaTesIM  TeX HHQPAcTPYKIYp, KOTOphle IUIATIT 3a UCIOIb3yeMBlE PEecypPChbL
CyIIecTBeHHBIM O PaHIYIEHUEM SBIBIETCS TAKKe MIPUBSI3KA K BEHI0PaM, IIOCKOIBKY IIepexo | Ha
JpyTyio mwiardopMy W oOIauyHOTO IIpoBaiijiepa U3-3a HAJIMUKS IIPOIIPUETapHBIX popMaToB u
HMHCTPYMEHTOB 3aTpy/iHeH U TpebyeT GOMbINNX 3aTpar

UroOBl YMEHBIIWTE 3aBUCHMOCTh OT IIOCTABIIMKOB M OOIMX pEIIEHUH, OOCBIMHO
HCTIONB3YETCs pear3alisl KOHIEIIMK Ky0a JIaHHBIX HaOMIOJEHUS C OTKPBITHIM HCXOHBIM
KonoM, m3BecTHas kKak miarpopma Open Data Cube (ODC). ODC opranuzyeT JaHHBIE B hopmMaTe
KyOoB, 4To oOnerdaer IPOBEJCHUE IPOCTPAHCTBEHHO-BPEMEHHOIO aHalu3a. SIBILLICH
CaMOCTOATENBHOM INIaTGOPMOTL U HE 3aBUCS OT KOHKPETHBIX BRIUHCIIUTEIBHBIX HHYPACTPYKIYD,
ODC ofecnieurBaeT THOKOCTB, IIO3BOJEI IIONB30BATEIM CO3JaBalb CBOM BK3E€MIUEIPHI U
aJlalTHPOBaTh CUCTEMY K CBOMM YHUKAIIBHBIM ITOTpeOHOCTIM. OiHako cpena ODC cTankuBaeTest
¢ mpolreMaMd TOPU3OHTAIbHOM MacImTaGupyeMOCTH, IIPOU3BOJUTEIHFHOCTH U JPYTHMHU
dbaxropamu, HeoOX0TUMBIMU JUI 3 GEKTUBHON PaBOTHI ¢ PACTYIIIMMU OTPECHOCTEH B JIAHHBIX
H3. Kpome 1010, 3arpyIHEHO aBTOMATUYECKOE IPEIOCTaBIEHHE CTOPOHHUX BBIUUCIUTEIHHBIX
mHppacTpykTyp ¢ ODC.

YuuThBas yKa3aHHbIE OTPaHUYEHMs, HEoOXoquMo pazpaboTarh HE3aBUCUMYIO OT
BBIMHUCIHUTENFHON HHPPacTPYKTy Phl KOMIUIEKCHYIO cHCTeMy 0OpabOTKHU JaHHBIX HaOMIONECHUS
3emMm, 00eCIICUMBAIONIYIO THOKME WM MAcIITa0UpyeMble PENICHUS C YUYETOM Ba)KHEMUITHX
KIOUEBHIX TIoKazarenet 3¢ PeKTUBHOCTH.
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He.]'[b H paccMarpuBaeMbI€ 3aJaUn

OCHOBHOM IIeTBI0 PaboTHL SIBIIETCS pa3paboTKa MacITabupyeMoit KOMIDIEKCHOM CUCTEMBI

o6paboTku faHHBIX H3, He 3aBHUCSIIEi OT BEUMCIUTEILHBIX HHPPACTPYKTYP. JIIT TOCTHREHHST

3TOU 1Ier paccMarpuBarOTCA CIICTY IOIUE 3aJavuH:

1.

PaspaGoraTs MacniiTabupyeMyro 1 GeccepBepHY IO KOMITIEKCHY IO CUCTEMY 00paboTKH
JaHHBIX H3, B3amMOJAEHCTBYIONIYIO € XpaHWIMIIAMU JaHHBIX U OOIauHBIMA
BBICOKOIIPOM3BOJUTEILHPIMA ~ MHQPACTPYKTYpaMd W HE  3aBUCSIIYIO  OT
BBIMHMCIUTENBHBIX HHPPACTPYKIYDP, 0O0ecIeuUBaromyo >bPekTHBHyI0 U THOKYIO
00palboTKy JaHHBIX.

PazpaboTarh MeTO L MHOTOOOBEKTHOM ONITHMU3AIIMY IIPH BEIGOPE paciIpe/IeTIeHHOTO
BBIUMCIIUTEIFHOTO KiIacTepa il oOpaboTkd JaHHeIX H3, oOecreunBarommii
MacITaGUPOBaHUE BEMUCIUTENBHBIX PECYPCOB I10 TPEGOBAHHUIO C YUETOM Pa3IMUHbIX
($axTopoB, TAKUX KaK IIPOU3BOIUTEIHFHOCTE U CTOUMOCTE.

OILIEHUTD BIMSIHAE METOIOB CKaTHS JAHHBIX Ha pacIIpe/IeNeHHY 10 00paboTKy OOJIBITIX
JmaHHbIX H3, oOecrieunBas OanaHe MeKIy SKOHOMUEH Ha XPaHIWIMIIE U YIIy YIIIEHUEM
cKOpocTH 00pabOTKH.

HpaKmquKaﬂ SHAYMMOCTH paﬁoml

PazpaboranHasi KOMITIEKCHas! CHCTEMA MOKET OBITh UCTIONB30BaHa 711 3 hekTHBHON 06 paboTku

KpyIHOMAacIITaOHBIX JaHHBIX H3 ¢ ydeToM NpOHM3BOAUTENLHOCTH OOpaGOTKU JAHHBIX H
($axkTopoB CTOMMOCTH C HCIONB30BaHUEM OOIAYHBIX WM  BBICOKOIIPOU3BOIUTEIBHBIX

HH(PACTPYKTYD.

CTpykTypa 1 00beM padoThl

Juccepraimsi cOCTOMT W3 BBEJCHWI, 4 IMaB M CINICKA HCIOIB30BaHHON IMTEpaTyphL
Jlucceprarms HarvcaHa Ha 109 cTpanuiiax v umeeT 124 cchUIKK Ha JIUTEPary py.

OCHOBHBIE Pe3YIbTaThl paGoThI

1.

PazpaboTana mMacmrabupyemast, GeccepBepHasl U He3aBUCHMAS OT BBIMUCIUTEIIHHON
uH}pacTPyKTypHl KOMIUIEKCHas cucTeMa 00paboTku JaHHBIX H3, y 10BIeTBOpSIOmas
KIIOUEBBIM II0Ka3aTelsIM IIPOM3BOJUTENBHOCTH Ul dddexTuBHON 00paboTku U
XpaHeHUsT KPyITHOMACTIITa0HbIX JaHHBIX [1, 4, 5].

PazpaGoTan MHOTOIETIEBOH MeTOJ[ BRIOOpPA PACIPEAEICHHOTO BBUUCIUTEIHLHOTO
KmacTepa it 3QQpekTrBHONH 06paboTku maHHBIX H3 ¢ yueToM ocobGeHHOCTeH
BBIUUCTUTENHHBIX HHPPACTPYKTYP U CIOKHOCTU pabGounx mporieccos [3].
PazpaboTaH 0IITUMU3HUPOBAHHBIH I10 TIPOU3BO AU TEIHHOCTH CEPBUC IIPUHSTHS PETIEHHUH
JUISL XpaHeHus JaHHbIX H3, pexoMeH Ty ronuii 3¢ ek TUBHBIE METO /B CKaTHSI TAHHBIX
JUISL TIOBBITIEHUS IIPOU3BO JUTENHHOCTH X 00paboTku [2, 5, 6, 7].
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Development of a cloud and high-performance platform for earth observation data

Abstract

Earth observation (EQO) datarepresentthe vastamountofinformation gathered from satellites,
airplanes, drones, and ground-based sensors. This data is essential for aiding environmental
monitoring, providing information on different layers of the Earth, including the atmosphere or
water resources. Increasing EO data requires enormous computing resources to process large-
scale remote sensing data.

Research communities either utilize specialized EO platforms or leverage shared services and
computing resources from global infrastructure providers like Amazon, Google, or Microsoft,
which offer user-friendly services along with enormous computational and storage capacities.
Both approaches have their advantages and limitations. Various specialized platforms offer
comprehensive solutions for accessing, processing, and visualization ofEO data, such as Sentinel
Hub (SH), Google Earth Engine (GEE), WEKEO, CREODIAS, etc. These platforms are
integrated with the computing infrastructures offered by global cloud providers. Specifically, SH
operates on Amazon Web Services, GEE is hosted on the Google Cloud Platform, and the cloud
platforms WEKEO and CREODIAS, initiated by Copernicus, are situated on CloudFerro.
Therefore, such solutions are general and available only to users ofthose infrastructures that pay
for the used resources. Vendor lock-in is also a significant limitation, as switching to another
platform or cloud provider due to proprietary formats and tools is difficult and expensive.

To reduce reliance on vendors and generic solutions, the common approach is to employ an
open-source implementation of the Earth Observation Data Cube (EODC) concept, known as the
Open Data Cube (ODC) platform. ODC organizes data in cube format, facilitating spatial and
temporal analyses. As a standalone platform and independent of the specific computing
infrastructures, ODC offers flexibility, allowing users to establish their instances and customize
the system to their unique needs. However, the ODC environment faces challenges in terms of
horizontal scalability, performance, and other factors crucial for efficiently handling the
expanding needs of EO data. Besides that, the automatic provision ofthird-party computational
infrastructures with ODC is complicated.

Considering the mentioned limitations, it is necessary to develop a complex EO data
processing system independent of the computing infrastructure, which provides flexible and
scalable solutions, taking into account crucial key performance indicators.

The purpose and problems of the work

The main purpose of the work is to develop a scalable EO data processing complex system
independent of computing infrastructures. To achieve this goal, we consider the following
problems:

1. Develop a scalable and serverless EO data processing complex system that is
interoperable with data repositories and cloud-HPC infrastructures and is independent
of computing infrastructure, ensuring efficient and flexible data processing.
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Develop a multi-objective optimization method for choosing a distributed computing
cluster for EO data processing, which will provide on-demand scaling of computing
resources, taking into account various factors such as performance and cost.
Evaluate the impact of data compression techniques on distributed Big EO Data
processing, striking a balance between storage savings and processing speed
improvements.

The practical significance of the work

The developed complex system can be used for efficient processing of large-scale EO data taking
into account data processing performance and cost factors using cloud or HPC infrastructures.

Structure and scope of work

The dissertation consists of an introduction, 4 chapters, and a listof used literature. The thesis is
written in 109 pages and has 124 literature references.

The main results of the work

1

A scalable, serverless, and computing infrastructure-independent EO data processing
complex system is developed to meet key performance indicators for efficiently
processing and storing large-scale data. [1,4, 5].

A multi-objective method is developed for selecting a distributed computing cluster for
efficient processing of EO data, considering the specific characteristics of computing
infrastructures and the complexity of workflows [3].

A performance-optimized decision-making service for EO data storage is developed,
recommending effective data compression methods to enhance data processing
performance [2, 5, 6, 7].
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