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UchuuSuuLLh LLULNRT APLNRBFUSHNL

fdtdwyh wpnhwlwunipyniup: <wdwlwpgswihu wkfuuninghwubiph qupgqwgdwu
htin  gnigpupwg  wybjwunw Gu uwl qbubpwgynn wnduiubpp b upwtg
mwpwpunyp pwaunieniuutiph (unpnyninipuwynpywd L ny
unpniyuniqpuynpywsd)  dSwjwh b pwpn Yuwnnigywdéph  wwwnbwnny
wuhpwdbonnyeniu £ wnwowuntd Yhpwnb) unp dninbgnudubp' upwg dowydw,
wwhwywudwu W Ybpnidnigywu hwdwp:

dbpp Updwd pwadnipniuutipp hwunhuwund Gu dGd ndjuiutp (Big
Data), npp Doug Laney-h Ynnihg' uwhdwuyby b Gipbip hwwnywuhgubiph dhongny
(dwyw), wpwgneintt, pwqdwquunyeniu). «Ukd nduubpp dbd Swywind,
pwndp  wpwgnipjudp  WQJwd  dEd  pwqdwquunyjwdp  hubnpdwghwih
pwqunieintu k, npnd npngnwiutiph Yuywgdwu, hdwuwnubph hwjnuwpbpdwu L
gnpdpupwgutiph owwhdwjwgdwt hwdwp wwhwugynwd Gu  dowydwu unp
aubip»: dwdwuwyh pupwgpnd wybjwgt) Gu J&d wnyjwiubpp punypwagpnn bu
Gpynt hwuinywuhoubp' 6odwpnwghnigniu W wpdbp: UGd ndjuijubph dowydw,
wwhwwudwu, Jbpnwdnipjw, yhgniwihqughwih L nwpwddwu
gnhpdwnnyputiph  hpwywiuwgdwu  hwdwp  ogquwgnpdynd £ pwpép
wpunwnpnnuywunejwdp  nduiutiph - Jbppnodnyeiniup (HPDA - High
Performance Data Analytics), nnp dhwynpnid | pwpdp wpunwnpnnuywuniypjudp
hwodwpyubipp (HPC - High Performance Computing) utid injjwjutiph htivn: HPDA
fuunhpubiph NWddwu hwdwp gnjneyntu niukignn gnpdhpubipp wwwhnynd Gu
Jbpp upywd gnpdwnnypubph fudphg npnawlh Gupwfudpbiph hpwlwuwgnud
Ywhujwsé uwwwwlwihu fuunphg Ywd jnipwpwignip gnpdwnnyph  hwdwp
gnynipniu niukignn dpwgpwihu  (nidnwiubpp dhdjuwug htn  thnfuuwwygtine
pwpnniejniuutiphg:  Ogunwwbpp  gnpdwnnypubph  wdpnnowlwu  ghyh
hpwlwuwgdwu hwdwp unhwyywsd £ jhund fuunpp nddwu b wpryniupubiph
nwnwitwuhpnijwu hwdwp ogunwgnpdt) dilhhg wytith Spwgpwiht dhowduwyn:

Wn huy ywwwédwnny fuunhp £ wnwowunw dowlb) wjuyhuh depnnutip L
Spwagpwihu  dhongubip, npnup  huwpwynpnigntu Yuwt  dhwynpbp  pwpénp
wpuwnpnnulwunyejwdp hwoywplyubph, wnyjwiubph wwhwwudwu,
Jbppnwnipjwu,  Jhgnuwhqughwih b wwpwddwu  gnpdwnnypubipp  dby
punhwunyp  hwdwhp  hwdwlwpgnd'  oquiwgnpdting  dwdwuwlwlhg

! Laney, D. (2001). 3D data management: Controlling data volume, velocity, and variety.



Spwagpwihu  wnwWiubpp W punniudwd  dhowqquiht hhduophuwyubipp:
Upryntupnwl ogunwwnbipp YYywpnnwuw dtYy dpwgpwihtu dhowdwyph oguntpjwdp
ppwywuwgut  fuunph  édwu hwdwp wuhpwdbon  wdpnnowlwu
gnpépupwgp, npp Yuwwuwnh - wpryniwwdbnngput - pwpdpugdwtt nt
dwdwuwyh futwynnnipjwup:

Wluwwwuph tywwwl nt jpunppubpp: Ugfuwwnwuph hhduwjwt twwwnwlu §
pwnpdn wpunwnpnnulwunipjudp hwodwplutp b d6d wndjuubp ywpniiwynn
fuunhpubiph NWddwu  hwdwp  Ywnnigp  pwg  Ynnnd,  dhowqggquiht
hhduophuwyubpht  hwdwwwwwufuwy, wjjwutph dwydwu, wwhwywudwy,
ybppnwnigyniuutp . b Jhgnuwhqughwubp  wpwdwnpnn,  denwwndjuiutph
nwpwddwl huwpwynpnigjwdp hwdwihp hwdwlwpg: Un tywnwynyg npyt
Gu htwnlyw| fuunhpubipp.

1. Uswybkp wjjwiubph  uwnwgdwu, &Suwihnfudwu L dbppnidnyejwu
Spwgpwjht  dbpnnubp UL gpwnwpwuubp' wwppbp  wnpnipubphg
wnjuutiph  hwjwpwgnpdwt, ns  unpniywnipuwynpywsd  inydjwiubiphg
wuhpwdtion ghwnbihpubiph hwynuwpbpdwu hwdwp,

2. Uswyb] wypunpwupwihtu wywhngnd ndjuiutiph wwhwwudwu, upwug
hphdwu Jpw dnmwwndjuiutiph unbinddwt b wnwpwddwu wynndwwn
hwdwlwpg' hwaodh wnubing dhowqquihu hhduophuwyubpp,

3. Uswybp wdjwjubph  thnjuwugdwt b ginfjuwlbpydwt  Spugpwihu
dbpnnubp wpwlwpwlwlwu wnwppbp pwnwnphsubph® hwaynnuwu
nbuntputbiph, njwiubinh wwhwwudw, ytipinwnipjniuutinh,
yhgniwhqughwubtph b wwpwddwu, dhol thnfuhwpwpbipniuygniuubph
untinddwu hwdwp:

Cbnwgnundwt  opjiywp:  Upfuwwwupnd  hhduwlwu  hGwnwgnunnyejwu
opjtiyuinubinu Gu.

1. Pwpdp  wpunwnpnnuywunjwdp  hwdwlwpgbpp b Upwig
Yhpwnniejniuutipp,

2. Uwnpnwyunipuynpdwsd U ng unpniuninipuynpywd nyjwiubpph dowldwu
U ywhwwudwu Gnwuwyubpp,

3. SYjwiubiph ybpindnipejwu dhongubipp,

4. ULé Swlwiny wdjwiubph dowlydwtu hwdwp gnpnyegniu niubignn
depnnubipp,  Jepodnipywt U hunbpwlnpy - Yhgnuwhquighuwh
dpwanpwihu dhgwdwyptinp,



5. Ubwnwwdjwiubph dowydwu deennubpp b ndnwdubpp:

Chnwgnundwt dEpnpubpp: Upjuwwnwuph dbpnnwpwunygyuu b wbuwywu
hhdpnu puywd Gu pwpdp wpnwnpnnuywunteyudp hwodwpyubph, nduutph
wwhwywudwu, ybpndniputu b Jhgnuwhqughwih nnpunubph wnwowwnwp
dwutwgbnubph  woluwwnwupubpp:  Uuhpwdbon  dpwgpuiht dhongutiph
dowydwu U Yppwndwu hwdwp oquwgnpdytii Gu C/C++, Python, JAVA,
JavaScript dpwagpwynpdwu (tigniubipp bW wqwuw hwuwutih NodeJs, Angular Js,
Mondrian, Tensorflow dpwgpwjht dhowdwypbpp:

Upnyniupubiph ghnmwlwt unpnypp.

e Uowlyty £ dhowqguihtu hhduophtuwlyubpht  hwdwwwwwufuwt  pwpép
wpuwnpnnuywunygjwdp  hwpdwplubph  hpwlwuwgdwt,  wndjuiutiph
wwhwwudwu, Guwthnjudw, dbpndnipjw, hunbpwynpy
yhgnuwhqughwih b wwpwddwu  dbpnnubp  wwpniuwynn  hwdwihp
hwdwlwpg'  pwpdp  wpunwnpnnuywunywdp  hwodupluep L J6s
wnjjuiubip wwpniuwynn fuunhpubiph nédwu hwdwn:

e Ogquwgnpdtiny  wnwowpyynn hwdwpp hwdwlwpgp, dowlyt; bGu
wdwwhu dwnwjnipniubpn.

1. LJwuwnwihu phghuynd pninnuply nhuhwywnhy hwdwywnpgbiph
(Photonic  Dissipative ~ System) pqwjhu  hwpjwplubph L

yhqnuuihqughwih hwdwp,

2. Swpwdwonpowuntd Gnwuwyh nwnwuwuhpnipjwu L
Jwufuwwnbudwt  hwdwp  ogquwgnpdynn  pYwiht  dbpnnubph
wprynitupubph - nwnultwuppnigwt W Upwug  Gogpunnipjwi
ytipnwnipniuutiph hwdwp:

Uwnwgywé wppyniupubiph Yhpwnwlw tywuwlnipyniup: Uwlywd dpwgpwihu
dhgwdwypp - Ywpbth £ oquiwgnpdty  pwpdp - wpnwnpanuyjunipjudp
hwoJwplyubp L UGS wndjuiubp  wwpniuwynn  fuunhpubpnd' wdyuiubph
wwhwwudwu, bpindnyejw, hunbpwynhy Jyhgniwhqughwih, nwpwddwu b
wprynwwwybn hwpdwplubph  hpwlwuwgdwu  hwdwp,  oguwgnpdtiny
dwdwuwlwyhg hwoynnubwu U Spwgpwihu  dhongubtipp:  Uhowywypp
thnpdwpyyby £ Gpynt mwppbp ghnwywu fuunhpubph hwdwp.
1. Ldwuwnwihu $hghlwjnd nuininuhy nhupwywnhy hwdwlwpgbipnw pywihu
hwpqwplubph U Jhgnuuihqughwih hwdwp  ppwywtwgyty £
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pwquwoguwwntin wdwwiht Swnwjnyeintu, npp htwpwynpnieniu £ wwihu
dby hwdwlwpgnd' punpbingd  hbunwgnuingeywt  hwdwp  wuhpwdbon
dnwnpwjhtt - wwpwdbwpbp,  Ywwwpbp  hwodwpyubp b hGnwgnnt)
wpryniuptiipp npwdwnpyws ghgnuuhquighwh gnpdhputiph dhongny:

2. Swpwdwypowunw bnwuwlh nwnWuwuppnpjwt b Gwifuwnbudw
hwdwnp ognwgnnpdynn pYwjhu dbpnnubph wpryntupubiph
nwnwitwuhpnigjwu W upwug dogpuninipjut Ybpndnigjwu hwdwp dowlyyt
E wdwwiht Sdwnwjnugyntu, npp  huwpwynpneginit £ wwihu ny dhwju
huntigntp thwuwnwgh wnyw nhnwplydwu  nduiubpp, Ywufuwnbudwu
pYwjhu Jdnnbubph wpryniupubpp, wy bwb Yuuwnpb) depindngggniuubn’
ognwgnnpdtiiny  wpwdwnpwd  Jhgnuwihqughwih  wbuwlubpp L
ybpnwwlwu wwpwdbwpbpp:

Lbpnpnudubp: Uowyjwd  hwdwlwnpgh Yhpwnnipjwdp Ywnnigwd

nwpwdwnowunw Gnwuwyh nwnwuwuhpnigjwt b Ywifuwnbudwt hwdwp

Uwluwunbujwd wdwwjhu dwnuwyjnipnLup ubpnpyt k

«<hnpnonbiplinipwpwunygywu b dpunnpuiwiht  Gplinypubph  Jpw  wlwnhy

ubipgnpdnieywu Swnwjnyeyntu» MNUY-nw:

Munywunipjut ubpyuwywgynn hhduwlw npnypubpp.

e Pwpdp  wpunwnpnnuiwunygyudp  hwpdwplubp b d&§  wjjwiubp
wwpniuwynn - fuunhpubph nddwu hwdwp dowldws  dhowqguwihu
hhduophuwlubpht  hwdwwwwwuluwu, pwpdp wpunwnpnnuywunyjwdp
hwodwpyubp, wjwijubph wwhwwunwd, ybpnwdnigyniu b yhgnuwhqughw
wwwhnynn, dbnwwndjuiubph nwpwddwt huwpwynpnyejwdp, hwdwhp
hwdwYwpgp:

e  Llwdwlwpgh Yppwnnipjuu wpryniupnid Junnigws hbnlyw) wdwwjhu
Swnuwynipniuubipp.

1. LJwuwnwihu  $hghlwnd  $nunupy nhupwywwhy hwdwlwpgbpnud
eYwjht hwpqwplutiph b yhgnuwihqughwh hwdwp,

2. Swpwdwopowunw Gnwuwyh nwnwuwuhpnputu b Ywujuwnbudw
hwdwp  oquwgnpdynn  pYwihu  dbpnnubph  wpryniupubiph
nunwiuwuppnigjwu b upwug Gognunnyejwt Yybpindniegyniutbtiph hwdwp:

Unwgywé  wprynmiupubph  wwypnpwghwi: Uptuwnwuph hhduwywu
wprynwupubpt nu npnyubpp gbynigyt b putwpyyt) Gu Undpwjnud Yuywguwd
6



«Two Years Avitohol: Advanced High Performance Computing Applications 2017»
utidhuwpnid, Phgpunnd Yujwgwsd  «VI-SEEM Climate»  nnwpwdwopowuwjht
Jpwwwwpwundwtu  dwdwuwy, huswbu  uwl  hPUMP  punhwunip
ubidhuwpubpnud:

Lpuwywpuwynuiubip: Unbuwfununipjwiu hhduwlwu npnyputipp hpwwwpwyyt
Gu hhug (5) ghnwlwu wpluwwnignuutpnd, npnug gniguyp pbpdws k
ubindwgph ybiponud:

Wluwwmwuph Ywnnigwépt n swjwip: Uwnbuwlununipgniup Yuqddws  k

ubpwoénipiniuhg, 4 qupg UL oguwgnpdywsd gpwlwuniyput  gwuyhg:
Uwnbuwfununyeyniup owpwnpquwd k112 tebipnud b 68 gpwywiuntgjw hnnid:

UchuuSuuLr PNYULHIYNRG3NRLL

Lbipwdénipjwu dbi9 hhduwynpywsd Gu wwnblwfununipiwt wpnhwlwuniygniup,
duwybpwyyws LU wotuwwnwuph uwywwnwlubpu ne fuunhpubpp, huswbu uwl
wwonwwunyjwu  ubpyuywgynn  hhduwlwu npnypubipp: LEpYwjwgyws k
unwgywd wpryntupubiph ghinnwywu unpnyep W Yhpwnwlwu tywuwynieyntup:

Unwohtu qumid  hbwnwgnngt] U dwdwuwlwlhg  hwoynnulwu
Gupwywnngdwsépubpp, wn  pYnd’  pwpdp  wpunwnpnnuwuniypjudp
Ylwumbpwiht  hwoynnuwu hwdwuwnpgbpp b wdwwjhu  nbjuuninghwutipp,
uts  wndjuiubph  Jbppndnipjwu dwpnwhpwybpubpp bW hgniwihqughwgh
Yuplnp hwnynyejniuubpp:

Ywuwbpp  hwunhuwund £ pwpdp  wpunwnpnnuywunypgjudp
hwdwlwpg, npnbn  oqunwgnpdynud  Gu hwdwlygywsd  hwodwpluwjhu
hgnpnipjniuutip: UWdwwihu wbfuuninghwt unp dninbignud £, npp inpwidwnpnud £
nhuwdhy punqujuynn b yhpnnwwg nbunipuubn:

Syjwiubph  dbppndnipniup  gnpdpupwg L, npu oguwgnpdynd  k
wnyjwiubpp unngbne, $hpipbine b sLbwinfubine hwdwp' ndjw; hpwdpdwynid
npnwyh  Ggpwlwgnipywu  hwugbint hwdwp:  SYjwjubph  wbnnwip
ubpywjwgunwd £ hGunwppphp U oquwlwp  duwudnwubiph, huswbu  twl
dtdwoéwlw|  wnuubipnid thnfuhwpwpbipnieyniuubipp hwjinuwpbpdwu
gnpdpupwg:  Wu  hwdwjudpnd £ Jhéwlwgpuwywu b wphbunwywu
pwuwlwuniygywu (ophtuwl, ubjpnuwjht gwugbip L dbpbuwjwlwu nwunignid)
gnpdhpubpp wjwiubph pwqwubph Ywnwlwpdwu hbwn' J68 swhh pqwihu
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hwywpwdniubiph ybpndnipjuu hwdwn:

Syjwutipp  whuwubih  optwnubpny  wpwwgntp  wywuwnnw -k
wnjwiubpp  nwnwiuwuppbint b hwulywuwine upnnnipjwt  pwpdpwgdwup:
Qnjnipintu niwbu Jhgnuwhqughwih unwwhy b hunbpwynhy  gnpdhpubp,
ytipshtuubipu pnyp Gu wnwhu pwgdwlyh wywpwdbnpbph thnthnfudwu dhongny
duwipnfutp  Jhgnuwhqughnt  wpnwwwwnybpnwubpp: Wu  wbuwlyh
yhgnuwhqughwubiph  gpowtwlubpnd  wuhpwdbonn £ hwodh  wnub
puwnpnijwu, hndwu, $hppdwt b Yepwlwqdwynpdwu gnpdwnnypubnp:

Gpypnpn gifund ubipyuywgywsé Gu HPDA fuunhpubiph (niddwt hwdwp
nwunwitwuppqwd hwynuh dpwgpwihtu gnpdhpubipp U gpwnwpwuutipp, npnup
huwpwynpnipiniu Gu - wwijhu  uwwpbp  wdjwutph  ybppndnyggniuutp b
huntpwywnhy yhgniwhqughw: LEpYuwjwgywsd Gu upwug wnwybnieniuttipu
ntL plipnieyniuutipp:

<hdugbiny gnynigyniu niubignn gnpdhpubiph  nwunwiuwuppnigjwu Ypw,
Ywuwwpb] Gup nwuwlwpgnd, npp huwpwynpneiniu £ wwhu fudpwynpb
gnpdhpubpp' oguwgnpdbny swihwuhoubph unwunwpun pwqdnyeniup’ rynphtu
nwpdubiny  fuunph  nipwhwnynipniuubpht hwdwwwwwufuwu  gnpdhph
punpnigjniup: - Wn - gnpdhpubipp  Yuwpkh £ nwuwlwpgl] pun hpbiug
wnpwdwnpnn $niuyghnuwnipjut, Yunnigjwdpwihu dubiph b woluwwnwupwihu
dhowdwyntiph: Cuwn wpluwwmwupwiht dhowdwjph Yuwpbih £ pwdwub) tpynt
fudph’ nbuywnwy L Jbp, huy pun Yunnigwdph' wnwlg ogunwgnpdnnh
dhgwijwyph U ogunwgnpdnnh dhgwyuwypny:

Nuyunwy  dhowdwyptpnd wpfuwwnnn - Spwgpwihu - dhongubipp
huwpwynpniejniu tu nwihu ognwgnpdtip  njwp  gpwdhlywlwu
uwnpwynpndubph hwaynnwywu hgnpnipyniutbipp, uwlwju dhuunyu dwdwuwy
hptug punyeny wnweowgunwd GU pwpnnieniuutipn, pwuh np wwhwuonwd Lu
hwidwwwwwufuwu  owbpwghnt  hwdwlwpg UL wuhpwdbionneniu k
wnwowunw  hwdwlwpgsnwd  nbinunptip [(pwugnighs  dSpwgpwiht  thwebiputin:
Wnwhuh gnpdhpubiphg Gu  hwunhuwunwd  ophtwl ParaView-u L R-p:
Zpwdwuubph wnnny  wpfuwwnnn gnpdhpubipp pwwn hwpdwp U ubpnpjwd
Yhpwnnipniuubiph  nbwpbpnud, Gpp huwpwynp £ dbYy wy hwdwlwpghg
ogunwgnndtip mpwdwnpwd dhongubipp, uwlwiu htnwgnunnhg wwhwugynid &
Inwgnighs ghwnbiihpubinh hdwgnigyniu:

dbp  dhowduwjpnd  wojuwwnnn  wnduiutph dbppndngginie b
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yhgnuwhqughw wwwhnynn Sdpwgpwiht gnpdhpubtipp  htwpwynpnigniu Gu
nwihu ogunwgnpdt| wpwdwnpynn dhongubipp' wulwfu oguiwgnpdynn uwnph
Spwagpwiht wwwhnynwhg: funupp qunud £ wjuwyhuh hwdwlwnpgbiph dwuht,
npnug Jwnnigwdpp U pwpnnipiniup skt wwhwuonwd pwpn hwynnulwu
ntunipuutip, npnup Jbp  dhowywjpnd  htwpwynp £ ppwywuwgub;  dbp
dpowdwipnud  gnynipyniu niubignn gnpdhpubpp pwdwuynd Bu Bpynt nuup’
ghwnwpwiubp b wwwpwuwnh ogunwgnpdnnh dhowdwipny  hwdwlwpgbin:
Sphwnwpwuubpp  twjuwwnbujwsd U npwbu  hgniwhqughw  npwdwnpnn
dhong wy hwdwlwpgbpnd Yhpwnnyeyniuubph hwdwp, wyupupt' hpbug npwbu
wnwudhu dpwgpwhu dhong huwpwynp sk oguiwgnpdty (op.' D3Js, Visjs): huy
oguwgnpdnnh  dhowdwypny gnpdhpubiphg npngubipp  wwiubph  pbinudwu
hwdwp wwhwuonuw Gu npwdwnnpbp ynuypbn uwhdwuywd duwswihbin, uwlwju
ns pninp fuunhpubpnud t, np yhgnuwhqughwih hwdwp wuhpwdbon wpryniupp
unwgynd £ udwu Sbwswihbpnid (op.' Quadigram, Tableua): Cwuwn hwéwfu
wuhpwdtonnieniu £ |hund  Yppwnbint  dhowulywy dhongubp’  wndjwiutipp
hwdwwywwnwujuwu  duwswihbph  thnfuwybpwbint  hwdwp:  Npnp - dpwgpbp
wuybwn Gu mpwdwnpnu dhwju puquiht huwpwynpnieniuubip, huly |pwgnighs
b wybith dyniu dhongutip mpwdwnpnud Gu dhwju npnawyh gndwpny:

Gppnpn. qlund ubipluywgdws £ dbp Ynndhg  dowlgwd  indjwiutiph
gtpinwnipjwu b Jhgnuwhqughwih  dpwgnpwiht pwpn hwdwlwpgp (Data
Analytics and Visualization System - DAVS):

Swibph wwpweRL
| [
“hgniwihqughw
< |
Syjwutiph Ytpndnipncu

f

Syjwiutph yurwwpnud
Syjwutph 5 A

!

Juiynqulwl upwywnrnigwsp

LYwp 1. DAVS hwdwlwng:
9




Wu huwpwynphuu pwdwpwp swihny jndnwd £ Gpypnpn gifunwd ubpyujugyuwd
fuunhpubpp U, nph Yhpwnnigywt dhgngny Yupbih £ Junnigly ndywitbph
Jbpndnipniuubph W hunbpwynhy  Jhgnuwjhqughwubph hwdwywngbn ybp
dhowdwypnud® hwadh wnubin ghnwlwu ninpup jwd wnwownpwd fuunph
wwhwugubipp:

Uowldwd DAVS hwdwlwngp nwdnwd £ pwpdp wpunwnpnnuywunypgjudp
hwadwplubph, 46 dwdwny ndjwiubph dowldwu b ywhwwudwy fuunhpubpp'
huwpwynpnigyniu - wwiny  ndyuijutph  Jbppnisnygywu b Jhgniwihqughwih
gnpdhpubiph dhongny wybih wpryniuwybinn nwpdub) ndjuiutiph ogunwgnpdniip
W dhowqquiht  hhduophtwyubpht  hwdwwwwwuluwu  duny  nwpwdt
unwgywd wpryntupubipp (uy. 1):

Cwgynnuijuwu Gupwlywnniguwép pwnwnphsp hhdp £ hwunhuwuntd
dnw  pninp - pwnwnphsubiph hwdwp W hpwwuwgund £ hwoynnulywu b
ntywywnpdwu gnpdwnnye:

SSH: Torque

(gsub, gstat)

Udw

dha.
<honnnipniu

Lljwp 2. Yywuwnbipwihtu b wdwywiht hwdwlwngbiph dholt thnfjuhwpwpbipnigyniuutiph
dnnb:

Pwpép wpnwnpnnuywuntgjudp hwoywpyubph hpwwuwgdwt hwdwp
ogunwgnpdynd £ Yuuwnbipwht  hwdwlwpg, huly ubpdbpphu, wdjwiubph
wwhngubiphu, dpwaptipht, dwnwjnyejniutipht b hwoynnulwu nbunipuubphu
gwugwjht  Jdnunph  hwuwubpnpjwt  wwwhnddwu  hwdwp'  Jhpunww
nbiuntpuutip inpwdwnpnn wdwwiht nbjuuninghw:

Wu bpynt hwdwlwpgbpp dhdjwughg wulywju Gu b pwpnnigniu |
wnwowunw upwug dhol thnfuhwpwpbpnieniutph unbinddwu: Un futnhpp
(St hwdwp dowlyb| Gu dpwgpwhu dhongubip, npnug oqunipjwdp wdwwjhu
hwdwlwpghg  hwodwpyh  hwdwp  wuhpwdbon  hwpgnwip  Yjuuwnbpwihu
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hwdwlwpgnd hpwlwuwgubiint hwdwnp oguwagnpdynid tu Secure Shell (SSH)
gwugwiht  wpdwuwgpneinitup - b Torque  hbppbph  Ywqdwybpwdwu
hwdwlwpgh hpwdwuubpp (gsub, gstat) (uy. 2):

SYjwjubph  Yuwnwjwpmd  pwnwnphsp wwwhnynd £ wndyuijubph
wwhwwunwp,  thunpnwdp b hwpgnwiubph Juqdwybpwnwp: N
unpniyunnipwynpyws  nuubp wwhwwubine b upwug hbn - wofuwwnbne
pwnnnipiniuutipp hwnpwhwpbint hwdwp dwyyb) Gu dpwgpwihtu dhongubin,
npnug Yhpwnniginiup pny) b tnwihu ogunwagnnstip iRODS-p (The integrated Rule-
based Data management System), npp hwunhuwund £ wdyuiubpp’
dtinwwndjuiubiph oguwgnpddwdp, Yunwywndwu hwdwlwng:

Python & : " Python & =
Syjwiltnh wnpynLp RN iRODS R “-‘Tﬂ;m“ RDBMS

Lywp 3. SYwubph Yunwywpdwu pwnwnphsh wofuwwnwupwhu dnnb:

Uwnpniyunipuwynpywsd induiutiph wwhwwudwu hwdwp dwyywsd gpwnwnpwup
hpwlywuwgunw £ hwpwpbpwywu  wnduwptph  pwquih  Yuwnwdwpdwu
hwdwlwpgnu (Relational Database Management System - RDBMS) wjwjutiph
wybjwgdwu W ng unpnyninipuwynpywsé  nyjwiubiphg  unpnyuninipuynpgud
hubnpdwghwih hwjnuwpbpdwu gnpdwnnype (uy. 3):

SYjwjubpph YyEpindnipyniu pununppsp bwfuwnbudwsd k ndtine dté
Swywiny wjwiutiph htwn  woluwwnbine wpryniuwdbnnygywu b wdjwiubph
owwnhdhqughwih  fuunhpubpp:  SYwutiph  pwquind  d&d  Swlwih
hubnpdwghwih  wwpwgwynud  hwpgnuubiph - wpryniwwybin - hpwywuwgdwu
hwdwp wuhpwdtion £ Yhpwnbi| pwgnighs (nidnwiubip: OLAP-p (OnLine Analytical
Processing) hwunhuwunuw £ wnjjujubph wwhngubpnd pwqdwswih ndjwiubph
hwuwubhnypjuu  dnnb, npwnbn wdjwiubpp Yugdwlbpwnn  hwunbph L
swihbph hwjwpwdniubip hwunhuwgnn nyjuubph funpwuwpnubph Yunnigdwu
dhongny uwwgynd £ hwpgnuiubph  wpryniuwydbn - ppwlwtwgnud: - OLAP
hwdwlwpgh Yphpwndwt hwdwp dowlyyt £ hwpgnuiubph Yuqdwlbpwdwu
Spwagpwihtu dhowdwyn, nph ogqunipjudp oguwgnpdynud £ pwg Ynnny, JAVA
Spwgpwynpdwu (tqyny Ywnnigywsd Mondrian dpwgpwiht thwpebep: Uswlyyb b
odwunwy dhowdwjn wnyjwubph pwquwih Ywunnigywdph hhdwu gpw ryniphu
Ypwny  wduwubph  funpwuwpnubp b hwpgnWubph  pwquwswith
wpunwhwynnipnuutp (Multidimensional Expressions - MDX) uintindtiint hwdwp:
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Uphbunmwlwu  ubipnuwht gwugbpp  jwjunpbt Yppwndnd  Gu
dwlwsdwu, nwuwlwpgdwy, Ywufuwwbudwu fuunhpubpnd:  Ywnnigwé
hwdwlwpgp  huwpwynpnyginiu £ wwhu - wpwdwnpl)  hwdwwywnwutuwt
gwugwihu W dnunpwjht myuiubph upqudnpnwubpp, b dawyywd dhowlyju
gnpdhpubinh  dhongny hpwlwuwgub) ubjpnuwghu  gwugbiph  nwnignud b
Yhpwnnd' oguwgnpdtiin Google Brain phdph Ynnihg dowldws pwpép
wpunwnpnnuywunjwdp  pYwiht  hwodwplubph  TensorFlow pwg Ynnny
Spwgnwjhu ghwnwpwup L Python Spwagpwynpdwu ltquh
huwpwynpniejniuubipp:

dhqnuujhqughwih - pwununphgp  ppwlwtwgund £ idjugutiph
wnuwgninud' nyuiuph Yunwjwpdwu Ywd Jepnidnipyw pwnwnphsubph
wyywuiutiph hhdwt Ypw, ogunwgnpdytiny huinbtipwywnhy yhgnuwjhqughwih Jop
gpwnwpwuubn: Uswlytip Lt APl (Application Programming Interface), nph
dhongny oguwwgnpdnnh dhowywjpp hwdwwwwnwufuwt duwswihnid unwunud §
wpunwgndwt  hwdwp  wuhpwdton  nyjwiubpp ubpdbpwht hwnywsdhg b,
ogunwgnndtiiny yhgnuuhqughwih 4bp gpunwpwuubpp, Yunnignd £ wwppbp
nbiuwyh hunbpwyunphy yhqnuwhqughwubn, uljuwd wwnquaghyu
gpwdhyubphg  Jdpusk  pwpn  Ywnnigwdpny  wwwnlbpubp' 2D L 3D
Suwswihbpnud, b wotuwphwgpwlwu opjywnubp' pwpwnbqubph dhongny:

Syjwjubiph nwpwddw pwnwnphsp wwwhnyntd E
htitnwgnunigyniuubiph, uhdnywghwubiph wpryniupubiph wd  wyp ndjuiutiph
yhgniwhqughwubph  wwpwdnwi:  Europian  Commission-h  Ynnuhg 2013
pYwywuphu  Ywqdwynpjwd Research Data Alliance (RDA)  hhnwgnunwwu
hwdwjupp uwhdwub) £ wdjuubph wquun nwpwddwu unwunwpunubp, npuntin
pYwiht  wndjwiubph  nwpwddwu  hwdwp  ogunwgnpdynd  GU  donwlwu
unyuwgnighsutip (Persistance Identifier - PID): ePIC Ynuunpghnuip tnpwdwnpnul
b PID-Gph wbnwpwfudwtu b junwywpdwu hwdwlwng, nph oginwgnpddwdp
dowlyt £ dbnmwindyuiutiph unbnddwu b ndjuiutiph wwhwwudwu dpwgnpwihu
dhowwyp' hbmwgnuinugjwu wpryniupnid unwgywsd wpryniupubipp nmwpwsdkint
hwdwnp (uy. 4):
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3 ,"'.-7-"'\ - - Y
[ @uunnlky ) \ Uwntinoky )

\", B s A

( epntutt ) API ( oupey ) |

! Stfjwy L Ubinwniwy

Lnp PID-h hwpgnud N i
h g Uhguwiuin;

Unbnoywd PID

iut.l.nu.u.muu.lm URL
: Utpytip

ePICu'l:rlu_l:n
Ulwp 4. SUjwilbph inwpwsduwil pununphs: 1) Undsp 2) ePIC ubipgtn
3) Yhpwndwu dpwgpwynpdw huntipdbyu (API):

Uowydws Spwgpwihu  dhowduwipnd wdjwijubpp  hpbug  hwdwwwwnwufuwt
dbnwwnyjuiubpnd  wwhynw U nuwp wduubph  pwqwnd, nphg hbwn
unwunwd U hpbug |nYw] unyuwgnighsp, nph oguwgnpddwdp  wjunthbnl
hwpgnd £ Yuwwwpynuw ePIC ubipytphu W unp PID gbubipwgybing htinn wju
wwhynw £ injuw) pwquih hwdwwwwnwufuwy wnnnnid:

2nppnpn qilunid ubpyuywgdwd £ dowlyyws DAVS  hwdwlwngh
wpryniuwybinnnygjwu b Yhpwnwlwu  huwpwydnpnyggniuubpp  nwinwduwuhpbipne
hwdwp  Yuwuwpdws  thnpdwpynwubph - wpryniupnud - unbindjwd  wdwwyhu
Swnwjnuyeyniuubipp’ Bpynt wwppbp ghnwlwu ninpunubph fuunhpubph (Ndwu
hwdwn:

dnunnuhly  nhupwywwnhy  hwdwhwpgbph - pYwht hwwplubph L
huntpwyunhy yhgnuwhqughwih hwdwnp dowyyb) £ pugdwogunwntp wdwwihu
Swnwjnigniu? (uy. 5):

2 Udwjwjhu dwnwjnipjntu. http://quantum.grid.am/
1



Stiwuepy
= NWnwigngp

—

Awayn
Ny
:‘i’i"‘"‘"""l:q:og

Llwp 5. Snwnnuhly nhuhywuinhy hwdwlwpgbph pwiht hwadwpyubph L
Jhanuwihqughwyh dhowwynh bupwlwnnigwdp:

Ubipywjnwiu  pjwuwnwihu dhghlwu swwin Yuplunp £ dh owpp ghnwlwu
Spwgntiph hwdwp, npnbn wjuu huwpwynp sk wuwmbub 2powyw dhowywyph
thntuwgnbignipniup: Liwu nbwpbpnd pwuwwiht hwdwlwpgbpp hnynw Gu
npwbu pwg hwdwlwpgbp b upwug dwdwuwywihu EYnynighwt uywpwgnynid
E hpduwywu hwjwuwpdwu opowtwyubipnd  funnigjut  dwnphguyny:  Uju
pywuwmwihu hwdwlwngbiph dnnGwynpndp b yhgniwhqughwt pny) Gu wwihu
htitmwgnunnutipht hwoqwpyty L nwnwuwuppt) wjuwhuh  wywpwdbnptiph
qquyniunieiniup, htuswhuhp BU* gpgndwé $nunntiutiph ehyp, $nintutiph eyh
pwotudwu $niuyghwt b Yhqubip $niuyghwubpp®:

Udwwjhtu  dwnwjnypjwt  hwowplyubiph hhdpnid  puywd b dowydwsd
ECAPT (Extendible C++ Application in Photonic Technologies) gnwnwpwup, npnwd
ubpywjwgyws £ pwpn pywunwihtu hwdwlwpgbph pywiht updnyughw W
donblwynpnd: - Loywd  gpwnwpwund  Yuuwwnpbp  Gup  gniquhbnwgnud’
wpryniwwybinnugjwt pwpdpwgdwu b pwpdp  wpnwnpaquwunygjudp
hwdwlwpgbiph htwpwynpniejniuutipp oquwgnpdtint hwdwn: Ogunwagnpdnnp

3 Jon Brogaard. Wigner function formalism in Quantum mechanics



hwpdwpwybinn  dhowdwjpp  huwpwynpniggniu £ wwhu  hpwlwuwguby unp
uhdniywghwubp, [pugubiiny wuhpwdtion nwowntipp, wpryniupnud Yuwnwnb
Jepnnigyniuubp’ hpdudbind wpwdwnpwd  punbpwynhy  Jhgnuwhqughwh
huwpwynpnipniuubph ypw (uy. 6, 7):

Detuning (4) Nonlinearity strength () Driving fleld ampittude (17) Time.
100 10 10 20
Time step (it} State vector (W) Chirp parameter (5)
0.001 50 5
Photon mean
d Status 4 x a Time dt w 5 imar Wigner

9443750711 done -100 10 10 10 0.000001 5 s m
7364215202 done -100 25 10 20 0.00001 5 5

5020529454 done -100 10 10 20 0.001 50 5

& 2
H F
< <
s &

Llwp 6. <wdwlwpgnud uhdniyyughwubph Yuwwnwpdwu W wpryniupubiph
niuntiuwuhpnipjwu ywhwuwy:

(1)~
é :"15
§ o ,7 MM
| * oM
B ' Wi "‘me el
o LT LT oo i ! \"
— ] = 2)

Frew | P | oot }

Lwp 7. Cwdwlwpgh yhgniwhqughwutn. (1) Snwnuubinh puh pwyfunid,
(2) Lhqutip $niulghw:
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wihu
u b
npniEjnt ]
nuwhqughw hnul;nnltﬂlhwdwuwnqhnn wnwy|
Upryniupubiph uth?i-‘[m L nwnuuwuppty
hmm

ubphu

htinwgnunn

L
tuubiph
wl’]pbnnlpjn
bp - dwiwuwywht hl:;muwghwbbnh hwlljwz
u  wwpp wppkip u E inbuwlw
L (hndh : Pwgh wn Sunwi
whly duwp: nwn Jd
?n:‘tﬂbl:l{wjhu quhf‘% hwdzwlll{wa dhgwqﬁ:‘rﬁtw[ o futiwgne
w h g, )
wnpwdwnpywsd UUlw-l ':ﬁnnawnwnwl{whq q:hunm“t‘hnn: U Yubfwinbudw
n

hbmanmnllajnwln%wdwnwun L l{hzl:"mumd-uwuhpmlaju;]b wnuuwuhpnipl U

nunnte. wlw ubiph n niu,
hbquslunwéwzngwhmd TU dbpnnubiph wnf}J"i‘li £ wdwwjhu 6wnw§:tpjnm,

oguwgnnpdynn pqw]@,mpjwb hwdwp dowl whwwund, ybnnidnie
h‘“d:mﬁqummmu‘u dtininu ubph hwwpwapnd, w
upwg d b wndjugl 8):

uwgunt tp* (uy. 8):

o hnwl:{rhll yhanuwihqughwutip
huwnbpw

&
D3Js, Goog)
SllJlulhl:n * Google Maje U mm.bnqa,m.h
lﬂ'lmntnhl‘-‘h \l e i h
'\hmwnunumhn. t“’“'""“l“‘lll'i h
WRF Unnt ~> nw
Python |, JavaScript

Nwgntp

Ry ) |
lqu:umhn.uu
e

(]
Torque, O‘JI-\

wjnh
budwu dhowy

R

Uwuhpniejuw .

Llwp 8. bnwuwlh nlunldbnraWQwﬂ”lQL{WE’p'

wn 8.

ntuubiph
nLLmUJuhr'nllaJ
swuwjht tnwwyh nLanlr"Ubr'hg “‘“wglf}l;]z
wdwn U wnp J
Cwjwunwunid ll?whr;j wwppbip nhmwnugﬁwgwnﬂmﬂ tinkip (l:wSDYNOP
dynu wuutipp | hwuwnt
ognwgnn wl Yy wjubinp
hwdwtr:hn- Onbr’“"“"wpwnwihh bt wnd
nyjuwiutip: up w
W bu wn

id.am/
U. http://meteo.gri 16
nwyn)ny
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$npdwinny: Lwuh np Yujwuubph pwuwyp uwhdwuwtwy £, b wiu sh Swdynid
Cwjwunnwuh  wdpnne  wnwpwdpp, oguwgnpdyl U twl  wppwUwlwihu
ulwpubip, npnughg GrassGIS dpwgpwihtu thwpbiph dhongny hwojwpyynud L
Gnyph dwybplnyph stipdwuwnhbwup (Land Surface Temperature - LST) (uy. 9):

Gnwuwyh owbpwwhy Ywufuwwbudwu hwdwp oguwgnpdyt) F WRF
pUwiht  Ywufuwwnbudwt wnwpwdwopowtwiht dnnbp: Uu Jupgwynpdb)
Luwjywuwnwiuh nwpwdph hwdwp' ogunwgnpdbing Bpynt inhpnype.

e DO1 - <nphgnuwlwt 18 Yu puwynyd' 202x202 gwuguwihtu Yawbpny, 40,0
(wjuniejwt U 44,7 bplwjuniyejwt Yaunpnuwlwi Yhwnny,

e D02 - Lbpnpywsd D1-nud, 6 Y pwyiny' 61x70 gwuguihu Yuwnbpny:
Lwptwywu Ywuluwwbudwu ndjuiutipu Gu National Centers for Environmental
Prediction (NCEP) Global Forecast System (GFS)-h Ynnuhg wpwdwnpjwd
Joppndnigyniuubpp b Ywuwwbunwubpp' 0,5 wuwmphwu  hnphgnuwlwu
gwugwhtu swihny: Lwuph np GFS-h Ywufuwwbunwiubpnu hwayh sk wnuynid
Lwjwunwup pninp uwywuubiph nhnwpynwubph ndjwiutpp, ogunwgnpdynud k
WRF dnnth  WRFDA  hwdwlwpgp, npp  twpitwywt  Juufuwwnbudwu
nyjwubpnd wybjwgund b pugnighs nhunwpldwt wdyujubp’ WRF dnnbjh

wprynwupp wjwgubint uwywwwyny:  Uswydbp £ Spwgpwihu  hwpbp
nhunwnpydwu wpryniupubiphg LITTLE_R $npdwwnny $wj| Ywnnigbint hwdwn, npp
ognwgnndynuw £ WRFDA hwdwlwpgnud:

Onbiplnipwpwliwljwl
42 Jujwliibp
.
RDBMS
uﬂ{'up‘;‘g'“;l&“ggg) iRODS [—>f (PostgresaLwith [ soLap
nuin PostGIS extantion)
Y ‘

[ YwlhuwnbunwUtn ]—) WRF

Lwp 9. <wdwlwpgnud indjwiubinh hnupp:

vhaniwihquighw

Uhowdwjpnwd  ndjwiubph  dté  Sdwywiubph U wouwphwgpwywu
opjijinubiph  wnlwnipwt  wwpwqwnud  hwpgnuiubipp wpryniwybitn
hpwlwuwgubint hwdwp ogqunwgnpdyty k Spatial OLAP (SOLAP) dnnbip, npp
hwunhuwund £ OLAP-h  punjujunud’  wwwhndbine hwdwp  nwpwdwywu
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wnyjuiutiph ogunwgnnpdnuip (uy. 10):

1
4 Gai i
Jermuk . ® @- - Pl 1\, Vel N
Avdshan > .
Temperature for SRS ™ Y
Yo Sonh © e %
@Obsenaton  @Model Thes
o » otz A
3 Armeni;’ e Al
084 ~ A ™ 7 L g
FPEAGT A A N 0 AL Al M A A k—mr‘ Sy a8 Faspatatt
‘,\ [ra ‘J\ f‘f“\j\“ﬁﬂv t fLV . \'"‘J“J‘ l\ [V A 1 0 s
o -10.00f J / v U\ e AR . \ 1‘\,.) 1\ Dcguberszt 8
£ Yy ; Y R A= A e -
-20.00 'al g
VY T3 .
$ s =
20 Gosgle e R
337
0106116 17 outtite 12 owzine 7 0123116 02 01728116 20
Time 5
ST A A AT AN e RMSE (Roc Error) ,
65 00 = o Dy
Temperatire Dally Avg Blas Dal
@ Obsenvation @ Mods!
R (correlation coefficlent) Dally
2 4
(| e \ RMSE (Root Mean Square Eror) o
A\ 7\ \
/ \ / \ B 03:
| Y A\ /

LYwp 10. Udwwiht dwnwynipjwt whwuwl. 1 - hwpgdwu nwaw, 2 - pwpunkiq, 3 -
olipdwuwnhtwuh géwwwuwnltin, 4 - opwlwu dhoht 9bipdwuinhbwup gdwwwwnybn, 5 -
gnpdwlhgubiph wnniuwly:

UhowdJwjpp  dowldtip £ <wjwunwund  Bnwuwlwiht  wndjwiubph
nwnwuwuppnigjwtu b pYwht  Ywufuwwnbudwu dnnbijutiph  wpryniuputiph
Gogpuinigw  hGwnwgnundwt  hwdwp:  Oguwgnpddwt  hwdwp  rynipht L
hwpdwpwytnn ~ dhowdwjpp  wpwdwnpnud £ Gnwuwlwihu wndjuiubph
ytipnwdnipyniu, yhbwwgpwlwu gnpdwyhgubph wpdbpubp (RMSE, BIAS, R) L
huntpwyunhy yhgnuwhqughwubp (uy. 10):

uchuusSuuLh <hUtLuvut ursnruLure

o Upwlyty b ndywiubiph dbpnidnipgus b hunbpwlynhy yhgnuuhquighwh’
wnYjuubph unwgdwu, dowldwy, Suwihnfudwl, wwhwwudwl, pwpap
wpuwnpnnulwunyejwdp hwaoqwpyubiph hpwlwuwgdw,
owwhdhqughwih U wwpwddwu dbpnnutip  wwpniwwynn  hwdwihp
hwdwlwpg [1-5]:
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Uowlyby & wdjwubph nfu; wywhwwudwu huwpwynpnigjudp dhowdw)n'
fuunpht hwdwwwwnwuppwt  dEnwndjuutph  unbnddwu W upwug
wwpwddwl  hwdwp, npnd hwodh  Bu wnudwd  dhowqguwihu
hhduophuwlubpp [1]:

Uowyyt E  pwqiwogquwunbpn  wdwwiht  Swnwnipnit pJwltnwiht
$hahlwynd Sty nhubwwihy — hwdwlwngbpnd — eyught
hwodwplubph Yuwnwpdw, wpryntupubiph Jbpndnigywu bW hunbpwynpy
yhgnuwhqughwih hpwywuwgdwu hwdwp [2]:

Uowydty b wdwywht  Swnwjngnit <wjwuwnwund  Bnwuwyh
nwnwuwuppnypjwt U uufuwwnbudwt  hwdwp  oguwgnpdynn  pywihu
dbipnnutiph wpnyniupubiph Jtipnwénipjwu L hunbpwyunpy
Uhanuwihquighush hudwn [4, 51;

<PunurNruyduo uchuuSuuLrueMh Suuy
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Paspa6otka cpeapbl aHanu3a " BM3yanusauuu npo6nem c
BbICOKONPON3BOANTE/IbHLIMU BbIYUCIEHNAMU M 6ONbILIMMK AaHHBIMY

Aiik AHppaHuKosuy puropsaH

CoBMECTHO C pa3sBUTMEM KOMMbIOTEPHbIX TEXHOMOrWiA  yBEnMYMBatOTCA
reHepupyemble JaHHble U U3-3a CNOMHON CTPYKTYpbl W obbema UX pasHoobpasHbIX
HabopoB  (CTPYKTYPUPOBaHHbIN U  HECTPYKTypUpOBaHHbIii) TpebytoTcA HoBble
noaxoApl K nx obpaboTke, XpaHeHWIo 1 aHanu3y.

BbiweynomaHyTble Habopbl - 3To bonbluve paHHble (big data), koTopble mo
Doug Laney onpepenatotca Tpema cBoiicTBamn (06bem, CKOpPOCTb, MHOroobpasue):
«bonbluve paHHble - 3T0 Habop 6omnbluMX OO6BEMOB, BbICOKOCKOPOCTHON W/Mau
6onbLuoii MHOroobpasHoit MHcpopMauuM, B KOTOPOM [OJIA MPUHATUA pPELLEHWH,
onpepeneHna CMbiCna WM ONTUMMU3ALUMKM MPOLECCOB TPebYIOTCA HOBbIE MOAXOAbI
obpaboTtku». Co BpemeHeM noABUAMCL ellle ABa CBOIWCTBa, onpepenatoLme
6onbluMe [paHHblE: JOCTOBEPHOCTb W LEHHOCTb. [lnAa obpaboTku, xpaHeHus,
aHanu3a, BM3yanusauMW U pacrnpocTpaHeHWA OonblUMX JaHHbIX WUCMONb3yeTcA
BbICOKOMPON3BOANTENbHbIN aHanu3 jpadHbix (HPDA - High Performance Data
Analytics), koTopbllii 06beanHAET BbiCOKONpPou3BoauTeNnbHble Bbluncnenua (HPC -
High Performance Computing) ¢ 6onblummn paHHbIMM. [inAa peluenua npobnem
HPDA cywiecTtBytoLLMe MHCTPYMEHTbI 0becrneynBaloT peanu3auuio ornpeneneHHol
NOArpynnbl W3 BblleyKa3aHHO! rpynnbl AeiCTBUIA B 3aBMCUMOCTM OT LLENeBoil
3a4a4u UK CNOMHOCTU B3aMMOJAEWCTBUIA, CYLLECTBYIOLMX [JIA Kawaoro aeiicteua
nporpaMmMHbIx peLueHuii. Monb3osatenb, YToObI peannsoBaTb BECb LMK JEWCTBUIA,
BbIHY/EH 1CMONb30BaTb HECKONIbKO MPOrpaMMHbIX CPeA, ANA pelleHna npobnembl 1
UCCNef0BaHNA pe3ynbTaTos.

Mo 3Toii mpuunHe Heobxopumo paspaboTaTb MeToAbl U MPOrpamMmHoOe
obecneyeHne, KOTOpble MO3BONAT 06bEAUHNTDL AECTBUA BbICOKOMPOU3BOANTENBHbIX
BbIYUCEHUN, XpaHEeHWA, aHanu3a, BMU3yaausauMum M pacrpocTpaHeHWA JaHHbIX B
€[VHON KOMMNEKCHON cucTeme C WCMONMb30BaHMEM COBPEMEHHbIX MPOrpPaMMHbIX
PeLLeHnil 1 MexAyHapoAHO NMPU3HaHHbIX CTaHfapToB. B pesynbTate nonb3osatenb
CMOMET peann3oBaTb MOMHbI MPOLECC peLleHUA Npobnembl C MOMOLLbI OfHOW
nporpaMMHoii cpefibl, 4TO NOBbICUT 3PPEKTUBHOCTL U CIKOHOMUT BPEMA.

Llenbto jpuccepTaumu ABNAETCA CO3AaHWE KOMMIEKCHOW CUCTEMbI C OTKPbITbIM
UCXOAHBIM KOAOM, B COOTBETCTBUM C MEKAYHapoOAHbIMM CTaHAapTammu, C
BO3MOMHOCTbIO  BbICOKOTPOU3BOAUTENbHBIX BbIYUCIEHU, XpaHEHWA, aHanusa,
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BU3Yyann3aLMn JaHHbIX U PacrpocTpaHeHUA MeTafaHHbIX.
Hay4Has HoBu3Ha:

o Pa3pa60TaHa KOMMNNEKCHaA CUCTEMa B COOTBETCTBUM C MEXAYyHAPOLHbIMU
CTaHdapTamMu, copepHaliad METOAbl BbINMOMHEHNA BbICOKONMPOU3BOAUTENBHbIX
BbIHMCﬂeHMﬁ, XpaHeHuA, aHan3a, MHTepaKTMBHOﬁ Bu3yanunsauunmn n
pacnpoCcTpaHEeHNA OaHHbIX, ANA pEeWeHnA 3ajay C BbICOKONPOU3BOAUTENbHbIMAU
BbIYMCEHNAMU U BONbLUMMU AaHHbIMW.

e C NOMOLLLbHO npe,u,naraemoﬁ KOMIMNEKCHOW CUCTEMbI  Obin pa3pa60TaHb|
obnayHble CepBUCDHI:

1. ﬂ,ﬂﬂ LI,VI(*)pOBbIX pac4eToB N BU3yanusauuun (*)OTOHHbIX ANCCUNaTUBHDbIX
CUCTEM B KBaHTOBOWA (*)VI3VIK6.

2. ﬂ,ﬂﬂ N3y4€HNA PE3YyNbTaTOB WU aHaim3a TOYHOCTU LI,VI(*)pOBbIX METOoL0B,
ncnonb3yemblx A nccnepoBaHnAa U NporHo3MpoBaHUA Noroibl B pErmoHe.

O6nactn npumeHeHusa pesynbtaTtoB. PaspaboTaHHas nmporpamMmHas cpeja MoMeT
UCMonb30BaTbCA B 3ajadax C BbICOKOMPOU3BOAUTENbHBLIMU  BbIYUCIEHUAMU U
6onblWMMM  JaHHBIMM, [ANA XPaHEHWA, aHanu3a, WHTEPaKTMBHOW BU3yanusauuu,
pacnpocTpaHeHWA U peanmsauuu 3PEKTUBHbBIX BbIYUCNEHNI C UCMONb30BaHMEM
COBPEMEHHbIX BbIYUCANTENBHBIX U NPOrPaMMHbIX CPEACTB.

OcHoBHble pe3ynbTaTtbl Agucceprauuu:

o PaspabotaHa KommniekcHas cucTeMa, COAEpMallaa METOAbl ANA peanu3auuu
BbICOKONPON3BOANTENIbHbIX BbquICﬂeHl/li/Jl, MOJJ,VI(*)VIK&U.VIVI, XpaHEeHWA, aHanusa,
MHTEPaKTUBHOW BU3yanu3aLnm 1 pacrnpocTpaHeHna JaHHbix [1-5].

o PaspabortaHa cpesa B COOTBETCTBMM C MEMAYHAPOAHBLIMU CTaHAapTamu,
afanTUpPYIOLLAACA K CBOWCTBaM 3aJay M C BO3MOXHOCTbLIO JIOKaNbHOrO XpaHeHUs
JaHHbIX, AN1A CO30aHNUA W pacrnpocTpaHeHna MeTagaHHbix [1].

o PaspabotaH MmHorononb3oBatenbckuili  0bnayHbIi  CEPBUC ANA  peanu3aumuu
UMPOBbIX pacyeToB (POTOHHbIX AUCCUMATMBHbLIX CUCTEM B KBaHTOBOIN (hU3MKe,
aHanu3a U MHTepaKTUBHOI BU3yanu3auuu pesynbtaTtos [2].

o PaspabotaH obnauHblii cepBUC [1A aHanM3a pe3ynbTaToB U WHTEPaKTUBHOI
BU3yaNIM3aLMM  YUCNEHHbIX METOAOB, WCMOAb3yeMbIX [AJA  WUCCNEAOBaHUA W
NPOrHO3MpoBaHuUA norofbl B Apmenun [4, 5].
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Development of systems for problems with hight performance computing and
big data

Hayk Andranik Grigoryan

Together with the development of computer technologies, the generated data
increases and, due to the complex structure and volume of their diverse sets
(structured and unstructured), new approaches to their processing, preservation
and analysis are required.

Above described data sets are called big data and Doug Laney defined
them using a three-dimensional perspective: «Big data is high volume, high velocity,
and/or high variety information assets that require new forms of processing to
enable enhanced decision-making, insight discovery and process optimization».
Over time, two more properties have emerged that determine large data: veracity
and value. High performance data analytics (HPDA) is used to process, store,
analyze, visualize and share big data, which combines high performance computing
(HPC) with large data. To solve HPDA problems, existing tools provide
implementation of a certain subgroup from the above-mentioned group of actions,
depending on the target task or the complexity of the interactions of existing for
each action software solutions. The user, in order to implement the entire cycle of
actions, is forced to use several software environments to solve the problem and
study the results.

For this reason, it is necessary to develop methods and software that will

combine the actions of high-performance computing, storage, analysis, visualization
and data dissemination in a single integrated system using modern software
solutions and internationally recognized standards. As a result, the user will be able
to implement the full process of solving the problem using a single software
environment, which will increase efficiency and save time.
The aim of this thesis is the development of a comprehensive system with open
source code, in accordance with international standards providing high-
performance calculations, data storage, analysis and visualization of data and
metadata distribution.

Scientific novelty:

e Developed complex system of high-performance calculations, data storage,
conversion, analysis, interactive visualization and dissemination
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techniques, high-performance calculations and solutions for problems with

high-performance computing and big data.

Using the proposed complex system two cloud services have been

developed:

1. Numerical simulation and result interactive visualization of photonic
dissipative systems in quantum physics.

2. Weather research and forecasting numerical methods results
investigation and accuracy analysis in the region.

Applicability of the results. Developed complex system can be used for solving

problems with high-performance computing and big data. It provides abilities for

data storage, analysis, interactive visualization, sharing and effective calculations

using modern computing and software tools.

The main results of the thesis are:

Developed data analysis and interactive visualization complex system which
consists from different methods (API) for data collection, processing,
conversion, maintenance, optimization, sharing and high performance
calculation [1-5].

Developed an environment that is flexible to the problem's specifications
and has a local storage capability for the creation and sharing of metadata
in which the international guidelines are taken into account [1].

Developed a multi-user cloud service for numerical calculations of
photonic dissipative systems in quantum physics and results analysis with
interactive visualization [3].

Developed a cloud service for analysis and interactive visualization of
weather research and forecasting numerical method results in Armenia [4-
5].
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