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«Ymevbouvn ANAmon pn AOYOKAOTNG Kot aVAANYNG TPOSMTIKNG EVOVVICH

Me mhpn eniyvoon ToV GUVETEW®V TOL VOUOL TEPT MVELUATIKOV OIKOIOUATOV, Kol
Yvopilovtag TIg GLUVETELES TG AOYOKAOTNG, ONAGV® LITEVBVVA KoL EVOTOYPAP®S OTL 1) TOPOVCH
gpyacia pe titho «Extiunon g evepyelokne amddoons GVoTAONS VTOAOYICTIKMOV HOVAS®V
YOUNAOD OYKOL / KOTAVAA®ONG» amoTeAel TPOIOV aVGTNPA TPOCMOTMIKNG £PYACING Kol OAEG Ol
mmyéc amd TG omoieg ypnowomoinoa dedopéva, 10éec, pdoelg, mpotdoelg N AéEelg, eite
eMaKPIPOC (OTOC VIAPYOLY GTO TPOTOTLTO N UETAPPACHEVEG) €ite pHE TOPAPPACT], £YOLV
ONAmBel KOTAAANAO KoL EVOIAKPITO GTO KEIUEVO HE TNV KATOAANAT TOPOTOUTY KOL 1] CYETIKY|
avaeopd mePAapPavetal oto TUNUO TOV BIPAMOYPAPIKOV OVOPOP®V LE TANPN TEPLYPOPN.
AvorapBave TANPOS, ATOUIKE Kol TPOGMTIKA, OAEG TIC VOUIKES KOl OLOIKNTIKEG GUVETEIEC TTOV
dvvaTal VO TPOKLYOLV GTNV TEPITTOGOT KOTA TNV omoio amodeydel, dtaypovikd, 0Tt | epyacia
aLTA N TUNHO TG OEV OV aVIKEL O10TL €ivarl TPoidV AOYOKAOTNG,.

O AHAQN
Hupepopnvia

Ymoypaoen
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EKTLNON TNG EVEPYELOKAG AIOS00N G CUCTAS G UTTIOAOYLOTLKWYV OVASWV
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MNpoAoyog

Ztnv mapovoa SutAwpatikn datplp oxedldotnke kat vAomoliOnke pia cuotdda amod
UTIOAOYLOTIKEG pOVASEC xapnAoU Oykou / KatavaAwong UE OKomd TNV €KTipnon tng
EVEPYELOKNG amOb00n g TNG. XTo MPpWTo KepAdAalo yivetal pia ewoaywyn yla tTnv Baotkn
Kkatavonon tn¢ epyaciac. Ito Oevtepo kedpahalo yivetal AOyog¢ yla T OUOTASEG
uTtoAoyloTtikwv povadwv. To tpito kepdhalo sival adlepwWUEVO OTIG UTTOAOYLOTLKEG
uovadeg xapnAou oykou / katavalwong. Xto Tétapto keddAaiwo tTiBevtal ot
npodlaypadec. AkolouBel to MEUMTO KepaAalo pe To MAaioo afloAdynong Kot otn
OUVEXELDL TO €KTO HME TNV UAomoinon. TéAo¢ oto €Bdopo keddlalo avadépovral ta

CUMMEPACUATA TNG OANG Stadikaciag.
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Euxoplotieg

Oa nbsAa va euxapLOTHOW KATAPXAG TNV OLKOYEVELA LOU TTou HE BoriBnoe kat Ue otnplée
Katd tn Sldpkela ekmovnong tng SutAwpatikng pou Statplpnc. Emiong, Ba nbela va
guxaplotiow tov erPAEnovta kabnynti Ap. ABavdclo Kakapouvta, yla tnv avabeon
™NC SUTAWUATIKAG auTn¢ StatplPrig oe epéva aAAd Kal TG TIOAUTIUEG CULBOUAEC TTOU LoV

€6woe Katd tn SLdpKELA TN EKMOVNONG TNG.
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NEPINHWH

H ouykekplpévn SumAwpatTiky SLotplpry MPayHOTEVETOL TNV EKTIUNGCN TNG EVEPYELAKNAG
anddoong cuotadag UTOAOYLOTIKWY HovAadwyv xopnAol oykou / katavalwong. Me tnv
Snuoupyila plag cuotddag, amoTeAOUMEVNC Ao UIKPO aplOUd TwV WG Avw povadwy,
OTOX0G €lval va mpaypotonolnBel n evepyelakn TNG €KTIUNON O OXEON HE KAAGOLKOUG
ermutpanélloug kal popntoulg umoAoylotéC. H evepyelakr anddoon Ba umoAoylotel pe
TPEL( TPOMOUG. Tnv UTOAOYLOTIK X0 HE onuelo avadopag, Ttnv €opuén
KpUTITOVouiopaTtog Kot tnv subuypduuion mpwieivwyv. Me Bdaon ta amoteAéopata Ba
e€etaotel To evdexOuevo NG dnuloupyilag evog Ymepumoloylwot amd pia cuotada

UTTOAOYLOTLKWV HoVASwV XapunAou oykou / KatavaAwong.

AEZEIZ-KAEIAIA:

Evepyelokry Amoédoon, YmepumoAoylotig, 2uotada, Mikpo MéyeBog, XaunAn

KatavaAwaon, XapunAdé Kootog, Avolkto YALKO
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ABSTRACT

This diploma thesis deals with estimating the power aware evaluation of low cost single
boards constructed cluster. By creating a cluster consisting of a small number of the
above units, the goal is to carry out its energy assessment with regard to classic desktop
and laptop computers. Energy efficiency will be calculated in three ways. Benchmark,
cryptography mining and protein alignment. Based on the results, will be considered the

possibility of creating a Supercomputer from a cluster of single board computers.

KEY WORDS:

Power Aware Evaluation, Supercomputer, Cluster, Small Size, Low Power, Low Cost, Open

Source Hardware
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Kepahato 1° Elcaywyn

1. Elcaywyn)

H texvoloyla Ta TEAeuTala XpOVLO EXEL KAVEL TEPAOTLA AAUATA KAl EXEL KATADEPEL LEYAAQL
emtevypata ¢ptavovrog moAAEG dopég ota ouvopa TG pavtaciag. OAn auth n avamntuén
Kal N mpoodog £xouv CUUPBAAEL oTNV HeyAAn av&non tou mPoodoKipou (WG Kol Tou
Blotikol emumédou Twv avBpwWMwY ToU TPV and UePLKEC dekaeTie¢ Ba davtale ocav

OEVAPLO ETILOTNUOVLIKAG dpavtaoiag.

OAa autd ta emitevypata i KOAUTEPA TO UEYOAUTEPO UEPOCG TWV EMUITEVYUATWY QUTWV
glxe Kal £XeL Apeon f EUUECN OXEON HE TNV TEPAOTLA TPOOSO TNG EMOTAMNG. H peyaln
€kpnén TNG TEXVOAOYLag TOU OTIG UEPEG MOG AKUALEL EEKIVNOE HE TNV pNXavh «Z3», TIou
£€dtiate o Meppavog unxavikog Kovpavt Tooule (Konrad Zuse) to 1941 kot Tav n mpwtn

TIOU XpnoLuomnolovuoe To Suadiko cuotnua apibunong.

AkoloUBnoe o OUyypocg paBnuatikog Tlov
dov Nowav (John von Neumann) pe pa
gpyaocio mou SnUooLleUTNKe Tov louvio Tou
1945 e titho «Mpooxedlo €kBeong yla Tov
EDVAC», omou Tmepléypade TN AOYIKN
AelToupylol HLAC UTTOAOYLOTIKAG HNXQAVAC
TIou xpnotpornolovoe to Suadlkd cuotnua
Kol amoBbnkeue oOtnv  HVAUN NG TO
MPOYPAUUA TNG. Kal otV CUVEXELA HEYAAN
LOTOPLKN OTWYU ATtav n avakdaluyn tou
tpaviiotop to 1947, KOBWG KATAPYNOE TIG
Auxvieg kevou Tou XpnoLpomolouvTay HEXPL
TOTE yla TNV UAomoinon AoylKwv VAWV Kall

Ewova 1 - EDVAC

(Electronic Discrete Variable Automatic Computer) KUKAWUATWY.

(MnyA: Wikipedia)
‘Etol dtdoape tnv 12 ZentepPpiou 1958 otnv mapoucioon Tou MPWIOU OAOKANPWUEVOU

KUKAWMOTOC 0 popdn HKpoTolmn (microchip) amé toug Pounept Nowg (Robert Noyce) kat
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Kepahato 1° Elcaywyn

Tlak Kidpm (Jack Kilby). And ekeivo To onuelo Kal PETA N TEXVOAOYLO YVWPLOE TEPAOTLA

Kol oApatwdn e€EALEN pe ekBeTikoUC puBpoUC.

2. Avénom Enegepyacstikng Ioxvog

Elval yeyovog OTL oL avayKeg 0€ UTOAOYLOTIKN LoXU aufavovtal pépa HE TNV NUEPA HE
€KOETIKO puBUOS. KaBnueplvd o pécog avBpwmog XpnoLUOoToLEL TV TexVOAoyila pe oAoéva
KOl TIEPLOCOTEPOUG TPOTIOUG. Eival yvwotog o « Nopog tou Moup» (Moore's law) o omolog
€V ouviopio Aéel mMw¢ o aplOuog Twv TpaviloTop €VOC TUKVOU OAOKANPpWHEVOU

KukAwpotog Suthaoialetal kabe SUo xpovia.

H texvoloyia, ptavovtag tTa onpePLVA UAIKA KATOOKEUNG OAOKANPWHUEVWY KUKAWUATWY
oTa Opld TOUG, oTapdtnoe autd tov Kabeto Tpomo KAwpdakwong (Vertical Scaling) kat
KAAu e To Kevo pe Ttov Opilovtio Tpomo KApakwong (Horizontal Scaling). Etol to paAL tng
avénong TNG TAaXUTNTAC AVIKATAOTABNKE pe TNV paydaia avénon tou aplBuol Twv
TIUPAVWY TWV OAOKANPWHUEVWY KUKAWUATWY. ZUVTOUO QUTOC O VEOG TPOTOG KALLAKWONG

Bpnke amioteuteg epapUOYEC OTOV TOUEQ TNG TTANPODOPLKNG Kl ESWOE VEEC TIPOOTITIKEC.

Ewkova 2 - Vertical / Horizontal Scaling (MnynA: https://i.stack.imgur.com/On3t0.png)
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Kepahato 1° Elcaywyn

3. Av&non Katavalwong Evépyelag

H ouvexng avénon tng emefepyaotikng OXVOG OUWE TEPAV OAWV TWV BOeTkwv
QMOTEAECUATWY TIOU TIEpAAUBAVEL 1 KoL cuUTIaPacUpPEL, £xel €va doPepd exBpo /
UELOVEKTNMA, TNV avUfnon TtnN¢ KatavaAwong NAEKTPLKNAG evépyelag. Mapolo mou ol
npoonaBeleg ou yivovtal Ta TeAeutala xpovia yla avénon tng eneeEpyaoTiknG LoXV oG
AapBavouv umoyn oe peyalo PBabud tnv Katavalwon nNAEKTPLKAG eVEPYELOC, elval

avanodeuktn n oxebov mapaAAnAn avénon Touc.

Av £€ETAOOVUE TIG AVAYKEC TOU HECOU XPNOTN, TNG LEONG EMLXE(PNONG KAl TWV UEYAAWV
OPYOVIOUWV OE EMeEEPYOOTIKN) LOXU TOAPATNPOUHE OTL T TEAEUTALO XPOVIDL £XOUV
oA amAaolaotel pe ekBetikd puBbuo (E€umva kwntd tnAédpwva, €EUTIVEC CUOKEUEC,
TIPOCWTILKOL UTIOAOYLOTEG, PopNTOL UTIOAOYLOTEG, ETOLPLKOL UTIOAOYLOTEG / €EUTINPETNTEG,
VEDN Kal ocuvveda, SLadikTuo Twv Mpayudtwy Kat Stadiktuo twv maviwv). OAla auta
€XOUV HIKPN TO KABe €va aAAd HeydAn OTO0 OUVOAO TOUG KATAVAAWGON NAEKTPLKNG
evépyelag. Mo EekaBapo yivetal autod ota peyala Kévrtpa Asdopévwy (Data Centers) kat
TO. EPEUVNTIKA TIPOYPOUMOTO OTA OMOold N CUCCWPEUMEVN KOTOVAAWGON NAEKTPLKAG
EVEPYELOG ayyllel, akOpa Kol EEMEPVAEL OF OPLOPEVEG TEPUTTWOELS, BLOUNXAVIKEC

KOTAVAAWOELG.

Ewkova 3 - Worldwide Data Center Facilities - Power Needs in GW (Mnyn: Yole)
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Kepahato 1° Elcaywyn

4. KAypoatiki) AAAayr)

Mati Opwe va pag evoladpEpel TOoo TOAU N KAtavaAwaon NAEKTPLKAG EVEPYELOG OE OXEON
HE TNV emefepyaoTikn oxv; H amdvinon eival moAU amAn. ZoUpe o€ €vav MAQVATN ME
TIEMEPACUEVOUG TTOPOUC KOL N aflomoinon TwV aVAVEWOLUWVY TINYWV eVEpPyeLlag Sev €xeL

dtdoel akdpa o emBupnTa enineda.

Ou 8tebvng opyaviopol onwg n «Greenpeace», 1o « WWF» kat moAAol GAAoL €xouv
ETUONUAVEL TO TPOPANUA amd TOAU vwpi¢. Amo €va onueio kal PETA apyxloav va
gudavilovral Kol Ol TIPWTEG EMLOTNUOVIKEC LEAETEC KOl OHUEPA UETA OO APKETA XPOVLAL
UTIAPXEL pia MANBwpa peAeTwV Katl odnylwv amo 0Aoug oxedOv Toug emionpous Gopeig
onwc¢ o OHE (United Nations - Katowice Climate Change Conference (2 - 14 December
2018)), n Eupwnaikn Evwon (European Climate Change Programme), Intergovernmental
Panel on Climate Change (IPCC), G8 kat G20, Major Economies Forum on Energy and
Climate (MEF), Organisation for Economic Cooperation and Development (OECD),

International Energy Agency (IEA) kat mtoAAoi aAAoL.

Ewkova 4 - NASA Climate Change (MnyR: climate.nasa.gov)

Aev gival tuxaio to yeyovog otL ot G8 kal G20 acyoAouvtal KoL HE aUTO To Béua Ta
teAevtaia xpovia. To 6Ao PalVOPEVO EXEL TEPAOTLO AVTIKTUTIO OTNV TAYKOGCLO OLKOVOULA.
To 6Ao Bépa ayyilel dpeca to EAANVIKO KPATOG Kal TNV olkovouia, Ba ntav mapdAnyn va
unv avadepBetl n peAétn «OL MepLBAAAOVTIKEG, OLKOVOULKEG KOl KOLWWVIKEG ETIMTWOELG

™C¢ KAMATIKAG aAAayng otnv EAAGSa», mou mpaypatonolibnke amd tnv Emitponn
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Kepahato 1° Elcaywyn

Melétng Erumtwoswv KAwpatikng AMayng, tov lovvio tou 2011 and tnv Tpamnela tng
EA\ASog. Ekel avadépovtat kal avaAUoVTaL Ol EMUMTWOELG TNG KALLATIKAG aAAayng otnv

EAAGSQ.

5. Ektipnon Evepysiakng Amodoong

Itnv mapouoa SutAwpatikn Siatplfr) Ba mpaypatonolnBel eKTiUNON TNG EVEPYELOKNG
anddoong cuoTadag UTIOAOYLOTIKWY povadwy xaunAol oykou / katavaAwong. Me Alya
Aoyla Ba peletnBel n Suvatotntag s€aywyng eme€epyaoTtikig oxvog amo uotada
(Cluster) umtoAoyLOTIKWV pHoVASwWVY XapnAol OyKou / KatavaAwonc e oKomo TV BEATLOTN
anodoaon oe oXEon UE TNV KATOVAALOKOUEVN eVEpyela. Oa e€eTtaotel SnAadn av Kal Katd
OO0 €lval cuUPEPOUCA EVEPYELAKA N XPON TETOLWV CUCTASWV HETPWVTAC TNV amodoon
TOUG O€ OXEON ME TO UTIAPXOVTA CUCTAUATA KOl OPXLTEKTOVLKEG. ZKOTOG €ival va Bpebel
€va HovTtéEAo KaAUTEPNG aflomolnong tng EVEPYELOG HE TO PeYaAUTtepo Suvatd AGyo tng

UTTOAOYLOTLKIG LOXUOG WG TIPOG TNV KOTAVAAWON.

Epyo _ E pyo _ Yroloyiouk ij oy ij ¢
Evé pyeio  Karav a dwan x Xp ovog Karav a lwon

Evepyeiox n Amodoon =

Ewkova 5 - Performance Per Watt (MnyA: Intel)
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

1. Elcaywym)

Juotada Ymoloylotikwv Movadwv (Computer Cluster), ovoupdletat pia opada
UTTOAOYLOTLKWV HoVAdwV KOTAAANAQ CUVSEUEVWV WOTE VAL UTTOPOUV VOL EVEPYOUV OV Ui
eviaia ovtotnta. Me dAAa Adyta «Computer Cluster» pmopel va xapaktnpLotel n TeEXVIKA
ouvdeong U0 1 MEPLOCOTEPWY UTIOAOYLOTIKWY PHovadwv oe éva diktuo (ouvnBwg péow
EVOC TOTLKOU O&IKTUOU) TIPOKELWMEVOU VO YiVEL €KUETAAAEUON TNG TAPAAANANG

eMe€EPYAOTIKNG TOUG LOXVOG.

Ot Zuotadeg Ymoloylotikwv Movadwv mpoékupav we amOTEAECUA TNG GUYKALONG MLOG
OElPAC TACEWV ONMwWG N Slabeolpotnta  UIKpoemeEepyaoTwy XapnAol KOOTOuG, N
e€amiwon Siktvwv vPNARC TaxUuTNTAG KOL N AVATTTUEN AOYLOUIKOU YLO KOTOVEUNUEVOUG

umoAoyloTtég uPnAng anddoong.

Ot YrtoAoylotikég Movadec rou amoteAoUv tnv Zuotada ovopdalovrtat Koppol (Nodes). Ot
KouBot (Nodes) tng Zuotadag (Cluster) ouvnBwg dev €xouv ¢uolki Mapoucia oToug
XWpoug epyaciag, aAAd slval aplepwHUEVOL OTNV EKTEAECN €PYOOLWV TNG ZUOTASAG, Kal

ouvdéovtal Pe Tov EWTEPLIKO KOOUO HECW EVOG HOvo KopBou.

Yndpyxet €va €upl GpAacpo €PAPUOYWV KAl QVANTUENG, TIOU KUUOVOVTOL Qmd HKPEC
OMAdEC eTUXEPNOEWY HE Alyoug KOUPOUG Ot WEPLKOUC aQmO TOUC TAXUTEPOUC

UTIEPUTIOAOYLOTEG OTOV KOO0, OTwG N Sequoia tg IBM.
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

Ewkova 6 - Computer Cluster (MnynA: Oracle)

6. Xapaktnplotika kat Ta§ivopunon

Ot Zuotadeg YmoloyloTikwv Movadwv mpoodEPOouV TO MOPAKATW XOAPOKTNPLOTIKA HE

OXETIKA XONAO KOOTOG:

YUnAég Embooelg (High Performance)

YPnAn AwBeowpotnta (High Availability)

YUnAn Avvauikotnta (High Throughput)

Enektaowpotnta kat KAlpakwon (Expandability and Scalability)

Me Bdon Ta XOPOKTNELOTIKA OUTA TOflvOMOoUVTIAL Kal Ol ZuoTtAadeg YMOAOYLOTIKWV

MovAadwv OTLG TTAPaKATW KATNYOPLEC:

6.1 High Performance Clusters (HPC)

Ta High Performance Clusters (HPC) eivat Zuotdde¢ UTMOAOYLOTIKWV HOVASWY ToU
Xpnotwgomolouvtal ywa TtV emiluon mponyuévwy mpoBAnuatwy umoloylwopou. Ot
Yuotadeg YYnAwv Emibooswv €xouv oxedlaotel yla va ekUeTaAAeVovTaL TNV TTAPAAANAN
LoV enegepyaociag MOAAWVY KOPBwWV. Zav KUPLA Xpron Toug elval n eKTéEAeon AslToupyLwv

TIOU QTALTOUV VA ETUKOWVWVOUV oL KOUPBOoL KaBw¢ eKTEAOUV TIC EPYOOLEC TOUG, OTIWG yLa
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

TIAPASELYUA, OTAV TA ATMOTEAECUOTO TWV UTOAOYLOMWV amod évav KopBo emnnpedlouv

HEANOVTIKA amoTeAEopaTa o€ Evav dAMo.

Ewkdva 7 - High Performance Clusters (HPC) (Mnyn: Cluster Computing - AAKASH SINGH)

6.2 High Availability Clusters (HAC)

Ta High Availability Clusters (HAC) eivat ouotdde¢ uToAOyLOTIKWYV HovAadwv Tou
urnootnpilouv epapuUoyEC SLAKOULOTWY TIOU PMopouv va aflomotnBbouv aflomiota. Ot
Juotadeg YYnAng AwoBsoiuotntag €xouv oxeSlooTtel yla va Slotnpouv TAEoVAIOVTEG
KOUBOUG TIOU HMOpPOUV va AE£lTOUpYroouvV w¢ ocuotiuata Avtiypadwv Acdaleiog
(Backup) oe mepimtwon BAGBNG. O eAdaxiotog aplOuog kOpPwv o éva cupmAeypa HAC
elval dvo evepyol kal évag mAeovalov. BEPala ta meploocdtepa ouykpotriuata HAC

XPNOLLOTIOLOUV TTIOAU TEPLOCOTEPOUC KOUPBOUG.
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

Ewkdva 8 - High Availability Clusters (HAC) (Mnyn: Cluster Computing - AAKASH SINGH)

6.3 Load Balancing Clusters (LBC)

Ta Load Balancing Clusters (LBC) eival pia peBodoloyia SIKTUWONC UTTOAOYLOTIKWV
povadwv yla t dtavoun doéptou epyaciag o€ TOANEG UTTOAOYLOTIKEG LOVAOEC | ZUOTABEC
auvtwv. Ou Zuotadeg Avtiotaduiong dDoptiou Asttoupyolv SpOHOAOYWVTOG OAEG TIG
epyaocieg péow evog N meploocotepwyv KopBwv (Nodes) e€looppomnnong doptiou, ol omoiot
OTN OUVEXELX KATAVELOUV OTTOTEAECUATIKA TO $OpTO epyaciag HeTafl Twv UTIOAOLTWY
evepywV KOUPBwV. OL cuoTtadeg aUTEC elval EALPETIKA XPAOLUEG yla 6oou¢ epyalovTal Ue
TLEPLOPLOUEVOUC TtpoUToAoyLopous Tunpatog MAnpodopikng (IT department). H 6tadBeon
HEPLKWY KOPPBwV yla tn Slaxeiplon ¢ pong epyaciag pog cvotadag dtaodpalilel tn

BeAtioTOMOLNON TNG TIEPLOPLOUEVNC LOXVOG eMe€epyaaiag.
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

Ewkéva 9 - Load Balancing Clusters (LBC) (Mnyn: Cluster Computing - AAKASH SINGH)

7. Xpnowotnta
ApkeTol elvat ot Adyol mou o8nyolv otnv oAoéva Kal HeyaAUTEPN XPrion Twv ZuoTtadwyv

Yroloylotikwv  Movadwv (Computer Clusters). OL Boaolkotepol meplypadovral

TIOPOKATW:

Duoka opla. Oha ta Eaptrpata YAkou (Hardware Components) €xouv ¢puoikd opLa ta
ormola eival memepacpéva. 2to MPOoBAnua auto Sivel Auon n xpnon Twv uotadwv
(Clusters). 2 mepintwon mou eival avaykaio n avénon tng eme€epyaoTIKnG LOXUOG Umopel
gukoAa va auénBel o aplBuog twv KopPwv (Nodes). H Avon auth esival cadwg
OLKOVOULKOTEPN Ot avtiBeon pe plo mavakplBn aviikataotoon — avofaduion evog

napadoolakol YriepumoAoylotr (Supercomputer).

Owovopikoi Aoyor. Ot owkovoukol Adyol gival (owg To peyalo atou tng Xpnong Twv
Juotadwv (Clusters). e avtiBeon pe Toug mapadoolokoUC YTEPUTIOAOYLOTEG
(Supercomputers) mou eivalt 1o MEPITTAOKOL OTNV KATAOKEUN KL CUVETIWG 0KPLBOTEPOL, OL
Yuotadeg (Clusters) amotelolUvtal amd mOAA pev alAd amAd Og, KOl OUVETWG
$OnvoTepa, UTTOAOYLOTIKA CUCTAHATA KOL N TIOAUTTAOKOTNTA Toug £€avrtAeite ouvnBwg

oto eninedo tou Aoylouikou (Software).
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Kepahato 2° Juotadeg Yrnoloylotikwv Movadwv)

Opla anddoong. Ta Opla amodoong eival MOAU onUAVTLKOG AOyog o0oov adopd Tnv
EKTEAEON TPOYPAPUATWY. H ektéAeon Tpoypaupdtwy o€ moAAamAdota (my Suthdola)
ouxvotnta AEN onuaivel kat tnv moAAamAdotla (my SumAdoia) anodoon Tou CUCTAHUATOC.
e ouvbuaouod pe Tta GUOLKA Opla TWV EEAPTNUATWY UALKOU n Xpnon twv Zuotddwv

(Clusters) oe neputtwoelg anaitnong vPnAwv embocewv eivat oxedov emiBePAnUEVN.

MeyaAeg epappoyEg. OL peyaAeg ehaPUOYEG, OL OTIOLEG AmALTOUV TIOAU XPOVO KAl UVAKN
UMOpPOUV va €KTEAEOTOUV TIOAU TIlO €UKOAQL Kol ToxUTEpA Ot Hio Tuotada Adyw Tng
Enektaoipotntag — KAipakwong (Expandability - Scalability) mou mpoodépel kat pmopet pe

armAa BrApoata va auvénosl emeepyacTikr) loXU Kot pvnpn, auéavovrag toug Koppouc.

AT Ta MAPATIAVW CUUIMEPAIVOUHE OTL N XPHon Twv ZUoTadwv YmoAoyloTikwv Movadwv
(Computer Clusters) adopd kKupiwg TNV avénuévn INTnon os enefepyaaTikn oYU Kal ToV
Aoyo amodoong — TAG. ETOL, HME TNV XPAON TOUG EMLTUYXAVOVTIAL EMLOOCELG
YnepunoAoylotwv (Supercomputers) oe kamota mPoBARpaTa ylo €va Tpito £wg €va

S£KaTOo TNG TWUAC eVOC mapadootakou YrepumoAoylotr (Supercomputer).

Ewkova 10 - Computer Cluster (Mnyn: Intel)
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8. MMAcovekTNUATA - MELOVEKTI|NA T

8.1 IIAsovekTNUaTA

Aebopévou OTL uapxel aufavopevn avaykn ylo UTIOAOYLOTEC Pe LPNAEC emlOOELG Kal
$Onvotepoug enefepyaotéG 0 OAO TOV KOOHO, oL Tuotddeg YmoAoylotikwv Movadwyv
(Computer Clusters) mapouoialouv peydho evlladépov yla tnv KGALYN autwv Twv

TIPOOSOKLWV.

Me tnv xprion Twv Zuotadwv YmoAoylotikwv Movadwv pumopouv va entteuxbolv YPnAEg
Emdooelc (High Performance) kot kotd ouvémela va HelwBel o Xpovog eKTEAEONC
amaLTNTIKWV edpapuoywv Oonwe Emotnuovikwv YmoAoylopwv (Science Computation),
BlonmAnpodopikn¢ (Bioinformatics), BiotexvoAoyiag (Biotechnology), Mpoocopowwoswv
(Simulations), Aepodlaotnuikng (Aerospace) KA. Emiong o xpnotng Umopel va €xel
npooBacn oe TEPAOTIA UEYEDN emMe€epyaoTIKAG LOXUOG XPNOLUOTIOLWVTIAC £vav amAo

erutpanéllo 1 dopnto umoAoyLoTr amnod To ormitL i} To ypadeio Tou.

Supercomputer Cluster

NODE 1 NODE 2 NOCDE n

™~ N ~

Cluster Controller Batch System
il

SplitandRun System
Doemain Job I‘3Jatch
::) abs
Manager Seqguencer|

Ewkova 11 - Schematic view of the supercomputer at Cornell University (Mnyn: www.researchgate.net)

H eniteuén YUnAng AlaBeopuotntag (High Availability) odnyel oe cuotiuata pe avénuévn
oopaAela Kal aflomiotio mou eival to U’ aplBUoV €éva {NTOUHEVO O gLaoBNTEG
epapuoyég kat epappoyEg Tou dtadiktuou. Anod tnv $pUcn Toug oL ZUoTASEG TpoadhEpouy
Enektaowpotnta kot KAwpakwon (Expandability and Scalability) kot katd ouvémela

BeAtioTomoinon TE Xpriong Twv mMoépwv Tou CUCTHUATOC.
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Jadpwg To XapunAo kd6otog Snuloupyiag kal cuvtnpnong eival éva and ta peyoAltepa
TIAEOVEKTAMATA TIOU 0€ cUVOUACUO UE Ta Ttapanavw Sivel peydlo mpofadiopa Evavtl

TWV MOPASOCLOKWY UTIEPUTIOAOYLOTWV.

AlOTUTIWVOVTAG  ETIYPOMUATIKA TA TAEOVEKTAMATA TWV 2ZUoTAdwV YMOAOYLOTIKWVY

Movadwv (Computer Clusters) omw¢ autd €xouv avaAuBel mponyoupuévwg Slakpivoupe

Ta €€NG:
e Meiwon kéoTOUG.
o  YUnAég emubooelc.
e Enektoowuotnta.
e AwBeowuotnra.

e  YynAn aoddiela kot aflomiotia

8.2 MsovekTijuata

Ao toug vopoug tou Mépdu (Murphy's laws) elvat yvwoto ot «Kdtt kaAod akoAouBeital
amod KATL KAKO, TIoU akoAouBEeital amo KATL XELPOTEPO». ITN MEPIMTWON TWV ZUOTASWVY TO
KOAO €lval OTL UmopouVv va eTUTEAECOUV OpLOHEVA €L6N €pyaoLwV TOAU TaxUTEpPA Ao
€vav Ynepumoloylotr) (Supercomputer) mou gpyaletal povog tou. To KaKO glval OTL N
dpaon «oplopéva €idn epyactwvy AEN kaAUmtel 6Aa ta €(6n kowwv gpyaciwv. Mdvo
opLlopEvVa €ldn epyaciwv PmopolVv va Aettoupyolv pe kEpdog (dnAadn mio ypriyopa) oe

uia Zuotada napdAAnAng enegepyaoiag (omoloudnmote oxediouv).

To XElpOTEPO €ival OTL piot epyacio Mou UToOpel va Asltoupynoel pe kEpdocg oe pla
Juotada &ev Ba TpEfeL TOXUTEPQA, KATA YEVIKO KOvOva, €KTOC €AV elval €L0KA
oxeSLAOUEVN KoL YPOUMEVN yla va eKUETOAAEUTEL TO TMapAAAnAo TtepltBAAAov. e auTo
UIopel va tpooTeBel OTL Eva TTOAU HLIKPO TUAMO TOU EUTIOPLKOU AOYLOULKOU EXEL Ypadel N
oxeblaotel yla va Asttoupyel oe éva mapdaAAnlo mepBaAlov, Kal auto TIOU UTIAPXEL

TipoopLeTal KATA KUPLO AOYO yLa TIOAU OTEVEG Kl €EELOLKEVUMEVEC EPAPLOYEC.
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To HeYaAUTEPO UELOVEKTNUA TN XPNONG TwV Zuotadwv Sev eival dAAo amo ta nepimloka
TIPOYPOUHATIOTIKA HOVTEAQ Kot tnv SuokoAia avamtuéng twv edoapuoywv mou Oa
aflomololv TG SUVOTOTNTEG TIOU OQUTEC TIAPEXOUV amAOxepa. To ypdyluo Tou
rmtapAaAAnAou AoylopikoU Sev eival dlaitepa SUokolo, alAd oUTe sival WoLaitepa UKOAO.
Quotkd, pepikol avBpwrol Ba éleyav OTL To ypdpo oelplakol Aoylopilkou Sev gival
dlaitepa evkoAo kat to tapaAAnAo eival oiyoupa o SUckolo. lNa moAAoug avBpwmoug
lowg to va ypadel mapdAnAo Aoylopko eival blaitepa Suokolo. Quolkad kol Kabe
napaAAnAo meptBarlov eival mMoAU To TePIMAOKO amo to dn TMOAUTIAOKO OELPLAKO
nieplBaAAov (To omoio oTIC LEPEG HaC EXEL TTIOAAA TTAPAAANAQ XOPOAKTNPLOTIKA) KAl QUTA N
moAumAokotnta Umopel va aMnAemidpdocel UE TO AOYLOMIKO HE Teplepyoucg Kal

amPOoodOKNTOUC TPOTIOUG.

TENOG, Eval AKOUOL ONUOVTLKO LELOVEKTNUA Elval n mapakoAoVuBnaon Kal n cuvtpnon mou
elval e€aptwpeveg anod tov aplBud twv Koppwv (Nodes) tng Zuotadag. Etol Aoumov 6co
avéavetal 1o pEyebog ¢ Zuotadag, AMo TOoo aufdvetol n TOAUTIAOKOTNTO TNG

mapakoAouBOnong KAt TG CUVTAPNONG TNG.

9. H Innaoia g lpdofaocnc oc pla Tvotada
Towg va punv ival apéowc mpodaveg TL Umopel
VO XPELOOTEL KATIOLOC HLOl TETOLA QMIOTEUTN
UTTOAOYLOTIKN oYU, OAAQ UTTIAPXOUV KOl TIOAAQ
TIPAYHOTA  OTOV  TIPOYHOTIKO KOOHO TOU
UITOPOUV VA KOTOVAAWOOUV OAOUG TOUG TTOPOUG
enefepyaciag mou pmopel va toug Statebouv.
ITNV EMIOTNHOVIKY €PEuva, Ol JUOTASEC
Umopouv va xpnotporoinBouv yla t Sokiun

Ewova 12 - Components of HPC cluster (MnyA:
UYPWV SUVAULKWYV 1 OEPOSUVOULKWY UOVTEAWV

Pradeep Redddy Raamana, High performance
XWPIC TNV  avAykn KOTOOKEUNG akpLBwv computing)

npwtotunwy. Xto CERN, oL Zuotddeg ekteAouv

TIPOCOUOLWHEVA UTIOATOULKA TIElpapata. Ol OelopHOAOYyOL XPNOLUOTOLOUV TOUG TIOPOUG

TWV 2UOTASWV ylOL VO UOVTEAOTIOLiOOUV TA QTMOTEAECUATA TWV OEOMWV KoL Ol
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HUETEWPOAOYOL yLa VA OVAAUCGOUV YpRyopa UEYAAEG TTOCOTNTEG SESOUEVWV aLoONTRpwWY

wote va poPAEPouv wg Ba avartuxBouv Ta KoLPLIKA CUCTAUATA.

H texvoloyla twv Zuotddwv Pploketal emiong otnv NPWTN YPAUUR TWV VEWV
texvoloylwv. H dnuloupyia plag Stemadrng UTIOAOYLOTH TTOU QVTATIOKPLVETAL 0T GUOCIKNA
YAwooa yla mapadelypa, eival éva e€alpetikd SUOKOAO €pyo, AOyw TNG TEPAOTLOC
TMOWKIALOG TWV AXWV, TWV KOTOOTACEWV KOL TWV OIOXPWOEWV TIOU TIPETEL va
katavonBouv. Oco meplocoTEPN UMOAOYLOTLKH LoV propet va 600et oto mpopAnua, toco
KaAUtepa Ba eivat. Me pia potid oto MENOv, ol Zuotadeg¢ Ba pmopoucav va
XpnotuornotnBouv yla Ty HAxn Twv HaXwV, To LEPO TEPAC TG TEXVNTAE vonuoaouvng. To

HEYOAUTEPO EMITEUYHO EVOEXOUEVWE TNG OVOPWTOTNTAG.

EKTOC TwV mopanavw ebappoywy Umopel yivel xprion tng Zuotadac Kol 6TOUC TOUELG:

e BlomAnpodopikn

(“Bioinformatics: Sequence analysis” Wikipedia. Retrieved 18 Jan 2018.)

e Quown

(“Physics: Cosmology simulations” Wikipedia. Retrieved 18 Jan 2018.)

e Mnxavikn

(“Engineering: CFD” Wikipedia. Retrieved 18 Jan 2018.)

e Kowwvioloyia

(“Sociology: Simulating epidemics” Wikipedia. Retrieved 18 Jan 2018)

o OwovouLKa

(“Economics: Derivate pricing”) Wikipedia. Retrieved 18 Jan 2018)

Kall 0€ AAAOUC TOUELG pe TTOANATTAEG EPOPLOYEG.
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https://en.wikipedia.org/wiki/N-body_simulation
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10. OutAvvatotnteg ano v lipdcBaon o€ pla Tvotada

MoAU AlyolL €ilval oL XprOTEG TMOU TPEXOUV EPYACTAPLA OELOHOAOYLOG 1 avamtuooouv
CUOTNHHATA TEXVNTNAG VOoNUoouvNng. QoTdo0, UTIAPXOUV Kal AAAEG XPNOELG TwV ZuoTtadwyv oL
omoleg eival mo kovtd otov péoo xpnotn. Mia edappoyn eival n enetepyaoia Bivieo.
Elval yvwoto oe 6Aoug otL n dnuoupyia mepimAokwy Kivnuatoypadlkwyv edpé amattel
TOAU €vTATIKOUG UTIOAOYLOMOUG. ‘O00 MEPLOCOTEPN UTIOAOYLOTIKN oYU elval Stabéoiun,
TOCO TIO Yypryopa WUTopoUuv va TpayuatonolnBouv Soklueg, oAAayeg, €daplUOYEG

dIATPpWV KATT WOTE va TIPOKUYEL TO EMIOUUNTO ATIOTEAECUAL.

Mia Zuotada YynAng Anodoong (HPC) umopel va dtadpapatiosl onuavtikd polo o€
Katavepunuéva €pya onwg to SETI@home kot to Folding@home. Auta ta €pya
ETUTPEMOUV VAL XpNOLUoTolnBoUv UTIOAOYLOTIKEG MOVASEG ) CUOTASEC UTIOAOYLOTIKWV
povadwv yla va avaluBouv akatépyoaota Sedopéva yla TOV OKOTO TIOU €EUTINPETOUV.
Itnv nepimtwon tou SETI@home, avoAvUovtat ta SeSopéva padlotnAeoKOTIOU yLa

mubavég evdeifelc e€wynvng Lwnc.

Ewkova 13 - SETI@home (Mnyn: setiathome.berkeley.edu)
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310 Folding@home xpnowuomoleital €Belovtikry uToAoyloTtikn Wy yla tn Sie€aywyn
TIPOCOUOLWHEVWY TIELPOUATWY TIou Ba pmopoucav va odnynoouv oe Bepameieg yla
aoBéveleg 6nwg n vooog AAtoxaluep (Alzheimer disease) kat n vocog tou MNdapkivoov
(Parkinson’s disease). Aev xpelaletal €vag UTMEPUTIOAOYLOTAC 1 pia cuotdda yla tnv
OUUUETOX OFE QUTEG TIG TPOOTABeleg, aAAd TPOoHETOVIAC HLa UEYAAN ToooTnTA
UTTOAOYLOTLKAG LOYXUOG, CUUPBAAAEL KAVELG ONUOVTIKA O €peUVEC TIou Bal pmopouocav va

oANG€ouv Tov KOOUO.

Mia Zuotada YmoAoylotikwv Movadwv amha Sivel meplocdtepn LoXU enefepyaciog ano
OTL €vac UTTOAOYLOTAG. A KOWVOVLKA XPrion UTIOAOYLOTH KOl TUTILKEG EPOPUOYEC XPNOTWY,
€VOG UTTOAOYLOTAG TLG TIEPLOCOTEPEG POPEG UTEPKOAUTITEL QUTEG TIG QVAYKEG. AAG oL
XPNOTEC Tou emiBupouv va ypadouv toug Sikoucg toug aAyopibuouc yia tnv emiluon
OUYKEKPLUEVWY TIPOPANUATWY TIOU QVTLMETWTTI{OUV, HEPIKEC POPEG SLAMLOTWVOUV OTL
HOVO £€Vac UTTOAOYLOTHG ammAd KoL OVO yla TV SoKLun evog alyopiBuou Ba amaocyoAeital

yla wpeg, NUEPEC N eBSouadeg mpoTtol cuyKALVEL O pLa Auon.

Tav mopadetypa n dnuoupyia plag etkévag «A» 20.000 x 20.000 swkovooTtolxeiwv (pixel)
vPnAng avaluong tou Mandelbrot Set. Av pia swova «B» 400 x 400 ELKOVOOTOLXELWV TOU
Mandelbrot Set mou dnuioupynBnke pe éva amAo MPOypPAUUA XPELAOTNKE Tepimou 15
Seutepolenta yla va Kataypadel, pe amAd pabnuoatika umoAoyiletol o xpovog mou Ba
XPELOOTEL N €lkOvVa «A». ATO TOuG UTIOAOYLOMOUG TIPOKUTITEL OTL Ba XpeLaoTel epimou
37.500 OSeutepolenta i 10,4 wpeg yla vo TEAEWwOoeL n ewkova «A» 400.000.000

€LKOVOOTOLXELWV UE Evav POVO UTIOAOYLOTH).

Ewkova 14 - Cluster View: Connecting and Monitoring (Mnyn: www.oracle.com)
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AuTO elval éva mapadelypa mou adopd Toug XPROTEG TTIOU KAVOUV enefepyaoia ELKOVWY
Kall TTAaLoiwy mou Tapdyovtal amnd UTOAOYLoTH, OTwE Kal oTnv towia « Toy Story», omou

n enefepyaoia Tou kABe MAaLoiov pmopet va Slapkoloe €wg Kal 3 WPEC.

‘EVOG TUTILKOG XPROTNG, €KTOC TWV TOPATIAVW, UMOPEL KAVEL Xprion tng Zuotdadag yla

TIOAAEG akOpa eDAPHOYEC. MEPIKEG QO AUTEC.
e Yrmoloywopol «MATLAB» kat «Simulin».

(https://www.mathworks.com/products/distriben.html)

e [lpoypappata BlomAnpodoplkng 6mwe

o «CLC-Genomics Workbench»

(http://www.clcbio.com/products/clc-genomics-workbench)

o «DNAStar» (http://www.dnastar.com)

Enefepyaocia Bivteo (Video Processing)

Enefepyacia 'Hyou (Audio Processing)

E€opuén Acdopévwy (Data Mining)

MNawyvidla (Games)

Kpumnttovopiopata (Crypto Currency)
MoAAEG akOua EDAPUOYEG

11. XVvoym kat TupumEpACHATA

Mia Xuotada YmoAoylotikwv uotnudtwv (Computer Cluster) ival évag mapdaAAnAog
UTIOAOYLOTHC TIOU €lval KATAOKEUOOUEVOG oMo Paclkd OTOLXEl UTIOAOYLOTLKWY
ocuvotnuatwy. Anoteleital and Koppoug (Nodes), o kaBévag amod Toug omoiloug mepLEXEL
€vav 1 TEPLOCOTEPOUC EMEEEPYNOTEG, UVAUN N omola polpaletal amd OAOUG TOUG

enefepyaotéc otov KOUPo (Hdvo péoa otov KOPPBOo) Kol MpOcOeteq TePLdEPELOKEC
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OUOKEUEG (0mwg Slokol), ouvdedepévoug o €va SIKTUO TOU eMLTPEMEL ota dedopéva va
HETOKLVNOOUV peTaly Twv KOpPBwv. OL kKOUPoL pmopouv va eivatl Sladopwv TUMWV Kat
TeEXVoloylwv. Edv €vag KOUPOC TEPLEXEL TIEPLOCOTEPOUC QMO £Evav ETMEEEPYAOTEG,
ovopaletal KOUBOG CUUMETPLKOC ToAueneEepyaoTn (Symmetric MultiProcessor — SMP).
Ta Siktua prmopouv va eivat Stapopwv TUTIWV Kol TEXVOAOYLWV ETioNG. AUTA Kupaivovtal
arto oAU anmAd (Kat oxeTikd xaunAng anodoong) diktua mou Baocilovtal oe Ethernet éwg

kat Siktua uPnAng amodoong oxedlaopEva yio cUOTASEG.

Marti va xpnowtomnotnBei pio cuotada avti evog povo YrepumoAoylotn (Supercomputer);
Yndpyouv apketol Adyol: Meilwon Kootoug, YynAéc Emibooelg, Emektaoipotnra,
AwaBeopotnTa. O apylkdg AGYog yla TNV avAantuén Twv cuoTAdwv NTav yla va TapéXouv
OLKOVOULKA amoSoTLKA UTIOAOYLOTIKN LoXU YLla ETILOTNUOVIKEC EdappoyEC, SnAadn yla Tnv
KAAUYN TWV avaykwv Twv epapuoywy Tou analtovcav peyalutepn anddoon and authn
nou Ntav dlabéowun amnd enefepyaoteg He eviaio (Baowko) emefepyaotn 1 MPOOLTOUC
noAvene€epyaotéc. Mia edpappoyr UMopel va emBUUEL MEPLOCOTEPN UTTOAOYLOTLKY oYU

yla ToAAoUC Adyouc, aAAd oL TPELG elval oL Lo cuvnBLopévol:

e [leploplopol o0e TPAyUATIKO XpoOvo, dnAadn n amaitnon OTL 0 UTOAOYLOUOG
OAOKANPWVETAL EVTOG GUYKEKPLUEVNG XPOVLIKAG TtepLdSou. H mpoyvwan Tou Kalpol
elval éva napadetypa. Eva aAdo ival n enefepyacia dedopévwy mou mapayovral
amnod éva meipapa. to dedopéva mpEmel va enefepyalovral (1 va amobnkevovtal)

TOUAQXLOTOV TOGO ypriyopa 600 TtapAyovTal.

e Awakivnon. Mo €MOTNUOVIKA N TEXVIKA TIPOCOMOLWON MIMOPEl va amattiosl
moAAoUG uTtoAoylopoUl¢. Mia cuotada Umopel va mapEXEL TOUG TTOPOUG yla TNV
enefepyacia MTOAWY OXETIKWV TIPOCOUOLWOEWV. ATIO TNV AAAN TTAEUPA, UEPLKEC
OTTAEG TIPOCOMOLWOELG ATIALTOUV TOOO0 TIOAAN UTTOAOYLOTLKA oYU WOTE £Vag HOVOo
enefepyaotnG vo amaltel NUEPEG 1 KAl XpOvia yla va OAOKANPWOEL TOV
uTtoAoylopo. Eva mapadetypa xpriong piag 2uotadag Aivou€ (Linux Cluster) yia tn
Slakivnon eival to Google, To onoio xpnotpormnolel mavw and 15.000 umtoAoyLoTEG
BaolkwV MPOIOVIWY HE AOYLOULIKO QVEKTIKOTNTAC OGAAUATWY, YL VO TIOPEXEL HLOL

umnpeoia avalitnong wotol uPnAng amodoonc.
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e  MvNnun. Meplkég amd TIC TILO OTMOLTNTIKEC £PAPUOYEG ATALTOUV TEPAOTLA TIOOA
6ebouévwv WG HEPOC TNG Tpooopoiwong. Mia ocuotada Tapéxel Evav
QMOTEAEOUATIKO TPOTIO yla tnv mapoxt akopo kot Terabytes(10'? Bytes) puvAiung

TIPOYPAUHATOC YLa Lot Epapuoyn).

OL ouotadeg maAPEXOUV TNV UTOAOYLOTIKN oYU HEOW TNG XPNong mapaAAnAou
TIPOYPAUHUATIOUOU, HLOC TEXVIKNAG VLA TOV CUVTOVIOMO TNG XPRonG MOAAWY EMeEEpyaoTWV
yla éva povo mpoPfAnua. Ol cuoTASEC UTEPTEPOUV OTOUC UTIOAOYLOHOUC TIOU OUTOLTOUV
EMEEEPYAOTIKI LOXU KOL LV N. YOTEPOUV OUWE OTOUC UTIOAOYLOUOUC TTOU amaltolV cuxvi

ETUKOWVWVLA LETOED TWV EMEEEPYAOTWYV TNE OUOTASOG.

‘Evag aA\og Adyog yla tn xprion cuotadwv gival n mapoxn avoxng opaipatog, SnAadn n
e€aoddAion OTL n UTMOAOYLOTIKN LoXUG eival mavia Swabéowun. Emeldi ol cuotddeg
amoteAouvtal omoe TOANA aviiypado Twv (Slwv 1 TOPOHOIWV  UTIOAOYLOTIKWV
CUOTNUATWY, N AmoTuxlo EVOG HOVO UEPOUC UELWVEL HOVO TNV LoXU TOU UTIOAOYLOTLKOU
OUOTNHATOCG Kol OXL oAOKANPNG tng ouotadac. Etol, ol ouotadeg sival olaitepa KAAEG
ETAOYEG yla TeplBAAAovta ToOU amaltolv €yyunoelg Slabéoung SuvapkotnTag
enefepyaciag, Onw¢ Olakoploté¢ wtou (Web Servers) kol ouoTApOTA  TIOU
Xpnotpomotovvtat yia tn culoyn Sedopévwy. Mia kaAd oxedlaopévn cvotada pmnopel
va TpoodEpeL eyyunon yla SLabeolpudtnTa, EKTOC Amd pla Kotootpodn OMwE TUpKayLd
TIOU UIOpPEL va XTUToel oOAOKANPO To cUpmAeypa. Mia tétola cuotada Ba £xeL oxedov
100% xpovo Aettoupyiag. Mo TIG EMLOTNHOVIKEG £DOPUOYEG, N EPUNVELQ TOU XPOVOU

Aettoupylag elvat cuxva StadopeTikn.

MNa cuoTAdeg TIOU XPNOLUOTIOLOUVTAL YLla ETILOTNUOVLIKEG ePapUoyEC woTooo, Wblaitepa
EKELVEC TIOU XPNOLUOTOLOUVTOAL Yo TNV Tapo)X EMOPKOUC UVAUNG, UETPATAL N SLapKeLa
Aettoupylog oe oxéon Pe to eAdyLoto UEyebog tng cuotadag (m.x. aplOpog Koupwyv) mou
ETUTPEMEL OTIC EPAPUOYEC VO EKTEAOUVTAL. € TIOAAEC TIEPUTTWOELG, OAOL 1] oXeSOV OAoL oL

KOUPBOL TOU CUUMAEYHATOC TPEMEL va elval SLOBEOLUOL yla TNV EKTEAECN QAUTWV TWV

epapuoywv.

OL Xuotdadeg Ymoloylotikwv Movadwv (Computer Clusters) umopolv  va

xpnotwuornownBouv pe Betikd amotédeopa oe TOANEG edopuoyEC OmMwe Emiotnpovikol
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YrnoAoylopot (Science Computation), BlomAnpodopikny (Bioinformatics), Blotexvoloyia
(Biotechnology), Mpooopowoelg  (Simulations),  Aepodiaotnuiky  (Aerospace),
Movtelomnoinon tng Xpnuatomotwtikng Ayopadg (Financial Market Modeling), E€opuén
Aebopévwy (Data Mining), Emetepyacia Powv (Stream Processing), Alakoplotég ‘Hyou -

Maxvidwwyv (Audio - Game Servers) kat TTOAEG AAAEG.

Ewkova 15 - Data Center (Mnyr): DataCenterDynamics)
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong

1. Elcaywyn)

YrioAoylotikr povada xapnAou oykou / katavaAlwong (Single Board Computer — SBC)
OVOMAZeETOL €vOG «TIAAPNG» UTIOAOYLOTHG, ME MIKPOETEEEPYQOTH, MVAMN, €l0060uG /
e€oboug (I/0), o omolog eival Sdopnuévog oe €vav eviaio mivaka KUKAwpdtwv. Ot
UTIOAOYLOTIKEG povadeg xaunAolu oOykou / katavalwong (SBC) oxedidotnkav wg
ouotAuata emidelEng N avamtuéng yla ekMolSEUTIKA CUOTAMATA KAl yla Xpron wg
EVOWHOTWUEVOL EAEYKTEC NAEKTPOVIKWY UTIOAOYLOTWVY. Z€ avtiBeon Ue évav emtpamnello
TIPOOWTILKO UTIOAOYLOTI) ouXvad Oev €Xouv UTIOSOXEC EMEKTOONG Yla TIEPLPEPELAKEC
Aettoupyleg, BePailwg €€’ apxnG €XOUV KATAOKEVAOTEL WG LEUOVWHEVOL UTIOAOYLOTEG HE TN

XPNon evog eUPEOC PACUATOC UUKPOETIEEEPYAOTWY HE SLAPOPEC APXLTEKTOVIKEC.

Ewova 16 - Single Board Computer Size (Mnyr): ourclipart.com)

12. YAko kat Aoylopko

OL UTTOAOYLOTIKEC povadeg xapnAol oykou / katavalwonc (SBC) meptlapfdvouv pua
HEYOAN VKAUO OO QPXLTEKTOVIKEG, EMECEPYOOTES, UVALEG Kal l00doug / €€66oug (1/0).
AUTO eival emakoAouBo Tou Adyou mou oxedlaotnkav n kabe pia €€ avtwv Eexwplota. H
EMOAVAOTACN OTNV TEXVOAOYLO TWV HOVASWY aUTWV Ta TeEAeuTala Xpovia, £xeL GEPEL OTO
TIPOOKNVLO TNV £vvola tou EAsuBepou YAlkoU (Open Source Hardware — OSHW), ektog
aro tnv évvola tou EAeVBepou Aoyiloptkol kot AoyloptkoU AvolktoU Kwdika (Free and
Open Source Software - FOSS) mou NTaV €UPEWCG YVWOTH OTNV TeEXVoAoyia Twv

UTTOAOYLOTLKWV CUCTNUATWY TIOAU vwplitepa.
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong
12.1 Aoyiouiko

12.1.1KAc1076 Aoyiouikod

KAeloto NAoylopiko (Closed Source Software) eival to Aoylopiko oto onoio Sev mapéxetal
o nnyaiog kwdkag. Mapéxovral LOVo Ta ekteAEoipa apxela pall pe pio adeta AoyLouLKoU
n onoia meplypAdEL AVOAUTIKA TA VOULKA SIKALWUATA T OTIOL0L £X0UV OL XPHOTEG WGE TTPOG
™V xpnon, enefepyaocio Kot Stavopr) tou Aoylopikol, Ta omoia kaBopilovtal and Tov
SNULoupyo Tou Aoylopikou. Mia Turtikr) adeta AOyLOUIKOU TIOPEXEL OE £VaV TEALKO XproTh
AadEeL0 VAL XPNOLUOTIOLOEL £Vl I] TIEPLOCOTEPA AVTLYpad O TOU AOYLOMLKOU, LE TPOTIOUG TIOU
av Sev unrpxe N eixe 600el n adela, Ba anmoteAoloAV KATATATNON TWV SIKAULWUATWY TOU
€k&OTN, 0 OMOoL0¢ WG 0 LOLOKTATNG TWV SIKALWUATWY Xprong (copyright) sival autog mou

Ta kaBopilel.

JuvnBwC EMITPEMETOL OTOUC TEAKOUC XPNHOTEG N XPNON TOU AOYLOUIKOU EVTOG
TIEPLOPLOUEVOU TIEPLBAANOVTOC, AMOyOPEVUOVTOG VOl ETILXELPNOEL N avaKTnon Tou nyaiou
Kwlka amd auth Tou Kwdika pnxavig (disassembly) kot n avaAuon, tpomomnoinon Kot
avadnuoupyia tou AoylopikoU. Katd kavova amayopsuUovtal €miong n avilypadrn kot
Stavopun Tou Aoylopikou (eite Swpeav, eite el mMAnpwpn) amno tpita npdéowna, Kabwg Kat
N XPnon tTou omo €va PeYAAo aplOpo avlpwrwv 1 n €YKATAOTOOH TOUu O TIOAAOUG
UTTOAOYLOTEG. YIApXEL KOl o ASeLa o eMLTPETEL TNV dwpedv avilypadn Kot Slavoun
TOU AOYLOMIKOU (Awpedv AoylopLko 1 Freeware) aAAG avhKEL OTO KAELOTO AOYLOULIKO aTO
TNV OTLYUN TIou S€V ETUTPETEL TNV TPOTIOMOLNGN TOU AOYLOULIKOU 1 TNV EUMOPLKN Sdlavopun

i TNV npocfacn otov nyaio Kwdika.
12.1.2EA£00gpo Aoytouiko kat Aoyiouikd Avoiktot Kwdika

EAe0Begpo Noylopiko kot Aoylopikd AvolktoU Kwdika (Free and Open Source Software -
FOSS) eival to AOyLOUIKO OTO Omoio MapEXETaL OAOG 1} €val LEPOG TOU Mnyaiou Kwdoika
(avahoywg tnv adela xpriong) kat o onolocdnmote pnopet eAeVOepa va XPNOLUOTOLEL, va
avtypadel, va SLaVEUEL KOL VO TPOTIOTIOLEL avaAoya HE TIG avaykes tou. Eival dnAadn

€va eVOANOKTIKO HOVTEAO ovaAmrtuéng Kal Xpriong AoylopikoU mou Paciletal otnv
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong

eAelBepn 61aBeon tou mnyaiou KwdLKA, TO OMOLO TMAPEXEL TN SuvaTOTNTA AAAAYWV N

BeATLwWOoEWY WOTE VO KAAUTITOVTAL OL AVAYKEG OLUTOU TIOU TO XPNOLUOTIOLEL.

JuvnOwg EMLTPEMETAL OTOUG TEALKOUG XPNOTEG N avilypadr, Tpomomnoinon kot Stavopun
oo OTOLOVONTIOTE KAl Yla OToLOSNTIOTE OKOMO (aKOUN Kal gUmoplko). MoAAEG dopéEg
XPNOLUOTIOLELTOL KOL O OpOC QVOLKTO AOYLOUIKO TIou adopd AOYLOMLKO yla TO Omoio
SwatiBetal o mnyaiog kwbdkag
oAAG UTIAPYOUV TEPLOPLOMOL OTNV
eAevBepn xpnion tou (m.x. otnv
gumoplkn  xpnon). Karmoieg amo
QUTEGC TG Abeleg  TMEPLEXOUV
TIEPLOPLOTIKOUC OPOUC OMWC N
UTIOXPEWTLKNA avadopd oTo ovoua
Tou Snuoupyol 1 KATOXOU TWwV
TIVEU LOTLK WV SlKalwpATwy,
Ewova 17 - Open source solutions (MnyfR: www.apriso.com)
kabwg autol oL oOpolL  Bev
TEPLOPIlOUV  TIC  TIPONYOULEVEG

e\euBepieg Tpomomnoinong kat dtakivnong.

12.2 MAgovekTNUATA - MELOVEKTUAT

KAelotdo Aoylopiko (Closed Source Software), EAeUBepo Aoylopikd kot AOYLOULKO
Avowtou Kwéika (Free and Open Source Software - FOSS) €xouv cav kUpLa Stadopd tnv
mapoxn N Un Tou mnyaiou kKwdika. Q¢ €mi TO MAEIOTOV TO TMPOYPAUUATA TIOU Elval
avoLxtou Kwdika ivat eAeUBepa (KAl w¢ POC To KOOTOG AAAA Kol WG TIPOG TLG EAsuBepieg
Tou TapExovtal). Mmopouv eUkoAa va e€axBoUV CUUMEPACUATA VLA TA TTAEOVEKTI AT

KOlL TAL LELOVEKTHMOTO TOU KABE €(60UG AOYLOULKOU TIOU ATOPPEOUV AT TA MOPATIAVW.
12.2.1KAc1016 Aoyiouikod

12.2.1.1 MAeovektAuata

e Auvatotnta umooThHPLENC XPNoTN.

e Xopnynon eyxelpldilwv xpnoswc.
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong

MNpoodopad emunpdobeTng UTTOOTNPLENG.

EukoAia otn xpron.

ALYEC LOLOULTEPOTNTEG — ATIALTAOELC.

12.2.1.2 MeloveKTHpaTA

YUnAo kdotoc

Aev exbidovtal mapa MOAU CUXVA EVNUEPWOELC

Elval mavta anapaitntn n cupBoAn KATTOLOU yVWOoTH TOU OVTLKELUEVOU

XounAn aopdiea. (H aopdiela katd koavova enadietal povo otnv etaipia

QVATTUENG TOU AOYLOMLKOU.)

12.2.2EA£00¢gpo Aoyiouiko kat Aoytouiko Avoiktot Ko dika

12.2.2.1 MAeovektApata

YUnAn acdalela.

ISlaitepa ota peydla €pya (projects) avolytol KwWOLKA TTOU €XOUV TO TTAEOVEKTN LA
™G ypryopng avtanodkplong oe keva acpadeiog mou avakaAvurmrovial €€ attiag

NG HEYAANG KOvOTNTAG (Community) MPOYPAUUATIOTWY TTOU GUUETEXEL OE QUTA.

Erutpénetal og moAAoUG avBpwmoug va epyalovtal 0To AOYLOULIKO TapAAAnAaL.

H kataypadn tou kwdika ivat cuvnBwg eUKoOAN va Ppebel.

Yniapxouv moA\oi avBpwrtol oL omoiol mapEXouv odnyieg.

TOKTLKEG EVNUEPWOELG.

MpoBoAn kat peTaBoAr oTolelwv TOU CUCTHUATOC.

Mn&eviko KOOTOG.
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong

12.2.2.2 MeloveKTipata

e [eputdokotnta
e [AnBwpa ctoeiwv mou Sev eival anapaitnta

12.3 YAwko

12.3.1KAet610 YALkO

Onwg Kal To KAELOTO AOYLOULKO, £TOL KOL TO KAELOTO UAKO €ival UAIKO To omoio eival
oXeSLAOUEVO KOl OUVHNOWC TIATEVTAPLOUEVO ATIO LOLWTIKEG ETALPLEC 1| OPYAVIOUOUC KoL
KOTOOKEUATETAL OO OUYKEKPLUEVOUG KOTOOKEUOOTEG UE OUYKEKPLUEVEG Adelec. Alyo
TIOAU N MAELOVOTNTA TWV UTTOAOYLOTWV KOL TWV £EQAPTNUATWY UTTOAOYLOTWY QVAKOUV OF

auTH TV Katnyopla.
12.3.2EA£00¢gpo YAiko

O 0plopog tou UALKOU avolktoU kwdika (Open Source Hardware - OSHW) omwc autog
avadpépetal and tnv Open Source Hardware Association (oshwa.org) Baociletal otov
OpPLOUO avOoLKTOU KWOLKA Yyl TO AOYLOUIKO avolxtou Kwdlka. AUTOC O OpLOPOC
SdnuoupynBnke amnd tov Bruce Perens kat Toug mpoypappatioteég Tng Debian emdvw otig
KaTeUOUVTAPLEG YPAUUEC yla To EAeUBepo Aoylopikd tng Debian. AnAadn To uAwo
TIANPOdOPLKNE avolxTtol KWSLKa TePAAUBAVEL UTTOAOYLOTEG KAl EEQAPTALATA UTTOAOYLOTWV
HE avolxto oxeblaopod. Ixedialovtol wg UAIKO avolxtol KwoIKA XPNOLUOTIOLWVTOG OPXES

ovVoLXTOU KwSLKA.

Evw n mMAELOVOTNTA TWV UTIOAOYLOTWYV KAl TWV €EQPTNHATWY UTTOAOYLOTWY OVAKOUV OTNV
Katnyopiaa Tou KAEWOTOU UALKOU, OL UTIOAOYLOTIKEG Hovadeg xaunAol oOykou /
katavalwong (SBC) oxedldotnkav kal avamtuxbnkav otnv mAsoPndia toug cav UAKA
ovolktol Kwoika. Etol Aoutov €xoupe OAa TA TTAEOVEKTHOTO TOU QVOLKTOU KWSOLKA Kol

OTO UALKO.
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong

13. XapaxkTnploTika

Ol mepANYPELG TWV XOPOKTNPLOTIKWY TtapatiBevtal oto Mapdptnua «A» pe aAdaBntikn
oelpa kat Baoilovral oe mpodlaypadég twv YmoAoylotikwv Movadwv XapnAou Oykou /
Katavalwong (Single Board Computer — SBC) tng ekAoTOTE €TaLplag pe Tn XapunAotepn
StaB<oun tipwoAoynon louviou 2018. AVOAUTIKA T XOPAKTNPLOTIKA TIAPOUCLAIOVTAL OTO

Mapaptnua «By».

14. Xpnowotta

Ou edappoyég Twv YrmoAoylotikwv Movadwv XaunAou Oykou / Katavalwong (Single
Board Computer — SBC) eival mapa moAEG Kal KaBe pépa yivovtal meplocdtepec. Onwg
dalvetal anod ta XapakTnpLoTika Toug (Mapaptiuata «A» kot «B»), €xouv oxeSlaotel yla
TOAEG Kol Sladopeg Xpnoelg amd omAol €AeYKTEG €wG MIKPOL OAOKANPWUEVOL
UToAoYLOoTEG. E€attiag TNG HeyAANG TIOWKIALOG OE XOPAKTNPLOTIKA UIMOPoUV va KaAUyouy

TANBwpa ePpapUOYWV UE EVTEAWG SLAPOPETIKEG ATTALTIOELG KOL AVAYKEG.
Mepika mapadeiypata epappoywyv twv SBC eivat ta €€ng:

e 'Efunva omitia / emixelpnoelg / BLOUNXaVIKEG EQAPHUOYEG.

e Efunva cuotiuata achadeiag yia omnitia / emixelpnoelg / Blopnxaviec.

e ’'Eumva cuoTUATA YEWPYLKWY EDAPLOYWV.

e Aladiktuo Twv npayudtwvy (Internet of Things - 1oT).

e Aiadiktuo Twv mavtwv (Internet of Everything - IoE).

e EKMaLSeuTIKA £pya Kol EQAPLOYEC.

e AutopaTtiopol mavtog tunou (omitia / emxelpnoelg / Blopnxavieg).

e Tunuata moAUTAOKWV edpappoywyv (EAeYKTEG 1 SiemadEg).

e [loAupéoa Kal matxVISOUNXOVEG.
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Kepahato 3° Ymoloylotikég Movadeg XapunAou Oykou / Katavalwaong
15. IMAeovektnuoata - MelovekTHUOTA

15.1 MAsovekThiuaTa

EKTOC amo tnv PeYAAn TOLKIALO TOUC OE XAPOKTNPLOTLKA TIOU TOUG ETUTPETEL VA TIAPEXOUV
e€elbilkevpéveg AUoelg os kaBnuepva mpoPAnuarta, ot SBC mpoodEpouv tpia akopa
TAEOVEKTAATA TIOU Sivouv peyaAo poPadlopa amo T £we onuepa KAAoIKEC AVCELG. To
HULKPO HEYEDOC, TO XAUNAO KOOTOG KoL TNV XaunAn katavaAwon. Etol otov tayxutata
OVOTITUGOOEVO TOMEQ TOU SLadikTuou Twv paypdtwy (Internet of Things - 1oT) 1} 0nwg
efellooetal oe Sladiktuo Twv maviwv (Internet of Everything - loE) avapévetal va
Stadpapaticouv kopudaio polro. Aev eival dSuvatd BePfaiwg, va unv avadpepBel n peydin
ETEKTAOLUOTNTA TIOU TOUC Xapilel peyaAn sueliia kal mpooOeTeg SuVATOTNTEG WOTE Vol
avtaneEéABouv og VEEG OUVONKEG KAl KOTOOTAOCELG KOAUTITOVTAC £VOL KON UEYOAUTEPO

daopa epapuoywy Kol amaltiCEWV.

15.2 MeslovekTiuata

Ta kUpla pelovektiuata twv SBC eival duo kat elval amotéAecpa tng mpoodatng
eudpaviong kal eEamiwong toug. Kat ta dvo odeilovtatl kabapd oto vnmiako otadlo

€€EALENC Tou SlavUouv aUTA TN OTLYUN.

To MPWTO MELOVEKTNUA Elval N amoucia CUYKEKPLUEVNG TUTIOTIOINONG OTO UALKO WOTE va
UTIAPXEL N avaAoyn Kol avtiotoln cupBatotnTa PeTaty Touc. EToL TO MAEOVEKTNUA TNG
TowK\opopdilag o XAPOKTNPLOTIKA KAl SuvaTtOTNTEG, UETATPEMETAL EV UEPEL KAl OTO

UEYOAUTEPO LELOVEKTNO TOUG.

To OeUTEPO MELOVEKTNUA TIOU KOATA PdAon elval amotéAeopa Tou TMPWTIOU, €lval n
UTTOOTNPLEN TIEPLOPLOUEVWY ) UTO OVATTTUEN AELTOUPYIKWY JUCTNUATWY TIOU £XEL OOV

OUVETIELQ TNV TIEPLOPLOUEVN 1) EAAUTH UTTOOTNPLEN TIPOYPAUUATWY Kol EHAPLOYWV.

Jadwc pe TNV tepaotia e€amilwon mou yvwpilouv ot SBC, katl tn ouvexn €A Toug,
ylvovtal peydleg mpoomaBbele wG MPOG TNV TUuMomoinon kot Tn ocupPatdtnta Tou
UALKOAOYLOMLKOU TOUC. JUVETIWE HE TNV TIAPodo Tou xpovou Sivate va TEPLOPLOTOUV Kol

va LeLwBoUV 0To €AAXLOTO Ta TPOPARATA AUTA.
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Kepahato 4° Mpodlaypadeg

1. Elcaywyn)

Mo tnv mopovoa SIMAWHATIKY StatpBr MPETEL va TeBoUV CUYKEKPLUEVEG TTpoSLaypadEg
WoTe va mpayuoatonolnBel n emAoyr Tou UALKOU KoL TOU AOYLOULIKOU LE TOV KAAUTEPO
duvato TtPoOmo yla TtV e€aywyn] 000 TO Suvatov acdoaAéoTEpwv Kol OELOTILOTWY
amoteAeopdtwy. OL amaltoel w¢ mpog TG mpodlaypadEg TNG KOTOOKEUNG TIPETEL VAl
g€xouv 800 okéAn. To MPWTO OKEAOG aPOPA TNG QATALTAOELG WG TPOG TO UALKO, KOl TO

SeUTEPO TIC ATIALTHOELG WCE TIPOG TO AOYLOULKO.

16. Amnaitiosis - lIpodlaypa@éc YAtkov
AapBavovtag umoyn tnv PeyaAn molkilopopdia amd mMAeupdg UALkoU (Mapoapthpata
«A» kol «B») Ba mpémnel va AndBouv umodn oL mMopaKkATW AmaLtroelg — mpodiaypadeg

yla tnv emiloyn autou.

16.1 Emeéepyaoctiic

To €ld0¢ Tou enefepyaotn, n anddoon Kal n Katavalwaon, eivat n kapdld Twv KOUBwWV TNG
Juotadag. Me Alya Aoyla xpelaletol emefepyaotnc Ue TNV peyaAltepn emiboon kat
HUKPOTEPN Suvatn katavalwon. EMopévwe amokAeiovtal oL eme€epyaoTEG TUTOU X86 Kall

ol eme€epyaoTEG XOUNANRG KatavaAwong T ARM £€xouv TNV TIUNTLKH TOUC.

Ewkova 18 — ARM Instruction set block diagram (Mnyn: developer.arm.com)
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Kepahato 4° Mpodlaypadeg

BaOLKEG QTALTAOELG:
e Tumog nupnvwv eneepyaotr) toulaylotov ARM 64bit (CPU Core >= ARM 64bit).
e H ouyvotnta va eival peyalutepn tou evog Gigahertz (F > 1 GHz).
e OLmupnveg va sival Touldaylotov técoeplg (CPU >= Quad Core).

16.2 Mvniun RAM

OAeg ol Movadeg SlaBétouv
napeudepnG  TUMOUC  pvAunG. Ot
duvatotnteg TNG KABe povadag wg mpog
NV TaxUTNTA TNG HVAUNG €apTaTte Katd
KUplo Aoyo amo Tov emefepyaoctn. To
péyeboc NG MvAUNG, KaBopilel TO
HEYEDOC TWV TUNUATWY TIOU HMopel va
enefepyaotel évag Koppog. Emopévwe n
moooTNTA Tponyeital tg molotntag o€

auth tnv nepintwon. Embuunth sival n Ewova 19 - Mviun RAM

, , , , (MnynR: RAM by Clementine Parker)
000 T0 duvatd peyoAUTEPN UVAUN.

e H pvun RAM va sivat peyoaAutepn amnod 1 Gigabyte (RAM > 1 GB).

16.3 Aiktvo

Mo tv BéAtiotn kat aflomotn ovvdeon eivat emiBeBAnuévo va xpnotpomnoln8et MONO
evolppatn Siktbwon. Me Tov Tpomo autd amodelyovtal Kat TPoBARUATA TTOLOTNTAC TTOU

akoAouBoUv ta acUppata Siktua.

e To Siktuo va eivat evolppato kat ypriyopo (Network = 1000 MB/s).

Ewkova 20 - Ethernet (Mnyn: jowang.over-blog.com)

35

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



Kepahato 4° Mpodlaypadeg

16.4 Kootog

OAa to TapAMAVW €XOUV €va  PEYAAO
avtimoAo mou ovopdletal koéotog. Eival
eruBePAnuévo va AndBel cofapa umoyn o
TapAyovVTag KOOTOG O avTLOLOOTOAN LE TIG
npoavadepOeioeg analtnoelg. Emopévwg n
emloyn tou koAUtepou Ba cuvodeletal
and Vv BéAtiotn TR yw 1o 6o n

TIAPOLOLO UALKO.
Ewkova 21 - Kéotog (Mnyn: Homeschool411.com)

e H Tt tg Movadag va punv untepBaivel ta mevijvra SoAdpta (Price <= $50).

17. Amnotiosig - lIpodaypa@ég AoyLlopikov

Ma tnv e€aywyn amoTteAECUATWY KL CUUTTEPACHUATWY TIOU Bal £X0UV Hial AOYIKN KoL i
KATAANEN TIPETEL TO AOYLOULKO va €xeL 0pBn Kal ampOoKomtn Asltoupyia TOCO OTN
Juotada 000 Kol 08 CUMPBATIKOUC UTTOAOYLOTEG. EMOUEVWG KATA TTPOTEPALOTNTA TiBEVTAL

oL TTOPOKATW TPodLaypadEC.

17.1 Asttovpyiko Xootnua

To A&eltoupylkd ZUOTNUO TIPEMEL va €lval Koo o 0Aoug toug KopPoug tng Zuotadag
KaBw¢ Kal oTtou¢ ocupPatikoU¢ UTOAoYLOTEG omou Ba AndBouv ta amoteAéopata.
Emopévwg 1o A€ltoupylkd ZUoTnua TPEMEL va eival ocupfatd pe 6oeg 1o duvatod

TIEPLOOOTEPEG OPXLTEKTOVIKEG EMEEEPYACTWV.

Me tov Tpomo autd amokAeiovtal ta «lMpocapuoopéva» AETOUPYLKA ZUCTHUATA TIOU
SlaBEtouv oplopéveg YmoAoyloTikeéG Movadeg kot ta omoia Sev «ouvepyalovral»
ETAPKWG UE AAAQ AELTOUPYLKA ZuOTAUATO Kol texvoloyie. H mepidnun cupPatotnta

TWV oUOTNUATWV £ival To KAeLSL og autr) tnv untoBeon.
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Elkova 22 - AELTOUPYLKA ZuoTHOTA

(Mnyn: hackweser.blogspot.com)

Eniong mpémel va amokAswotolv ta Aeltoupylkd uotnuata mou AEN &Suabtouv
MetayAwttiotég (Compilers) 1 AEN SwaBétouv kedalideg (Headless) kat autd yiati

XPELALETOL VO LETOYAWTTLOTOUV TA TPOYPAUUATA LETPNONG.

Me Tto (610 mepimou OKEMTIKO AOYW TLG LOLAUTEPOTNTAC TOU EYXELPHMATOC TO AELTOUPYLKO

Yuotnua mou Ba emileyel mpenel va eivat Avolktol Kwdika (Open Source).

ETLYpOOTLKA OL QTTALTAOELG TOU AELTOUPYLKOU ZUCTHHATOG:

e Koo yla moAAEG apyttektovikég (Multi Arch OS).

e AvoiktoU Kwdika (Open Source Operating System).

e Na dtabetel MetayAwttiotég (Compilers).

e No Siabetel kedpalideg (Headers).
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17.2 E@apuoyég UETPnNon¢ vIroAoyLoTIKIIC LEGXUVOC

OL edappoyEC HETPNONG TNG UTIOAOYLOTIKAG LoXVOG TIPEMEL va elval aflomoteg, va

UTOPOUV VA PETAYAWTTLOTOUV KAl VO EKTEAECTOUV OTO ETUAEYHEVO AELTOUPYLKO ZUOTNUA

PpoodEPOVTAC CWOTA Kal afLOmLoTa amoteAéopata. Baoikr amaitnon va pmopouv va

eKkTteEAeOTOUV MapAdAAnAa o Zuotada.

AfLomioTeg epapUOYEC.

MeTayAwTtion KoL EKTEAECN O0TO ETUAEYHEVO AELTOUPYLKO ZUOTNUAL.

MNapdAAnAn ektéAeon o€ Tuotada.

Edapuoyn pétpnong umoAoyLoTikig Loxvog (Benchmark).

Edappoyn METPNONG  UTIOAOYLOTIKAG  LoXUOG O  KPUTTOVOUiopOTA

(Cryptocurrency).

Edappoyn pétpnong umoAoyLoTikng LoxVog BlomAnpodopikng (Bioinformatics).

Ewdva 23 - Bioinformatics (Mnyn: blog.f1000.com)

38

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



Kepahato 4° Mpodlaypadeg

18.

4 4
ATtaT6ELG ZUVOTITIKX

Juvoyilovtag T mapanavw npodlaypadEg UALKOU Kol AOYLOULKOU:

TUmog mupnAvwy enetepyaotr) Touldaxlotov ARM 64bit (CPU Core >= ARM 64bit).

Zuxvotnta MUPAVWYV enefepyaotn Leyalutepn Tou evog Gigahertz (F > 1 GHz).

Mupnveg enefepyaotn TouAdylotov Téooepls (CPU >= Quad Core).

MvAun RAM peyaAutepn ano 1 Gigabyte (RAM > 1 GB).

Aiktuo evouppuarto Kat ypriyopo (Network = 1000 MB/s).

T Movadag éwg evivta Sohdpta (Price <= $50).

AELTOUPYLKO TUOTNUA KOLWVO yla TTIOAAEC apxLtekTOVIKECG (Multi Arch OS).

Aewtoupykd Zuotnua Avolktou Kwédika (Open Source Operating System).

AELToUPYLKO ZUoTnua 1ou Stabtel MetayAwttioteg (Compilers).

AeLToUPYLKO ZUoTnua mou StabEtel kepalideg (Headers).

Edappuoyég AtLomioTeg.

MeTayAwTTLon Kal EKTEAECH EQAPLOYWV OTO ETUAEYUEVO AELTOUPYLKO ZUCTNHAL.

MNapdAAnAn ektéAeon epappoywv os Tuotada.

Edappoyn pétpnong umoAoyLoTIKAG Loxuog (Benchmark).

Edappoyn METPNONG  UTIOAOYLOTIKAG  LoXVOG O  KPUTTOVOUiopOTA

(Cryptocurrency).

Edappoyn pétpnong umoAoyLoTikng LoxVog BlomAnpodopikng (Bioinformatics).
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19. ZXtdyog

Jov OTOXOG TWV TAPATAVW ATMALTACEWY €lval pia TuoTada omOTEAOUNEVN OO HIKPO
apBuo Ymohoylotikwv Movadwv XapnAlotu Oykou / KoatavaAlwong (Single Board
Computers — SBC) va Swoel epauMa 1 Kal KOAUTEPA QTMOTEAECUATA EVEPYELAKNG

anodoong anod KAACLKOUG ETLTPATEILOUG KoL $opNTOUC UTTOAOYLOTEG.

‘Evag akOpa oToxog tng mopouoag dlatplPng eival va e€etaotel To €av Kal KATA OGO
elval bkt n dnuoupyia evog Ymepumoloylot (Supercomputer) amé pia cuotada

UTTIOAOYLOTLKWV HovVASwV XaunAou oykou / KatavaAwaong.
H evepyelakr anddoon umtoAoyileTal PUe TOUG MOPAKATW TUTOUG:

E pyo _ E pyo _ Yroloyiotik y loy ¢
Evé pyeio  Kotow 6 Awon x Xp ovog Karav 6 Awon

Evepyeiax n Amodoon =

Ewkova 24 - Energy Efficiency (Mnyn: facilitiesmagazine.com)
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AeS0PEVO OTL N HEYLOTN KOTAVAAWON €K TWV MPAYUATWYV ELVOL TIEMEPACUEVOC ApLBUOC Kal
bev petafarietal, pe Bdon tov aplBud twv MupAvwyY tng Zuotadag mou Looutal pe 4

nupnveg ava Koppo emni 5 kouPoug (4 x 5) 20 muprveg, TiBevtal oL EMPEPOUG OTOXOL:

e H vumoloylotikn Loxug kat' eldayloto ta (5x1,5) 7,5 Gigaflop (Benchmark) pe
katavalwon kaAutepn amd 0,30 Gigaflop ava Watt. Me ta opla autd n
efaodaliletal, Bswpntikd TOUAdxLoToV, n Suvatdétnta TG Snuioupyiag Tou

UTTEPUTIOAOYLOTH.

e Jta kpumrtovouiopata (Cryptocurrency) kat TG edappoyeg BlomAnpodoptkig
(Bioinformatics) to Intoupevo eival n BéAtiotn Evepyelakn Amodoon. Emiteuén
Tou otoxou Ba BswpnOel edv ta anoteAéopata eival epapAia ) kKaAvtepa amnod

UTTOAOYLOTLKEG LOVASEG TTAPOOLOU ) LEYAAUTEPOU KOOTOUG.

Ewkova 25 - ECO design (Mnyn: www.cys.org.cy)
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Ewova 26 - Evepyelakn Antédoon (MnyA: www.cys.org.cy)
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1. Elcaywyn)

H afloAoynon kol n ekTipnon tng evepyelakng anddoong tTnG cuotAdag UMOAOYLOTIKWY
HOVASWV xapnAolu oOykou / KatavaAwong TPEMEL va TpaypatomnolnBel eviog tou
TAPAKATW TAALGIOU yla TNV KAAUTEPN AVTANGN AMOTEAECUATWY. ZUUPWVA TTAVTA LE TG
teBeioeg mpodlaypadég n alohdynon auth mPEMeL va yivel and aflomioteg epapuUoyES oL

OTOLEC UMOPOUV VA PLETAYAWTTLOTOUV KOl VO EKTEAECTOUV TapAAANAa otnv Zuotada.

H npwtn edappoyn mpenel va elval oe B€on va LETPHOEL UE OKPIBELA TNV UTTOAOYLOTIKN
ox0 ™nG 2uotadag. Emopévweg mMpemel va eival pia aflomotn Kol ovayvwpLopEvn

edappoyr mou xpnoLUomnoleital oav onpeio avadopag (Benchmark).

H 8eltepn edpappoyn, mavta cupdwva Pe TIG MpodlaypadEc, TPEMEL va LETPAOEL TNV
TIPOYHMOTIK amodoon tng 2uotadag, emMAvw O €va UTMapPKTO Kpumrtovoulopa

(Cryptocurrency) og mpaypotikeg ouvOnkeg EEopuénc (Mining).

H tpltn kot teAevtaia epappoyn, ONMwG auth avadEpPETal OTIS TPodLaypadEC, TPETEL va
elvat oe Béon va Owoel akplpny kat aflomiota amoteAéopata  BlomAnpodoplkig
(Bioinformatics), oUTwWG WOTe va CUMMANPWOEL N €lKOVA TNG UTOAOYLOTIKAG LOXUOG TNG
Juotadag LE TPAYUATIKA QTOTEAECUATA ETILOTNUOVLKOU XAPOAKTAPQ, Yl Ui odalpikn

afloAdynorn tnc.

2. Asttoupyko TvoTnpa

MNpwtiotw¢ mpémel va yivel n emdoyn tou Aettoupylkol Zuothpotog. AapPdavovtog
unoyn tic mpodlaypadeg, ta Stabcoipa Asttoupylkd Tuotipata neplopilovrol apKeTA.
‘Etol dwa tng atémou amaywyng yia eva AZ kowo yia NoAAeg Apxltektovikeg (Multi Arch
0S), Avoiktou Kwdika (Open Source Operating System), mou StaBétel MeTayAwTTIOTEC
(Compilers) kat Kedalideg (Headers), evkoAa n katdAnén eivatr éva Aivouf (Linux)

AELTOUPYLKO ZUOTNUA.

Amo Ti¢ SlaBEoueg Slavopeg Kal ekdOoeLg oav KataAAnAdtepn emAéyetal pia dtavoun
Baoclwopévn oto «Ubuntu 18.04 LTS (Bionic Beaver)» Adyo tng otaBepdtntag, tng
ouppatotntag, TNG umooTNPENG Kol Twv SuvatoTATwv Tou Tpoodépel. H KwdikA

ovopooia autig tng é€kdoong eival, Oonwg avadpepBnKe kal mPonyoupévwg, «Bionic

44

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



Kepahato 5° MAaiolo ALoAdynaong

Beaver» evw AOyw tou «LTS» (Long Term Support) Ba unootnpiletal yia mévte (5) £€tn
amd TNV nuépa  kukAodopiag tou, OnAadn £€wg TOo 2023. MMpoodépel TOANG
XOPAKTNPLOTIKA OTWG «COpy-on-write», KAWVOTOLNGN, CUVEXN €AEYXO TNG OKEPALOTNTAG
Tou ouotuatog yia ¢Bopd Sedopuévwy, AUTOUOTN ETLOKEUN TOU CUOTAHUOTOC OPXELWV
Kal cupmieon dedopévwy. Me Alya Adyla eival otaBepd Kal SOKLUAOUEVO YLOL APKETO

Sldotnua Kat €XeL TNV UTOOTAPLEN MiaG LEYAANG KOLVOTNTOG TPOYPAUUATIOTWY.

3. Atema@n) Atedevoews Mnyvopdtwv (Message Passing Interface -
MPI)

MNa vo pnmopécouv OAa Ta MAPATIAVW Va Yivouv edLKTA o€ pia Zuotada, elval amapaltntn
n omapén piag Alemadng AteAevosw¢ Mnvupdatwy (Message Passing Interface - MPI).
Onwg daivetal amd tov oplopd tou «To MPI eival éva tumonolnuévo kat ¢popntod
TMPOTUTIO HETAS00NEC UNVUUATWY TIou oXeSLAOTNKE amd pla opdda EpeuvNTWY OO TOV
okadnuaikd KOoHO Kal Tn Plopnyavia yla va AELTOUPYNROEL OE HLa UEYAAN TOWKIALQ
TAPAAANAWY UTIOAOYLOTIKWVY OPXLTEKTOVIKWY». AVOAUTIKOTEPA UAWVTAC TO TIPOTUTIO QUTO
kaBopillel tn ouvtaén kalL TN onuacloloyia evog Tmupnva poutvwv  BLBAloBnkwyv
XPNOWWV o€ éva €uplU GACUA TIPOYPAUHOTIOTWY TIOU QVOITUCCOUV TIPOYPAUUATA KOl

edappoyEg mapdAAnAng enegepyaoiag og «C», «C ++» kot «Fortran».

* | network I > < | network | >

Ewkova 27 — Message Passing Interface (MPI) 1980s-90s and Today

(MnyA: computing.linl.gov)

To «MPI» Aoutov eival pia tumomoinuévn Alemadn Mpoypappatiopol Edoapupoywv
(Application Programming Interface - API) mou xpnotpomnoleitat cuvnOwg yLa apaAAnAeg
Kal / 1} KATOVEUNUEVEG UTIOAOYLOTIKEG EPAPUOYEG. ZuvtaxOnke amd to « MPI Forum» (pa
HEYAAN ETLTPOTI) TIOU AOTEAETAL OO pLa SLaTopr HETAEL Blopnxaviag Kol EpEUVNTLIKWVY

EKTIPOOWTIWV). To poTtuTo « MPI» £xeL dnuooleuBei MoAAEG dopEc:

e «MPI-1.0» (6nuoolelBnke to 1994).
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e «MPI-2.0» (6bnuootevtnke to 1996). To «MPI-2.0» eival, w¢ emni to MAeloTov,

T(POCONKEG KOl ETIEKTAOELG 0TNV apXLKA Tipodlaypadr « MPI-1.0».

e Toa «MPI-2.1» kot « MPI-2.2» SnuoolelBnkav OTN CUVEXELA KOL TIEPLEXOUV HLKPEG

SlopBwoelg, aAAayEg Kal TpooBnkeg oe ouyKkplon He To « MPI-2.0».

e «MPI-3.0» (6npootelBnke To 2012).

e «To MPI-3.1» 8&nuooLlelBNKE OTN OUVEXELD KOl TIEPLEXEL WULKPEG SLopOBwWOELC,

oAAayEg kal tpooBnkeg o ouykplon Ue To « MPI-3.0».

OAa ta éyypada mpodlaypadwv «MPI» undpxouv otnv emionun LotoceAida tou «MPI

Forum» (http://www.mpi-forum.org). Ot Vo mo Sladedopéveg Alemadég AleAeVoewG

Mnvupdtwv  elvat  to  «Open-MPIl»  (www.open-mpi.org) kot T0  «MPICH»

(www.mpich.org).

MNna v ANYn twv petprioswv opiletatl 0Tt OAA Ta TPOYPAUUATA ElvVaL amapaitnTo va
ektelovvtat MONO péow Ttou «mpiexec» TO OMOI0 HE TNV OEPAE TOU TIPETEL va
xpnowomotel tnv Alenadn Aledevoewg Mnvupdtwv «Open-MPI» tou emAeyuEvou

A€LTOUpPYLKOU ZUOTHUOTOG.

MPI Collective MPICollective
MPI Point-to-Point MPI Point-to-Point
. COMPRESSION
Abstract Device Interface ADI M
Cpameeon N 13 || SGI [|others
nterface
Devices P4
TCP ||shmem

Ewkova 28 - The layered design of Open MPI (MnyAR: www.researchgate.net)
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4. E@appoyt) Métpnong YnoAoyiwstikig Ioxvog (Benchmark).

Jov MPWTO Kal KUPLo BrApa elval N METOYAWTTLON KAl N EKTEAECN ULOG EYKEKPLUEVNG KO
aflomotng epopuoyng n omoia va lval avayvwplopévn KoL va XpnoLUomoLe(tal oav
onueio avadopag (Benchmark). Tnpwvtag miotd tig npodiaypadec, pia tétola edappoyn
elval to «Linpack Benchmark», to omoilo xpnoldomoleital ylwa TNV Katdtaén Ttwv

Ynepumoloylotwv (Supercomputers) oto Top500 (www.top500.org/project/linpack). To

onueio avadopdg nouv xpnowdornoleital oto «Linpack Benchmark» eival n eniluon evog

TIUKVOU GUOTIHATOG YPOUULKWY €ELOWOEWV.

Ewkova 29 - Top500 - The Linpack Benchmark (Mnyr): www.top500.0rg)

5. E@appoyn Métpnong YTOAOYLOTIKNG Ioxvog o€
Kpuntovopiopata (Cryptocurrency).

H pétpnon tng UTOAOYLOTIKAG LoxUog enavw ota Kpumrtovouiopata (Cryptocurrency)
Suvartal va petpnBel emavw og évav MPOYHATIKO eEWTEPLKO KOUPBO CUVEEUEVO OTO TOTILKO
6lktuo. H emloyy TOU KpuUTTOvOMiopatog efaptdtal amd Tov  aAyoplOuo
Kpumtoypadnong kot pioe koAl  emdoyry eival To  KpumTovOoulopo  «AEON»

(www.aeon.cash) Tto omoio &nuioupynbnke ocav kAwvo¢ Tou «MONERO»

(www.getmonero.org) yla TELPOUATIKOUG OKOTIOUG KOL XPNOLUOTIOLEL TOV oAyoplOpo

«CryptoNight-Lite» (en.bitcoinwiki.org/wiki/CryptoNight-Lite). Ztnv €kdoon «V7» o
«CryptoNight-Lite» efaptdte amd tnv eneepyaocTikr) LOXU TOU €Mefepyaotr), OTNV
nepimtwon wng €€0puéng péow emefepyaoty (CPU mining). H £€kdoon «V7» Ttou
oAyopiBuou os oxéon pe TtV MPoKAToxo TNC «V1», Sev emutpénel tnv €€6puén amnd ASIC

HUNXQVALOTO TIAPA LOVO O EMEEEPYAOTEC KAl KAPTEG YPADLKWV.
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Ewkéva 30 - AEON - MONERO (MnynR: steemit.com/crypto)

MNa TNV OmpOOKOTTN Kal avenmnpeaotn efaywynn aodpalwv amoteAeopdtwv eival
anapaitnto va eykatoaotabel oe avefdptntn umoAoyloTik povada évag avefdptntog

kopBoc tou «AEON» (github.com/aeonix/aeon) o omoiog, adol peTAYAWTTIOTEL

KaTaAAnAa, TPEMEL va elval TMANPWG AELTOUpyLlkog kat va Slabétel mpooPfacn oto

Stadiktuo.

MNa tnv efaywyn Twv UETPAOEWV KplveTal amapaitntn n eykatactacn otnv bl
ave€aptntn umoAoylotik povada plag spappoync mioivag (pool) n omoila va sivat o
evllapecog Hetafl tou KOuBou «AEON» kot TnG Zuotddag wote vo TPpoodEPEL
OVEEAPTNTN TPOYUOTIKH OUVOALKN) HETPNON TNG UTOAOYLOTIKNAG LoXUOG. AUTO elval
ovaykaio 8LOTL oL TTPAYUATIKEC UETPNOELS SlapEpouv eAadpws amod AUTEC TwV KOUPBwWV
™¢ Zuotadag. Mia bavik edappoyr avolktou Kwdika yla Tov poAo auto eival n

«monero-stratum» (github.com/sammy007/monero-stratum/tree/aeon).

H edappoyni ovolKTtoU KwOLKA TIOU MTOPEL va UETAYAWTTIOTEL KOl va €eKTEAEOTEL
anpofAnuatiota otou¢ KopPBoug tng Zuotadag kaAAlota pmopetl va sivat n «XMRig»

(github.com/xmrig/xmrig). H edoapuoyn eivatr oxedlacpévn yia e€opuén Sladpopwv

VOULOUATWY LLE TNV XPHON TOU EMEEEPYADTH). ITNV CUYKEKPLUEVN TIEPIMTWON OL UETPNOELG
™¢ edapuoyns autig dev Ba AndBouv yla toug Adyoug mou mpoavadEpOnkav, alld n

Xpron g eivat kaBapd Kot Hovo yla Tnv €opuln.
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Ewkova 31 - XMRig Logo (Mnyn: config.xmrig.com)

Tov pOAO NG CUYKEVTPWONG TWV ATIOTEAECUATWY KOL TNG ETUKOWVWVIAC TNG cuotadag Ue
Tov «€fw KOopo», oavaloupavel n edappoynn avolktol Kwdika «XMRig-Proxy»

(github.com/xmrig/xmrig-proxy) mou Ba eykataotabel OMOKAELOTIKA KAl HOVO OTOV

TPWTO KOUPO TN cuotadac.

To anotéAeopa TNG LETPNONG EMEEEPYAOTLKAG LoXVOC elval To Aeyouevo «Hash Rate». To
«Hash Rate» Aoumov elvat n taxUTNTA PE TNV Omola £vVaG UTIOAOYLOTIG OAOKANPWVEL HLa
EVEPYELL OTO KPUMTOVOULopa Tou e€umnpetel. O puBuog dnAadn tng e€aywyng
QMOTEAECUATWY TNG CUVAPTNONG KATAKEPUATIOUOU (aAyopiBuou) Tou vouiopatog autou.
Ma tnv BéAtiotn eaywyrn achaAwv amoTteEAECUATWY N HETPNON Tou «Hash Rate» mpémel
va mpaypotononBel oe xpovikd mapdbupo 30 AsmTwWV TNG wpag Kat n SuokoAia

(Difficulty) va oplotei to ekato (100).

6. E@appoyn Métpnong YTOAOYLOTIKNG Ioyv¥og oty
BlomtAnpo@opikn (Bioinformatics).

Elvat moAAa ta mpoPAnpata tng Blolatplkng ta omoia xpetalovtal peyaAn UTTOAOYLOTIKNA

woxV. Mia edappoyrn avolktou Kwdlka Tou KaAumtel T mpodlaypades eival to

«MSAProbs» (msaprobs.sourceforge.net). To «MSAProbs» sdapudlet évav alyoplOuo

guBuypappiong MoAAwv aAAnAoUXLWV yLa TG TPWTEIVIKEG aAAnAouyiec. Onwc avadEépeL o
«Liu Yongchao» mou avémtuée tnv edapuoyn auvtni: «O oxedlaopog tou MSAProbs
Baoiletal oe éva ocuvduaouo (euvyaplwv kpudwv povtéAwv «Markov» kal Aettoupylwv

Slaipeong yla Tov UToAoylopo «posterior» mBavotitwy. AfloAoyoUuevn pe PBdaon Ta
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dnuod\fj onueia avadopdc: «BAIIBASE», «PREFAB», «SABmark» kat «OXBENCH», to
«MSAProbs» €mMITUYXAVEL OTATIOTIKA ONMOVTIKEG PBEATIWOELS akpifelag €vavil Twv
volotapevwy eubuypapplotwy kKopudaiwv emdO0ewy, CUUMEPIAAUBAVOUEVWY TWV

«ClustalW», «k MAFFT», « MUSCLE», «ProbCons» kat «Probalign».»

ErutAéov, to «MSAProbs» BelAtioTomoleital ylo eme€epyaoTteG KOWwOXpNoTNG HUVAMNG,
xpnowdomowwvtag €va  oXeSlaopd TMOAAQMAWY  OTMEPWHATWY KAl  TIEPALTEPW
TAPOAANALOUO YL CUCTAMOTO SLOVEUNUEVNC UVANG TIOU XPNOoLUoTolouV to «MPI» yla
va Eemepaocouv to0 UPNAG dppayua umepdOpTWONG UEYAANG HVAMNG KOL va EMLTUXOUV

KaAr) mapaAAnAn kAipoka kot péyebog SeSopévwv.

Ewkova 32 - Guide trees (ac) and alignment visualizations (bd) programs Probalign (ab) and MSAProbs (cd)

(NMnyA: almob.biomedcentral.com/articles/10.1186/1748-7188-9-12)

MNa TG avaykeg G OSuthwpatikng SwatpPrig 1o «MSAProbs» mpémel, adou
petayAwttiotel  katdAAnAa, vo  ekteheotel  otoug  KopPBoug ¢  Zuotadag
XPNOLUOTIOLWVTAG TIPayHaTka dedopeva. Ta Sdedopéva auta Sev elval KAtL GAAO amo
TPWTEIVEC {wvtavwy OPYOVIOUWV o€ opxeia Hopdng «fasta»

(en.wikipedia.org/wiki/FASTA format). Ta apxeio autd kabBwg kot GAAEG AETTOUEPELEC

SlatiBevtal anod tov «UniProt» (www.uniprot.org) o omoiog givat évag mAnpng mopog yla

v oA\nAouxia mpwteivwv kot to Sedopéva oxoAlacpol. Ov Baocelc Sebopévwv

«UniProt» elval n «UniProt Knowledgebase (UniProtKB)», ta «UniProt Reference Clusters

50

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118


http://www.uniprot.org/
./en.wikipedia.org%2Fwiki%2FFASTA_format

Kepahato 5° MAaiolo ALoAdynaong

(UniRef)» kat to «UniProt Archive (UniParc)». O «UniProt» eivatl évog Baokog mopog

b6ebopevwv tou «ELIXIR» (www.elixir-europe.org). To «ELIXIR» e€ivar éva ocUvolo

EUPWIAIKWY TOpwvV Oebopévwy Tou €xouv BepeAlwdn onuoaocia ywa TV €upuTEPN
Kowvwvia NG emotnung ¢ Iwng KoL Tn HokpompoBeoun dtatripnon twv BLoAoylkwv

Sebopévwv.

Ewova 33 - Uniprot (Mnyn: www.uniprot.org) Ewkova 34 - Elixir (Mnyn: www.elixir-europe.org)
H pétpnon tng UTOAOYLOTLKAG LoXUOC, OTNV MEPIMTWON QUTH, Uopel va PeTpnBel ek Tou
QMOTEAEOHUATOC WG TIPOC TOV XPOVO eKTEAEONG. AnAadn 0 XPOVOG IOV XPELACTNKE yla TNV
ektéAeon ¢ dlag akplpwg dtadikaoiac. Me Alya Adyla otnv MEPUMTWON AUTH 0 XPOVOG

gival To KAeLOL.

OL ta apyela mpwteivwv mou Ba xpnolpomolnBouv meplypdadovtal otov akoAoubo

niivaka:
Mivakag Apxeiwv Mpwteivwv
A/A Proteome ID Proteins Taxonomy
1 UP000014996 82 1173762 - Salmonella phage FSL SP-076
2 UP000246700 101 2182394 - Mycobacterium phage Byougenkin
3 UP000030203 126 1540094 - Citrobacter phage Moogle
4 UP000207581 194 1654883 - Salmonella phage 19
5 UP000202282 83 1622234 - Citrobacter phage CVT22
6 UP000001398 9 694067 - Human metapneumovirus
(strain CAN97-83)
7 UP000008740 46 504553 - Propionibacterium phage PAS50
8 UP000201622 63 1647463 - Salmonella phage SEN34
9 UP000000919 75 320846 - Staphylococcus virus 29
10 UP000007167 51 1141132 - Aeromonas phage phiAS7
11 UP000005883 11 1105327 - Vibrio phage VCY-phi
12 UP000052091 6 706527 - Phocoena phocoena papillomavirus 4
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13 UP000163039 2 1692258 - Palaemonetes kadiakensis
Mississippi grass shrimp associated

circular virus

14 UP000168289 7 40539 - Human papillomavirus type 50

15 UP000202324 1 31503 - Maize white line mosaic Satellite virus

16 UP000204153 5 2017081 - Human fecal virus Jorvi2

17 UP000207752 2 2170125 - Porcine associated porprismacovirus 9

18 UP000214354 5 1655661 - Microviridae
Fen7918 21

19 UP000217266 5 2021212 - Rice virus A

20 UP000232903 7 2011087 - Stenotrophomonas
phage PSH1

Ta mapanavw apxeio Ba xpnotuomnoltnBouv o€ okTw (8) epyacieg OMwWE MApAKATW:

Ta UP000014996, UP000246700, UP000030203 kot UP000207581 katd Movag

(oUvolo gpyaociwv 4).

Ta UP000202282, UP0O00001398, UP0O00008740 UP000201622 , UPO0O0000919 kot

UP000007167 w¢ Levyn (ouvolo epyaciwv 3).

To UPO00005883, UP000052091, UP000163039, UP000168289, UP000202324,
UP000204153, UP000207752. UP000214354, UP000217266 kat UP000232903 wg

bekada (ouvolo epyactwy 1).

ZUVoAo epyaciwy 8 Kal cUVOAo pwTeivwy 881.

7. Métpnon Katavaiiokopevng Evépyslag.

e OAEC TIC TAPATAVW TIEPUTTWOEL N METPNON TNG KOTOVAALOKOUEVNC NAEKTPLKNG

EVEPYELOG TIPEMEL va TpAyUaTomoleital amd eEwTteplkd aflOMIOTO  HETPNTH,

gupwnaikég mpodlaypadEg, Kal oL HETPAOCELS va adopoUV TNV CUVOALKN TIPOYHOTLKA
Katavalwon twv povadwv amno tnv npila (Watt@wall). Entiong oL petproslg va adopouv
HOVO TNG YTMoAoyloTikéG Movadeg kol OXL TEPLPEPELAKEG OUOKEUEC OMwWG 000vVeg,

TovTiKLa, TTANKTPOAOYLA KATL. Q¢ €Ml TO MAEIOTWY O UETPNTAG TMPETEL VAL ElvalL KOWVOG O€

OAEG TLG LETPNOELG.
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Ewkova 35 - IT Demand Versus Energy Efficiency (MnyR: www.datacenterjournal.com)
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Ewkéva 36 - Data Center Conference 2017 (NnyR: datacenterconference.boussiasconferences.gr)
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1. Elcaywyn)

AxkAouBwvTtag moTta OAa Ta mapanAvw EEKVA N UAOTIOLNON TG KATAOKEUNC TNG ZuoTadag
yla TNV ektipnon tng evepyeLlakng tng anddoong cuudwva pe T 1ebeioeg mpodlaypaded.
H ermhoyn Tou AoyLoUIKOU TIPOYHATOTOLONKE O T(PONYyoUHeVO KEPAAALO Kal n emAoyn
ToU YALKOU €xel Twpa oelpd. MapoAo mou eival apkeTEG ol Movadeg mou KAAUTITOUV TG
npodlaypadeg n teAkn ermhoyn tng Movadog eival to «Orange Pi Win Plus» yia toug

TIAPOKATW AOYOUC.

To «Orange Pi Win Plus» StaB£tel ene€epyaotry «ARM» pe téooeplg (4) mupnveg 64 bit
(A64 Quad-core Cortex-A53 64bit) Kol «ARMVS8-A» o€t EVIOAWV

(en.wikipedia.org/wiki/ARM_Cortex-A53) (developer.arm.com/products/processors

[cortex-a/cortex-a53) katL n cuxvoTNTA TWV MUPAVWVY Tou enegepyaotn elvat 1,5 Gigahertz

(F =1,5 GHz). EmutA£ov n pvun RAM tn¢ Movadag eival 2 Gigabyte (RAM = 2 GB) kal to
evouppato diktuo eivat 1000M/100M Ethernet (RJ45). Evag Baoikog akopn Aoyog ivat

TO yeyovog OtL OAa autd Tapéxovial o€ TR mou Sev ayyilel kav ta S37 Soldpla

ALEPLKAG.
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Ewkéva 37 - Orange Pi Win Plus (Mnyn: www.orangepi.org)

2. MlpoeTopacia YAwkov (Hardware)

Ektég amo TG Ymoloylotikeg Movadeg yla tnv dnuoupyia tng Zuotadag eival
amapaitnto Kol oplopéva eMUTAEWV UAIKA Onmweg Kapteg «SD» kAdaong 10 ywa to
Aeltoupylkd Zuotnua, amdol dtavopeic diktvou (network switches) kat kaAwdia yla to

Siktuo kaBwg kat oAunpla yia tnv tpododocia Twv «SBC».

H emloyn twv kaptwv eivat n «Sandisk Micro SD card Class10 TF card 32GB» n omola,
otnv TR Ttwv €6 Eupw Tmepimou, Tmpoodépel  Suvatotntec kAdaong 10

(en.wikipedia.org/wiki/Secure_Digital). H aAfifela eival otL ta 32 Gigabyte eival kKAmwg

urtepPBoAika alia n dtadopa pe ta 16GB eival Alyotepo amno €2.

MNa v koAwdiwon n emloyn eivar « CABLEXPERT PP12-0.5M/CAT5E MOLDED STRAIN
RELIEF 50U PLUGS 0.5M». To kaAwdlo auto eivat koatnyopiag «5E» (CAT 5E)

(en.wikipedia.org/wiki/Category_5_cable) pe emixpuoeg enadég npodiaypadnig «50u»,

oTnV TN Twv 50 Aemtwv Tou Eupw.
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H emtloyn tng ouokeung Siktuwong (network switch) eivat «D-Link DGS-1008D» to omnolo
elvat «Unmanaged», «Layer L2» kot €xel oktw (8) mopTeG e TaxVUTNTA HETAYWYnRS 16Gbps

(en.wikipedia.org/wiki/Network_switch). OAa autd pe €15 Eupw mepinou.

OAa ta mapandavw UALKA ¢tdvouv Tnv afla TNG KATOOKEUAG TNG ZUOTASOG OTO OGO TWV

(32€ x5 =160€) + (6€ x 5 =30€) + (0,50€ x 5 = 2,50€) + 15€
207,50€ (pe Tun wotipiog $1 mpog €0,88)

Me tnv mapaAafn Kal TNV amOCUCKEVOOLO TwV UALKWVY aKOAOUBEL n appoAdynon Kal n

EYKATAOTAON TOU AELTOUPYLKOU ZUCTAHATOG, TOU SIKTUOU KOl TWV TIPOYPAUUATWY.

Ewkova 38 - Orange Pi Win Plus

3. Asttovpyko TvoTypa

Me Bdon ta mponyoUueva Kal Tnv enthoyn tou « Ubuntu 18.04 LTS (Bionic Beaver)» wg
AETOUPYLKO JUOTNUA TIPOPBOIVOUUE OTNV EYKOTAOTOON MG gAadpldg SLovoung
Baolopévng oe auto n omola eival e€elSIKEUEVN oTNV TEXVoOAoyia Twv YMOAOYLOTIKWV
Movadwv XapnAlot Oykou / Katavalwong (Single Board Computers — SBC) mou €xouv
Baolotel oe emefepyaotéc «ARM». H Stavoun aut eival avolktol kwdika kot Stabgtel
LOXUPA gpyoAeia, LETAYAWTTLONG KAl avamTuéng AoylopikoU, KaBwc umootnpiletal amno

pia peydin kat {wvtavh Kkowotnta.
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Ewova 39 - ARMBIAN (Mnyr): www.armbian.com)

To «ARMBIAN» &atiBetal oe «elbwAa» (images) ta omoia pmopouv va gyypadouv
anevuBelag otnv KapTa «SD» Twv Movadwv xwplc va xpeldletal n moAUwpN LETAYAWTTLON
KOlL EYKOTAOTOON TOoU AELTOUPYLIKOU ZUOTAUATOG amod tnv apxh. ETolL Aoumov o€ €vav Kowo

UTIOAOYLOTH HE £VAV AVOYVWOTN KAPTWV «SD» propel va mpaypotonolndsi

AdoU «katePBew» 1o eldwAo «Ubuntu_bionic.7z» amooupmiéleTal e TO TPOYPOMA «7Z»

(ywa Unix) i «7-zip» (yta Windows - www.7-zip.org) kot eyypadetat otnv Kapta «SD» pe

1o Mpoypappa Etcher (www.balena.io/etcher).
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Ewkova 40 - Etcher

MeTtd to MEPAG TNG WG Avw Sladilkaciag MpayUaTonoleite n eloaywyn tTN¢ KApTag « SD»
otnv Movada kat akoAouBei n olvdeon pe To SiKTUO KaL TO PEUUA WOTE va EEKLVNOEL N
Stadwkaoia tng ekkivnong (boot). Katd tnv mpwtn e€kkivnon opiletal VEOG KwOLKOG
unepxpnotn (root) kat mMPooTIBETAL VEOG XPROTNG HE SLKA TOU oTolKEla Kot Kwdko. Me

TNV oAokAnpwon akoAouBei emavekkivnon.

To opéowg emopevo PAua e€ival n pUBULON TOU OCUCTAUATOC KOL OCUYKEKPLUEVA

puBuifovtal ta akoAouba:
e HIwvn tng wpag (TimeZone).
e To €ido¢ tou diktuou (Network).
e Aivetal otaBepr SteuBuvon «IP».
e Ailvetal to 6voua tng Movadog (Hostname).

H b Swadikaoia emavalappavetal ywo kaBe YmoAoylotiky Movada. Kot TEAOG

ekteAeltal avaBaduion OAwv Twv KOUBWV Kal EMAVEKKivnor TOUG.
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4, Yvotada

Metd tnv oAokAnpwan tng 0Ang Stadikaoiag yla OAeG TIG YTOAOYLOTIKEG Movadeg EpxeTal
N oTyun ywa tg kabeautol puBuioelg tng Zuotadag. Adou mponyoupevwg eixav S00el
ovopata Kol otaBepeg «IP» dleuBUvVoEeLg 0TOUG KOUBOUG Elval CELPA VAL «YVWPLOTOUV» OL
KOpBoL petafl toug. Autod eival ediktd pe tnv Tpobnkn tn¢ avilotoliag autAg oto

apxelo «/etc/hosts» (en.wikipedia.org/wiki/Hosts_(file)) tou kd&Be koéuPBou kot TNV

€Mavekkivnorn tou.

MNa va pmopouv ot KopBol tng Juotddag va emkowwvouv Hetafl Toug eival
eruBePAnuévn, yia Adyoug acdaleiag, n Umapén evog cuoTHUATOS KpuTttoypadnong. Mia

KaAn emloyn eivat xprnon kAswSlwv «RSA» (en.wikipedia.org/wiki/RSA_(cryptosystem)).

Ma tnv epappoyn autol tou eiboug Kpumtoypadnong eival anapaitntn n dnuoupyia
€vOG Lelyoug KAELSLwV «RSA» og kaBe Koppo. To kabe leuyog KAEWOLWV amoteAeite amnod To
TIPOCWTIKO (private) kat to dnuooio (public) kAest (key). Ztnv mapovoa ¢dacn Aounov
HETA TNV Snuoupyia Twv KAELSLWY 0ToUC KOUBOUG, avilypadetal To Snuocto KAsLSL Tou
TMIPWTOU O OAOUG TOUG GAAOUG KOUPBOUG Kal praivel otnv Alota PE TOUG YVWOTOUC OE
autov kopPoug (known hosts). Katomwv mpaypatonoleitat €icodog péow aodaAng

ouvdeong «SSH» (en.wikipedia.org/wiki/Secure_Shell) amné tov npwto kOUPBo mpog 6Aoug

TouG AAAoug wote va eniBefatwbBolv Ta KAeldLd Kal va autopatomnolnBei n dtadwkaoia. H

6o Stadikaoio akoAouBeital MOTA 0TOUC KOUBOUG KL YLO EVOC EKAOTOU €€ aUTwWV.

Ewkova 41 - EkKivnon tou npwtou Kopupou (node0l)
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Me tnv ohokAnpwon ¢ Stadikaciag akoAouBei, oe kaBs kOUPBO, n eykataotoon TNG
Alertadng AteAevoewg Mnvupdtwyv (MPI). ZTnv CUVEXELA N EYKATACTACN TWV OVTLOTOLXWV
petayAwttiotwyv C, C++, kat Fortran. TEAOG mpayUaTomoLELTOL EMAVEKKIVNON TWV KOUPBwWVY
kat ok tng Asttoupyiog kKaBe kKOUPBou pe TNV €vioAn «mpiexec -n 1 hostname». To
QamMoTEAECHA TNG EVIOANG QUTNG €lval va TpéEel pia Slepyaoia oTov CUYKEKPLUEVO KOUBO

HE TNV yvwoth evioAr] «hostname» (www.linfo.org/hostname_command.html) kat va

EUPOVIOTEL TO Ovopa Tou KOUPou otnv oBovn. Epocov n Sokwur eival €mTUXAG TO
EMOMEVO Brpa sival n Snuioupyia tou apyeiov Twv kKOUPwv (hostfile) To omolo mepLéxet
TO OVOMATA TWV KOUBWV KOBWE Kol Tov HEYLOTO aplBud Slepyaolwv ToU UTopEL va
enefepyaotel o kaBévag. MNa tnv BEATIOTN amodoon o aplBUOC aUTOg LooUTAL PE TOV

opLOUO TWV TUPAVWY, EV TIPOKELUEVW TECOEPQ (4).

Ewkéva 42 - mpiexec -n 20 —hostfile ~/hostfile —-npernode 4 ./helloworld.mpi

H Sokwn Asttoupyiog oAOkANpng tng uotadag pmopel va mpaypotonolnBel pe tv
BonBewa tou mpoypdappatog «helloworld.c» (Mapdptnua «IM») to omoio petd TV
Snuloupyia Tou MPETEL VA LETAYAWTTLOTEL KATAAANAQ pe Tnv evtoAn « mpicc helloworld.c

-0 helloworld.mpi» wote va dwoel to ekteAéoipo apyxeio «helloworld.mpi». Ma tnv
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Sdokiun Aettoupylag tng ocuotadag n evtoAn sivat «mpiexec -n 20 —hostfile ~/hostfile
—./helloworld.mpi» (6mou hostfile to apxelo twv kKOpBwv TOU avadEpOnke
TIPONYOUUEVWG). H evioAnl autrl Ba £€XeElL WG OUVEMELD TNV €KTEAECN TNG EVIOANG
«./helloworld.mpi» mapaAAnAa 20 ¢popég kat emetdn ol KOpPBoOL elvat 5 Katl 0 KaBe KOUPBOG
€XeL 4 mupnveg (Onwg €xel amotunwbel kal oto apxeio «hostfile») to amotéAeoud tng
elval n epdavion otnv 066vn piag amavinong anod kabe nmupnva t¢g Zuotadag. Me tov
TPOMOo auto efakplpwvetal n owotn Asttoupyla oAOKANpNnc tng Zuotadag kot sival

€UKoOAO va BpeBel To omoLodnmote MPOPBANUATIKO CNUELD OTLG £WE TwPa pUBUICEL.

5. Zuppatikéc Ymodoylotikéc Movadec LUykplong

Onwg kot otn Zuotada £tol Kal otig JupBatikég YmoAoylotikée Movadeg omou Oa
TipaypaTononBolv UETPOELS TIPETEL va eykataotabel to «Ubuntu 18.04 LTS (Bionic
Beaver)» oav Aettoupylko cuotnua. Onwcg emiong kat OAeg oL amapaitnteg BLPALOONKeG
Kal €PAPHUOYECG, OMWG aKkpLBWE Kal otoug KopPoug tng 2uotadag. H Suadikaoia

€yKATAOTAONG €lval TOAU armAr Kal TpayUaTonoleital eUkoAa amo €va «Live USB»

gykataotaong (www.ubuntu.com).

Ewkova 43 - Ubuntu Logo (MnyR: www.ubuntu.com)

Ano 1o onuelo autd kal Emelta n mMpoegpyacia Twv edapuoywv ywa tnv Andn twv
HUETPAOEWV ELVAL TTAVOLOLOTUTIN UE aUTH TwV KOUPBwV TG cuotadag. AkoAouBel mivakag
LE TO XAPAKTNPLOTIKA TwV YrtoAoylotikwv Movadwv mou Ba AdBouv PEpog otnv cUYKPLoN

TWV UETPHOEWV.
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Nivakag YroAoylotikwv Movadwv

A/A AvayvwpLOTIKO Enefepyaotng Mviun

1 Cluster (5 Nodes x) (5 Nodes x)

ARM A64 / Cortex-A53 2GB
1.5 GHz Total 10 GB

(5x4=)20Cores/ 20 Threads DDR3

20x64bit
2 T9300 Intel Core 2 Duo 4GB
T9300/ 2,5 GHz DDR2

2 Cores / 2 Threads

2x64bit
3 i5 Intel Core i5 4GB
7400 / 3 GHz DDR4
4 Cores / 4 Threads
4x64bit
4 i7 Intel Core i7 12 GB
2600K / 3,4 GHz DDR3
4 Cores / 8 Threads
8x64bit
5 Ryzen5 AMD Ryzen 5 8 GB
1600X / 4 GHz DDR 4

6 Cores / 12 Threads

12x64bit
6 ThreadRipper AMD ThreadRipper 32 GB
1900X / 4 GHz DDR 4
8 Cores/ 16 Threads
16x64bit

6. Métpnon Katavalwong oe Kataotaon Avapovig

H mpwtn pétpnon mou AapBAavel xwpo OTLC TTOPATIAVW UTIOAOYLOTLKEG LOVASEG elval auTtnh
NG KOTOVAAWONG OE KATAOTAON OVOHOVNG. ZUYKEKPLUEVO ETELTA ATIO TNV €KKivnon tng

KaBe povadag Kal PETA TNV TAPOSO EMAPKOUC XPOVIKOU Slaotripatog, Aappavetal
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HETPNON TNG 0TABEPN G KATAVAAWONG NAEKTPLKNG EVEPYELAG, OTAV TO AELTOUPYLKO cUOTNUA
¢tdoel oe katdotaon avapovis. H pétpnon auth eivatl onpavtiki SL0TL amoteAel Tnv

Baon tng katavalwong tng kabe povadac.

Nivakag Z0ykpiong AnoteAeopatwv Katavalwong os Kataotoaon Avapovig
AvayvwpLoTtiko KatavaAwon
(Watt)
Cluster 7,8
T9300 44,8
i5 48,3
i7 64,1
Ryzen5 57
ThreadRipper 73,9

7. E@appoyn Métpnong YnoAoylotikng Ioxvog (Benchmark)

15.1 Hpoepyaocia

To mpwto PAua eivat n AQPn kat n petayAwttion tou «Llinpack Benchmark»

(www.netlib.org/benchmark/hpl) pe tig avrtiotoixeg BLBALOONKeS. ATtd TNV HETOYAWTTLON

TIAPAYETAL TO EKTEAECIUO apxelo «xhpl» to omolo xpeldletal Eva apxeio eloddou yla tnv
eKTEAEOT) TOU. TO Op)elo €L0OSOU TIOU TEPLEXEL TOL SESOUEVA OXETIKA UE TLG ETUAOYEG KOl
Ta poPAnpoata mou Ba ermthuBoulv eival to «HPL.dat». H apxiki popdr tou apyxeiou Kot

piol Likpn avaAuon Twv MOPAUETPWY ATTOTUTIWVETAL 0To Mapdptnua «A» Tou mapovToc.

MNna tnv kaAutepn anddoon tou «Linpack Benchmark» kot tnv PBeAtiotonoinon twv
OMOTEAECUATWY EVaL AmMAPALTNTN N KATOVONON OPLOUEVWV TIAPAUETPpWY. Katapxdg ot
TIAPALETPOL «P» Kal «Q» Oou oTNV MPAYUATIKOTNTA £lval To pEyeBog Tou TAEYUATOG KalL
TO YWWOUEVO TOUC TPETEL VO LOOUTAL HE TOV akplf aplBpd tou GUVOAOU TwV TIUPHVWV.
EMopévwg oTNV CUYKEKPLUEVN TIEPIMTWON TO GUVOAO TwWV UPHRVWVY TG cuotadag ivat 20

(5 kOpPoL enti 4 muprveg ava koupo).
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Ewkéva 44 - Linpack Benchmark main algorithm (MnyfQ: www.netlib.org)

Itnv wotooeAida tou «Linpack Benchmark» (www.netlib.org/benchmark/hpl) avadpépetal

amnod toug Snuioupyouc tou (A. Petitet, R. C. Whaley, J. Dongarra, A. Cleary) 6tL n BéAtiotn
TIPAKTIKN €lval To ALy va BploKETAL KOVTA OTO TETPAYWVO (square) cuvnOwg Ue To «P»

va lval Alyo pKpOTEPO amo to «Q».

Itov akOAouBo mivaka moapouctalovtal oL EMIAOYEC YLOL TNV CUYKEKPLUEVN ZuoTtada ot

oroleg eivat oL €€n¢ Ttévte (6) pe tic dVo (2) TeAeutaieg va amokAsiovtal.

Ma TNV MANPOTNTO KOL TNV TEPAUATIKY amodelfn Twv mapandvw elval amopaitnto va

nipaypatonolnBouv SoKIUEG 0 OAEG TIG ETUAOYEG TwV {ELYWV.
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Nivakag Emtloywv Zeuywv Moapapétpwy «P» ko «Q»
Ermtiloyn 1 2 3 4
P 1 2 4 5
Q 20 10 5 4

Mo GAAN ONUOVTIK TAPAUETPOG €lval n «N» n omola ekdpalel to HéEyeBog TOU
npoPANUaTOg Kal ouvnBw¢ o otoxo¢ elvat va Ppebel 10 peyalvtepo péyeBog
nipoPAnuartog ou Oa tapldlel 0Tn UVALN TOU CUCTAUATOG. H mapapetpog «N» TpEmeL va
glval Kovtd oto ouUVOAIKO pEyeBog pvAung (SumAn akpifela 8 bytes), aAAd pnv $tavel
noté to 100% tou peyeBoucg TNG HvAUnG, Sedopévou OTL KATIOLO TTOCOTNTA UVAKNG

KQTAVAAWVETAL ATtd TO oUOTNHA.

H emloyn Miog UIKPAG TWMAG Yyla TNV TOPAUETPO «N» €XEL WC QATOTEAECHA VO PNV
EKTEAE(TAL OpPKETN €pyaocio oe kaBe emetepyaotr kal Slvel PIKPA aAmMOTEAECUATO KOl
xaunAn anodoon. H emhoyn plog tTuAc «N» mou umepPaivel to péyebog tNg UVAUNG

EVEPYOTIOLEL TNV ELKOVIKI UVALN TOU CUCTAUATOG KOL LELWVEL TNV amodoon.

Mta GAAN TapApEeTpog ival n «NB» n omoila avadépetal oto pEyeO0G Tou UTTAOK OTO
TAEyUa. Ta pey€ON twv pmAok 1ou divouv KaAd amoteAéopata eival evtog Twv opiwv 96

Kall 256 pe Brpoa Tov aplBuod akplBeiag tg pvnung (duthn akpifela 8 bytes).

O umoAoyLopog TN TnG N pumopel va yivel KAAALOTA He TNV epaployr Tou £€NG TUTIOU:

X [lo6oat O v 1 ung *

N:(\/Mvﬁﬂmco'c(iaxo'u/)’ov x1024 x1024 x1024 x A5 Gog k 0 upwv
8

* MooooTO PVNAUNG lval auTto ou Ba xpnotpomnolnOet.

MNna koAUtepa amoteAéopata KaAd eival otov mapandvw umoAoylopo va AndBet umoyn
Kall N MopApeTpog «NS». ETOL TO amOTEAECUA TOU MOPATTAVW TUTIOU TIPETEL va SlatpeBel
HE TOV aplBud tng «NS» Kal To AmMOTEAECUA va oTpoyyuAomolnBel mpo¢ ta KATw o€
okEpalo aplBpod. TéAoc to anotéAsopa va toANamAaotaotel Eava Pe Tov aplBpuo tng « NS»

Kal £ToL Ba mpokUPEL N BEATLOTN TLUN TNG TAPAUETPOU « N».

67

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



Kepahato 6° YAomoinon

ZUYKEKPLUEVA YLa TNV cuoTAda Twv 5 KOPPBwV pe xprion pvAung 80% kat péyebog UmAok
128 n T g «N» givadl:

AapBavovtag umoyn tnv TN TG Mopapétpou «NS» n BeAtiotomolnpévn TN TNG

mapapéTpou «N» Sltapopdpwvetal wg e€Nc:

29308 x128=29184

N =round down(

19.1 AmoteAéouata

Me To MEpaG TNG Mpoepyaciag oelpd €xeL n mepapatikn dtadikaoia kat n e€aywyn tTwv
OTMOTEAEOUATWY. AVOAUTIKA TO OMOTEAECHOTO TWV HETPACEWV Tou «Linpack Benchmark»
napatiBevtatl oto MNapdptnua «E». H cuvotdda eixe ta kaAutepa amoteAéopata (13,83
Gflops) pe to TeUyoc «PxQ» ot TWEG «5» kat «4» avtiotola, evw n TR TG

TAPAUETPOU «NS» ATav «256».

AkoAouBel mivakag oUyKPLONG ATIOTEAECUATWY EVEPYELAKNG amodoong Bacllopevog otov

€€n¢ tuTo umoAoyLlopou.

Yroloyiouik n I oy ¢ _ Gigaflops
Katav o Awon Watt

Evepyeiax n Amodoon =
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Nivakag Z0ykplong AnoteAeocpatwv Evepyelakng Amddoong
«Linpack Benchmark»
AvayvwpLOTIKO Méyiotn Katavalwon Evepyelakn
eNegePyaoTIKN (Watt) andédoon
LoxU¢ (Gigaflops) (Gigaflops / Watt)
Cluster 13,83 24,2 0,571488
T9300 8,115 71,1 0,114135
i5 45,25 84,5 0,535503
i7 42,07 161,8 0,260012
Ryzen5 120,4 159,7 0,753914
ThreadRipper 119,6 248,6 0,481094

AvoAutikd Ta anoteAéopata tou «Linpack Benchmark» oto Mapdptnua «E».
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8. Epapuoyn MéTpnong YTOAOYLOTIKNG Ioxvog o€

Kpuntovopiopata (Cryptocurrency).

15.2 Ipoepyaocia

Katoapxag mpémet va eTollaotel KATAAANAQ n avefdptnTn UMOAOYLOTIKY povada mou Ba
avaAdPel TG peETPNOELS. Amapaitntn €lval n HeTaPOPTWON KoL N HETOYAWTILON €VOG
KOUBou «AEON». a TNV HETOYAWTTLON TOU KOUBOU XpeLaletal va eykatactabolv mpwrta
oL e€APTAOELG KOL OTNV CUVEXELA VA YIVEL N METAYAWTTLON ME KOwOoxpnotes BLBALOBNKEG,
€T0L OUTWC WOTE VO UTTOPEL val TLG XpnoLomoLnoeL n epapuoyrn « Monero-Stratum», mou
Ba €xeL TOV POAO TNG GUAAOYAG TWV TIPAYHOTIKWY LETPHOEWVY. TN CUVEXELD OKOAOUBEL n

HETAPOPTWON KAl N LETAYAWTTLION TNG dappoyng «Monero-Stratum» otnv idta povada.

Mo TG CUPPBATIKEG UTTOAOYLOTIKEG MOVASECG Kal TOUG KOUPBOUG TG cuoTadag xpelaletal n
puetadoptwon Kot n petaylwttion tng edpappoyns «XMRig». Na tnv Andn acdalwv
QMOTEAECUATWY TPOTIOTOLE(TAL EAADPWES O KWOLKOG WOTE VAL NV AELTOUPYEL TO TUAKA TNG

SWPEAG TIPOC TOV SNULOUPYO TOU TIPOYPAUUATOG (TOCOOTO EML TOU XpOVOU AELToupyiag).

OL mapApeTpol mou Ba xpnotuomnotnbouy yla tnv LETpnon oto apxeio puBuicewv eivatl ot

&€ng:
e "algo": "cryptonight-lite", yia tov aAyopiBuo.
e "asm'": auto, yla tnv evepyornoinon assembly microcode.
e "av": 0, yla TOV QUTOUATO KABOPLOUO TWV VNUATWV.
e "huge-pages": true, yla tnv xprion peyaAwv oeAibwv pviung.
e "hw-aes": true, yla Tnv xprion o€t evtoAwv AES amnd tov enefepyaotn.

e "max-cpu-usage": 100, yla tTnv Xprion Tou cuvOAou Tou enefepyaoTn.

o '"safe":true, yia tnv xprion «achalwv» pubuicewv.
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19.2 AmoteAéouata

Me tnVv oAoKApwaon TG MPOEPYACLAC TO EMOMEVO Bra gival n Melpapatiky dtadikaoia
Kat n g€aywyn Twv amoTEAECUATWY. AVOAUTIKA TO OUMOTEAECHOTA TWV UETPACEWY TNG
€€opuénc «AEON» (AEON mining) Bplokovtal oto Mapdaptnua «ZT». AkoAouBel mivakag

OUYKPLONG ATIOTEAECUATWY EVEPYELOKNG anodoong otnv e€6puén « AEON».

O TUMOG TIOU XPNOLUOTIOLELTOL VLA TOV UTIOAOYLOUO TNG EVEPYELAKNG amodoong €ival o

g8ne:
Evepyeiar 1 Awodoon = Y; no/loylam’c 1 loyrc _ Hash
Karav ¢ Llwon Watt
Nivakag Z0ykplong AnoteAeopatwv Evepyelakng Almédoong
E€6puEn «AEON» (AEON mining)
AvayvwpLoTtiko Eneéepyaotikn KatavaAwon EvepyeLakn
LoXUG (Watt) anodoon
(Hash Rate) (Hash / Watt)
Cluster 146,25 19,9 7,349246
T9300 56,08 67,9 0,825920
i5 445,67 71,3 6,250631
i7 886,58 131,4 6,747184
Ryzen5 1603,75 118,1 13,579594
ThreadRipper 2206,33 162,4 13,585776
Cluster 146,25 19,9 7,349246

AvVOAUTIKA Ta amoteAéopata tne e€0puéng «AEON» oto Mapaptnua «XT».
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9. E@apuoyn MéTpnong YTOAOYLOTIKNG Ioxv¥og otV
BlotAnpo@opikn (Bioinformatics).

15.3 Ipospyaocia

H mpwtn evépyela tng mpoegpyaciag sivat n AnPn kot PeTayAwtton g edappoyng
«MSAProbs» pall pe tig amapaitnteg efaptioelg kat BLBALOOAKEG. ZTNV OCUVEXELN
akoAouBel, amdé Ttov opyaviopd «UniProt», n ARYN MPAYUATIKWY TPWTIEIVIKWY

oAAnAouxLWwVv.

19.3 AmoteAéouata

MeTd to T€AOG TN Mpoepyaciag akohouBel n mepapatikn dtadikacia yla t AnYn twv
OIMOTEAECUATWY. AVOAUTIKA TO OUTOTEAECUOTA TWV HETPNOEWV TNG €UBUYPAUULONG

aAnAouxtwv amod to « MSAProbs» paivovtat oto Mapdptnua «Z».
Ta amoteAéopata TG EVEPYELAKNG amodoong urtohoyilovtal Pe Tov €EAG TUTTO:

Epyo  _ E pyo
Evépyeio.  Kozov a Awon x Xp 6 vog

Evepyeiax n Amodoon =

2 vvolo llpwtei v v _ Proteins

Zovolik i Katav é Awoy — Joule

Ewkova 45 - DNA (Mnyr: www.sciencemag.org)
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H oUykplon TwV QTMOTEAECUATWY TNG EVEPYELAKNG amodoong otnv euBuypaupion

oAAnAouxlwv Bpiloketal otov akoAouBo mivaka.

Nivakag Z0ykpLong AnoteAeopatwv Evepyelakng Amddoong

«MSAProbs»
AvayvwpLOTIKO Xpovog KatavaAwon ZuVOAWKN Evepyelakn
(Sec) (Watt) Katavaiwon anodoon
(Joule) (Proteins /
Joule)
Orange Pi Cluster 994,88 23,1 22.981,73 0,0383348023
3
T9300 643,48 68,7 44.207,08 0,0199289362
6
i5 269,31 80,2 21.598,28 0,0407902883
4
i7 254,71 153,7 39.148,51 0,0225040487
2
Ryzen5 90,34 144,1 13.017,99 0,0676755573
9
ThreadRipper 75,42 219 16.516,98 0,0533390486
6

AvoAUTIKG Ta artoteAéopota Tou « MSAProbs» oto Napdptnua «Z».

73

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118




KE®PAAAIO 7°

Y YMIIEPAXMATA

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



Kepahato 7° JupnepaopaTa

4
1. Elsaywyn
Me to TEAOG TWV UETPNOEWV Kal Aappavovtag unmoyn OAa To MopAmAvw, UIMopouV va
yivouv katavontd €UKOAQ T TMOPAKATW CUUMEPACUATA TOU adopouv Toug Baolkoug

oTOXO0UG TNG Epyaoiag.

MNa tov mMpwto otdéxo mou adopouce TNV olyKplon TNG cuotadag HE KAOAOLKOUG
ETUTPATEIIOUG UTIOAOYLOTEG OMwG Ba avaAuBesl kol mapakdtw Hmopel va BswpnOel

QIOAUTAL ETUTUXNAG.

IXETIKA HE TOoVv SeUTEPO OTOXO TNV €EETOON TOU €AV KAl KOTA TOCO £ival Pkt n
dnuloupyla evog YmepumoAoyloty (Supercomputer) amo pio cuoTada UTIOAOYLOTIKWV

HovAadwv xapnAou oykou / katavaAwong Bo okoAouBroeL eKTETAUEVN avaAuon.

ITOUG EMLUEPOUC OTOXOUC Yla TN MEV UTIOAOYLOTIKN LoXU Kal KatavaAwon oto «Llinpack
Benchmark» ta amoteAéopota ATov KOAUTEPA OO TO QVAUEVOUEVA, ylo TG O
edappoyég kpuntovoulopdatwy (Cryptocurrency) kat BiomAnpodopiknig (Bioinformatics)

TOUAQXLOTOV EVOAPPUVTIKA.

2. AZLOAOYT)01) ATIOTEAEGULATWV

ATO TO TOPATIAVW OTTOTEAECHOTO TIOPATNPELTAL OTL N €V AOYw ouoTtada, o OXEON TAvVTA
HUE TIC OUMPOATIKEC UTIOAOYLOTIKEG HOVASEC TIOU TIPAYHATOTOLRONKAV Ol UETPNOELS,
Lkavoroinoe oxeS0v OAOUC TOUG OTOXOUC ToU eixav TeBel €€’ apxnc. Autod pmopsi va yivel

TILO KOTAVONTO LE TNV avAAuoh Kal Ta ypadiuoTo Tou akoAouBouv.

2.1 A&oAoynon Métpnone Katavailwone oc Kataotaon
Avapuovijg

‘Htav avapevopevo, oAAd kot TAAL dev otapatd va ekmAnoosl n Swadopd NG
KOTOVAAWOEWG NAEKTPLKAG EVEPYELOC, TWV UTOAOYLOTIKWY HOVASWY, O KATAOTAON
avapovng. Oco kat av paivetal acHUAVTO €K TPWTNG OYewWC eivat TOAU ONUOVTLKO yla
€VaV HEYAAO UTIEPUTIOAOYLOTH KOl AUTO SLOTL TNV TTAELOVOTNTA TOUG OL UTIEPUTIOAOYLOTEG

6ev xpnotpomnotouvtal oto 100% twv SuVATOTATWY TOUG.
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H diadopd autr) oe éva peydlo Kévtpo Asdopévwy (Data Center) mou kotd péco O6po
XPNOLUOTIOLEL TO 75% TNG €Me§ePYAOTIKAG TOU LOXUOG UHeTadpAlETOL OE €VOl UTLEPOYKO

TIOOO KOL TEPAOTLA OTATAAN NAEKTPLKNAG EVEPYELAG LE O,TL CUVETIAYETAL QAUTO.

Ewkova 46 - (padnpa Katavalwong o Katdotaon AVapovig

210 mapandavw ypadnua mapouctdlovtal ol KATAVAAWOCELS TWV UTIOAOYLOTIKWY HOVASwWV

O£ KOTAOTAON OVAUOVHG HE anoAuTtoug aplBuoug os « Watt».

2.2 A&oAoynon Métpnong YmoAoyiotikis Ioyvoc (Benchmark)

Me pia mpwtn patid ta anoteAéopata tou «Linpack Benchmark» yia tn cuotada ival

TOUAQXLOTOV amoBappuVTIKA. H TpayUaTikOTNTO OUWG OMEXEL TIOAU Ao aUTH TNV ELKOVAL.
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300

250

200

150

100

50

m Gigaflop

m\Watt

Ewkova 47 - Fpadnpa Yriodoyiotikig loxtog kat Katavalwong «Linpack Benchmark»

TNV MaPAMAvwW €KOVA apouolaletal o ypadnua n umoloyloTikr woxug (oe Gigaflops)
Kalt n kotavalwon (oe Watt) 60Awv twv umoAoylotikwv povadwv oto «Llinpack
Benchmark» pe amoAuteg TpeEC. To mpaypatiko IntoUpevo Opwe Oev elval autn
KaBesaut) n UTOAOYLOTIKA LoXUG, OAAA n UTOAOYLOTIKN LOXUG OE OX€on HE TNV

katavalwon. H evepyelakn amodoon Aowodv (oe Gigaflops ava Watt) akoAouBel oto

EMOUEVO YpadnuaL.

B Cluster
0,800000
0,700000 = T9300
0,600000
0,500000 mis
0,400000

mi7
0,300000
0,200000  Ryzens
0,100000
0,000000 - m ThreadRipper

Gigaflop/watt

Ewkova 48 - Tpadnpa Evepyelakig Anodoong «Linpack Benchmark»
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To mapanavw ypadpnua Le TNV AMEIKOVION EVEPYELAKNG amodoong Seiyvel Eekabapa OTL N
ocuotada ) KAAUTEPO Ta OTOLXELA TTOU ATTOTEAOUV TNV CUCTASA £XOUV GOV ATTOCTOAN TOUG

TNV XAUNAR KOTavAaAwon eVEPYELOG.

Na onuewwBel o1, 6nwg daivetal oto MNapdptnua «E», pe mponyolLuevn €kdoon tou
TIUPAVA TOU AELTOUPYLKOU ouoTAMatog n enidoon tng ouvotadag oto «Linpack
Benchmark» Atav 7,105 Gigaflops évavtt twv 13,83 Gigaflops mou eival Twpa Pe Tov VEO
TIUPAVO. JUVETIWG ME MEANOVTIKEG avaPabuioslg kat tnv KaAUtepn umootnplén Ttou

AoyLlopkoU ta amoteAéopata pUmopouv va BeATiwBOouv MepLocOTEPO yLla TV cuoTada.

2.3 A&oAdoynon  Métpnong YmoAoyiotikyc  Ioyvoc o€
Kpvmtovouiouata (Cryptocurrency)

Ooov adopa tnv e€6puén Tou Kpuntovopuiopatog « AEON» n cuotdada Bploketal o€ mOAU
KaAO emimedo. EMl Twv amoTeAEOUATWY OUWG TIPETEL VA YIVOUV OPLOUEVEG ETILONUAVOELCG.
Katapxnv o «T9300» dev Slabétel To o€t evioAwv «AES-NI» pe amotéAeopa TV Xelpiotn
enidoon tou oto «AEON mining». Emiong o «T9300» Omw¢ Kal oL KOpPoL TG cuotadag
8ev kAvouv xprion tou pikpokwdika (microcode) mou Slabetel n epappoyn «XMRig». H
XPron ToU MIKPOKWOWKA amd tov «T9300» eivalr aduvatn evw yla toug «ARM»
enefepyaoteg TG ouotadag dev €xel ypadel akopa. H xprion tou amodépel pia avénon
™G Tdewg tou 15% mepinou. Emiong ot akpiPfoi enegepyaotég mou StabBétouv aflodoyn
uvAun «Case» mapouoialouv Sucavaloyn auvénon tng enefepyaoTiknG LOXUOG OTO
KPUTITOVOULOMO. ZTNV ELKOVA TTIOU 0koAouBel mapouaotdletal o ypadnua n anddoon (o€
HashRate) kat n katavaAwon (oe Watt) OAwv twv umoAoyloTtikwy povadwv oto «AEON

mining».
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2500

2000

1500

1000

500 mHR

| Watt

%
%
)

Ewkova 49 - Fpadnpa YroAoyotikig loxUog kat KatavaAwong « AEON mining»

TNV EMOPEVN €lKOVA Ttapouolaletal os ypadnua n evepyslokn anodoon (oe Hash ava

Watt) 6Awv Twv UTIOAOYLOTIKWY pHovAadwy oto ««AEON mining»».

16.000000 M Cluster
14,000000
uT9300
12,000000
10,000000
mi5
8,000000
6,000000 - =i7
4,000000 -
2,000000 - M Ryzen5
0,000000 —
Hash/Watt m ThreadRipper

Ewova 50 - Fpadnua Evepysrakrig Andédoong «AEON mining»

Afloloywvtag Ta mapandvw omnoteAéopata Slakpilvetal Ot n ocuotada eival pev
KaAUtepn amd malatéG 1 / Kol Koweg povadec emefepyaoiag, oA Suotuxwg O,
oTePELTAL TWV PeYAAWV eTIOO0EWV TIOU TipoodEPeL N wvnpn «Cache» otoug cLyXPOVOUG
(kat akplBouc) eneepyaotéc embooswv. Napola tavta pe pia KOAUTEPN UTIOOTHPLEN

OO TO AOYLOMLKO N KOTAOTOON QUTH UTOPEL va BEATIWOEL onuaVTIKA.
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2.4 A&oAoynon  Métpnong  YmoAoyiotikiic  Iexvogc  otnv
BiomAnpo@opikn (Bioinformatics)

Itov Topéa TNG BlomAnpodopikng n cuotada €xel evOAPPUVTIKA QIMOTEAECUATA, OV KOl
elval apKeTa mepLloplopévn og MANB0C¢ KOUPBwWV. MNa Toug UTTOAOYLOMOUC QUTOU TOoU €ld0oug

uio ouotada pe 128 kot TMAEov KOPBOUC PBplOKETOL TPAYUOTIKA OTO OTOLXELO TNG,

napgExovrac (2x128) 256 Megabytes pvriung RAM yLa TNV eKTEAEGN TWV UTIOAOYLOHUWV.

ITNV TAPOKATW €LKOVA Tapouolaletal o ypadnua o xpovo¢ (oe Seconds) kal n
Katavalwon (oe Watt) OAwv Twv UMTOAOYLOTIKWY HOVASWVY 0TO CUVOAO TWV EPYACLWY TOU
«MSAProbs». Na onuewBel ot ywa kdBe kopuPo mou mpootibetal otn cuotdda n
UTTOAOYLOTLKN TNG LoXUG moAAamAaotaletal Kupiwg Adyo TnG cuvenmayopevng avénong tng
OUVOALKAG UVAMNG. ZNUAVTLKOG TapdyovTog lval n un XpAon tng ELKOVLKAG UVAKNG TOU
OUOTNUATOC. Zav ONMOTEAEopa n cuotada pmopel vo avaldBel OKOUO TILO UEYAAEG
Epyaocieg pewwvovtag OpaocTIKA TO XPOVO €kTEAeonG Kkal aufdvovtag sAadpwe TNV

Katavalwon.

1.200,00

1.000,00 -~

800,00 +

600,00 -

400,00 m Seconds

W Watt

200,00 +

0,00 -

Ewkova 51 - Fpadnpa Xpovou kot KatavaAwong « MSAProbs»

H apéowg emopevn €kOvVa TAPOUCLALEL O YpAdNUA TNV CUVOALKA KATAVOAWGON TWV
£pYAOLWV O€ «Joule». INUOVTIKOG TopAyovTag ival o Xpovog ekTéAeonc. BeBaiwg ek Tou
anoteAéopatog ¢aivetal OTL aKOMO KOl Ml TOOO MIKPH OUCTASO OTOV TOMEQ TNG

BlonmAnpodoplkng umopel va €xet afloonueiwto amoteAéopota.
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50.000,00
45.000,00

M Cluster
40.000,00
35.000,00 mT9300
30.000,00

mis
25.000,00
20.000,00 - mi7
15.000,00 -

M Ryzen5
10.000,00 -
5.000,00 - m ThreadRipper

0,00
Joule

Ewkova 52 - Fpadnua ZuvoAkig KatavaAwong « MSAProbs

To Tteleutaio ypadnua avamoplotd TNV OUVOALK Katavalwon (oe Joule) Ttwv

UTTOAOYLOTLKWV HOVASWVY 0TO GUVOAO TwV £pyaciwV Tou « MSAProbs».

0,08000000000
0,07000000000 m Cluster
0,06000000000

mT9300
0,05000000000

mi5
0,04000000000
0,03000000000 =
0,02000000000 | H Ryzen5
0,01000000000 - m ThreadRipper
0,00000000000 -

Proteins/Joule

Ewova 53 - Fpadnua Evepysrakrig Anddoong « MSAProbs»

310 onueio autod pe BeBatdtnta pnopet va anodobet n omota Stadopd oto péyebog TG
ovotadag kot av AndOel umoyPn Kal O OLKOVOULKOG Ttapayovtag TOte Sev XwpAel

apdLBoAia yla Tov ViknTr TG avouETPNONG.
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3. Anuovpyla YTEPUTOAOYLOTI] OMO VUTOAOYLOTIKEG MOVASEC
XOUNA0VU OYKOVL / KATAVAA®WONG.

Amo ta mapandavw ¢aivetal ot n dnuoupyla evog YmepumoAoylotr (Supercomputer)

oo pia cuoTAda UTIOAOYLOTIKWY HoVASwV XapnAol oykou / katavaAwong sivat epikTn.

O kaAUTEPOG TPOTOG va dlamotwOel To Katd moco eival eplktdo autd eival to Top500

(www.top500.0rg) oto omoio avaptatal avd e€AUNVO 0 KOTAAOYOG ME TOUG KOAUTEPOUG

UTTEPUTIOAOYLOTEG TOU KOoUoU (Mapaptnua «H»).

MNa to Top500.0rg onuavtikd poAo mailouv TPELC MAPAUETPOL TO « Rmax», To «Rpeak» kot
1o «Efficiency». Tt elval opwg to kaBéva amd avtd. To «Rmax» €lval n mPAYUATIKA
UTTOAOYLOTLKN oYU Ttou PEeTpadcl to «Linpack Benchmark». To «Rpeak» eivat n Bewpntikn
HEYLOTN UTIOAOYLOTIKA LoXUG Tou cuotnuatog. TéAog to «Efficiency» elval o Adyog tou

«Rmax» mpog to «Rpeak».
O unoAoylopog tou «Rpeak» yivetal pe tov €€n¢ amAo tumo:

Rpeak = Toyotnra emelepyooth (GHZ) X 2ovoAiog op1Buogs wopivaov

x ( Agrtovpyiec ave kbxio)
o TNV oUYKEKPLUEVN cuotada to «Rpeak» umoAoyiletal:
e Toayvutnta enefepyaotn = 1,5 GHz.
e JUVOALKOG aplOuog mupnvwy = 20.
e Asltoupyiec ava kKUKMo (Operations/Cycle) = 1.
e AvVTIKOOLOTWVTOG OTOV TUTIO yLa TNV eUpech Tou «Rpeak»:
e Rpeak=1,5x20x1=30
To «Efficiency» umoloyiletal w¢ e€Ne:

e Efficiency=Rmax/Rpeak=13,83/30 = 0,461 nepinouv dnAadn oto 46,1%.
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To Hkpo «Efficiency» Oelyvel otL av kot n ouotada €xel €mMUTAEoV SUVOTOTNTEG
enefePYaoTIKAG LoXVOG, Oev pmopel va Tig aflomolnoel MARPwG. TNV Teplmtwon g
OUYKEKPLUEVNG OUOTASOC aUTO Elval QVOUEVOUEVO AOYyw TOU Oxedlaouou, TNg
OPXLTEKTOVLKAG Kal olaitepa Adyw TNG MEPLOPLOUEVNG TTOCOTNTOG UVAUNG TTou SlabEtouy

oL KoupoL.

MNa tnv elcobdo otnv Alota tou Top500 mpémel va Eemepaotel TOUAAXLOTOV O TEAEUTALOG

OTNV KOTATAEN UTIEPUTTOAOYLOTAC T OTOLXELQ TOU OTtolou elvat:

e Rank: 500

e Segment: Industry

e Country: China

e System: Inspur TS10000, Xeon E5-2682v4 16C 2.5GHz, 10G Ethernet

e Cores: 44.800

e Rmax (TFlop/s): 874.1

e Rpeak (TFlop/s): 1,792

e Power (kW): A/Y

Me tnv npolTdOeon OTL pe KABe véo KOUBO TpoaotiBevtal KATL TEPLOCOTEPO OO SUOULOL
Gigaflops, oL koppBol mou xpetalovtatl yla va Bpebel pia cvuotada amd «Orange Pi Win
Plus» oto «Top500» eival katd mpoogyylon 350.000 pe ouvoho mupnvwyv 1.400.000. H

KatavaAwon piag tétolog cuotadag 0w Katd tpoogyylon Oa Atav 1.694 kW.

Amo tnv GAAN MAEUPA OUWC OE OXEON HME TO voupepo «408» TNCG Katdataéng amod To
«Research Institute for Information Technology, Kyushu University» tng lanwviag pe ta

€€NG XOPAKTNPLOTIKA:
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e System: QUARTETTO - HA8000-tc HT210/PRIMERGY CX400 Cluster, Xeon E5-2680
8C 2.700GHz, Infiniband FDR, NVIDIA K20/K20x, Xeon Phi 5110P, Hitachi/Fujitsu

e Cores: 222.072

e Rmax (TFlop/s): 1,018.0

e Rpeak (TFlop/s): 1,502.2

e Power (kW): 19.431

UE Ta 8l oTolxela Kol UTTOAOYLOUOUG yla pio cuoTtada avtioTtolyng UTTOAOYLOTLKAG LOXUOG
Ba xpelalotav katd mpoogyylon 400.000 kopPoug pe ovvoho mupnvwv 1.600.000. H
Katavalwon piag tétolag cuotada¢ OHwG Katd mpoofyylon Ba ntav 1.936 kW. H
Sladopd otV KOTOVAAWON NAEKTPLKNAG EVEPYELOC OE OXECN HE TOV UTIOAOYLOTH TOU

naverotnpiov tou «Kyushu» tng lanwviag (Rank 408) Bpioketal otnv SekamAdoia TLUR.

Ma Tov AOyo aUTO KOl Yyl TNV TIPOCEYYLON TWV UTIEPUTTOAOYLOTWY Amtd TNV TAEUPA TNG
EVEPYELAKNG amodoong umapxeL kot n Katataén «Green500». O katdloyog «Green500»
KOTATAOOEL TOUG Kopudaioug 500 UTIEPUTIOAOYLOTEC OTOV KOO0 LIE EVEPYELOKI amodoon.
To €TKEVIPO TWV AELTOUPYLWV NAEKTPOVIKWVY UTIOAOYLOTWYV ETLOOCEWV €XEL 0ONYAOEL OTNV
eUdAvIon UTIEPUTIOAOYLOTWY TIOU KOTOVAAWVOUV TEPAOTIEG TOOOTNTEG NAEKTPLKNG
EVEPYELAG KAl TIAPAYOUV TOOO HEYAANn BeppotnTa WOTE TPEMEL VA KOTAOKEUQACTOUV
HEYOAEG eykataotdoel Yuéng ywa va efaodoiiotel n owoty amodoon. Ma va
QVTIHETWTILOTEL auth n Ttdon, o katdhoyo¢ «Green500» Sivel €va aodAAOTPO OTLC

EVEPYELOKA QOO OTIKEG EMIOGOELC YA BLWOLUO UTIEPUTIOAOYLOUO.

H evapktipwa Alota Green500 avakowwBnke otig 15 NoepBplou 2007 oto
«SuperComputing Conference 07 (SC/07)» «The International Conference for High
Performance Computing, Networking, Storage and Analysis». Q¢ cuumAnpwWHA TOU
TOP500, n amokaAuyn tou Green500 Eekivnoe o€ Ml VEA €moxn OmMou oL

UTTEPUTIOAOYLOTEG UIMOPOUV VoL GUYKPLBOUV pe TV anddoon ava Watt (Mapdptnuo «H»).

Evw n emloyn omoiwacdnmote pETpnong Loxvog-amodoong Ba eival audlleyouevn,

ETUAEXTNKE AUTAV TNV Ttepiodo to «FLOPS-ava-Watt» (6edopévou otL €xel ndn yivel éva
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EUPEWC XPNOLUOTIOLOVULEVO HETPO OTNV KOWOTNTA), £T0L MOPOUCLACTNKE oto «20 |EEE

IPDPS Workshop on High-Performance, Power-Aware Computing» tov AnpiAto tou 2006.

Ev katakAeiSL ZUpPwva Aoutov pe Ta anoteAéopata mou Sivouv pia katavailwaon Alyo
KaAUtepn amd ta 0,57 (Gigaflop avda Watt), otnv mepimtwon mMou KATAOKEULOOTEL
UTIEPUTIOAOYLOTNG ATtO CUCTASA UTTOAOYLOTIKWY HOVASWVY XapunAol Oykou / KaTtavaAwong
umopet va dtekdiknoel pia B€on oto «Top500» kat av to katadépel Ba €xel olyoupa pia

B£on oto «Green500» kovta otnv B£on «213».
4. MeAdovtikt) 'Epsuva kat IIpotaoeig

4.1 Xvveync BeAtiwon kat lapakxoiovBnon

Jto UEANOV pE TNV TPooOnkn VEwvV KOUPwV, KoL KATA OUVEMELX TNV avénon tng
EMe€EPYAOTIKNG TNG LOXVOG, N ouotdda pmopel va avaldPel VEEC HETPAOELS KO
Sdokipaoieg BeAtiotonmowwvtag kat divovtag peyalltepn akpifela ota amoteAéopata.
Entiong eilval moAv mBavo va Bpebel tpodmog yla TNV KaAUTEPN UTIOOTAPLEN TOU UALKOU
oo TA AELTOUPYLKA CUCTAUATA KAl TIC EPOPUOYECG, OUTOGC WOTE OTO €YYUG HEANOV VEEC
ek600eLC Aoylopkol Kat / 1} véo Aoyloplkd va dwoouv KaAUtepa amoteAéopata. Na
ONUELWOEL OTL HEXPL OTLYUNG KAVEVA WN KTIPOCAPLOCUEVO» AELTOUPYLKO cuoTtnua Sev
aflomolel  mARpw¢ TG  Suvatotnteg  twv  «Single  Board  Computers»

(linux-sunxi.org/Linux_mainlining_effort #Status_Matrix).

Ewkova 54 - Zuvexng MNapakoAouOnon (Mnyn: unkt.org)
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KaAo Ba Atav va Slepeuvouvtal KATa Kolpoug Kal AAAa €idn UTTOAOYLOTIKWY Hovadwy,
SLO0TL AOyw TNG ouvexoUG €EEAENG TWV UTOAOYLOTIKWY Hovadwv xaunAol oykou /
KaTtavaAwong, n Texvoloyla TouG «WwpPLUAlEl» KoL £PXOVIOL OTO TIPOOKNVLO VEEG
TeEXVOAOyileC o€ eme€epyaoTEG, UVAUES, KAPTEC ypadkwy KATL. Mpodavwg apKeTEG amod

QUTEG Ba elval evepyelaKd AmOSOTIKOTEPES Ao TLG €8N UTIAPXOUOEG.

4.2 Evepyntikn Yoén - YSpoyuvén

AT TIC MPWTEG SOKLUEG KAl UETPNOELS EVOL XAPOAKTNPLOTLKO

mou €Aewte Atav n YPué€n. Ou «Single Board Computers»

€xouv mabntikn Puén kat otav n Beppokpacio aveBel mavw

omoe TO OpPl0 TIOU £XelL B£€0el O KATAOKELOOTNG, O

enefepyaotng KateBAlelL TNV TOXUTNTA TOU. € pia MEYAAN

ovotdda pe peydlo ¢oOpto epyooiag KAt TEToo Ba Ewoéva 55 - Y6pouén
umopouoe va eCaheldTeL PE TNV XPHon evepynTikng YuEng. (MnyA: www.aerocooler.com)
Oa Atav okomipo va SlepeuvnBel kol To evOEXOUEVO TNG

VPO UENG woTe pe TNV MIKPOTEPN duvatr Katavalwon vo ocuvoSeUel n KaAutepn

Sduvatn anodoon.

4.3 Néeg¢ Avvatotnteg ue Xprjon «Cluster Manager»

H €peuva yla véeg duvatdtnteg tng ocuotadacg pe tnv xpnon «Cluster Manager» sivat
olyoupa otnv Alota twv mpotepatottwy. OL dtabéopol «Cluster Managers» oruepa

elval ev cuvtopia oL mapakATw:
e Apache Mesos, from the Apache Software Foundation
e Kubernetes, founded by Google Inc, from the Cloud Native Computing Foundation
e Heartbeat, from Linux-HA
e o0nesSIS
e Rocks Cluster Distribution

e Stacki, from StacklQ
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e YARN, distributed with Apache Hadoop

o xCAT

e Warewulf

e Foreman

O kaBe «Cluster Manager» €xeL Ta SIKA TOU XAPOAKTNPLOTIKA, TG SIKEG TOU SUVATOTNTEC
KaBwg kot pia mAeldda anod edappoyeC. Emopévwg KaBe évag amd autolg Umopel va

omoTeA£DEL EEXWPLOTO AVTIKELUEVO EPELVALG.

Ewkéva 56 - Cray Cluster Software Stack (MnyfQ: www.cray.com)
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4.4 Student Cluster Competition

JuppeToxn tou maverotnuiov oto «Student Cluster Competition». Tu glval Opwg to
«SCC»; To «SuperComputing Conference 17 (SC/17)» emBupel va KpatrnoeL €vav
Slaywviopo doutntwv tov «Student Cluster Competition» 3 «SCC», Twpa oto evOEKATO
€T0C, WG EVUKALPLA VA TIOPOUCLACEL TNV EUTIELPLA TWV OTIOUSACTWY 0€ GLALKO TIVEU A aAAA
HE avtaywVvLopo. Xto mAaiolo tou «SC17's Students @ SC» mpaypatomnolidnke o «Student
Cluster Competition». Yav oTOXO €XEL VO ELOOYAYEL TNV EMOUEVN YEVIA HaBnTwv otnv
Kowvotnta umoAoylotwv uPnAwv embdoewv. Me Ta XPOVIA, O QVIAYWVIOUOG EXEL
OUYKEVTPWOEL opadeg amod Tg Hvwpéveg MoAltelec kal 0Ao Tov KOOHo. O SLaywvIopOg
«Student Cluster Competition» eival pla emotnuovikn eunelpia «High Performance
Computing - HPC» evowpatwluEéVn 0T MEYOAUTEPN cuvavtnon tng kowotntag « HPCy», To
«Supercomputing Conference». O SLaywVIOUOG lval EvVag PULKPOKOOOG EVOG OUYXPOVOU
kévipou HPC mou O&l8AoKel Kal €UMVEEL TOUC HaBNTEC va akoAouBrioouv L
otadlodpopia otov TopEa. Aeiyvel To €UPOG TWV S£EOTATWY, TWV TEXVOAOYLWV KOL TNG
EMOTAUNG TIOU XPELAlETAL ylO TNV KOTOOKEUN, OUVIAPNON KOl XPHon €vOg
UTTEPUTIOAOYLOTH. € QUTAV TNV TPAYUATIK, Xwpic dtakomr), 48wpn mMPOkANon, opAadeg
TIPOTITUXLAKWVY Kot / | padntwv AuKeiou cuvappoloyoulv pia pikpry cuotada kat divouv
oywva ylo va OAOKANPWOOUV TIPOYHOTLK TIPOKANCN ¢$OpPTOU €py0oiac O MO OElpa

€DAPHOYWV YL VA EVTUTIWOLACOUV TOUG KPLTEG KoL TOUG ELBLKOUG ToU « HPC».

@’u Exhibits
Program
N KAY BAILEY HUTCHISON CONVENTION CENTER DALLAS
hpc

Dallas, scl8.supercomputing.org
TX |inspires.

The International Conference for High Performance o i @ & | Bicometer
Computing, Networking, Storage, and Analysis SPONSORED BY S]ghpc @ pé'mew %TCHPC

Ewova 57 - SuperComputing Conference (Mnyn: sc18.supercomputing.org)
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Ewkova 58 - Atos Will Build Germany’s Fastest Supercomputer (www.top500.0rg)
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TEXNIKA XAPAKTIPIXTIKA YIIOAOTIXTIKQN MONAAQN
XAMHAOQY OI'KOY / KATANAAQXHX
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TexVIKA XopakTnpLloTikd YmoAoylotikwv Movadwv

1. 86Duino Zero / Zero Plus

XopunAou Oykou / Katavalwong

86Duino Zero / Zero Plus

Ewodva 60 - 86Duino Zero / Zero

Plus

Kataokevaotri¢ | DM&P, 86Duino.com
lotooe\iba http://www.86duino.com/?p=68
Enefepyaotng DM&P Vortex86EX
(1x x86 @ 300MHz)
MvAun 128MB DDR3 (Zero),
1GB (Zero Plus)
Alktuo 10/100 Ethernet
TwA $39 (Zero),
S54 (Zero Plus)
NELTOUPYLKO Linux, Windows Compact 7.0, QNX,
Juotnua VxWorks, DOS

2. A20-0OlinuXino-Micro

A20-OlinuXino-Micro

Institutional Repository - Library & Information Centre - University of Thessaly
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Kataokevaotrc | Olimex, OlinuXino, Mouser

lotooeAiba https://www.olimex.com/Products/
OLinuXino/A20/A20-OLinuXino-
MICRO

Enefepyaotng Allwinner A20
(2x Cortex-A7 @ 1GHz),
Mali-400 GPU

MVAuN 1GB DDR3 RAM

Aiktuo 10/100 Ethernet port

Ewkova 61 - A20-OlinuXino-Micro TwA €55,

€65 (4GB Emmc)

NELTOUPYLKO Android 4.2.2, Linux

Zuotnua
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3. A64-0OLinuXino

TexVIKA XopakTnpLloTikd YmoAoylotikwv Movadwv
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A64-OLinuXino

Ewova 62 - A64-OLinuXino

Kataokevaotrg | Olimex, OlinuXino, Mouser
lotooeAida https://www.olimex.com/Products/
OLinuXino/A64/A64-OlinuXino/open-
source-hardware
Enetepyaotnig Allwinner A64
(4x Cortex-A53 @ 1.2GHz),
Mali-400 MP2 GPU
Mvnun 1GB DDR3 RAM (2GB on 2G16G-IND)
Aiktuo 10/100/1000Mbps Ethernet port
802.11b/g/n
Twn €40, €50 (4GB eMMC),
€75 (2G16G-IND)
NELTOUPYLKO Android, Linux
Tuotnua

4. Banana Pi BPI-M2 Berry

Banana Pi BPI-M2 Berry

Ewkéva 63 - Banana Pi BPI-M2 Berry

Kataokevaotrnc | SinoVoip

lotooeAida http://forum.banana-pi.org/t/banana-
pi-bpi-m2-berry-quad-core-single-
board-computer-with-allwinner-
v40/3312

Enefepyaotng Allwinner V40 (4x Cortex-A7),
Mali-400 MP2 GPU

MvAun 1GB DDR3
802.11b/g/n

Aiktuo Gigabit Ethernet port

Twn $36

NELTOUPYLKO Debian, Ubuntu, Raspbian Linux;

Juotnua Android

5. Banana Pi BPI-M2 Magic

Banana Pi BPI-M2 Magic

Kataokevaotrg | SinoVoip
lotooeAiba http://www.banana-pi.org/m2m.html
Enetepyaotnig A33 (4x Cortex-A7),
Mali-400 MP2 GPU
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Ewkova 64 - Banana Pi BPI-M2 Magic

MVAUN 512MB DDR3 RAM

Alktuo 802.11b/g/n

Twn s21

NELTOUPYLKO Debian, Ubuntu, Raspbian, Android
Juotnua

6. Banana Pi BPI-M2 Ultra

Banana Pi BPI-M2 Ultra

Kataokevaotrg | SinoVoip

lotooeliba https://bananapi.gitbooks.io/bpi-m2-
ultra-open-source-single-board-
computer/content/bpi-
m2ultrahardwarespec.html

Enetepyaotnig Allwinner R40 (4x Cortex-A7),
Mali-400 MP2 GPU

MvAun 2GB DDR3 RAM

Aiktuo Gigabit Ethernet port

Ewkova 65 - Banana Pi BPI-M2 Ultra 802.11b/g/n

Twn $56

NELTOUPYLKO Debian, Ubuntu, Raspbian Linux,

Zuotnua Android, other OS
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Banana Pi BPI-M2 Zero

Ewova 66 - Banana Pi BPI-M2 Zero

Kataokevaotrig | SinoVoip

lotooeAida http://www.banana-pi.org/bpi-
zero.html

Enefepyaotng Allwinner H2+
(4x Cortex-A7 @ 1.2GHz),
Mali-400 MP2 GPU

MVAuN 512MB DDR3 RAM

Aiktuo 802.11b/g/n

Twn S21

NELTOUPYLKO Android, Debian, Ubuntu, Raspbian

Iuotnua

8. Banana Pi BPI-M64

Banana Pi BPI-M64

Ewkova 67 - Banana Pi BPI-M64

Kataokevaotrg | SinoVoip
lotooeAiba http://forum.banana-pi.org/t/banana-
pi-bpi-m64-quad-core-64-bit-sbc-
with-allwinner-a64/1997
Enefepyaotng Allwinner A64
(4x Cortex-A53 @ 1.2GHz),
Mali-400 MP2 GPU
MvnAun 2GB DDR3 RAM
Aiktuo Gigabit Ethernet port
(Realtek RTL8211E/D)
802.11b/g/n
Twn $68
AELTOUPYLKO Android 5.1/6.0, Debian, Ubuntu,
Juotnua Raspbian, other OS

9. Banana Pi BPI-W2

Banana Pi BPI-W2

Kataokevaotig | SinoVoip
lotooeAiba https://bananapi.gitbooks.io/banana-
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pi-bpi-w2-with-realtec-rtd1296/
content/

Ewova 68 - Banana Pi BPI-W2

Enefepyaotng Realtek RTD1296
(4x Cortex-A53 @ up to 1.5GHz)
Mali-T820 MP3 GPU
MvAun 2GB DDR4 RAM
Aiktuo 2x GbE LAN ports, 1x GbE WAN port
Twn $93
NELTOUPYLKO Android 6.0, CentOS, Debian 9,
Zuotnua Raspbian, Ubuntu 15.04, OpenWrt

10. BeagleBone Black, Rev C

BeagleBone Black, Rev C

Ewkéva 69 - BeagleBone Black, Rev C

Kataokevaotr¢ | BeagleBoard.org
lotooeAida http://beagleboard.org/BLACK
Enefepyaotng Tl Sitara AM3358
(1x Cortex-A8 @ 1GHz)
(PRU MCU chips),
PowerVR SGX530 GPU
MVAUN 512MB RAM
Alktuo 10/100 Ethernet
Twn $55
NELTOUPYLKO Debian, Android, Ubuntu, Cloud9 IDE
Juotnua on Node.js w/ BoneScript library,

other OS

11. BeagleBone Blue

BeagleBone Blue

Kataokevaotr¢ | BeagleBoard.org
lotooeAida https://beagleboard.org/blue
Enetepyaotnig Octavo Systems OSD3358 SiP
Tl Sitara AM3358
(1x Cortex-A8 @ 1GHz)
PRU MCU chips,
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Ewkova 70 - BeagleBone Blue

PowerVR SGX530 GPU
Mvriun 512MB RAM
Alktuo 802.11b/g/n
Twn $80
AELTOUPYLKO Debian, Ubuntu Core; ROS, ArduPilot,
Zuotnua Cloud9 IDE on NodelS

12. Bubblegum-96

Bubblegum-96

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotrg | uCRobotics

lotooeAida http://www.ucrobotics.com.cn/
bubblegum96/

Enefepyaotng Actions Semiconductor Actions S900
(4x Cortex-A53 @ 1.8GHz),
PowerVR G6230 GPU

MvAun 2GB LPDDR3 RAM

Alktuo 802.11b/g/n

Ewkova 71 - Bubblegum-96 T $89
N€ELTOUPYLKO Android 5.1 Lollipop, Debian Linux,
Juotnua Remix OS 2.0, Phoenix OS
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CloudBit

Kataokevaotrg | LittleBits Electronics

lotooelida https://shop.littlebits.com/products/
cloudbit

Enetepyaotnig NXP i.MX233 (1x ARM9 @ 454MHz)

MvAun 64MB RAM

Alktuo 802.11b/g

Twn S60

NELTOUPYLKO Arch Linux

Ewova 72 - CloudBit Zvotnua
14. CubieAlIO-A20
CubieAlO-A20

Kataokevaotrg | CubieBoard.org, CubieTech Limited

lotooeAiba http://www.cubietech.com/product-
detail/cubieaio-a20/

Enefepyaotng Allwinner A20
(2x Cortex-A7 @ up to 1GHz),
Mali-400 MP2 GPU

Mvnun 1GB DDR3 RAM

Aiktuo Gigabit Ethernet port
802.11a/b/g/n

Ewoéva 73 - CubieAlO-A20 T $83
NELTOUPYLKO Android 4.2, Debian, Linaro, Ubuntu,
Juotnua other OS
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15. CubieBoard4
CubieBoard4
Kataokevaotr¢ | CubieBoard.org, CubieTech Limited
lotooeAida http://www.cubietech.com/product-
detail/cubieboard4/
Enefepyaotng Allwinner A80
(4x Cortex-A15 @ up to 2GHz,
4x Cortex-A7 @ up to 1.3GHz),
PowerVR G6230 GPU
MVAUN 2GB DDR3 RAM
Aiktuo Gigabit Ethernet port
Eukova 74 - CubieBoarda ' Dual-band (2.4GHz/5.8GHz) Wi-Fi
Twn $119
NELTOUPYLKO Android 4.4, Debian (headless),
Juotnua Ubuntu/Linaro (under development)
16. DragonBoard 820c

DragonBoard 820c

Kataokevaotrg | Terasic, RocketBoards.org

lotooeAida https://www.arrow.com/en/
products/dragonboard820c/arrow-
development-tools

Enetepyaotiq Qualcomm Snapdragon 820E
(2x Kyro cores @ 2.35GHz,
2x @ 1.6GHz),
Adreno 530 GPU

Mvrjun 3GB LPDDR4-1866 RAM

Aiktuo Gigabit Ethernet port

Ewova 75 - DragonBoard 820c 802.11b/g/n/ac

Twn $199

AELTOUPYLKO Debian Linux

Juotnua

17. Firefly-RK3288 Reload
Firefly-RK3288 Reload

Kataokevaotng | Firefly

lotooeAiba http://shop.t-firefly.com/goods.php?
id=1
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Ewkdva 76 - Firefly-RK3288 Reload

Enefepyaotig Rockchip RK3288
(4x Cortex-A17 @ 1.8GHz),
Mali-T760 GPU

MvAun 2GB DDR3 RAM

Aiktuo Gigabit Ethernet
802.11b/g/n/ac

Twn $159

NELTOUPYLKO Android 5.1, Ubuntu 14.04

Juotnua

18. Firefly-RK3399
Firefly-RK3399
Kataokevaotng | Firefly
lotooeAiba http://en.t-firefly.com/index.php/
product/rk3399.html
Enefepyaotng Rockchip RK3399
(2x Cortex-A72 @ up to 2.0GHz,
4x Cortex-A53 at up to 1.42GHz),
Mali-T860 GPU
Mvnun 2GB 1) 4GB (Max) DDR3 RAM
Aiktuo Gigabit Ethernet
802.11b/g/n/ac
Ewova 77 - Firefly-RK3399 Twn $149 (2GB) / $209 (4GB) / $259 (Max)
NELTOUpPYLKO Android 6.0.1, Ubuntu 14.04
Zuotnua
19. Firefly-ROC-RK3328-CC (Renegade)

Firefly-ROC-RK3328-CC (Renegade)

Institutional Repository - Library & Information Centre - University of Thessaly
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Kataokevaotrg | Firefly, Libre Computer

lotooeAiba http://shop.t-firefly.com/goods.php?
id=65

Enetepyaotnig Rockchip RK3328
(4x Cortex-A53 @ 1.5GHz),
Mali-450 MP2 GPU

MVAUN 1GB, 2GB, 4GB DDR4

) - en Alktuo 10/100/1000 Ethernet
Ewoéva 78 - Firefly-ROC-RK3328-CC TLur'] 535 (1GB), 550 (ZGB), $80 (4GB)
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(Renegade) NELTOUPYLKO Ubuntu 16.04
Juotnua (Rockchip’s Linux 4.4 Kernel /
Mainline Linux 4.14 LTS Kernel),
Android 7.1 Nougat
20. HiKey
HiKey
Kataokevaotng | LeMaker
lotooeAida https://www.96boards.org/product/
hikey/
Enefepyaotig HiSilicon Kirin 6220
(8x Cortex-A53 @ 1.2GHz),
Mali 450-MP4 GPU
MvAun 2GB LPDDR3 RAM
Aiktuo 802.11g/n
Ewkova 79 - HiKey T $140
NELTOUPYLKO Android, Debian 8.0, Ubuntu, Fedora,
Zuotnua Red Hat, OpenEmbedded/Yocto
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HummingBoard-Gate

Ewkova 80 - HummingBoard-Gate

Kataokevaotrg | SolidRun

lotooeAiba https://www.solid-run.com/nxp-
family/hummingboard/

Enefepyaotng NXP i.MX6 Solo, Duallite, Dual, Quad
(1x, 2x, 2x, 4x Cortex-A9 @ up to
1.2GHz),Vivante 2D/3D GPU

MvnAun Solo (512MB), DuallLite & Dual (1GB),
Quad (2GB, 4GB) DDR3 RAM

Aiktuo Gigabit Ethernet
(limited to 470Mbps)

Twn Ao $96 €wc $226

NELTOUPYLKO Android KitKat; Debian, GeexBox

Juotnua XBMC, OpenElec (Kodi), Arch Linux,
Fedora, OpenSUSE, other OS

22. Khadas Vim Pro

Khadas Vim Pro

Kataokevaotrng | Khadas

lotooeAiba https://www.geekbuying.com/item/
Khadas-Vim-Pro-Development-Board-
2G-16G-375852.html

Enefepyaotng Amlogic S905X
(4x Cortex-A53 @ up to 2GHz)
Mali-450 MP2 GPU

MVAuN 2GB DDR3 RAM

Aiktuo 10/100 Ethernet

Ewkéva 81 - Khadas Vim Pro

802.11n (802.11ac Pro)

Twn S60

NELTOUPYLKO Android 6.0, Ubuntu 16.04; Buildroot;

Juotnua OpenELEC/LibreELEC 7.0+

23. Khadas Vim2
Khadas Vim2

Kataokevaotrng | Khadas

lotooeAiba https://www.khadas.com/vim

Enefepyaotng Amlogic S912
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(8x Cortex-A53 @ up to 1.5GHz),
Mali-T820 MP3 GPU

Ewova 82 - Khadas Vim2

Mvnun 2GB (Basic), 3GB (Pro, Max) DDR4
Alktuo 10/100/1000 Ethernet

802.11ac
Twn $90 (Basic), $110 (Pro), $130 (Max)
NELTOUPYLKO Android 7.1, Ubuntu 16.04+
Zuotnua

24. LinkSprite Acadia V3

LinkSprite Acadia V3
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Kataokevaotr¢ | LinkSprite Technologies

lotooeAiba http://store.linksprite.com/acadia-v3-
guad-core-i-mx6/

Enefepyaotng NXP i.MX6 Quad
(4x Cortex-A9 @ up to 1.2GHz),
Vivante GC355 GPU

Mvrun 1GB DRAM

Aiktuo Gigabit Ethernet

, _ . _ Twn $119
Ewova 83 - LinkSprite Acadia V3 [ \c\roypyikd Ubuntu Linux 12.04, Android 4.4
Juotnua
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LinkSprite Arches

Kataokevaotrg | LinkSprite Technologies

lotooeliba http://store.linksprite.com/linksprite-
arches-single-board-computer-
pcduino8-beta/

Enetepyaotnig Allwinner A80
(4x Cortex-A15 @ up to 2GHz,
4x Cortex-A7 @ up to 1.3GHz),
PowerVR G6230 GPU

Ewova 84 - LinkSprite Arches MvAun 2GB DRAM

Aiktuo Gigabit Ethernet

Twn $95

N€LTOUpPYLKO Android 4.4; Debian (headless),

Zuotnua Ubuntu, Linaro

26. MediaTek X20 Development Board

MediaTek X20 Development Board

Ewova 85 - MediaTek X20

Development Board

Kataokevaotg | ArcherMind (AlphaStar), MediaTek
lotooeAida https://en.alpha-star.org/mediatek-
x20-development-board
Enefepyaotng MediaTek Helio X20
(4x Cortex-A53 @ 1.4GHz,
4x Cortex-A53 @ 1.95GHz,
2x Cortex-A72 cores @ 2.5GHz),
Mali-T880 GPU
MVAuN 2GB LPDDR3 RAM
Aiktuo 802.11a/b/g/n 2.4GHz & 5GHz
Twn $199
NELTOUPYLKO Android Marshmallow 6.0
Juotnua

27. MinnowBoard Turbot Dual-Core / Dual-Ethernet Dual-Core

MinnowBoard Turbot Dual-Core / Dual-Ethernet Dual-Core

Kataokevaotng | ADI, MinnowBoard.org
lotooeAiba https://minnowboard.org/
minnowboard-turbot-dual-e/
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Ewoéva 86 - MinnowBoard Turbot

Dual-Core / Dual-Ethernet Dual-

Core

technical-specs

Enefepyaotng Intel Atom E3826

(2x Bay Trail @ 1.46GHz),

Intel HD Graphics
MVAuN 2GB DDR3L RAM
Aiktuo (1x, 2x)Gigabit Ethernet
Twn $146, $171 (Dual-Ethernet)
NELTOUPYLKO Debian GNU/Linux, Yocto Project
Zuotnua Linux, Ubuntu, Android 4.4; Windows

10

28.

MinnowBoard Turbot Quad-Core / Dual-Ethernet Quad-Core

MinnowBoard Turbot Quad-Core / Dual-Ethernet Quad-Core

Kataokevaotr¢ | ADI, MinnowBoard.org
lotooeAiba https://minnowboard.org/
minnowboard-turbot-dual-e/
technical-specs
Enefepyaotng Intel Atom E3845
(4x Bay Trail @ 1.91GHz),
Intel HD Graphics
MvAun 2GB DDR3L RAM
Ailktuo (1x, 2x) Gigabit Ethernet
Twn $190, $196 (Dual-Ethernet)
AELTOUPYLKO Debian GNU/Linux, Ubuntu,
Ewova 87 - MinnowBoard Turbot , . .
Juotnua Yocto Project, Android 4.4,
Quad-Core / Dual-Ethernet Quad-
Core Brillo, Windows 8.1/10
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MYS-6ULX SBC

Ewova 88 - MYS-6ULX SBC

Kataokevaotrg | MYIR
lotooeAida http://www.myirtech.com/list.asp?
id=561
Enetepyaotnig NXP i.MX6 ULL /i.MX6 UL
(1x Cortex-A7 @ 528 MHz / 696MHz),
2D PXP GPU
Mvnun 256MB DDR3
Alktuo 10/100 Ethernet
802.11b/g/n (MYS-6ULX-IOT)
TwA $29 (i.MX6 ULL), $32 (UL)
NELTOUPYLKO Linux 4.1.15, Debian, Yocto Project
Zuotnua

30. NanoPC-T3 Plus

NanoPC-T3 Plus

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotrg | FriendlyElec (FriendlyARM)

lotooehida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=210

Enetepyaotnig Samsung S5P6818
(8x Cortex-A53 @ 400MHz to 1.4GHz),
Mali-400 MP GPU

Mvrjpn 2GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewoéva 89 - NanoPC-T3 Plus 802.11b/g/n

Twn S75

NELTOUPYLKO Android; Debian; FriendlyCore

Zuotnua
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31. NanoPC-T4
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NanoPC-T4
Kataokevaotrg | FriendlyElec (FriendlyARM)
lotooelida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=225
Enetepyaotnig Rockchip RK3399
(2x Cortex-A72 @ up to 2.0GHz,
4x Cortex-A53 at up to 1.5GHz),
Mali-T860 GPU
MvAun 4GB LPDDR3 RAM
Aiktuo Gigabit Ethernet
Ewoéva 90 - NanoPC-T4
tova ano 802.11b/g/n/ac
Twn $129
NELTOUPYLKO Android 7.1.2;
IuoTtnua Lubuntu Desktop 16.04
32. NanoPi A64
NanoPi A64
Kataokevaotr¢ | FriendlyElec (FriendlyARM)
lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=159
Enefepyaotng Allwinner A64
(4x Cortex-A53 @ 1.2GHz),
Mali-400 MP2 GPU
MvAun 1GB DDR3 RAM
Aiktuo Gigabit Ethernet
Ewdva 91 - NanoPi A64 802.11b/g/n
Twn $20
NELTOUPYLKO Ubuntu Core (Qt Embedded), Ubuntu
Zuotnua MATE
33. NanoPiDuo
NanoPi Duo
Kataokevaotr¢ | FriendlyElec (FriendlyARM)
lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=197
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Ewkova 92 - NanoPi Duo

Enetepyaotig Allwinner H2+
(4x Cortex-A7 @ 1.2GHz),
Mali-400 MP2 GPU
MvAun 256MB, 512MB DDR3 RAM
Aiktuo 10/100 Ethernet
802.11b/g/n
TwA $8 (256MB), $12 (512MB),
$18 / $22 (Mini Shield)
NELTOUPYLKO Ubuntu 16.04 LTS Xenial
Zuotnua

34. NanoPiK1 Plus

NanoPi K1 Plus

Kataokevaotrg | FriendlyElec (FriendlyARM)

lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=220

Enetepyaotiq Allwinner H5
(4x Cortex-A53 @ up to 1.4GHz),
Mali-450 GPU

MVAUN 2GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewkéva 93 - NanoPi K1 Plus 802.11b/g/n

Twn S35

NELTOUPYLKO Armbian, FriendlyCore (Linux 4.x)

Juotnua

35. NanoPi K2
NanoPi K2

Kataokevaotrg | FriendlyElec (FriendlyARM)

lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=186

Enetepyaotiq S905 (4x Cortex-A53 @ 1.5GHz),
Mali-450 MP2 GPU

MVAuN 2GB DDR3 RAM

Aiktuo Gigabit Ethernet
802.11b/g/n

Ewova 94 - NanoPi K2 Twn $39
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NELTOUPYLKO

Juotnua

Android 5, Ubuntu

36. NanoPi M1 Plus

NanoPi M1 Plus

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotr¢ | FriendlyElec (FriendlyARM)

lotooeAiba https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=176

Enefepyaotng Allwinner H3
(4x Cortex-A7 @ 1.2GHz)
ARM Mali-400 MP2 GPU

Mvnun 1GB DDR3 RAM

Alktuo Gigabit Ethernet

Twn S38

Ewova 95 - NanoPi M1 Plus NELTOUPYLKO Ubuntu MATE, Ubuntu Core, Debian,
Zuotnua Android
113



https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=176
https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=176
https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=176

MNapdptnpa «A»

37. NanoPi M2A
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NanoPi M2A

Kataokevaotrg | FriendlyElec (FriendlyARM)

lotooeliba http://www.nanopi.org/Nanopi-
M2A_Feature.html

Enetepyaotnig Samsung S5P4418
(4x Cortex-A9 @ 400MHz to 1.4GHz),
“3D” GPU

Mvrjun 1GB DDR3 RAM

Aiktuo 10/100/1000 Ethernet
802.11b/g/n

Ewkova 96 - NanoPi M2A Twn $42
AELTOUPYLKO Android 4.4 / 5.1, Debian 8.1,
Juotnua Ubuntu Core (Qt)
38. NanoPi Fire3
NanoPi Fire3

Kataokevaotr¢ | FriendlyElec (FriendlyARM)

lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=206

Enefepyaotng Samsung S5P6818
(8x Cortex-A53 @ 400MHz to 1.4GHz),
“3D” GPU

Mvrjun 1GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewova 97 - NanoPi Fire3 TwA $35
NELTOUPYLKO Debian; Android,
Juotnua FriendlyCore (Ubuntu Core 16.04)
114

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118



https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=206
https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=206
https://www.friendlyarm.com/index.php?route=product/product&path=69&product_id=206
http://www.nanopi.org/Nanopi-M2A_Feature.html
http://www.nanopi.org/Nanopi-M2A_Feature.html

MNapdptnpa «A»

TexVIKA XopakTnpLloTikd YmoAoylotikwv Movadwv

XopunAou Oykou / Katavalwong

39. NanoPiNeo
NanoPi Neo
Kataokevaotrg | FriendlyElec (FriendlyARM)
lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&product_id=132
Enetepyaotnig Allwinner H3
(4x Cortex-A7 @ 1.2GHz)
Mali-400 MP2 GPU
MVAuN 256MB, 512MB DDR3 RAM (Neo)
) . Alktuo 10/100Mbit Ethernet
Ewova 98 - NanoPi Neo TLur'] $12, $14 (512|\/|B)
NELTOUPYLKO Ubuntu Core (Qt & Linux 3.4 kernel
Juotnua
40. NanoPi Neo2-LTS

NanoPi Neo2-LTS

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotr¢ | FriendlyElec (FriendlyARM)

lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&product_id=180

Enefepyaotig Allwinner H5
(4x Cortex-A53 @ 1.2GHz),
Mali-450 GPU

Mvnun 512MB, 1GB DDR3

Alktuo 10/100/1000Mbit Ethernet

Twn $20, $37 (1GB)

Ewoéva 99 - NanoPi Neo2-LTS AELTOUPYLKO Ubuntu Core, Armbian
Zuotnua
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41. NanoPi Neo Air
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NanoPi Neo Air

Ewoéva 100 - NanoPi Neo Air

Kataokevaotr¢ | FriendlyElec (FriendlyARM)
lotooeAiba https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=151
Enetepyaotnig Allwinner H3
(4x Cortex-A7 @ 1.2GHz),
ARM Mali-400 MP2 GPU
Mvnun 512MB DDR3 RAM
Alktuo 802.11b/g/n
Twn $28 (8GB eMMC) $39 (32GB eMMC)
NELTOUPYLKO Ubuntu Core
Juotnua

42. NanoPi Neo Plus2

NanoPi Neo Plus2

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotr¢ | FriendlyElec (FriendlyARM)

lotooeAida https://www.friendlyarm.com/
index.php?route=product/
product&path=69&product_id=196

Enefepyaotig Allwinner H5 (4x Cortex-A53 @
1.5GHz); ARM Mali-450 MP2 GPU

MVAuN 1GB DDR3 RAM

Alktuo 10/100/1000Mbps Ethernet

Ewk6va 101 - NanoPi Neo Plus2 Tyin - >44
NELTOUPYLKO Ubuntu Core
Iuotnua
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Odroid-CO

Kataokevaotr¢ | Hardkernel, Odroid

lotooeAiba https://www.hardkernel.com/main/
products/prdt_info.php?
g_code=G145326484280

Enetepyaotnig Amlogic S805
(4x Cortex-A5 @ 1.5GHz),
Mali-450 GPU

Mvnun 1GB DDR3 RAM

Aiktuo -

Ewoéva 102 - Odroid-C0 T $30
NELTOUPYLKO Android 4.4.x, Ubuntu 14.04,
Juotnua Arch Linux, Debian, OpenELEC
44. Odroid-C1+
Odroid-C1+

Kataokevaotr¢ | Hardkernel, Odroid

lotooeAiba https://www.hardkernel.com/main/
products/prdt_info.php?
g_code=G143703355573

Enefepyaotiq Amlogic S805
(4x Cortex-A5 @ 1.5GHz),
Mali-450 GPU

Mvnun 1GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewéva 103 - Odroid-C1+ Twn $35
NELTOUPYLKO Android 4.4.x, Ubuntu 14.04,
Zuotnua (Linux Kernel 3.10 LTS)
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45. Odroid-C2
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Odroid-C2

Kataokevaotr¢ | Hardkernel, Odroid

lotooeAiba https://www.hardkernel.com/main/
products/prdt_info.php?
g_code=G145457216438

Enetepyaotnig Amlogic S905
(4x Cortex-A53 @ up to 1.5GHz),
Mali-450 MP2 GPU

MVAuN 2GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewkéva 104 - Odroid-C2 TwA $46
NELTOUPYLKO Ubuntu 16.04, Android 5.1,
IuoTnua (Linux Kernel 3.14 LTS)
46. Odroid-N1
Odroid-N1

Kataokevaotr¢ | Hardkernel, Odroid

lotooeAiba https://www.hardkernel.com/main/
products/prdt_info.php?
g_code=G145457216725

Enefepyaotiq Rockchip RK3399
(2x Cortex-A72 @ 2.0GHz,
4x Cortex-A53 @ 1.5GHz),
Mali-T860 MP4 GPU

MVAuN 4GB DDR3 RAM

Aiktuo Gigabit Ethernet

Twn $110

Ewoéva 105 - Odroid-N1 NELTOUPYLKO Android 7.1, Ubuntu 18.04,

Zuotnua Debian Stretch 9.3,

(Linux Kernel 4.4 LTS)

(¥Exel otapatAoEL N Tapaywyrn Tou Adyw MPOoBANUATWY PE TNV TPododooia TNG UVALNG
kat Ba avtikataotabel pe to Odroid-N2)

47. Odroid-XU4

Odroid-XU4
Kataokevaotr¢ | Hardkernel, Odroid
lotooeAiba https://www.hardkernel.com/main/
products/prdt_info.php?
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Ewova 106 - Odroid-XU4

g_code=G143452239825

Enefepyaotnig Samsung Exynos5422

(4x Cortex-A15 @ 2.0GHz,
4x Cortex-A7 @ 1.4GHz),
Mali-1628 MP6 GPU

MVAUN 2GB LPDDR3 RAM

Aiktuo Gigabit Ethernet

Twn S59

NELTOUPYLKO Android 4.4.2 (Linux Kernel LTS 3.10),
Juotnua Ubuntu 15.04 (OpenGL ES, OpenCL,

Kernel LTS 3.10),
Android 5.1, Mainline Linux 4.2 RC1

48. Orange Pi 2G-10T

Orange Pi 2G-10T

Ewkova 107 - Orange Pi 2G-10T

Kataokevaotr | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/
OrangePi2GIOT/

Enefepyaotig RDA RDA8810PL (1x Cortex-A5),

Vivante GC860 GPU
MvAun 256MB LPDDR2 RAM
Alktuo 802.11b/g/n
Twn $10
NELTOUPYLKO Android 4.4, Ubuntu, Debian,
Juotnua Raspbian

49. Orange Pi 3G-10T-B

Orange Pi 3G-10T-B

Kataokevaotri¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/orange
%20pi%203g-i0t-512mb%20-%20B/

Enefepyaotig MediaTek MT6572
(2x Cortex-A7 @ 1.2GHz),
Mali-400 MP1 GPU
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Ewkova 108 - Orange Pi 3G-10T-B

Mvrun 512MB DDR2 RAM
Aiktuo WIFI

Twn $25

NELTOUPYLKO Android 4.4
Juotnua

50. Orange Pi4G-I0T

Orange Pi 4G-IOT

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Kataokevaotri¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/Orange
%20Pi%204G-10T/

Enefepyaotng MediaTek MT6737 (4x Cortex-A53),
Mali-T720 MP1 GPU

MvAun 1GB DDR3 RAM

Alktuo Wi-Fi

Twn S45

AELTOUPYLKO Android 6.0

Juotnua

Ewkéva 109 - Orange Pi 4G-10T
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51. OrangePiio6
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Orange Pi i96

Kataokevaotr¢ | Shenzhen Xunlong

lotooeAida http://www.orangepi.org/
OrangePii96/

Enetepyaotnig RDA RDA8810PL
(1x Cortex-A5), Vivante GC860 GPU

MVAuN 256MB LPDDR3 RAM

Alktuo 802.11b/g/n

Ewkova 110 - Orange Pi i96 TwA $9
AELTOUPYLKO Android 4.4, Ubuntu, Debian,
Juotnua Raspbian
52. Orange Pi Lite
Orange Pi Lite

Kataokevaotrig | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/
orangepilite/

Enetepyaotnig Allwinner H3
(4x Cortex-A7 @ 1.2GHz),
Mali-400 MP2 GPU

MVAuN 512MB DDR3 RAM

Aiktuo Wi-Fi

Twn $12

NELTOUPYLKO Android 4.4, Ubuntu, Debian,

Ewkéva 111 - Orange Pi Lite 2uotnpa Raspbian
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53. Orange Pi One Plus

Orange Pi One Plus

Kataokevaotr¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/
OrangePiOneplus/

Enefepyaotng Allwinner H6
(4x Cortex-A53).
ARM Mali-T720 MP2 GPU

Mvnun 1GB LPDDR3 RAM

Aiktuo 10/100/1000Mbit Ethernet
Twn $20

NELTOUPYLKO Android 7.0, Ubuntu, Debian

Ewkova 112 - Orange Pi One Plus Juotnua

54. Orange PiPC /PCPlus

Orange Pi PC/ PC Plus

Kataokevaotr¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/
orangepipcplus/

Enetepyaotiq Allwinner H3
(4x Cortex-A7 @ 1.6GHz),
Mali-400 MP2 GPU

MvAun 1GB DDR3 RAM
Ailktuo 10/100Mbit Ethernet
T $15 (PC), $24 (PC Plus)
Ewova 113 - Orange PiPC/ PCPlus | Agitoupyikd Android 4.4, Ubuntu, Debian,
Juotnua Raspbian
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Orange Pi PC2

Kataokevaotr¢ | Shenzhen Xunlong
lotooeAiba http://www.orangepi.org/
orangepipc2/
Enefepyaotng Allwinner H5
(4x Cortex-A53),
Mali-450 MP2 GPU
MVAuN 1GB DDR3 RAM
Aiktuo 10/100/1000 Mbps Ethernet
Twn $20
Ewoéva 114 - Orange Pi PC 2 NELTOUPYLKO Android 5.1, Ubuntu, Debian,
Juotnua Raspbian
56. Orange PiPrime
Orange Pi Prime
Kataokevaotng | Shenzhen Xunlong
lotooeAida http://www.orangepi.org/
OrangePiPrime/
Enefepyaotng Allwinner H5
(4x Cortex-A53),
Mali-450 MP2 GPU
MvnAun 2GB DDR3 RAM
Alktuo 10/100/1000Mbps Ethernet
Twn S36
Ewova 115 - Orange Pi Prime NELTOUPYLKO Android 5.1, Ubuntu, Debian,
Juotnua Raspbian
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Orange PiR1

Kataokevaotri¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/OrangePiR1

Enetepyaotnig Allwinner H2
(4x Cortex-A7 @ 1.2GHz),
Mali-400 MP2 GPU

Mvrjpn 256MB DDR3 RAM

Alktuo 2x 10/100 Ethernet,
802.11b/g/n

Ewéva 116 - Orange Pi R1 T 514
NELTOUPYLKO Android 4.4, Ubuntu, Debian
Juotnua

58. Orange Pi RK3399

Orange Pi RK3399

Ewkova 117 - Orange Pi RK3399

Kataokevaotrig¢ | Shenzhen Xunlong

lotooeAiba http://www.orangepi.org/Orange
%20Pi%20RK3399/

Enefepyaotng Rockchip RK3399
(2x Cortex-A72 @ up to 2.0GHz,
4x Cortex-A53 at up to 1.42GHz),
Mali-T860 GPU

MVAUN 2GB DDR3 RAM

Aiktuo Gigabit Ethernet,
802.11b/g/n/ac

Twn $109

AELTOUPYLKO Android 6.0

Juotnua

59. Orange Pi Win Plus / Win

Orange Pi Win Plus / Win

Kataokevaotr¢ | Shenzhen Xunlong
lotooeAiba http://www.orangepi.org/
OrangePiWinPlus/
Enefepyaotng Allwinner A64 (4x Cortex-A53),
Mali-400 MP2 GPU
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Ewkéva 118 - Orange Pi Win Plus /
Win

MvrApn 1GB DDR3 RAM (Win),
2GB DDR3 RAM (Win Plus)
Aiktuo 10/100/1000 Mbps Ethernet,
802.11b/g/n
Twn $25 (Win), $37 (Win Plus)
AELTOUPYLKO Android 6.0, Ubuntu Desktop / Server
Juotnua Xenial, Debian  Server  Jessie,

Raspbian, other OS

60.

Orange Pi Zero H2+ / Zero Plus 2 H3 / Zero Plus 2 H5

Orange Pi Zero H2+ / Zero Plus 2 H3 / Zero Plus 2 H5

Ewkéva 119 - Orange Pi Zero H2+ /
Zero Plus 2 H3 / Zero Plus 2 H5

Kataokevaotri¢ | Shenzhen Xunlong
lotooeAida http://www.orangepi.org/
OrangePiZeroPlus2/
Enetepyaotnig Allwinner H2+/H3
(4x Cortex-A7 @ 1.2GHz),
Mali-400 MP2 GPU
Allwinner H5
(4x Cortex-A53 @ 1.2GHz),
Mali-450 MP2 (H5)
MVAUN 256MB, 512MB DDR3 RAM
Ailktuo 802.11b/g/n
T $9 (H2+ 256MB), $22.90 (H3),
$23.90 (H5)
AELTOUPYLKO Android, Ubuntu, Debian, Raspbian
Zuotnua

61. 0SD3358-SM-RED

0OSD3358-SM-RED

Kataokevaotrg | Octavo Systems

lotooeAiba https://octavosystems.com/
octavo_products/osd3358-sm-red/

Enefepyaotnig Octavo Systems OSD3358 SiP
(1x Cortex-A8 @ 1GHz),
PowerVR SGX530 GPU

MvAun 512MB RAM
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Ewoéva 120 - 0SD3358-SM-RED Aiktuo 10/100/1000 Ethernet
Twn $199
NELTOUPYLKO Debian Linux
Juotnua
62. Parallella
Parallella
Kataokevaotrg | Adapteva, Parallella.org
lotooeAiba https://www.parallella.org/
Enetepyaotnig Xilinx Zyng-7020 / 7010 SoC
(2x Cortex-A9 @ 667MHz plus FPGA)
MVAuN 1GB DDR3 RAM
Aiktuo Gigabit Ethernet
Twn $127 (Micro-Server - 7010),
$149 (Standard - 7010),
Ewkova 121 - Parallella $265 (Standard - 7020)
NELTOUPYLKO Ubuntu Linux
Juotnua
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63. Pine A64 / A64-LTS
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XopunAou Oykou / Katavalwong

Pine A64 / A64-LTS

Kataokevaotng | Pine64, Inc.

lotooeliba https://www.pine64.org/?
product=pine-a64-Its

Enefepyaotng Allwinner A64 / R18 (A64-LTS)
(4x Cortex-A53 cores @ 1.2GHz),
Mali-400 MP2 GPU

Mvrjun 512MB, 1GB, 2GB (A64-LTS)
DDR3 RAM

Aiktuo Fast / Gigabit (Plus) Ethernet

Ewéva 122 - Pine A64 / A64-LTS | TLHNA $15 (512MB), $19 (1GB), $32 (2GB

AG4-LTS)

NELTOUPYLKO Android 5.1, Ubuntu, (Linux Kernel
Juotnua 3.10), Ubuntu Snappy, Lubuntu,
OpenHAB, other OS

64. Pine H64
Pine H64

Kataokevaotng | Pine64, Inc.

lotooeAiba https://www.pine64.org/?
product=pine-h64-2gb-board

Enetepyaotnig Allwinner H6
(4x Cortex-A53 cores),
Mali-T720 GPU

Mvriun 1GB, 2GB, 4GB LPDDR3 RAM

TwA $26 (1GB), $36 (2GB) $45 (3GB)

NELTOUPYLKO Android, Linux

Zuotnua

65. Raspberry Pi Zero

Raspberry Pi Zero

Kataokevaotrg | Raspberry Pi Foundation
lotooeAiba https://www.raspberrypi.org/
products/raspberry-pi-zero/
Enefepyaotng Broadcom BCM2835
127

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118



https://www.raspberrypi.org/products/raspberry-pi-zero/
https://www.raspberrypi.org/products/raspberry-pi-zero/
https://www.pine64.org/?product=pine-h64-2gb-board
https://www.pine64.org/?product=pine-h64-2gb-board
https://www.pine64.org/?product=pine-a64-lts
https://www.pine64.org/?product=pine-a64-lts

MNapdptnpa «A»

TexVIKA XopakTnpLloTikd YmoAoylotikwv Movadwv

XopunAou Oykou / Katavalwong

(1x ARM1176JZFS core @ 1GHz),
FPU & VideoCore IV dual-core GPU

Ewkova 124 - Raspberry Pi Zero

MvAun 512MB SDRAM
Aiktuo -

TwA $6
NELTOUPYLKO Raspbian Linux
Juotnua

66. Raspberry PiZero W / Zero WH

Raspberry Pi Zero W / Zero WH

Institutional Repository - Library & Information Centre - University of Thessaly
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Kataokevaotng | Raspberry Pi Foundation

lotooeAiba https://www.raspberrypi.org/
products/raspberry-pi-zero-w/

Enefepyaotng Broadcom BCM2835
(1x ARM1176JZFS core @ 1GHz),
FPU and VideoCore IV dual-core GPU

Mvrjun 512MB SDRAM

Aiktuo 802.11n

Twn $10, $14 Zero WH

AELTOUPYLKO Raspbian Linux

Juotnua

Ewkéva 125 - Raspberry Pi Zero W /
Zero WH
128



https://www.raspberrypi.org/products/raspberry-pi-zero-w/
https://www.raspberrypi.org/products/raspberry-pi-zero-w/

MNapdptnpa «A»

TexVIKA XopakTnpLloTikd YmoAoylotikwv Movadwv

67. Raspberry Pi 3 Model B

XopunAou Oykou / Katavalwong

Raspberry Pi 3 Model B

Kataokevaotr¢ | Raspberry Pi Foundation
lotooeliba https://www.raspberrypi.org/
products/raspberry-pi-3-model-b/
Enetepyaotnig Broadcom BCM2837
(4x Cortex-53 @ 1.2GHz),
Broadcom VideoCore IV
GPU @ 400MHz
MVApn 1GB SDRAM
. . Ailktuo 10/100 Ethernet,
Ewova 126 - Raspberry Pi 3 Model
B 802.11b/g/n
Twn $30
NELTOUPYLKO ARM Linux Distributions,
Iuotnua Windows 10 loT

68. Raspberry Pi 3 Model B+

Raspberry Pi 3 Model B+

Kataokevaotrg | Raspberry Pi Foundation

lotooeAida https://www.raspberrypi.org/
products/raspberry-pi-3-model-b-
plus/

Enetepyaotiq Broadcom BCM2837B0
(4x Cortex-53 @ 1.4GHz),
Broadcom VideoCore IV
GPU @ 400MHz

MvAun 1GB LPDDR2 RAM

Ewkova 127 - Raspberry Pi 3 Model | Alktuo 10/100/1000 Ethernet
B+ 802.11ac

Twn S30

AELTOUPYLKO ARM Linux Distributions,

Juotnua Windows 10 loT

69. Rico Board
Rico Board
Kataokevaotnc | MYIR
lotooeAida http://www.myirtech.com/list.asp?
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id=510

Ewk6va 128 - Rico Board

Enefepyaotnig TI AM437x
(1x Cortex-A9 core @ up to 1GHz),
PowerVR SGX530 GPU

Mvnun 256MB, 512MB, 1GB DDR3 RAM

Aiktuo 10/100/1000 Ethernet

Twn $99 (512MB)

NELTOUPYLKO Linux 3.14

Zuotnua

70. Rockchip RK3399 Sapphire

Rockchip RK3399 Sapphire

Institutional Repository - Library & Information Centre - University of Thessaly
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Kataokevaotng | Vamrs

lotooeAida https://store.vamrs.com/products/
rockchip-rk3399-sapphire-board

Enetepyaotig Rockchip RK3399
(2x Cortex-A72 @ up to 2.0GHz,
4x Cortex-A53 @ up to 1.42GHz),
Mali-T860 GPU

MVAuN 4GB LPDDR3 RAM

Aiktuo Gigabit Ethernet

, _ Twn $149
Ewkover 129 - Rockchip RK3399 AELTOUPYLKO Android 7.1 (Linux kernel 4.4),
Sapphire , . .
Zuotnua Linux BSP (Yocto & Debian)
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71. Rock64
Rock64

Kataokevoaotn¢ | Pine64

lotooeAida https://www.pine64.org/?
page_id=7147

Enefepyaotng Rockchip RK3328
(4x Cortex-A53 @ 1.5GHz),
Mali-450 MP2 GPU

MVAuN 1GB, 2GB, 4GB DDR3L

Aiktuo Gigabit Ethernet

T $24.95 (1GB), $34.95 (2GB),
$44.95 (4GB)

AELTOUPYLKO Android 7.1, Debian, Yocto

Juotnua

Ewkéva 130 - Rock64
72. RockPro64
RockPro64

Kataokevaotrg | Pine64

lotooeAiba https://www.pine64.org/?
page_id=61454

Enefepyaotig Rockchip RK3399
(2x Cortex-A72 @ up to 2.0GHz,
4x Cortex-A53 @ 1.5GHz),
Mali-T864 GPU

MvAun 2GB, 4GB LPDDR4

Twn $60 (2GB), S80 (4GB)

NELTOUPYLKO Android, Linux

IuoTnua

73. SAMASD4 Xplained Ultra

SAMAS5D4 Xplained Ultra

| Kataokevaotng | Newark Element14, Microchips
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lotooeAiba https://www.element14.com/
community/docs/DOC-73554/I/
sama5d4-xplained-ultra

Enetepyaotnig Atmel SAMA5D4
(1x Cortex-A5 @ 528MHz)

MVAUN 512MB DDR2 RAM

Ewkova 132 - SAMA5D4 Xplained AlkTUO Fast Ethernet
Ultra Twn $107
NELTOUPYLKO Linux
Juotnua
74. Tritium
Tritium

Kataokevaotng | Libre Computer

lotooeAiba https://libre.computer/products/
boards/all-h3-cc/

Enefepyaotng Allwinner H2+, H3, H5
(4x Cortex-A7 (H2+/H3),
4x Cortex-A53 (H5)),
Mali-400 MP2 (H2+/H3)
Mali-450 MP4 (H5)

Mvrpn 512MB, 1GB, 2GB DDR3 RAM

Ewéva 133 - Tritium Aiktuo 10/100 Ethernet

TwA $20 (H2+ - 512MB), $30 (H3 - 1GB),
$40 (H5 - 2GB)

NELTOUPYLKO Linux 4.16+/3.4, Debian 9, Ubuntu

Juotnua 16.04, Android Nougat

75. Udoo Quad / Dual / Dual Basic

Udoo Quad / Dual / Dual Basic

Institutional Repository - Library & Information Centre - University of Thessaly
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Kataokevaotr¢ | Udoo (Seco)

lotooeAida https://shop.udoo.org/usa/quad-
dual.html

Eneéepyaotng NXP i.MX6 Quad / DuallLite
(4x / 2x Cortex-A9 @ 1GHz),
Vivante GPUs
Atmel SAM3X8E Cortex-M3 MCU

Mvnun 1GB DDR3 RAM

Aiktuo Gigabit Ethernet

Ewkéva 134 - Udoo Quad / Dual /
Wi-Fi Module
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Dual Basic Twn $99 (Dual Basic), $115 (Dual),
$135 (Quad)
NELTOUPYLKO Android, Linux
Juotnua
76. Udoo X86
Udoo X86
Kataokevaotrc | Udoo (Seco)
lotooeAiba https://shop.udoo.org/usa/x86.html
Enefepyaotng Intel Braswell Quad-core SoCs
(Advanced Plus:
Celeron N3160 @ up to 2.24GHz;
Ultra:
Pentium N3710 @ up to 2.56GHz),
Intel Gen 8-LP GPU
MvAun 4GB (Advanced Plus), 8GB (Ultra)
DDR3L RAM
Aiktuo Gigabit Ethernet
' Wireless Module
Ewova 135 - Udoo X86 TwnA $174 (Advanced Plus), $267 (Ultra)
NELTOUPYLKO Linux, Android, Windows 7/8.1/10
Juotnua
77. UP board
UP board
Kataokevaotng | Aaeon, UP Community
lotooeAiba https://up-board.org/up/
Enefepyaotng Intel Atom x5-Z8350
(4x Cherry Trail @ 1.44GHz / 1.92GHz
burst),
Intel HD 400 Graphics
MVAuN 1GB, 2GB, 4GB DDR3L RAM
Aiktuo Gigabit Ethernet
T $99 (1GB/16GB), $109 (2GB/16GB),
$109 (2GB/32GB),
, $119 (2GB/16GB & “Cooler”),
Ewovar 136 - UP board $109 (2GB/32GB), $149 (4GB/32GB),
$159 (4GB/32GB & “Cooler”),
$169 (4GB/64GB)
NELTOUPYLKO Ubuntu Linux
Juotnua
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78. UP Core
UP Core

Kataokevaotrg | Aaeon, UP Community

lotooeAida https://up-board.org/upcore/
specifications/

Enefepyaotng Intel Atom x5-Z8350
(4x Cherry Trail @ 1.44GHz/1.92GHz
burst),
Intel HD 400 Graphics

Mvrjun 1GB, 2GB, 4GB DDR3L RAM

Alktuo 802.11 b/g/n

TwA $99 (1GB/16GB), $109 (2GB/16GB),
$119 (2GB/32GB), $149 (4GB/32GB),

N€LTOUPYLKO Linux (Ubuntu, ubilinux, Yocto),

Juotnua Android Marshmallow, Windows 10,
Windows 10 loT Core

79. UP Squared

UP Squared
Kataokevaotr¢ | Aaeon, UP Community
lotooeAiba https://up-board.org/upsquared/

specifications/

Enetepyaotnig Intel Celeron N3350

(2x Apollo Lake @ 1.1GHz/2.4GHz),
Pentium N4200

(4x Apollo Lake @ 1.1GHz/2.5GHz),
Intel Gen9 HD 500/505 GPU

Mvrun 2GB, 4GB, 8GB LPDDR4
Aiktuo 2x Gigabit Ethernet
Twn $149 (Celeron 2GB/32GB),

$179 (Celeron 4GB/32GB),

Ewéva 138 - UP Squared 5239 (Pentium 4GB/32GB),
$299 (Pentium 8GB/64GB),
$339 (Pentium 8GB/128GB)

NELTOUPYLKO Linux (Ubuntu, Ubilinux, Yocto),

Juotnua Android Marshmallow,

Windows 10 loT Enterprise
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USB Armor
Kataokevaotng | Inverse Path (F-Secure)
lotooeAiba http://inversepath.com/usbarmory
Enetepyaotnig NXP i.MX53 (1x Cortex-A8 @ 800MHz)
MVAuN 512MB DDR3 RAM
Aiktuo -
Ewkova 139 - USB Armory Tyin - 5150 -
AELTOUPYLKO Android,
Juotnua Linux (Debian, Ubuntu, FreeBSD)

81. VoltaStream Zero

VoltaStream Zero

Kataokevaotrg | PolyVection

lotooeAiba https://voltastream.com/product/
voltastream-zero/

Enetepyaotnig NXP i.MX6 ULL
(1x Cortex-A7 @ 996MHz),

2D PXP GPU
Mvripn 512MB DDR3 RAM
Ewkéva 140 - VoltaStream Zero Aiktuo
Twn $38
NELTOUPYLKO PolyOS (Yocto Linux),
Iuotnua PolyBian (Debian Linux)
82. Wand-Pi-8M
Wand-Pi-8M
Kataokevaotrc | Wandboard.org, Technexion
lotooeAida https://www.wandboard.org/

products/wandpi-8m/

Enefepyaotig NXP i.MX8M Quad
(4x Cortex-A53 @ 1.3GHz),
Vivante GC7000Lite GPU

Mvrun 1GB DDR4/4GB eMMC (Lite),
2GB/8GB (Pro), 2GB/16GB (Deluxe)
Aiktuo Gigabit Ethernet
Ewova 141 - Wand-Pi-8M Twn $99 (Lite), $109 (Pro), $129 (Deluxe)
AELTOUPYLKO Linux, Yocto, Ubuntu, Android Oreo
Juotnua
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Z-turn Board

Kataokevaotrg | MYIR

lotooeAida http://www.myirtech.com/list.asp?
id=502

Enefepyaotng Xilinx Zyng-7010 / 7020
(2x Cortex-A9 cores @ 667MHz)
FPGA

MVAuN 1GB DDR3 RAM

Aiktuo 10/100/1000 Ethernet

T $99 (7010), $119 (7020)

Ewoéva 142 - Z-turn Board Nettoupykod Linux 3.15.0
Juotnua
84. Z-turn Lite
Z-turn Lite

Kataokevaotrg | MYIR

lotooeliba http://www.myirtech.com/list.asp?
id=565

Enetepyaotnig Xilinx Zyng-7007S / 7010
(1x or 2x Cortex-A9 cores @ 667MHz),
FPGA

MvAun 512MB DDR3 RAM

Alktuo 10/100/1000 Ethernet

TwA $69 (7010), $75 (7020)

NELTOUPYLKO Linux 3.15.0

Zuotnua

Ewkova 143 - Z-turn Lite
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1. 86Duino Zero / Zero Plus

TeXVIKA XOPOKTNPLOTIKA yia To Vortex86EX SOM (128-EX module):

e Emeepyaotnic: Vortex86EX (1x 32-bit x86 core @ 300MHz)
e Mvrjun: 128MB DDR RAM, 8MB SPI flash
e Aiktuo: 10/100 Ethernet MAC & PHY
e Eiooboc /E€oboc (Standard 1/0):
o SATA
USB 2.0
10x COM
8x ADC
80x GPIO
DMA & interrupt controllers
o MTBF counter
e Eioodoc /E€obog mpoypappatilopevn (Configurable 1/0):
o COM (TX/RX only)
RS485 auto direction
SPI1R2
Parallel port
SD/eMMC
12C, CAN, PS/2
HD audio
Ethernet LED, Watchdog
o MCM (motion control module)
e Auvatotnteg enméktaong (Expansion buses):
o PCle control kal target interfaces
o XISA bus
e Oeppokpaocia Asttoupylag: 0 éwg 60°C
e Asgttoupyko cvotnua: Linux, Windows Compact 7.0, QNX, VxWorks, DOS

o O O O O

O O O O O O O

2. A20-OlinuXino-Micro

TeXVIKA XOPOKTNPLOTIKA yia To A20-OLinuXino-Micro kat A20-OLinuXino-Micro-4G:

e Enefepyaotnq: Allwinner A20 (2x Cortex-A7), Mali 400 GPU
e MvApun:
o 1GB DDR3 RAM
o 4GB NAND flash (A20-OLinuXino-Micro-4GB model)
o MicroSD/MMC slot
o 2KB EEPROM (MAC address storage)
e AmoOnkeutikég Suvatotnteg: SATA connector (5V SATA power jack)
e AUVATOTNTEG OMELKOVLONC:
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HDMI port (ESD protectors)
VGA ( 6-pin 1.25mm step connector)
LCD connector

o Optional Olimex 4.3, 7.0, 10.1 inch displays (resistive touch)
Aiktuo: 10/100 Ethernet port
AMec Suvatotnteg Eloodou / EEG60u (I/0):

o 2 xUSB host ports (power control & current limiter)
USB-OTG port (power control & current limiter)
Audio line (out & mic-in connectors)
2 x UEXT connectors (optional Olimex modules)
160x GPIOs (3x connectors)

o Debug-UART connector (console debug pe USB-Serial-Cable-F)
Nouna xapaktnplotikad: 10x buttons pe Android functionality, reset button, GPIO,
battery, kot power LEDs, 4x mount holes
Tpododooia: 6-16V tpododotikd, battery connector pe charging
Awootaoelg: 142.24 x 82.55mm
Aeltoupylkod cuotnua: Android 4.2.2 image nposykateotnuévo os 4GB flash oto
A20-OLinuXino-Micro-4GB model, microSD cards pe either Linux ) Android images

o O O

o O O O

3. A64-0OLinuXino

TeXVIKA XOpaKTNPLOTIKA yia To A64-OLinuXino-1G4GW:

Enetepyaotnc: Allwinner A64 (4x Cortex-A53 @ 1.2GHz), ARM Mali-400 MP2 GPU
MvAun / AmoBnkeuTika péoa:

o 1GB DDR3L RAM (2GB on 2G16G-IND model)

o 4GB eMMC (none on 1G0G model, 16GB on 2G16G-IND)

o MicroSD slot (up to 32GB)

o Optional SPI flash in SO8 package pe hardware WP (not assembled)
AcUppatn Emkowvwvia: WiFi kat Bluetooth 4.2 (6xtL oto 1G0G r; 2G16G-IND),
kepadia.

Aiktuo: 10/100/1000Mbps Ethernet port
Elcobo¢ / E€ob0¢ MoAupéowy:

o HDMI port

o MIPI DSI on 20-pin ribbon connector

o LCD interface on 40-pin ribbon cable

o 3.5mm audio input kat output jacks
AAAeg Suvartotnteg Eloodou / E€6Sou (1/0):

o USB 2.0 host port
Micro-USB 2.0 OTG port
USB headers
GPIO 40-pin connector ue CSI, GPIO, etc.

UEXT 10-pin connector (not assembled)
Debug UART header (TTL level)

o O O O O
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e /\OUTA XapOaKTNPLOTIKA: power, battery, kat user LEDs, U-Boot, reset, kaL power
buttons, RTC, 4x mounting holes

e Tpodobooia: 5V DC jack, 3.7V LiPo battery connector, step-up, kat charging
support

e Oeppokpaocia Asttoupyiag: commercial range except for 2G16G-IND model pe -40
to 85°C

e Alaotdoelg: 90.0 x 62.5mm

e Asttoupylko cvotnua: Linux kat Android

4. Banana Pi BPI-M2 Berry

TexVvIka XapakTnpIoTIKA yia To Banana Pi BPI-M2 Berry:

o Enegepyaotnic: Allwinner V40 or R40 (4x Cortex-A7), ARM Mali-400 MP2 GPU @
500MHz
e Mvnun: 1GB DDR3
e AnoBnkKeuTIKA PEOQ:
o MicroSD slot for up to 256GB
o SATA interface
e AcoUpuatn Enikoivwvia: 802.11b/g/n WiFi (AP 6212), Bluetooth 4.0
e AikTuo: Gigabit Ethernet port
e FEiocodoc / 'EE0d0C MoAUPECWV:
o HDMI 1.4 out pe audio, TV out
o 4-lane MIPI-DSI out
o MIPI-CSI
o 3.5mm audio jack pe mic support
e AAAec duvaToTnTeg Eioddou / EE6DouU (I/0):
o 4x USB 2.0 host ports
o Micro-USB 2.0 OTG port for power
o 40-pin, RPi-compatible expansion header pe GPIO, UART, I12C, SPI,
PWM, 12S, etc.
Aoinda xapakTnpioTika: 2x LEDs, reset, power, U-Boot buttons
Tpogodoaia: 5V/2A via micro-USB OTG
Bapoc: 40 g
AlaoTaoeic: 85 x56mm
AeiToupyikd guotnua: Debian, Ubuntu, Raspbian Linux, Android

5. Banana Pi BPI-M2 Magic

TeXVIKA XOpaKTNPLOTIKA YLt To Banana Pi BPI-M2 Magic:

e Enetepyaotnq: Allwinner A33 (4x Cortex-A7), ARM Mali-400 MP2 GPU
e MvAun: 512MB DDR3
e AmoOnkeuTika péoa:

o MicroSD slot
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o Optional 8GB 16GB, 32GB or 64GB eMMC
e AcUppatn Erukowwvia: 802.11b/g/n kat Bluetooth 4.0 BLE, antenna connector
(AP 6212)
e Eiocoboc /E€odoc MoAupéowv:
o 4-lane MIPI-DSI out
o MIPI-CSlin
o 3.5mm audio jack
o Onboard mic
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 2.0 host port
o Micro-USB 2.0 OTG port for power
o 40-pin, RPi-compatible header pe 28x GPIO, including UART, 12C, SPI,
PWM, etc.
e ANouta yapoktnplotikd: 3x LEDs, reset, power buttons
e Tpodobdooia: 5V/2A DC jack, 3.7V lithium battery support, AXP223 PMIC
e Bapocg:40g
e A00TAOELC: 51 X 51mm
e Aettoupylko cvotnua: Debian, Ubuntu, Raspbian image, Android

6. Banana Pi BPI-M2 Ultra

TeXVIKA XOpAKTNPLOTIKA Yl To Banana Pi M2 Ultra:

e Emefepyaotnc: Allwinner R40 (4x Cortex-A7), ARM Mali-400 MP2 GPU @ 500MHz
e Mvnun: 2GB DDR3 733MHz (shared pe GPU)
e AmoBnkeuTika péoa:
o MicroSD slot
o 8GB eMMC, expandable to 16/32/64GB
o SATA interface
e AoUppuatn Emwkowvwvia: 802.11b/g/n WiFi (AP 6212), Bluetooth 4.0
e Aiktuo: Gigabit Ethernet port
e Eiocoboc /'E€odog MoAupéowv:
o HDMI 1.4 out pe audio, TV out
o 4-lane MIPI-DSI out for connection to suitable LCDs
o 3.5mm audio jack
o Microphone
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 3x USB 2.0 host ports
o Micro-USB 2.0 OTG port
o Debug UART
o 40-pin, RPi-compatible expansion header pe GPIO, UART, 12C, SPI, PWM,
12S, etc.
e Aouta xapoktnplotikd: LEDs, IR receiver, reset, power. U-Boot buttons,
e Tpodobdoaia: 5V DC port, 3.7V lithium battery support
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e Bapog:45g
e Alaotdoelg: 92 x 60mm
e Aeltoupylkd cuotnua: Debian, Ubuntu, Raspbian Linux, Android

7. Banana Pi BPI-M2 Zero

TEXVIKA XOpAKTNPLOTIKA yla To BPI-M2 Zero:

e Emneepyaotnic: Allwinner H2+ (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz
e Mvrpn: 512MB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: MicroSD slot for up to 64GB
e AoUppuatn Emkowwvia:
o 802.11b/g/n plus Bluetooth 4.0 dual mode (Ampak AP6212)
o Optional dual mode Broadcom AP6335 pe 802.11ac kat BT 4.0 rj Gigafu
Tech AP6181 (2.4GHz WiFi kat no BT, but low power consumption)
o RF connector
e 'E€060g 006vNG: Mini-HDMI port pe audio for up to 1080p60
e AM\eg Suvartotnteg Eloddou / E€E6Sou (1/0):
o Micro-USB 2.0 OTG port (ue power support)
o MIPI-CSI for 5MP cam r; 1080p @30 video input
o Debug UART/ground header pe 3x GPIO
o 40-pin RPi 3-compatible expansion connector
e Aouta xapoktnplotikd: 2x LEDs, power kat reset buttons
e Tpodoboaoia: 5V/2A via micro-USB
e Awootaoelg: 60 x 30mm
e Badpog:35¢g
e Asttoupyko cvotnua: Android, Debian, Ubuntu, Raspbian image
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8. Banana Pi BPI-M64

TeXVLKA XOPOKTNPLOTIKA yLa To Banana Pi BPI-M64:

e Enefepyaotnq: Allwinner A64 (4x Cortex-A53 cores @ 1.2GHz), ARM Mali400-MP2
GPU (2x @ 500MHz)
e Mvnun / AmoBnKeuTka péoa:
o 2GB DDR3 (733MHz) RAM
o 8GB eMMC, expandable to 16GB, 32GB, or 64GB
o MicroSD slot for up to 256GB
e Eiocodoc /E€obdog MoAupéowv:
o HDMI 1.4 port pe audio for up to 4K x 2K (H.265 decode at 4K@30fps, also
MPEG 1/2/4, H.263/264)
o MIPI-DSI interface
MIPI-CSI interface for 8-bit YUV422 CMOS 5-megapixel (supports CCIR656
kot 1080p@30fps capture
o 3.5mm audio jack
o Onboard mic
e AoUpuatn Emwkowvwvia: AP6212 module pe 802.11b/g/n kat Bluetooth 4.0 pe
E0WTEPLKNA KEpaLa
e Aiktuo: Gigabit Ethernet port (Realtek RTL8211E/D)
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o 3x USB 2.0 host ports
o Micro-USB OTG port
o Debug TTL UART
o Raspberry Pi 2-compatible 40-pin expansion header pe 28x GPIO (UART,
12C, SPI, PWM, 125, etc.)
e Aoutd xapoktnplotikd: IR receiver, reset, power, U-Boot buttons, 2x LEDs, HW
security for Trustzone, DRM, encrypt/decrypt, kot secure boot/JITAG/effuse
e Tpododooia: 5V/2A DC port, AXP 803 PMU, 3.7V Lithium battery support
e Bapoc:45¢g
e Al00oTaoelg: 92 x 60mm
e Asttoupylko ovotnua: Android 5.1/6.0, Debian, Ubuntu, Raspbian Linux kat dAAa
AELTOUPYLKA ZUoTHUOTO
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TeXVIKA XOPOKTNPLOTIKA yLa To Banana Pi BPI-W2:

XopunAou Oykou / Katavalwaong

e Enefepyaotnic: Realtek RTD1296 (4x Cortex-A53 @ up to 1.5GHz), Mali-T820 MP3

GPU
e Mvnun: 2GB DDR4 RAM
e AnmoBnkeuTika péoa:

o 8G eMMC flash, expandable to 16GB, 32GB, or 64GB

o MicroSD slot for up to 256GB
o 2x SATA lll interfaces
e Eiocodoc /EEobdog MoAupéowv:
o HDMI 1.4 out port pe audio
o HDMIin port
o Mini-DisplayPort
o Audio out jack
o Audio I/O header

e Ailktuo: 2x GbE LAN ports, 1x GbE WAN port, RGMI!I interface pe PIN

e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 3.0 host port
o 2x USB OTG ports
o USB Type-C port
o Faninterface
o Debug UART
e Emnextdoclg:
o PCle 2.0 slot (M.2 E-Key)
o PCle 1.1 pe SDIO slot (M.2 E-Key)
o M.2interface
o SIM card slot
o 40-pin RPi 3 compatible expansion header

e Aouna xapoktnplotikd: RTC battery support, IR interface, reset, power, U-Boot kat

LSADC keys
e Tpodobooia: 12V/2A DC input
e Bapog:100g
e Awootaoelg: 148 x 100.5mm

e Aeltoupylkd cuotnua: Android 6.0, CentOS, Debian 9, Raspbian, Ubuntu 15.04,

OpenWrt
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10. BeagleBone Black, Rev C

TeXVIKA XapaKTNPLOTIKA yia To BeagleBone Black:

e  Enefepyaotng: Tl Sitara AM3359 (Cortex-A8 @1GHz)
e  MvAun: 512MB DDR3 RAM (606MHz), 4GB onboard eMMC flash, microSD slot
e Aiktuo: 10/100 Ethernet
e AMeg duvatdtnteg Eloddou / E€6S0u (1/0):
o Micro-HDMI
o USB 2.0 host
o Mini-USB 2.0 client
o 20-pin CTIJTAG interface (optional)
e Eioobog/E€obog olvdeong eméktaonc:
o 3xserial
MCcASPO, SPI1, 12C
65x GPIO
CAN
LCD
GPMC, MMC1, MMC2
EHRPWM
7x AIN (1.8V max.)
o 4xtimers, XDMA interrupt
e Aoutd xapaktnplotikd: reset, boot, power buttons
e Tpodoboaia:
o Mini-USB, DC jack, or 5VDC external (via header) source
o PMIC regulator
o Approximately 2.3 Watts max power consumption
e Alootaoelg: 86 x 53mm (3.4 x 2.1 inches)
e Bapog:39.7g (1.4 0z)
e Aeltoupylko cUotnua: Debian, Android, Ubuntu, Cloud9 IDE on Node.js w/ BoneScript library kat
AAAQ AELTOUPYIKA ZuOoTAUOTA

O O O 0O O O O

11. BeagleBone Blue

TeXVIKA XOpaKTNPLOTIKA yLa To BeagleBone Blue:

e Enefepyaotng: Octavo OSD3358 SiP pe Tl Sitara AM3358 @ 1GHz pe 2x 32-bit
200MHz PRU MCUs
e Mvnun / AmoBnkeutikég Suvatdtnteg: 512MB DDR3 RAM (on SiP), 4GB eMMC
flash, microSD slot
e AcUppatn Emkowwvia: 802.11bgn (2.4GHz) kat Bluetooth 4.1 BLE via Tl WilLink
1835, ext. antennas, GPS kot DSM2 radio interfaces
e 'E€obdog 0B6vVNC:
o 8x 6V servoout (4A reg.)
o 4x DC motor out (4A reg.)
o 4x quad encoder inputs
e AwoBntnpeg: 9 axis IMU, barometer
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e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o Micro-USB 2.0 client port pe power support
USB 2.0 host port
6x UARTSs
8x GPIOs
2x SPI
4x ADC
o CAN, I2C
e Aoutd xapaktnplotikd: Power, reset, boot, kat 2x user buttons, 11x configurable
LEDs, power kal charger LEDs, JTAG
e Tpodobdoaoia: 2-cell (2S) LiPo battery JST-XH connector pe balancing, 9-18V DC
jack, micro-USB
e Aeltoupylkd cuotnua: Debian pe real-time kernel, optional Ubuntu Core, supports
ROS, ArduPilot, Cloud9 IDE on NodelS

o O O O O

12. Bubblegum-96

TEXVIKA XOpAKTNPLOTIKA yLat To Bubblegum-96:

e Enefepyaotnq: Actions Semiconductor Actions S900 (4x Cortex-A53, 28nm cores
@ up to 1.8GHz), PowerVR G6230 GPU @ 600MHz
e Mvnun / AmoBnkKeutikad péoa:
o 2GB LPDDR3 DRAM (800MHz)
o 8GBeMMC
o MicroSD 3.0 slot
e AuVATOTNTEG OTMELKOVNONC:
o HDMI 1.4 (type A/C) ue HDCP
o Upto 4K Ultra HD MHL 2.1 decoding, 1080p@60fps H.264 encoding
o RGB/LVDS/MIPI-DSI/eDP via 60-pin kot onboard connectors @ up to 1920
x 1080
e AocUppatn Emkowvwvia: 802.11b/g/n WiFi, Bluetooth 4.0
e AM\eg Suvartotnteg Eloodou / E€EG60u (1/0):
o USB 3.0 port
USB 2.0 port
Micro-USB 2.0 port
JTAG interface
40-pin low-speed connector (+1.8V, +5V, SYS_DCIN, GND, UART, 12C, SPI,
PCM, 12x GPIO)
o 60-pin high-speed connector (SDIO, MIPI-DSI, MIPI-CSI, 12C, USB 2.0)
e Noutd xapaktnplotikd: On/off kat reset buttons
e Tpodobooia: 12V@2A pe ATC2609 PMU
e Alootaoelg: 85 x 54mm, 96Boards standard CE
e Aeltoupytkd cvotnua: Android 5.1 Lollipop, Debian Linux, Remix OS 2.0, Phoenix
0sS

O O O O
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13. CloudBit

Texvika xapaktnpLotika yia to CloudBit:

e Enefepyaotnic: Freescale i.MX233 (1x ARM926EJ-S core @ 454MHz)
e MvnAun: 64MB of RAM, microSD slot pe 4GB SD card (includes Arch Linux distro)
e AcUppatn Emkowwvia: 802.11b/g (via USB)
e Eiocoboc /'E€oboc (Standard 1/0):
o USB port (for power)
o 2x BitSnap connectors for LittleBits connectivity, including ADC/DAC kot
GPIO signals
o Serial console UART (3.3V, 8-N-1, 115,200 baud) on bottom of board
e ANouta xapoktnplotikd: LED, setup button, optional Cloud Starter Bundle that adds
button, sound trigger, long LED, servo, mounting, kat power modules
e Tpodoboaoia: via USB (power module, wall adapter, kat cable included)
e Bapog: 0.34 |bs (0.154 kg)
e Awootdoelc: 15x 10 x 5mm
e AelToupylkO cuotnua: Arch Linux

14. CubieAlO-A20

Texvika xapaktnplotika yia to CubieAlO-A20 SBC kat AIO mini-PC:

e Emefepyaotic: Allwinner A20 (2x Cortex-A7 @ up to 1.08GHz), Mali-400 MP2 GPU
e Mvnun: 1GB DDR3 480MHz, 8GB eMMC (optional 8GB TSD), flash expandable to
32GB yta eMMC 1} 64GB yia TSD
e AmoBnkeutikég Suvatotnteg: MicroSD slot, SATA 2.0 mSATA interface (via mini-
PCle)
e AcUpuatn Emukowwvia:
o 802.11a/b/g/n kat Bluetooth 4.0 (via Ampak AP6210 module kat Einstein-
A20 COM)
o SIM card slot
o Optional 3G or 4G wireless module via mini-PCle
o Ext. antenna mount for optional telescopic antenna
e Aiktuo: Gigabit Ethernet port
e Eiocodoc /E€obdoc MoAupéowv:
o HDMI 1.4 port pe audio for up to 1080p
LCD/RGB interface
LVDS interface
7-inch, 1024 x 600 capacitive touchscreen (AlIO model)
3.5mm headphone/mic jack
Onboard mic
o 2W speaker
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):

O O O O O
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o 6x USB 2.0 host ports
USB Device Type-B port
o 2x UART DIN sockets pe optional extension interface (supports 6x serial
ports)
o UART header pe optional AMIDIljack terminal interface
o 54-pin GPIO header — UART, LinelN, Micln, PWM, low-res ADC, SPI, 12C,
LCD, GPIO, CCIR656, MIPI_CSI, 12S...
e Eiocoboc /E€obog ouvdeong emektaonc: 2x mini-PCle slots (1x for mSATA, 1x for
optional 3G 1 4G module)
e Aouta xapoktnplotikd: IR receiver, power, Uboot, kal reset keys, 2x LEDs, buzzer,
fan switch, case (AIO model), RTC (via Einstein-A20 COM)
e Tpodoboaoia: 5V input, optional 3.7V battery, optional 5V@4A adapter
e Oeppokpaocia Asttoupylag: -20 £wg 70°C, optional environmental protection
packaging (on AlO)
e Awootaoelg: SBC version 172 x 106 x 20mm, AlO version 175 x 108 x 30mm
e Aettoupylko cvotnua: Android 4.2, Debian, Linarop Ubuntu kat dAAa Agttoupyka
Juothuarta

15. CubieBoard4

Texvika xapaktnplotikd yia to Cubieboard4 (CC-A80):

e Enetepyaotnq: Allwinner A80 (4x Cortex-Al15 cores @ up to 2GHz, kat 4x Cortex-
A7 cores @ up to 1.3GHz), Imagination’s 64-core PowerVR G6230 GPU
e Mvnun / AmoBnkKeuTtikad péoa:
o 2GB (optionally 1GB) DDR3-800 RAM
o 8GB eMMC 4.5 flash, expandable to 64GB
o MicroSD slot
e 'E€odog 0B6vnc: HDMI 1.4 port, VGA port
e AoUpuatn Emkowvwvia: Dual-band (2.4GHz/5.8GHz) WiFi pe ext. antenna,
Bluetooth 4.0+EDR
e Aiktuo: Gigabit Ethernet port
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 3.0 OTG port pe power-input support
4x USB 2.0 host ports
2x 3.5mm audio 1/0 jacks
SPDIF interface
JTAG interface
54x pin expansion connector pe 2.0mm pitch for 12S, 12C, SPI, 2x UART,
CVBS, 2x LRADC,UART, PS2, 2x PWM, TS/CSI, IRDA, Line-in, Mic-in, FM-in,
TV-in
e Aouta xapoktnplotikd: IR receiver, RTC, 4x LEDs, power, reset, kat U-Boot keys
e Tpodobooia: 5V@4A DCin, supports USB 3.0 power kat 3.7V Li-Po battery, PMIC
e Oeppokpaocia Asttoupylag: -20 to 70°C

o O O O O
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e Bapoc:590¢g
e Alaotdoelg: 111 x 111 x 18mm
e Aeltoupylkd cvotnua: Android 4.4, Debian (headless), Ubuntu, Linaro

16. DragonBoard 820c

TeXVIKA XOpOAKTNPLOTIKA yia To DragonBoard 820c:

e Emeepyaotric: Qualcomm Snapdragon 820E:

o 4x14nm Kryo cores clocked at up to 2.35GHz

o Adreno 530 GPU @ up to 653MHz pue OpenGL ES 3.1 + AEP, OpenCL2.0
Fulll, Vulcan, Renderscript, 64-bit virtual addressing

o Hexagon 680 DSP pe Hexagon vector eXtentions kat Low Power Island for
sensor processing — Miracast 2.0 streaming HEVC 10-bit kat VP9 decode
Direct Stream Video for Wireless Display, 3:1 Frame Buffer Compression
ratio

o Dual 14-bit Spectra ISP for28 MP kat 13MP cams at up to 600MHz

e Mvnrun / AmoBnkKeutikad péoa:

o 3GBLPDDR4-1866 RAM in PoP format

o 32GBUFS 2.0

o MicroSD 3.0 slot (UHS-I)

e 0006vn / Kauepa:
o HDMI 2.0 port for up to 4k@60 (supports audio)
o MIPI-DSI kaw CSl via expansion connectors

e AcUppuatn Emukowwvia:

o 802.11b/g/n/ac 2x2 dual-band WiFi (QCA6174A)

o Bluetooth 4.2 (QCA6174A)

o Qualcomm WGR7640 GNSS RF receiver (GPS, GLONASS, Beidou, Galileo,
QZSS, SBAS)

e Aiktuo: Gigabit Ethernet port

e AM\ec Suvatotnteg Eloodou / EEG60u (I/0):
o 2x USB 3.0 host ports
o Micro-USB 2.0 OTG port

e Eloobdog /E€0d0Gg ouvbeong emékTaong:

o 40-pin low-speed connector (UART x2, SPI, I12S, 12C x2, GPIO x12, DC)

o 60-pin high-speed connector (4L-MIPI DSI, USB,12C x2, 2L+4L-MIPI CSI)

o Second 60-pin high-speed connector (4L-MIPI DSI, SSC serial busses, TSIF —
connection available only in hardware)

o 2xanalog audio connector (headset, speaker via sound-wire interface,
microphones, line-outs) pue PCM/AAC+/MP3/WMA, ECNS, Audio+ post-
processing (optional)

o Mini-PCle slot

e \outd XapaKTnpELoTKA: 6-axis IMU pe accelerometer kat gyroscope, 3-axis
magnetometer, power/reset kat volume controls, 12x LEDs (4x user)
e Tpodobooia: 6.5V to 18V input
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e Awotdoelg: 100 x 85mm (96Boards CE Extended)
e Ogpuokpaocia Aettoupyiag: 0 to 40°C
e Aeltoupylkod cuotnua: Debian Linux

17. Firefly-RK3288 Reload

Texvika xopaktnpLoTika yia to Firefly-RK3288 Reload:

e Enefepyaotnc: Rockchip RK3288 (4x Cortex-Al17 cores @ 1.8GHz), Mali-T760 GPU
e MvAun:

o 2GB DDR3 RAM

o 16GB eMMC flash

o MicroSD slot

o SATA 2.0slot
e AUVATOTNTEG ONMELKOVNONC:

o 2x HDMI out pe audio (2.0 for 4K@60Hz kat 1.4 for 1080p@60Hz)

o HDMI input (pe PIP kat video record support)

o MIPI-DSI

o eDP

o 2xLVDS
e Kdauepa:

o MIPI-CSI (up to 13MP)
o DVP (up to 5MP)

e 'Hxog:
o 3.5mm analog audio I/0 jack
o SPDIF output
o Micinput
o 12S audio /O

o 2x HDMI (see Display above)
e AcUpuatn Emkowwvia:
o 802.11b/g/n/ac (Broadcom AP6335)
o Bluetooth 4.0 pe BLE (Broadcom AP6335)
o IR receiver module ue self-defined IR remote
e Aiktuo: Gigabit Ethernet port
e AM\eg Suvatotnteg Eloodou / EEG60u (1/0):
o 3x USB 2.0 host ports
Micro-USB 2.0 pe OTG
Serial console debug
184-pin expansion header (MIPI, 2x LVDS, eDP, PWM, SPI, UART, ADC, 12C,
12S, GPIO)
e /\outd xapaKtnplotikad: Power, reset, recover buttons
e Tpodobdooia: 12V, 1.5A (via DC jack)
e Bapoc:176g
e Awootaoelg: 178 x 117mm (82 x 60mm for integrated COM)
e Aettoupylko cvotnua: Android 5.1, Ubuntu 14.04

o O O
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18. Firefly-RK3399

Texvika xopaktnplotika yia to Firefly-RK3399:

e Emefepyaotnic: Rockchip RK3399 (2x Cortex-A72 cores @ up to 2.0GHz, 4x Cortex-
A53 cores at up to 1.42GHz), 28nm fab, Mali-T860 GPU

e  MvAun:

o

@)
@)
@)

2GB or 4GB (Plus kit) DDR3 RAM

16GB or 32GB (Plus kit) eMMC flash

MicroSD slot

M.2 B-key slot (PCle 2.1-based) pe SSD kat /O (2x PCle, SATA, USB 2.0 kat
3.0, HSIC, SSIC, audio, UIM, 12C)

e AuvatoTNTEC ATEIKOVNONG:

o

o

o

o

HDMI 2.0 port pe audio for up to 4K@60Hz
DisplayPort 1.2 pe audio for up to 4K@60Hz
MIPI-DSI at up to 2560x1600@60fps

eDP 1.3 (4-lane)

e Kapepa:

o

o

e 'Hxog:

o O O O O

o

2x MIPI-CSI (up to 13MP)
DVP (up to 5MP)

3.5mm analog audio I/O jack
SPDIF output

Mic input

Speaker pe 1.5W per channel
12S audio I/O

HDMI kot DP (see Display above)

e AcUpuatn Emkowwvia:

o

o

o

o

802.11b/g/n/ac 2.4GHz/5GHz dual-band 2x2 MIMO (Broadcom AP6354)
Bluetooth 4.1 pe BLE (Broadcom AP6354)

SIM card slot

IR receiver module e self-defined IR remote

e Aiktuo: Gigabit Ethernet port (Realtek RTL8211E)
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):

o

O
@)
@)

2x USB 3.0 host ports (1x Type-C, 1x standard)

4x USB 2.0 host (2x ports, 2x interfaces)

Serial console debug

42-pin expansion header (SPI/UART, 2x ADC, 2x 12C, 12S, 2x GPIO, line-out,
speaker)

e Eloodoc /E€odoc ouvbeang eméktaong: Mini-PCle slot for optional LTE module
e Aoutd xapoktnplotikd: Power, reset, recover buttons, RTC ue battery support,

LEDs

e Tpodobooia: 12V, 2A (via DC jack)
e Bapoc: 89 g (ue fan: 120g)
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e Awootaoelg: 124 x 93mm
e Aettoupyko cvotnua: Dual-boot Android 6.0.1 kat Ubuntu 14.04 pe U-boot

19. Firefly-ROC-RK3328-CC (Renegade)

TEXVIKA XOPOKTNPLOTIKA yia To Renegade:

e Emeepyaotnic: Rockchip RK3328 (4x Cortex-A53 cores @ up to 1.5GHz), Mali-450
MP2 GPU
e MvAun: 1GB, 2GB or 4GB DDR4 RAM
e AmoBnkeuTikd péoa:
o MicroSD slot
o eMMC 5.x interface
e Eiocoboc /E€odog MoAupéowv:
o HDMI 2.0 port
o 3.5mm TRRS AV jack
e Aiktuo: 10/100/1000 Ethernet
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 2x USB 2.0 host ports
USB 3.0 host port
Micro-USB port ue power support
IR Receiver
UART header
o ADC headers
e Eiooboc /E€obdog ouvdeong eméktaong: 40-pin RPi 3 Model B style header (PWM,
12C, SPI, GPIO)
e Tpodobooia: 5V 2.5A DC via Micro-USB
e Aoutd xapaktnplotikad: U-Boot button
e Aeltoupylkd cvotnua: Ubuntu 16.04 pe Rockchip’s Linux 4.4 Kernel, Mainline
Linux 4.14 LTS Kernel, Android 7.1 Nougat

O O O O

20. HiKey

TEXVIKA XOpAKTNPLOTIKA yLa To 96Boards CE:

e Emnefepyaotric: ARM Cortex-A (placement options include top or bottom of SBC)
e Mvnun / AmoBnkeutikad péoa:

o 512MB (1GB strongly recommended for Android)

o MicroSD slot for up to 64GB

o 8MB bootable flash (required if no bootable microSD card available)
e 0606vn:
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o HDMI pe audio (full-sized or micro)

o MHL (HDMI) ue audio (via micro-USB)

o DisplayPort pe audio (via USB Type C)

e AcUppatn Emukowwvia: 802.11g/n, Bluetooth 4.0 LE (BLE)
e AM\eg Suvatotnteg Eloodou / EEG60u (I/0): (all pe specified locations):

o 2x USB host ports (USB 2.0 or 3.0, Type A or C)

o Micro-USB client or OTG for PC connection (USB 2.0 or 3.0, Type AB/B for
power, Type C for no power)

o 40-pin low-speed GPIO expansion connection (female header) for
maker/community use pe required serial UART kat 12S/PCM (audio) kaut
optional 12C, SD/SPI, 2x20, 2mm pitch

o 60-pin high-speed connection (female module header) for advanced
maker/OEM use pe USB kat MIPI-DSI (both required), or optional MIPI CSI-
2, MIPI-HSIC, etc., 2x30, 0.8mm pitch

e Tpodobdooia:
o 8V to 18V supply from DC jack, SYS-DCIN port on low-speed connector, or
USB 3.1 Type C (5V)
No simultaneous power supported
Current sense resistor required for power consumption measurement
Power kat reset buttons required
Optional onboard battery power/charging support
Power to external devices (minimums required):
= 7W to mezzanine via SYS-DCIN (ue DC jack only)
= 5W to mezzanine via regulated +5V
= 5W to ext. USB device via host ports
= 0.18W to mezzanine via regulated +1.8V
e ANoutd xapoktnplotikd: 6x LEDs required (WiFi, BT, kot 4x user)
e Awootaoelg: 85 x 54 x 12mm (standard) or 85 x 100 x 12mm (extended)
e Aeltoupylkd cuotnua: Open source Linux or Android (builds initially available for
Debian 8.0 kat Android, Ubuntu, Fedora, Red Hat kat OpenEmbedded/Yocto

O O O O O

21. HummingBoard-Gate

TeXVIKA XapaKTNPLOTIKA ylo To HummingBoard-Gate:

e Emnefepyaotnic: Freescale i.MX6 (1x, 2x, or 4x Cortex-A9 cores @ up to 1.2GHz)
e Mvnun: Up to 4GB DDR3 RAM
e AnoBnkeutikd péoa: MicroSD slot pe optional blank 8GB card
e AoUppatn Emkowvwvia: Optional WiFi/Bluetooth module
e Aiktuo:- Gigabit Ethernet port, limited to 470Mbps bandwidth “due to internal
chip buses”
e Eiocodoc /E€odog MoAupéowv:
o HDMI out
o MIPI-DSI
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o MIPI-CSI-4
o Parallel camera
e AM\eg Suvatotnteg Eloodou / EE660u (I/0): kal Emektaoelg:
o 4x USB 2.0 ports
o 36x GPIO header
o mikroBUS expansion socket pe 150x optional add-ons
o Mini-PCle slot pe SIM card holder
e Aouma xapoKtnploTikad: Reset button, optional metal enclosure
e Tpodobooia: 7-36V, 5.5mm “in”
e Awootaoelg: 102 x 69mm
e Acltoupylkd ocuotnua: Android KitKat, Debian, GeexBox XBMC, OpenElec (Kodi)
Linux, Arch Linux, Fedora, OpenSUSE kot aAAa A€LToupyIka Zuothipata

22. Khadas Vim Pro

Texvika xapaktnplotika yia to Khadas Vim:

e Emnefepyaotric: Amlogic S905X (4x 64-bit Cortex-A53 cores @ up to 1.5GHz) pe
penta-core Mali-450 MP2 GPU (3x fragment/pixel cores plus 2x vertex shader
cores) @ 750MHz

e Mviun:

o 2GB DDR3 RAM
o 8GBn 16GB eMMC5.0
o MicroSD (TF) slot for up to 64GB

e AcUppatn Emukowwvia: Broadcom (AP6212/802.11n or AP6255/802.11ac on Pro)
WiFi pe Bluetooth 4.2

e Aiktuo: 10/100 Ethernet port

e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):

o 2x USB 2.0 host ports (1x 500mA, 1x 900Ma)

o USB 2.0 OTG Type-C e 5V power input

o HDMI 2.0a pe 4K decoding (H.265/VP9 @60fps, 10-bit) kat HDR (10 kat
HLG)

o 40-pin GPIO expansion (2x USB, 2x UART, 2x 12C, ADC, SPDIF, PWM, GPIOs)

e Noutd xapaktnplotikd: RTC pe battery support, LEDs, IR receiver, 3x user buttons,
transparent case

e Tpododoaoia: 5V input kat USB 2.0 Type C port pe 5V input

e Awootdoelc: 82 x 57.5mm

e Aettoupylko cvotnua: Android 6.0, Ubuntu 16.04, Buildroot, OpenELEC/LibreELEC
7.0+

23. Khadas Vim2

Texvika xapaktnplotikd yia to Khadas Vim2:

e Emefepyaotic: Amlogic S912 (4x 64-bit Cortex-A53 cores @ up to 1.5GHz) pe Mali-
T820 MP3GPU (@ 750MHz, programmable 8-bit STM8S003 MCU for EEPROM
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Mvripn:
o 2GB (Basic) or 3GB (Pro/Max) DDR4 RAM
o 16GB (Basic), 32GB (Pro) or 64GB (Max) eMMC 5.0
o 2MB 16Mbit SPI
o MicroSD (TF) Molex slot
AcUppuatn Emkowwvia:
o Basic—Ampak AP6356S module pe 802.11ac 2x2 MIMO kaut Bluetooth 4.1,
IPEX antenna connector
o Pro kat Max — Ampak AP6359SA module pe 802.11ac 2x2 MIMO RSDB kait
Bluetooth 4.2, IPEX antenna connector
Aiktuo: 10/100/1000 Ethernet port pe Wol
AMec Suvatotnteg Eloodou / EEG60ou (I/0):
o 2x USB 2.0 host ports (1x 500mA, 1x 900Ma)
o USB 2.0 OTG Type-C e 5V power input
o HDMI 2.0a pe 4K decoding (H.265/VP9 @60fps, 10-bit) kat HDR (10 kat
HLG)
o 40-pin GPIO expansion (USB, I12C, 12S, SPDIF, UART, PWM, ADC, I1SO7816,
GPIOs)
10-pin FPC connector pe 12C, GPIO, etc.
Pogo Pads array for USB, 12C, DVB-Bus, GPIO
Pogo Pads (7x) for MCU (SWIM, UART, ADC, NRST)
o Fan header
e Noutd xapaktnplotikd: RTC pe battery support, LEDs, dual-channel IR receiver, 3x
user buttons, 4x mounting holes, transparent case, optional VTV extension DTV
board for STB application
e Tpododooia: 5-9V input kat USB 2.0 Type C port pe 5V input, Pogo Pads for 4-pin
VIN system power input, current limit switch
e AlooTtadoelg: 82 x 57.5mm
e Badpog: 0.07 k
e Asttoupyko cvotnua: Android 7.1, Ubuntu 16.04 kau later, Buildroot, Docker
support

o O O

24. LinkSprite Acadia V3

TeXVIKA XOpaKTNPLOTIKA Lo To pcDuino Acadia 1:

e Enetepyaotnq: Freescale i.MX6 Quad (4x Cortex-A9 cores @ up to 1.2GHz),
Vivante GC2000 pe OpenGL/ES 2.x, OpenCL EP, kat OpenVG 1.1 acceleration

e Mvnun / AmoBnkeutikad péoa:

o 1GBDRAM

o 8GB eMMC flash

o 2x microSD slots for up to 128GB

o SATA host socket
e 'E€0b0g 006vVNC / Kauepa:

o HDMI 1.4 out pe HDCP support

o LVDS interface

o MIPI camera interface
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o CSl camera interface
Aiktuo: Gigabit Ethernet port
AM\ec Suvatotnteg Eloodou / EE660u (I/0):
o 2x USB host ports
1x USB OTG port
3.5mm audio jack
IR receiver
Arduino Uno compatible socket:
= 14x GPIO
= 2XxPWM
= 6xADC
= 1xeach UART, SPI, 12C
Tpododooia: 5V, 2000mA, Li-Poly Battery Interface
Awootaoelg: 120 x 65mm (4.72 x 2.56 in.)
Aeltoupykod cuotnua: Ubuntu Linux 12.04, Android 4.4

o O O O

LinkSprite Arches

Texvika xapaktnplotikd yia to Cubieboard4 (CC-A80):

Enefepyaotnc: Allwinner A80 (4x Cortex-A15 cores @ up to 2GHz, kat 4x Cortex-
A7 cores @ up to 1.3GHz), Imagination’s 64-core PowerVR G6230 GPU
MvAun / AmoBnkeuTika péoa:

o 2GB (optionally 1GB) DDR3-800 RAM

o 8GB eMMC 4.5 flash, expandable to 64GB

o MicroSD slot

‘E€ob0¢ 0B6vng: HDMI 1.4 port, VGA port

AcUppatn Emkowvwvia: Dual-band (2.4GHz/5.8GHz) WiFi pe ext. antenna,
Bluetooth 4.0+EDR
Aiktuo: Gigabit Ethernet port
AANAeg Suvartotnteg Eloodou / E€6Sou (1/0):

o USB 3.0 OTG port pe power-input support
4x USB 2.0 host ports
2x 3.5mm audio 1/0 jacks
SPDIF interface
JTAG interface
54x pin expansion connector pe 2.0mm pitch for 12S, 12C, SPI, 2x UART,
CVBS, 2x LRADC,UART, PS2, 2x PWM, TS/CSI, IRDA, Line-in, Mic-in, FM-in,
TV-in
Nouwna xapaktnplotikd: IR receiver, RTC, 4x LEDs, power, reset, kat U-Boot keys
Tpodobooia: 5V@4A DC in, supports USB 3.0 power kat 3.7V Li-Po battery, PMIC
Oeppokpaocia Aettoupyiag: -20 to 70°C
Bapog: 590 g
Awaotdaoelg: 111 x 111 x 18mm

o O O O O
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e Aettoupylko cvotnua: Android 4.4, Debian (headless), Ubuntu, Linaro

26. MediaTek X20 Development Board

Texvika xapaktnplotikd yia to MediaTek X20 Development Board:

e Emefepyaotnic: MediaTek Helio X20 (4x Cortex-A53 @ 1.4GHz, 4x Cortex-A53 @
1.95GHz, 2x Cortex-A72 cores @ 2.5GHz ), ARM Mali-T880 GPU
e Mvnrun / AmoBnkKeutikad péoa:
o 2GBLPDDR3 RAM
o 8GBeMMC5.1
o MicroSD slot
e 'E€0d0g 0B6vNnc: HDMI port for up to 1080p @ 30Hz
e AcUppuatn Emukowwvia:
o 802.11a/b/g/n 2.4GHz & 5GHz
o Bluetooth 4.1
o GPS
e AMeg duvatotnteg Eloodou / E€EG60uU (1/0):
o 2x USB 2.0 host ports
o Micro-USB 2.0 device port
o 40-pin low-speed expansion connector (UART, 2x 12C, SPI, 12x GPIO, DC
power)
o 60-pin high-speed expansion connector (4-lane MIPI-DSI, 2-lane + 4-lane
MIPI-CSI, 2x 12C, USB)
o 16-pin analog connector for audio kat other analog
e Awootaoelg: 85 x 54mm (96Boards Consumer Edition form-factor)
e Aeltoupylkd cuotnua: Android Marshmallow 6.0

27. MinnowBoard Turbot Dual-Core / Dual-Ethernet Dual-Core

These specifications are supported by the MinnowBoard Turbot:

e Enetepyaotnc: Atom E3826 (Bay Trail-1) pe Intel HD Graphics (2x cores, @
1.46GHz, 7W TDP)
o Mvrjun: 2GB DDR3L 1333MT/s
e AnoBnkeutika péoa: 8MB SPI boot flash (for TianoCore UEFI, Coreboot, SeaBIOS,
etc.)
e Eiocoboc /E€oboc (Standard 1/0):
o MicroSD slot
o Micro-HDMI port
o Gigabit Ethernet port (RJ45)
o Dual USB ports — 1x USB 3.0 host, 1x USB 2.0 host
o 1x SATA 3Gb/sec port
e Eioodoc /E€obog ouvdeong emektaonc:
o 26-pin low-speed connector (LSE) — SPI, 12C, 12S audio, 2x UARTSs (TTL-
level), 8x GPIO (2x supporting PWM), +5V, GND
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o 60-pin high-speed connector (HSE) — 1x PCle Gen 2.0 lane, 1x SATA
3Gb/sec, 1x USB 2.0 host, 12C, GPIO, JTAG, +5V, GND
e Aoutd xapoktnplotikd: serial debug port (header), firmware flash port (header),
heatsink, ACPI 5.0 support
e Oeppokpaocia Asttoupyiag: 0 to 70°C
e Tpodobdooia:
o 5VDCinput via coaxial jack
o 5VDC output via 2-pin header
e Alaotdoelg: 99 x 74mm (3.9 x 2.9 in.)
e [otonowjoelg: FCC Part 15 Class B, CE Class B, IEC-60950, RoHS/WEEE
e Aeltoupyko ocuotnua: Debian GNU/Linux, Yocto Project Linux, Ubuntu, Android
4.4, Windows 10

28. MinnowBoard Turbot Quad-Core / Dual-Ethernet Quad-Core

TexvIKA XapaKkTnpLloTika yia to MinnowBoard Turbot Quad:

e Enefepyaotric: Atom E3845 (Bay Trail-1) pe 4x cores @ 1.91GHz, Intel HD Graphics,
10w TDP
e Mvnun: 2GB DDR3L-1067, 8MB SPI boot flash for TianoCore UEFI, Coreboot,
SeaBIOS
e AmoOnkeuTika péoa:
o MicroSD slot
o SATA Il (3Gbps)
e 'E€060¢ 0B6vNC: micro-HDMI port
e Aiktuo: Gigabit Ethernet port (Intel 1210)
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 3.0 host port
o USB 2.0 host port
o Serial console via FTDI cable
e Eilooboc /E€odog ouvdeong eméktaong:
o 26-pin low-speed connector (LSE) — SPI, 12C, I12S audio, 2x UART (TTL-
level), 8x GPIO (2x supporting PWM), +5V, GND
o 60-pin high-speed connector (HSE) — 1x PCle Gen 2.0 lane, 1x SATA 3Gbps,
1x USB 2.0 host, 12C, GPIO, JTAG, +5V, GND
e Ogpuokpaocia Aettoupyiag: TBD
e Tpododooia: 5VDC input via coaxial jack (threaded locking connector), 5VDC
output via 2-pin header
e Alootaoelg: 99 x 74mm (3.9 x 2.9 in.)
e Asttoupylko cvotnua: Debian GNU/Linux, Ubuntu, Yocto Project, Android 4.4,
Brillo, Windows 8.1/10
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29. MYS-6ULX SBC

TeXVLKA XOPOKTNPLOTIKA yia To MYS-6ULX (MYS-6ULX-IND kot MYS-6ULX-IOT):

o Enefepyaotric: NXP i.MX6 UL (MYS-6ULX-IND pe MCIMX6G2CVMOSAA SoC model)
(RR) i.MX6 ULL (MYS-6ULX-IOT pe MCIMX6Y2DVMO5AA) 1x Cortex-A7 @ up to
696MHz r} 528 MHz

e Mvnrun / AmoBnkeutikad péoa:

o 256MB DDR3, expandable to 2GB

o 256MB NAND, expandable to 512MB or 1GB
o MicroSD slot

o Reserved 4GB onboard eMMC

e AcUppatn Emukowwvia: USB-based 2.4GHz 802.11b/g/n pe antenna (MYS-6ULX-
10T only)

e Aiktuo: 10/100 Ethernet port

e AuVATOTNTEG ONMELKOVNONC:

o 24-bit RGB LCD interface pe touch support

o Optional 4.3- (resistive) kat 7-inch (resistive or capacitive) touchscreens

e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):

o USB 2.0 host port

o Micro-USB 2.0 OTG port

o Debug connector

o 2x 20-pin expansion headers — (1x Ethernet, 8x UARTSs, 4x 12C, 2x CAN, 4x
SPI, 8x ADC, 4x PWM, 2x 12S, 1x 8-bit camera, 1x JTAG, up to 46x GPIOs)

e Aouta xapoktnplotikd: 3x LEDs (2x user), reset kat user buttons, optional MYB-
6ULX baseboard

e Tpododooia: 5V DCinput

e Oeppokpaocia Asttoupyiag: 0 to 70°C (MYS-6ULX-10T), -40 to 85°C (MYS-6ULX-IND)

e Awootaoelg: 70 x 55mm

e Aettoupyko cvotnua: Linux 4.1.15 (Debian pe Alexa demo or Yocto Project pe
ported Qt)

30. NanoPC-T3 Plus

Texvika xapaktnplotikd yia to NanoPC-T3 Plus:

e Enefepyaotng: Samsung S5P6818 (8x 28nm Cortex-A53 cores @ 400MHz to
1.46GHz, Mali-400MP GPU
e  MvAun:
o 2GB DDR3 RAM
o 16GB eMMC
o Micro-SD slot for up to 128GB
e Eioodoc/E€oboc MoAupEowy:
o HDMI 1.4A port for up to 1080p
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RGB LCD
MIPI-DSI
LVDS
MIPI-CSI camera
DVP camera
o 3.5mm headphone jack kat mic interface
e AcUpuatn Emukowwvia:
o 802.11b/g/n
o Bluetooth 4.0 dual mode
o Porcelain IPX antenna
e Aiktuo: Gigabit Ethernet port (RTL8211E)
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 4x USB 2.0 (3x ports, 1x header shared pe 12S)
o Micro-USB 2.0 client port
o 30-pin GPIO header
o Serial debug header
e Aouta xapoktnplotikd: RTC, boot selection button, LEDs, heatsink pe mounting
holes, optional metal case
e Tpodobdoaia: DC/5V/2A, PMIC (Cortex-MO0) reset kat power keys
e Alaotaoelg: 100 x 64 x 11.8mm, 6-layer PCB
e Ogpuokpaocia Aettoupyiag: -40 to 80°C
e Aeltoupylkd cvotnua: Android, Debian, FriendlyCore (based on UbuntuCore 16.04
ue Qt-5.9 kat OpenGL ES1.1/2.0)

O O O O O
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31. NanoPC-T4

TexVIKA XOpaKTNELOTIKA yia to NanoPC-T4:

Enefepyaotric: Rockchip RK3399 (2x Cortex-A72 at up to 2.0GHz, 4x Cortex-A53 @
up to 1.5GHz), Mali-T864 GPU
Mvrun:
o 4GB LPDDR3 RAM (dual-channel)
o 16GB eMMC 5.1 flash
o MicroSD slot
o Optional NVME SSD via M.2 M-Key (see expansion section below)
Elcobo¢ / E€ob0¢ NoAupéowy:
o HDMI 2.0a port (pe audio kot HDCP 1.4/2.2) for up to 4K at 60Hz
DisplayPort 1.2 (via USB Type-C)
MIPI-DSI (4-lane)
eDP 1.3
2x, 4-lane MIPI-CSI (up to 13MP) pe dual ISP support
o 3.5mm analog audio I/O jack
AcUppatn Enkowvwvia:
o 802.11b/g/n/ac 2.4GHz/5GHz dual-band
o Bluetooth 4.1 dual mode
o Dual antennas
o IR receiver
Aiktuo: Gigabit Ethernet port
AAAeg Suvartotnteg Eloodou / E€6Sou (1/0):
o USB 3.0 host port
USB 3.0 Type-C port (can be used for DP)
2x USB 2.0 host ports
Serial debug UART
3x ADC (1.8V)
o 12V cooling fan interface pe PWM
Enektdoelc:
o 40-pin RPi compatible expansion header
o M.2 M-Key slot pe PCle 2.1, dual operation mode, kot M3 PCB nut for
mounting M.2 2280
Nouwna xapaktnplotikd: RTC, power, reset, recovery, boot buttons, LEDs, heatsink,
acrylic case
Tpododooia: 12V/2A DC input jack kot adapter, PMIC
Oepuokpaocia Aettoupyiag: 0 to 80°C
Bdpog: 63 gm
Awaotaoelg: 100 x 64mm, 10-layer PCB
Aeltoupykd cuotnua: Android 7.1.2, Lubuntu Desktop 16.04

O O O O

o O O O
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32. NanoPi A64

TeXVIKA XOPOKTNPLOTIKA yia To NanoPi A64:

e Eneepyaotnic: Allwinner A64 (4x Cortex-A53 cores @ 648MHz to 1.152GHz ue
DVFS), ARM Mali400-MP2 GPU pe OpenGL ES2.0, OpenVG1.1 support
e Mvnun: 1GB DDR3 RAM, microSD slot
e 000vn / Kauepa:
o HDMI 1.4 out port
o MIPI-DSI
o DVP camera
e AoUppatn Emkowvwvia: 802.11b/g/n
e Alktuo: Gigabit Ethernet port (RTL8211E)
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 2x USB 2.0 host ports
Micro-USB port (power input only) pe conversion cable
Audio out/mic jack
Serial debug
12S
o 40-pin Raspberry Pi compatible pe UART, SPI, 12C, PWM, 1/0 etc
e Aoutd xapoktnplotikd: 2x LEDs, IR receiver
e Al00oTAOoELC: 64 x 60mm
e Tpododoaia: DC 5V/2A via micro-USB, PMU (AXP803) ue software power-off,
power button
e Aeltoupytkd cuotnua: Ubuntu Core pe Qt Embedded, Ubuntu MATE

O O O O

33. NanoPiDuo

TexviKa XopaKkTnpLoTika yia to NanoPi Duo:

e Emeepyaotnic: Allwinner H2+ (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz

e MvAun: 256MB or 512MB DDR3 SDRAM

e AmoBnkeuTtikég Suvatotnteg: MicroSD slot

e AoUppatn Emwkowvwvia: 802.11b/g/n (Allwinner XR819 module) pe ecwteptkn
Kepaia

e Ailktuo: 10/100 Ethernet header

e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):

o Micro-USB OTG port pe power input

2x USB host pins

Audio I/O header

CVBS video out header

Debug serial port

o O O O

163

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



MNapaptnua «B» AvVOAUTIKA TEXVIKA XapOKTNPLOTIKA YTTOAOyLoTIKWwY Movadwv

XopunAou Oykou / Katavalwaong
o 32-pin dual-in-line interface via 2x 16-pin headers (UART, SPI, I12C, audio,
Ethernet, 10, etc.)
e Enéxtaon: Optional carrier pe 10/100 Ethernet port, 4x USB 2.0 ports, micro-USB
port, half-size mSATA interface, audio port, GPIO header
e [poalpetikég Emektdoelg: Heat sink, 8GB microSD card, converter cables, TTL to
RS232 module, 2-megapixel USB camera
e Tpododooia: 5V/2A DC via micro-USB OTG
e Oeppokpaocia Asttoupylag: -40 to 80°C
e Awootdoelg: 50 x 25.4mm
e Bapog: 7.76 g pe pin headers
e Asttoupyko cvotnua: Ubuntu 16.04 LTS Xenial pe Ubuntu Core pe Qt Embedded
image, Linux kernel 4.11.2 mainline, U-Boot

34. NanoPi K1 Plus

Texvika xapaktnplotikd yia to NanoPi K1 Plus:

e Emefepyaotnic: Allwinner H5 (4x 64-bit Cortex-A53 cores @ 400MHz to 1.4GHz) ue
Mali-450 GPU
e Mvun / AmoBnkeutika péoa:
o 2GB DDR3 RAM
o MicroSD slot for up to 128GB (bootable)
o eMMC socket
e AoUpuatn Emwowwvia: 2.4GHz 802.11b/g/n, PCB antenna
e Aiktuo: Gigabit Ethernet port (Realtek RTL8211E)
e Eiocoboc /E€obog MoAupéowv:
o HDMI 1.4 port (4K@30fps video kat audio)
o DVP camera 24-pin header
o 3.5mm audio jack pe CVBS output
o Onboard mic
o 12S/PCM via 7-pin header
e AMeg duvatotnteg Eloodou / E€EG60uU (1/0):
o 3x USB 2.0 host ports
o Micro-USB 2.0 device/OTG port pe power cable
o Serial debug 4-pin header
o 40-pin RPi 3 compatible expansion connector (I12C, GPIO, UART, PWM,
SPDIF, SPI)
e Aouta xapoktnplotikd: LEDs, IR receiver, GPIO button, heatsink, optional acrylic
case
e Tpododoaia: 5V2A DC input via micro-USB, PMIC
e Awootaoelg: 85 x 56mm
e AclToupylkod cuotnua: Images for Armbian kat FriendlyCore (based on Ubuntu
Core) pe Linux 4.x

164

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



MNapaptnua «B» AvVOAUTIKA TEXVIKA XapOKTNPLOTIKA YTTOAOyLoTIKWwY Movadwv

XopunAou Oykou / Katavalwaong
35. NanoPi K2

TeXVIKA XOPOKTNPLOTIKA yia To NanoPi K2:

e Emefepyaotric: Amlogic S905 (4x 64-bit Cortex-A53 cores @ 1.5GHz) pe Mali-450
MP2 GPU
e MvAun:
o 2GB DDR3 RAM
o MicroSD slot (bootable)
o Empty eMMC socket
e AoUppatn Emkowvwvia: 802.11b/g/n kat Bluetooth 4.0 (via Ampak AP6212),
porcelain antenna pe IPX
e Aiktuo: Gigabit Ethernet port
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 4x USB 2.0 host ports
o Micro-USB 2.0 device/OTG port pe power support
o Full-sized HDMI 2.0 out Type-A port (4K@60fps video kat audio)
o 40-pin GPIO expansion connector (I12C, ADC, GPIO, UART, PWM, SPDIF,
CVBS)
o Serial debug port
o 12S audio connector
e Noutd xapaktnplotika: LEDs, IR receiver, “user” power key, remote control,
mounting holes for heatsink
e Tpododooia: 5V2A DC input
e Alootaoelg: 85 x 56mm
e Aeltoupylkd cvotnua: Android 5.1 image, Ubuntu in development

36. NanoPi M1 Plus

Texvika xapaktnplotika yia to NanoPi M1 Plus:

e Emeepyaotnic: Allwinner H3 (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz, 256KB L1, 1IMB L2 cache
e Mvnun / AmoBnkeutikad péoa:
o 1GB DDR3 SDRAM
o 8GBeMMC
o MicroSD slot
e AoUppatn Emkowvwvia: 802.11 b/g/n kat dual-mode Bluetooth 4.0 pe antenna IPX
interface
e Aiktuo: Gigabit Ethernet port
e Eiocodoc /E€obdog MoAupéowv:
o HDMI 1.4a output pe audio
o 3.5mm CVBS A/V output pe composite kat stereo audio
o DVP camera interface
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o Onboard mic
e AMeg duvatotnteg Eloodou / E€E660uU (1/0):
o 2x USB 2.0 host ports
USB 2.0 host header
Micro-USB 2.0 OTG port (ue power input)
Debug serial port header
40-pin, RPi compatible GPIO connector for UART, SPI, 12C, 12S/PCM, SPDIF-
OUT, etc.
e Noutd xapaktnplotikd: IR receiver, power & status LEDs, numerous options
e Tpodoboaoia: DC barrel jack, +5V @ 2A (max.), supports micro-USB input, power
kat reset buttons
e Al00TAOELG: 64 x 60mMmm
e Asttoupyko cvotnua: Ubuntu MATE, Ubuntu Core, Debian, Android

o O O O

37. NanoPi M2A

TeXVIKA XOpaKTNPLOTIKA yia To NanoPi M2A:

e Emefepyaotnic: Samsung S5P4418 (4x Cortex-A53 cores @ 400MHz to 1.4GHz, 3D
GPU)
e MvnAun: 1GB DDR3 RAM, microSD slot
e AoUppatn Emwowvwvia: 802.11b/g/n, Bluetooth 4.0 dual mode, porcelain antenna
IPX interface
e Aiktuo: 10/100/1000 Ethernet port
e Eiocoboc /E€odog MoAupéowv:
o HDMI 1.4a port
LCD interface
LVDS interface
DVP camera interface
3.5mm audio jack
I2S audio interface
o Onboard mic
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 2x USB 2.0 host ports
2x USB 2.0 host headers
Micro-USB 2.0 client port
Debug serial port header
40-pin, Raspberry Pi compatible GPIO connector for UART, SPI, 12C, PWM
etc.
e Aoutd xapoktnplotikd: Power kal reset buttons, power kat status LEDs
e Tpodobooia: DC barrel jack, +5V @ 3A, RTC Battery header, AXP228 PMU
e Alaotdoelg: 64 x 60mm
e Aettoupylko cvotnua: Android 4.4 / 5.1, Debian 8.1, Ubuntu Core (Qt)

o O O O O

o O O O
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38. NanoPi Fire3

Texvika xapaKktnpLotikd yia to NanoPi Fire2A kat NanoPi 2 Fire3:

e Enefepyaotnic:
o NanoPi Fire2A: Samsung S5P4418 (4x Cortex-A9 @ 400MHz to 1.4GHz), 3D
GPU
o NanoPi Fire3: Samsung S5P6818 (8x Cortex-A53 @ 400MHz to 1.4GHz),
Mali-400 MP GPU
e Mvnun / AmoBnkeutikeég dSuvatotnteg: 512MB (Fire2A) or 1GB (Fire3) DDR3,
microSD slot
e Eiocodoc /E€odog MoAupéowv:
o Micro-HDMI 1.4a port
o LCD interface pe full-color RGB 8-8-8
o DVP camera interface (includes ITU-R BT 601/656 8-bit, 12C, kat I/O
e Aiktuo: Gigabit Ethernet port (Realtek RTL8211E)
e AM\eg Suvatotnteg Eloodou / EEG60u (1/0):
o USB 2.0 port
o Micro-USB port pe data kot power support
o Debug/serial interface
o 40-pin RPi-compatible expansion interface pe UART, SPI, 12C, PWM, I/O
etc.
e Aouta xapoaktnplotikd: RTC e battery backup, 2x LEDs, power kat reset buttons,
optional heatsink, capacitive touchscreens, katL camera
e Tpododoaia: 5V/2A via micro-USB, PMIC (Cortex-M0 MCU)
e Alaotdoslg: 75 x 40mm
e Aeltoupylkd cuotnua: Debian, Android (image only for Fire3), FriendlyCore (based
on Ubuntu Core 16.04)

39. NanoPi Neo

Texvika xopaktnpLotika yia to NanoPi Neo:

e Enefepyaotnic: Allwinner H3 (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz, 256KB L1, 1MB L2 cache
e MvApun : 256MB or 512MB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: MicroSD slot
e Aiktuo: 10/100Mbit Ethernet port
e AM\ec Suvatotnteg Eloodou / E€E660u (I/0):
o USB 2.0 host port
Micro-USB 2.0 OTG port (pe power input)
Debug serial port header (4-pin)
12-pin GPIO pe 2x USB, IR, mic, line-out, SPDIF, power, etc.,
24-pin GPIO ue UART, SPI, 12C, PWM etc.

O O O O
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e Tpodobooia: +5V @ 2A via micro-USB input or GPIO
e Alaotdoelg: 40 x 40mm
e Aeltoupytkd cuotnua: Ubuntu Core, pe Qt Embedded kat Linux 3.4 kernel

40. NanoPiNeo2-LTS

TeXVIKA XopaKTNPELOTIKA Yo To NanoPi Neo2:

e Enefepyaotnq: Allwinner H5 (4x Cortex-A53 @ 1.2GHz), ARM Mali-450 hexa-core
GPU (unused in this design), 512KB L2 cache
e Mvrpn: 512MB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: MicroSD slot
e Aiktuo: 10/100/1000Mbit Ethernet port
e AM\ec Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 2.0 host port
2x USB 2.0 headers
Micro-USB 2.0 OTG port (pe power input)
Debug serial port header (4-pin)
Audio in kat out header
12-pin GPIO ue USB, IR, 12S etc.,
o 24-pin GPIO pe UART, SPI, 12C, etc. compatible pe RPi’s first 24 pins
e Aoutd xapoKtnplotika: LEDs
e Tpodobooia: +5V @ 2A via micro-USB input or GPIO
e Awootaoelg: 40 x 40mm
e Asttoupylko cvotnua: Ubuntu Core, Armbian, U-boot available

o O O O O

41. NanoPi Neo Air

Texvika xapaktnplotikad yia to NanoPi Neo Air:

e Enetepyaotnq: Allwinner H3 (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz, 256KB L1, 1MB L2 cache

e Mvrun: 512MB DDR3 SDRAM
e AmoBnkeutikég Suvatodtntes: 8GB eMMC, microSD slot
e AoUpuatn Emkowvwvia: 802.11b/g/n, dual-mode Bluetooth 4.0, IPX ant.
e AMeg duvatotnteg Eloodou / E€EG60uU (1/0):

o Micro-USB 2.0 OTG port (pne power input)
Debug serial port header (4-pin)
DVP camera interface pue optional 5MP or 2MP cam modules
12-pin GPIO pe 2x USB, IR, mic, line-out, SPDIF, power, kAmt
24-pin GPIO pe UART, SPI, 12C, GPIO, etc.

o O O O
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e [poalpetikég Emektaoelc: heat sink, case, RTC, GPS, sensors, kATt
e Tpodobooia: +5V @ 2A via micro-USB input or GPIO
e Alaotaoelc: 40 x 40mm
e Bapocg: 7.5 g w/o pin headers, 9.7 g w/ headers
e Aeltoupylkd cvotnua: Ubuntu Core, pe U-Boot

42. NanoPi Neo Plus2

Texvika xapaktnplotika yta to NanoPi Neo Plus2:

e Emefepyaotnc: Allwinner H5 (4x Cortex-A53 @ 1.5GHz), ARM Mali-450 hexa-core
GPU, 512KB L2 cache
e Mvnun / AmoBnkeutikad pHéoa:
o 1GB DDR3 SDRAM
o 8GBeMMC
o MicroSD slot
e AoUpuatn Emwkowvwvia: 802.11b/g/n plus Bluetooth 4.0 dual mode (Ampak
AP6212), ext. antenna
e Aiktuo: 10/100/1000Mbps Ethernet port
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 2.0 host port
Micro-USB port (pe power input)
Debug serial port header (4-pin)
Audio in kat out header
12-pin GPIO pe USB, IR, 12S etc.
o 24-pin GPIO pe UART, SPI, 12C, etc. compatible pe RPi’s first 24 pins
e Aoutd xapoKTnpLloTka: LEDs
e Tpododooia: +5V @ 2A via micro-USB input or GPIO
e Alootaoelc: 52 x 40mm, 6-layer
e Asltoupylkod cuotnua: Ubuntu Core, U-boot, etc.

o O O O

43. Odroid-CO

TeXVIKA XopaKTnpeLoTikA yia to Odroid-COo:

e Emefepyaotnic: Amlogic S805 (4x Cortex-A5 cores @ 1.5GHz) pe dual-core Mali-450
MP2 GPU, 1080p video accelerator
e Mviun:
o 1GB DDR3 RAM
o MicroSD slot (supports faster UHS-1 cards)
o eMMC 4.5 socket pe optional module up to 64GB
e AM\eg Suvatotnteg Eloodou / EEG60u (1/0):
o 2x unpopulated USB 2.0 host ports
o Full-sized HDMI out Type-A port (video kat audio)
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o 40-pin, Pi-compatible, unpopulated GPIO expansion connector
(GPIO/UART/SPI/12C/ADC)
o IR receiver
o Serial console port (unpopulated)
o 125 audio interface (unpopulated)
e Aouta xapoktnplotikd: LEDs, IR receiver (unpopulated), RTC, optional Connector
Kit, optional USB-based 720p camera, WiFi USB dongle, heatsink, etc.
e Tpodobdooia:
o 5V2A DC input pe optional $7 plug
o DC/DC step-down Kka step-up converters
o 3.7V Li-ion or Li-Polymer battery connector pe optional, $12 3000mAh
battery
o Power button
o Typical 0.5A consumption, 2A max
o Battery voltage level is accessible via ADC in the SoC
e ALOOTAOELG: 65 X 56mm
e Acltoupylkod cuotnua: Android 4.4.x kat Ubuntu 14.04 images, Arch Linux, Debian
koL OpenELEC

44, Odroid-C1+

TeXVIKA XOpaKTNPLOTIKA yia To Odroid-Cl1+:

e Emefepyaotnic: Amlogic S805 (4x Cortex-A5 cores @ 1.5GHz) pe dual-core Mali-450
MP2 GPU, 1080p video accelerator
e Mviun:
o 1GB DDR3 @ 792MHz
o MicroSD slot pe optional 8GB or 16GB UHS-1 card
o eMMC 4.5 socket pe optional module up to 64GB
e Aiktuo: Gigabit Ethernet port (Realtek RTL8211F) pe Audio-MDIX support
e AMeg duvatotnteg Eloodou / E€E660u (1/0):
o 4x USB 2.0 host ports
Micro-USB 2.0 device/OTG port pe power support
Full-sized HDMI out Type-A port (video kat audio)
40-pin GPIO expansion connector (GPIO/UART/SPI/12C/ADC)
ADC 10-bit SAR interface (2x channels)
Serial console port
o 12S audio bus
e Aouta xapoktnplotikd: Standard heatsink, LEDs, IR receiver, RTC, optional USB-
based 720p camera, optional WiFi USB dongle, optional $16 Tinkering Kit pe
breadboard etc.
e Tpododooia: 5V2A DC input, 2-3W consumption (uses less than 0.5A in most
cases, but can climb to 2A if many passive USB peripherals are attached)
e Awootaoelg: 85 x 56mm (3.4 x 2.2 in.)

o O O O O
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e Aettoupylko cvotnua: Android 4.4.x, Ubuntu 14.04, both run on Linux Kernel 3.10
LTS

45. Odroid-C2

Texvika xapaktnplotikd yia to Odroid-C2:

e Emnefepyaotric: Amlogic S905 (4x 64-bit Cortex-A53 cores @ 1.5GHz) pe penta-core
Mali-450 MP2 GPU (3x fragment/pixel cores plus 2x vertex shader cores)
e MvApun:
o 2GBDDR3 @ 912MHz
o MicroSD slot UHS-1 @83Mhz pe optional 8GB or 16GB UHS-1 card or
optional Emmc 4.5 storage up to 64GB
e Aiktuo: Gigabit Ethernet port
e AM\eg Suvartotnteg Eloddou / E€EGSou (1/0):
o 4x USB 2.0 host ports
Micro-USB 2.0 device/OTG port pe power support
Full-sized HDMI 2.0 out Type-A port (4K/60Hz kot audio)
40+7-pin GPIO expansion connector (GPIO/UART/I12S/12C/ADC)
ADC 10-bit SAR interface (2x channels)
Serial console port
o 12S audio bus
e Aoutd xapoaktnplotikd: Standard heatsink, LEDs, IR receiver
e Tpododooia: 5V2A DC input, consumes less than 0.5A in most cases, but can climb
to 2A if many passive USB peripherals are attached)
e Awootaoelc: 85 x 56mm (3.4 x 2.2 in.)
e Bapog:40g
e Aeltoupylkd cvotnua: Ubuntu 16.04 (mposykateotnuévo) kat Android 5.1 (both
based on Linux Kernel 3.14 LTS)

O O O O O

46. Odroid-N1

(*ExeL otapatoel n mapaywyn Tou Aoyw mpoBAnudtwy Pe tnv Tpododocia tng PvAuUng

kat Ba aviikataotadel pe to Odroid-N2)

Texvika xapakTnploTikad yia to Odroid-N1:

e Emefepyaotnic: Rockchip RK3399 (2x Cortex-A72 @ 2.0GHz, 4x Cortex-A53 @
1.5GHz), Mali-T860 MP4 GPU pe OpenGL ES1.1/2.0/3.0, OpenCL 1.2
e Mvnrun / AmoBnkKeutikad péoa:
o 4GB DDR3-1866 dual-channel RAM
o eMMC5.1 flash (amount unspecified but debug model has 16GB)
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o MicroSD slot pe UHS support
o 2x native SATA lll via PCle Gen2
e 'E€obog 0B6vNng: HDMI 2.0 out port for up to 4K
e Aiktuo: Gigabit Ethernet port
e AM\eg Suvatotnteg Eloodou / E€EG60u (I/0):
o 2x USB 3.0 ports
o 2x USB 2.0 ports
o Serial console interface
o Eloodog/E€odog ouvbeong eméktaong: 40-pin GPIO expansion header
e /\OUTA XapOKTNPLOTLIKA: passive or active heatsink, acrylic case, SPI boot, reset, kat
power switches
e Tpodobdooia: 12V at 2A jack (Attaching two 3.5inch HDD requires a 12V/4A PSU.),
RTC, PMIC, battery, possible addition of IR receiver
e Alootaoelg: 99 x 99 x 20mm (excluding cooler)
e Acltoupylkd cuotnua: Android 7.1, as well as Ubuntu 18.04 or Debian Stretch 9.3
ue Kernel 4.4 LTS (possibly Kernel 4.14)

47. Odroid-XU4

TexVIKA XapaKTnPELOTIKA yia To Odroid-XU4:

Ene€epyaotng: Samsung Exynos5422 Octa SoC:
o CPUs — 4x ARM Cortex-A15 cores @ 2.0GHz + 4x Cortex-A7 cores @
1.4GHz
o GPU — Mali-T628 MP6 (OpenGL ES 3.0/ 2.0/ 1.1 kot OpenCL 1.1 full
profile)
e MvAun: 2GB LPDDR3
e AmoBnkeuTika péoa:
o MicroSD slot
o eMMC 5.0 socket pe optional data card at up to 64GB (Toshiba) or up to
43GB (Sandisk iNAND Extreme)
e AocUppuatn Emkowvwvia: Optional USB module for 802.11b/g/n pe antenna,
optional USB Bluetooth kat GPS modules
e Aiktuo: Gigabit Ethernet
e AM\ec Suvatotnteg Eloodou / E€EG60u (1/0):
o HDMItype A
2x USB 3.0 host
USB 2.0 host
Serial console (debug)
30-pin 1/O connector
o 12-pin GPIO connector (GPIO, 12C, 12S)
e Noutd xapaktnplotikd: RTC, LED, active cooling fan pe PWM, various plastic cases
kal enclosures, weather, expansion, kat USB I/O daughter-card options, optional

o O O O
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Oduino One Arduino kat AHRS extensions, USB camera kal audio adapters,
optional shifter shield

e Tpodobooia: 5V @ 4A, PMIC

e AL0OTAOELG: 82 X 58 x 22 mm

e Bapog: 38 g (60 g pe cooler fan)

e Asttoupykd cvotnua: Android 4.4.2 on Linux Kernel LTS 3.10, Ubuntu 15.04 +
OpenGL ES + OpenCL on Kernel LTS 3.10, experimental Android 5.1 kat mainline
Linux 4.2 RC1 builds available

48. Orange Pi 2G-10T

TexvIKA XapakTnpLloTikd yla to Orange Pi 2G-I0T:

e Enefepyaotng: RDA8810PL (1x Cortex-A5 at up to 1GHz), Vivante GC860 GPU
e Memory (via RDA8810PL) — 256MB LPDDR2 RAM, 500MB NAND flash
e AnoBnkeutikd péoa: microSD slot
e AcUppuatn Emkowwvia:
o WIiFi (2.4GHz 802.11b/g/n), Bluetooth 2.1 + EDR, kat FM via RDA5991
module
o 2G GSM/GPRS/EDGE (via RDA8810PL)
o 2Gantenna
o SIM card slot
e Eiocoboc /E€obog MoAupéowv:
o LCD interface
o MIPI-CSl interface
o Audio jack pe mic, FM
o Optional speaker
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 2.0 host port
o Micro-USB OTG port
o GPIO (1x3) header
o 40-pin RPi-compatible expansion connector
o Debug UART ue debug selector switch
e AOUTd XapoKTNPLOTIKA: Boot selector
e Tpodoboaoia: 5V input jack or micro-USB OTG, optional battery input, power

button
e Oeppokpaocia Asttoupylag: -10 to 65°C
e Bapog:2lg

e Al0OTAOELC: 68 X 42mm
e Aeltoupylkd cuotnua: Android 4.4, Ubuntu, Debian, RPi image
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49. Orange Pi 3G-10T-B

TeXVIKA XOpaKTNPLOTIKA yia To Orange Pi 3G-I0T:

e Enefepyaotnic: MediaTek MT6572 (2x Cortex-A7 @ 1.2GHz), Mali-4000 MP1 GPU
e Mvnun / AmoBnkeutikad péoa:
o 512MB DDR2
o 4GB eMMC
o MicroSD slot pe hot-plug support
e AcUppatn Emkowwvia:
o WIiFi, Bluetooth, FM, kat GPS combo module
o 3G — GSM 850/900/1800/1900, WCDMA B1/B2/B5/B8, TD-CDMA,
CDMA2000
o Mini-SIM card slot
o WIFi/BT antenna connectors (ext. antennas may be optional)
e Eiocoboc /E€odog MoAupéowv:
o LCD interface (FWVGA via FPC zif connector) pe capacitive touch
o MIPI-CSI camera interface
o 3.5mm earphone audio jack
o Mic
o Optional speaker
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 2.0 host port
o Micro-USB port pue power support
o 40-pin expansion header
e Aoutd xapaktnplotika: 2x LEDs
e Tpododoaia: 5V 2A via micro-USB, power button, optional battery
e AL0OTAOELG: 68 X 52mm
e Acltoupylkod cuotnua: Android 4.4 pe C, C++, Kotlin, Java, Shell, kat Python
support
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50. Orange Pi4G-10T

TexviKa XopaKTnpLOoTIKA yia to Orange Pi 4G-I0T:

e Enefepyaotric: MediaTek MT6737 (4x Cortex-A53), Mali-T720 MP1 GPU
e Mvnun / AmoBnKeuTIKA pHéoa:
o 1GB of DDR3
o 8GB of eMMC
o MicroSD slot pe hot-plug support
e Eiocoboc /E€odog MoAupéowv:
o HDMI port for HD resolution
o LCD interface ue capacitive touch support
o 13-megapixel camera interface (25-pin ZIF)
o 3.5mm earphone Ul/O audio jack
o Mic
e AcUppatn Emukowwvia:
o WIiFi, Bluetooth, FM, kait GPS combo module
o 4G LTE module (FDD-LTE B1/B2/B3/B4/B7/B17/B20, TDD-LTE
B38/B40/B41B, GSM 850/900/1800/1900, WCDMA B1-BS,
o Mini-SIM card slot
o Diversity receiving part (antenna connector)
o Antennas (may be optional)
e AM\eg Suvatotnteg Eloodou / EEG60u (I/0):
o 3x USB OTG host ports
o Micro-USB port (only for writing image)
o 40-pin expansion header (2x UART, 3x 12C, 2x SPI, 1.8V)
e Noutd xapaktnplotikd: IR receiver, 2x LEDs, PRX receiver for attaching fingerprint
reader
e Tpodoboaoia: 5V 2A input, power button, battery supported
e Bdpog:425¢g
e Awootaoelg: 85 x 55mm
e Aeltoupylkd cuotnua: Android 6.0 pe C, C++, Kotlin,Java, Shell, kat Python support

51. OrangePiio6

TeXVIKA XOPOKTNPLOTIKA yia To Orange Pi i96:

e Enefepyaotric: RDA Microelectronics RDA8810PL (1x Cortex-A5 at up to 1GHz),
Vivante GC860 GPU

e MvnAun: 256MB LPDDR2 RAM, 500MB NAND flash

e AnoBnkeutikd péoa: microSD slot

e AcUppuatn Emukowwvia:
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o WIiFi (2.4GHz 802.11b/g/n), Bluetooth 2.1 + EDR, kat FM via RDA5991
module
o Antenna
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 2.0 host port
o Micro-USB OTG port
o MIPI-CSl interface
o GPIO (1x3) header
o 40-pin expansion connector
e /outa xapoKtnplotikd: Boot selector, LED
e Tpodobdooia: 5V via micro-USB, optional battery input, power button
e Awootaoelg: 60 x 30mm
e Aeltoupylkd cuotnua: Android 4.4, Ubuntu, Debian, Raspbian

52. Orange Pi Lite

TexvIKA XapakTnpLloTikad yia to Orange Pi Lite:

e Enetepyaotnq: Allwinner H3 (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MHz, 256KB L1, 1MB L2 cache
e Mvrun: 512MB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: microSD slot (up to 64GB)
e AcUppuatn Ermukowwvia: WiFi pe kepaia
e Eiocoboc /'E€obog MoAupéowv:
o HDMI output — supports audio, HDCP, CEC, 30 function
o Camera interface — CSl input supports 8-bit YUV422 CMOS sensor
interface, CCIR656 protocol for NTSC kat PAL, SM pixel camera sensor, kat
video capture at up to 1080p@30fps
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 2x USB 2.0 Host port
o Micro-USB 2.0 OTG port (does not support DC power input)
o GPIO connector pe 3x GPIO lines
e Eioodoc /E€obog ouvdeong emektaonc: 40-pin header compatible pe Raspberry Pi
B+
e Aouta xapoKktnplotika: power & status LEDs, power button
e Tpodoboaoia: DC barrel jack, +5V @ 2A (max.)
e AL0OTAOELG: 69 X 48mm
e Bapog: 36gm
e Acltoupylkod cuotnua: Android 4.4, Ubuntu, Debian, Raspbian
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53. Orange Pi One Plus

TexviKaA XopaKTnpLOTIKA yia to Orange Pi One Plus:

e Enefepyaotnq: Allwinner H6 (4x Cortex-A53), ARM Mali-T720 MP2 GPU pe
OpenGL ES3 kat DirectX 11
e Mvnun: 1GB LPDDR3 RAM
e AmoBnkeutikég Suvatotnteg: microSD slot (up to 32GB)
e Aiktuo: 10/100/1000Mbit Ethernet port
e AM\ec Suvatotnteg Eloodou / EE660u (I/0):
o HDMI 2.0a pe audio kat HDCP 2.2 output
USB 2.0 host port
Micro-USB 2.0 OTG port pe power input
Mic input
3-pin GPIO pe UART kat ground
o 26-pin GPIO expansion connector
e Aoutd xapaktnplotika: IR receiver, power kat status LEDs
e Tpodoboaia: DC barrel jack pe +5V @ 2A, PMU (AXP805), power button
e Bapog:45g
e AL0OTAOELC: 68 X 48mm
e Aeltoupylkd cuotnua: Android 7.0, Ubuntu kat Debian images

O O O O

54. Orange PiPC / PCPlus

TeXVIKA XOpaKTNPLOTIKA YL To Orange Pi PC:

e Enetepyaotnq: Allwinner H3 (4x Cortex-A7 @ 1.6GHz), ARM Mali-400 MP2 GPU
@600MHz, 256KB L1, 1IMB L2 cache
e Mvrun: 1GB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: microSD slot (up to 64GB)
e Ailktuo: 10/100Mbit Ethernet (RJ45)
e Eiocoboc /E€odoc MoAupéowv:
o HDMI output — supports HDCP, CEC, 30 function, kat integrated CVBS
(allows simultaneous output of HDMI kat CVBS)
A/V output on 3.5 mm jack
Mic input
Camera interface — CSl input supports 8-bit YUV422 CMOS sensor
interface, CCIR656 protocol for NTSC kat PAL, SM pixel camera sensor, Kot
video capture at up to 1080p@30fps
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 3x USB 2.0 Host ports
o 1x USB 2.0 OTG port (does not support DC power input)
o GPIO connector pe 3x GPIO lines
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o Debug UART header (TTL level)
o IR receiver
e Eiooboc /E€odog ouvdeong eméktaong: 40-pin header compatible pe Raspberry Pi
B
e Aoutd xapoktnplotikd: power & status LEDs, power button
e Tpododooia: DC barrel jack, +5V @ 2A (max.)
e Awootaoelg: 85 x 55mm
e Bapog: 38gm
e Aeltoupylkd cuotnua: Android 4.4, Ubuntu, Debian, Raspbian

55. Orange PiPC2

TeXVIKA XopaKTnPELOTIKA yia To Orange Pi PC 2:

e Emeepyaotnic: Allwinner H5 (4x Cortex-53), 512KB L2 cache, ARM Mali-450 MP2
GPU (6x cores)
e Mvnun / AmoBnkeutikég Suvatdtnteg: 1GB DDR3 SDRAM, 8MB NOR flash,
microSD slot (up to 64GB)
e Aiktvo: 10/100/1000 Mbps Ethernet (RJ45)
e Eiocoboc /E€odog MoAupéowv:
o HDMI output — supports HDCP, CEC, 30 function, kat integrated CVBS
(allows simultaneous output of HDMI kot CVBS)
A/V output on 3.5mm audio jack
Mic input
Camera interface — CSl input supports 8-bit YUV422 CMOS sensor
interface, CCIR656 protocol for NTSC kat PAL, SM pixel camera sensor, kat
video capture at up to 1080p@30fps
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 3x USB 2.0 Host ports
o Micro USB 2.0 OTG port (does not support DC power input)
o GPIO connector pe 3x GPIO lines
o Debug UART header (TTL level)
o IR receiver
e Eloodoc/E€obo¢ ouvdeonc eméktaong: 40-pin header compatible pe Raspberry Pi
B
e /\outd xapaktnplotika: power & status LEDs, power button
e Tpodobooia: DC barrel jack, +5V @ 2A (max.)
e Awootdoelg: 85 x 55mm
e Bdpog: 38gm
e Asettoupylko cvotnua: Android 5.1, Ubuntu, Debian, Raspbian
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56. Orange PiPrime

TeXVIKA XOpaKTNPLOTIKA yLa To Orange Pi Prime:

e Eneepyaotnic: Allwinner H5 (4x Cortex-A53), ARM Mali-450 MP2 GPU
e Mvnun / AmoBnkeutikég Suvatdtnteg: 2GB DDR3 SDRAM, 2MB NOR flash,
microSD slot (up to 64GB)
e AoUppatn Emkowvwvia: 802.11b/g/n kat Bluetooth 4.0, antenna
e Aiktuo: 10/100/1000Mbps Ethernet port
e Eiocoboc /E€odog MoAupéowv:
o HDMI port (supports audio, HDCP, CEC, 30 function)
RCA/CVBS/AV output (via 3.5mm audio output)
3.5mm audio output
Mic input
MIPI-CSI input pe 8-bit YUV422 CMOS interface, CCIR656 protocol for NTSC
kot PAL, SM pixel camera sensor, kat capture at up to 1080p@30fps
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o 3x USB 2.0 host ports
o Micro-USB 2.0 OTG port
o GPIO connector pe 3x GPIO lines
o Debug UART header (TTL level)
o IR receiver
e Eiocoboc /E€odog ouvdeong eméktaong: 40-pin header compatible pe Raspberry Pi
e /\outd XapaKTnpELloTKA: upgrade key
e Tpodobooia: 5V DC jack, power kat reset switches
e Oeppokpaocia Asttoupyiag: -10 to 65°C
e Alootaoelg: 98 x 60mm
e Bdpoc:48¢g
e Aeltoupytkd cuotnua: Android 5.1, Ubuntu, Debian, Raspbian

O O O O

57. Orange PiR1

TexVIKA XapaKkTnpLloTikd yia to Orange Pi R1:

e Emeepyaotnic: Allwinner H2 (4x Cortex-A7 @ 1.2GHz), ARM Mali-400 MP2 GPU
@600MH
e MvApun: 256MB DDR3 SDRAM
e AmoBnkeutikég Suvatotntes: MicroSD slot up to 32GB, 16MB SPI flash
e AoUppatn Emkowvwvia: 802.11b/g/n (Realtek RTL8189ETV), antenna
e Aiktuo: 2x 10/100 Ethernet ports (1x Realtek RTL8152B, 1x via USB)
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o Micro-USB 2.0 OTG port (pe power input)
o GPIO (1x3) pin
o Serial debug interface
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13-pin function interface (TV out, mic, earphone, mic, 2x USB 2.0, IR)
26-pin header compatible pe Raspberry Pi B+

Aound xapaKtnplotikad: power & status LEDs
Tpododooia: 5V via micro-USB OTG, power button
Alaotaoelc: 60 x 45mm

Bdpocg:35g

Aeltoupykod cuotnua: Android 4.4, Ubuntu, Debian

Orange Pi RK3399

TeXVIKA XOpOKTNPLOTIKA yLa To Orange Pi RK3399:

Enefepyaotric: Rockchip RK3399 (2x Cortex-A72 at up to 2.0GHz, 4x Cortex-A53),
Mali-T860 GPU
MvAun:
o 2GB DDR3 RAM
o 16GB eMMC flash
o MicroSD slot
o mMSATA interface (plus optional 2nd interface via mini-PCle)
006vn / Kapepa:
o HDMI 2.0 out port pe audio for up to 4K at 60Hz
HDMI input port
DisplayPort 1.2 pe audio for up to 4K at 60Hz
2x MIPI-DSI at up to 2560x1600 at 60fps
eDP 1.3 (4-lane)
2x MIPI-CSI (up to 13MP)

o O O O O

‘Hyog:
3.5mm analog audio I/0 jack
SPDIF output
Mic input pe mic array interface
Speaker pe 1.5W per channel
12S 8-channel audio 1/O
o HDMI kot DP (see Display above)
AcUppuatn Emkowwvia:
o 802.11b/g/n/ac 2.4GHz/5GHz dual-band 2x2 MIMO (Broadcom AP6356S)
o Bluetooth 4.1 pe BLE (Broadcom AP6356S)
o SIM card slot
o IR receiver module
Aiktuo: Gigabit Ethernet port (Realtek RTL8211E)
AM\ec Suvartotnteg Eloodou / EEG60u (I/0):
o USB 3.0 Type-C port
o 4x USB 2.0 host ports
o Serial console debug
o Reserved 4x 12C, 5x GPIO, 2x UART, SPI

O O O O O
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Emektaoelc:
o 40-pin expansion header
o Mini-PCle slot for USB, LTE, or mSATA

e Aouta xapoktnplotikd: Power, reset, recovery, menu, return, volume buttons,
LEDs, Sensors: Gyro, Gyro/G-Sensor, Compass, HALL sensor, light sensor

e Tpodobooia: 12V at 2A kat 5V at 2A inputs via DC jacks (also supports 5V at 2A via
USB Type-C), 2x 7.4V batteries, PMIC

e Bapoc:99 gm

e AlooTtaoelg: 129 x 99 mm

e Aeltoupylkod cuotnua: Android 6.0

59. Orange Pi Win Plus / Win

TeXVIKA XOpOKTNPLOTIKA yia to Orange Pi Win/Win Plus (1GB /2GB RAM):

e Emeepyaotnic: Allwinner A64 (4x Cortex-A53), ARM Mali-400 MP2 GPU
e Mvnun / AnoBnkeutikég dSuvatotnteg: 2GB DDR3 SDRAM, 2MB NOR flash,
optional eMMC, microSD slot (up to 64GB)
e AocUppuatn Emwowvwvia: 802.11b/g/n kat Bluetooth 4.2 (via Ampak AP6212),
antenna
e Aiktuo: 10/100/1000 Mbps Ethernet port
e Eiocoboc /E€odog MoAupéowv:
o HDMI port (supports audio, HDCP, CEC, 30 function, kat MIPI LCD)
LCD interface
Mic input
3.5mm audio output
MIPI-CSI input pe 8-bit YUV422 CMOS interface, CCIR656 protocol for NTSC
kot PAL, SM pixel camera sensor, kal capture at up to 1080p@30fps
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o 4x USB 2.0 host ports
o Micro-USB 2.0 OTG port
o GPIO connector pe 3x GPIO lines
o Debug UART header (TTL level)
o IR receiver
e Eloodoc/E€obo¢ ouvdeonc eméktaong: 40-pin header compatible pe Raspberry Pi
e /\outd XapaKTnpLloTka: power & status LEDs
e Tpodoboaoia: 5V DC jack, battery connector, PMU, power Kkat reset switches
e Oeppokpaocia Asttoupyiag: -10 to 65°C
e Awootdoelg: 93 x 60mm
e Bdpoc:48¢g
e Aettoupylko cvotnua: Android 6.0, Ubuntu Desktop / Server Xenial, Debian Server
Jessie, Rasbian kat dAAa Aettoupykd ZuoTtripota

o O O O

60. Orange PiZero H2+ / Zero Plus 2 H3 / Zero Plus 2 H5

Texvikad xapaktnpLoTikd yia to Orange Pi Zero Plus 2 kat Zero Plus 2 H5:
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Enegepyaotng: Choice of two Allwinner SoCs:
o Orange PiZero Plus 2 — Allwinner H3 (4x Cortex-A7 @ 1.2GHz), ARM Mali-
400 MP2 GPU
o Orange PiZero Plus 2 H5 — Allwinner H5 (4x Cortex-A53 @ 1.2GHz), ARM
Mali-450 MP2 GPU
e Mvrpn: 512MB DDR3 SDRAM
e AnoBnkeutikég Suvatotnteg: MicroSD slot up to 64GB, 8GB eMMC
e AcUppatn Emukowwvio: 802.11b/g/n kat Bluetooth 4.2 (Ampak AP6212 module),
antenna
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o HDMI port pe 4K, HDCP, CEC, kat HDMI 30 support
MIPI-CSl interface
Micro-USB 2.0 OTG port (pe power input)
GPIO (1x3) pin
Serial debug interface
13-pin function interface (TV out, mic, earphone, mic, 2x USB 2.0, IR)
o 26-pin header compatible pe Raspberry Pi B+
e /\outd XxapaKktnploTtika: power & status LEDs
e Tpodoboaia: via micro-USB OTG
e Awootdoelc: 48 x 46mm
e Bapog:20g
e Aeltoupylkd cvotnua: Android, Ubuntu, Debian, Raspbian

o O O O O

61. 0SD3358-SM-RED

TeXVIKA XOpaKTNPLOTIKA Yo To OSD3358-SM-RED:

e Enetepyaotnq : Tl Sitara AM335x (1x Cortex-A8 @ 1GHz), PowerVR SGX530 GPU,
32-bit 200MHz Cortex-M3 based programmable real-time units (PRUs)
e Mvnun: (via Octavo OSD3358 SiP) — 512MB DDR3 RAM
e AnoBnkeutikég Suvatotnteg: 16GB eMMC, microSD slot pe card
nipogykateotnuévo pe Debian kat drivers
e 'E€obog 0B66vnc: Micro-HDMI port
e Aiktuo: 10/100/1000 Ethernet port
e AM\ec Suvatotnteg Eloodou / EE660u (1/0):
o 4x USB 2.0 host/device ports
o Micro-USB client port
o UART kat JTAG
o 2x BeagleBone Black Cape compatible expansion connectors
e Aouta xapoKtnplotikd: 9-axis IMU, barometer kat temperature sensors, 4x LEDs,
TPM kat secure NOR (currently not supported)
e Tpodoboaoia: 5V input, LiPo battery connector, power kat reset buttons, PMIC (via
0SD3358 SiP)
e Alootaoelg: 108 x 54 x 32mm
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e Aettoupylko cvotnua: Debian Linux

62. Parallella

TeXVIKA XOpaKTNPLOTIKA yia To Parallella-16:

e Emefepyaotnic:
o Xilinx Zyng-7020 or -7010 SoC (2x 667MHz Cortex-A9 cores plus FPGA)
o 16-core Epiphany-Ill coprocessor
e Mvnun: 1GB DDR3, 128Mb QSPI flash, microSD slot
e Aiktuo: Gigabit Ethernet
e AM\eg Suvatotnteg Eloodou / EEG60u (1/0):
o 2x USB 2.0 (host kot device)
o Micro-HDMI
o 4x 60-pin stackable expansion connectors (on bottom)
e Aoutd xapaktnplotikd: 2x user-controlled LEDs
e Tpododooia: USB or 5V DC, 5W typical consumption
e Awootaoelg: 86.4 x 53.3 mm (3.4 x 2.2 inches)
e Asltoupylkod cuotnua: Ubuntu Linux

63. Pine A64 / A64-LTS

TeXVIKA XOpAKTNPLOTIKA yLa To Pine A64 kot A64+:

e Enefepyaotnic: Allwinner A64 (4x Cortex-A53 cores @ 1.2GHz), ARM Mali400-MP2
GPU (2x @ 500MHz)
e Mvnun: 512MB (standard) or 1GB ($19 Plus) or 2GB (S$29 Plus) DDR3 RAM
e AnoBnkeutikég Suvatotnteg: Bootable microSD slot for up to 256GB, boot disk
(FAT32 partition) up to 32GB
e AuvatoTnTEC ATEIKOVNONG:
o HDMI 1.4 port pe audio kat CEC support for up to 3840 x 2160 @ 30fps
o MIPI-DSI 4-lane interface pe separate touch control (both on Plus only) for
up to 1920 x 1200 @ 60fps
o Optional 7-inch touchscreen via MIPI-DSI (Plus only), color active matrix,
1024 x 600, 24-chip LED backlight.
o Hardware decode — H.265 4K@30fps or H.264 1080p@60fps
o Hardware encode — H.264 at 1080p@60fps or 720p@120fps
o OpenGLES 2.0, hardware-accelerated OpenVG
e AcUppuatn Emukowwvia: native expansion port for optional WiFi (802.11n) kaut
Bluetooth 4.0 module
e Aiktuo: Fast or Gigabit (Plus) Ethernet ports
e AM\ec Suvatotnteg Eloodou / EEG60u (I/0):
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o 2x USB 2.0 ports
Micro-USB port (for power)
o CSI (Plus only) pe optional Himax HM5065 5-megapixel, 2.7mm CMOS
camera module for up to 720p@30fps video
o Pi-2 GPIO (20x2) ko Euler (17x2) expansion headers:

= 3x UART

= 2x12C

= 2xSPI

= |25

= SPDIF out
= |R receiver
= Speaker

= 3v3, 5V, kot ground
e /A\OUTA XOPOKTNPLOTLKA:
o 10-pin “EXP” console header
RTC pe optional 3V Lithium coin battery or LiPo battery
Optional enclosures pe 3D print files
Optional IR remote control, keyboard, airmouse, etc.
Security features including TrustZone, DRM, encrypt/decrypt, secure boot/
JTAG/efUSE
e Tpododoaoia: 5V via micro-USB, optional 2.0A (2000mA) tpododoTikd
e Oeppokpaocia Asttoupyiag: -20 to 70°C
e Aw0otdoelg: 127 x 79 x 21mm
e Aeltoupylkd cuotnua: Android 5.1, Ubuntu, (Linux Kernel 3.10), Ubuntu Snappy,
Lubuntu, OpenHAB, @AAa AELTOUPYLKA ZUCTH AT

O O O O

64. Pine H64

TeXVIKA XOPOKTNPLOTIKA yLa TO Pine H64:

e Enetepyaotnq: Allwinner H6 (4x Cortex-A53), ARM Mali-T720 MP2 GPU pe
OpenGL ES3 kat DirectX 11
e Mvnun / AmoBnkeutikad péoa:
o 1GB, 2GB, or 3GB LPDDR3 RAM
o 128Mb bootable SPI flash
o eMMC interface
o MicroSD slot (bootable)
e AoUpuatn Emwowwvia: “Wifi/BT Module Header — SDIO 3.0 kat UART”
(compatible pe Pine A64’s WiFi/BT 4.0 module)
e Aiktuo: 10/100/1000Mbit Ethernet port
e AMeg duvatotnteg Eloodou / E€EG60uU (1/0):
o HDMI 2.0a port pe 4K@60
o 2x USB 2.0 host ports
o 3.5mm stereo earphone/mic jack
o UART, SPI, I12C
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Emektaoelc:
o Euler GPIO bus
o 40-pin (2x20) “Pi2” GPIO header
o Mini-PCle slot pe storage kot wireless support
e Aouta xapoaktnplotikd: IR receiver, RTC
e Tpodobdoaoia: 5V/3A type H 3.50D/1.35ID DC jack
e Alaotdoelg: 127 x 79 x 19mm
e A&lTOUPYLKO cuotnua: Android, Linux

65. Raspberry Pi Zero

TeXVIKA XOpaKTNPLOTIKA yla To Raspberry Pi Zero:

e Enefepyaotng: Broadcom BCM2835 (1x ARM1176JZFS core @ 1GHz) pe FPU kot
VideoCore IV dual-core GPU

e Mvrjun: 512MB LPDDR2 SDRAM

e AmoBnkeutikég Suvatotnteg: MicroSD slot

e 'E€odog 066vNnC: Mini-HDMI port pe audio for up to 1080p60, composite video
header

e AM\ec Suvatotnteg Eloodou / EEG660u (I/0): — 2x micro-USB 2.0 ports (1x data, 1x
power)

e Eioodoc /E€obog ouvdeong emektaonc: 40-pin RPi-compatible connector for GPIO
ko serial buses

e Tpodobooia: +5V via micro-USB

e Al0oTAoEeLC: 65 x 30 Xx S5mm

e Asewtoupylko cvotnua: Raspbian Linux
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66. Raspberry PiZero W / Zero WH

e Enetepyaotnq: Broadcom BCM2835 (1x ARM1176JZFS core @ 1GHz) pe FPU kaut
VideoCore IV dual-core GPU

e Mvnun: 512MB LPDDR2 SDRAM

e AmoBnkeutikég Suvatotnteg: MicroSD slot

e AoUpuatn Emkowvwvia: Cypress CYW43438 wireless chip (802.11n kat Bluetooth

4.0)

e 'E€0odog 0B6vNG: Mini-HDMI port pe audio for up to 1080p60, composite video
header

e AM\eg Suvatotnteg Eloodou / EE660u (I/0): — 2x micro-USB 2.0 ports (1x data, 1x
power)

e Eloodog /E€odog ouvdeang eméktaong: 40-pin RPi-compatible connector for GPIO
kat serial buses

e Tpodobdooia: +5V via micro-USB

e Al0OTAOELC: 65 X 30 X 5mm

e AelTOUpPYLKO cuotnua: Raspbian Linux

67. Raspberry Pi 3 Model B

TeXVIKA XOpaKTNPLOTIKA yLa To Raspberry Pi 3 Model 3:

Enefepyaotnc: Broadcom BCM2837:
o CPU — 4x 64-bit ARM Cortex-A53 cores @ 1.2GHz
o GPU — dual-core Videocore IV @ 400MHz (300MHz in 3D mode)
e MvAun: 1GB LPDDR2 RAM
e AnmoBnkeuTikég Suvatotnteg: microSD slot
e Aiktuo: 10/100 Ethernet port
e AoUppuatn Emkowwvia:
o 802.11b/g/n WiFi
o Bluetooth 4.1 pe BLE
o Chip antenna
e Eiocodoc /E€obdoc MoAupéowv:
1x HDMI port (full size)
o 1x3.5mm 4-pole composite video kal audio output jack
o DSl display output port
o CSl camera input port
e 4x USB 2.0 ports
e Eilooboc /E€obdog ouvdeong eméktaong: standard RPi 40-pin GPIO kat serial 1/0
header
e Tpododooia: 5VDC @ 2.5A max, via microUSB connector
e AlL0OTAOELG: 86 X 56 X 17mm
e Aeltoupylkd cuotnua: ARM Linux Distributions, Windows 10 loT

@)
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68. Raspberry Pi 3 Model B+

TeXVLKA XOPOKTNPLOTIKA yia To Raspberry Pi 3 Model 3:

e Enefepyaotnic: Broadcom BCM2837:
o CPU — 4x 64-bit ARM Cortex-A53 cores @ 1.4GHz
o GPU — dual-core Videocore IV @ 400MHz (300MHz in 3D mode)
e Mvrjun: 1GB LPDDR2 RAM
e AmoOnkeutikég Suvatotnteg: microSD slot
e Aiktuo: 10/100/1000 Ethernet port
e AcUppuatn Emukowwvia:
o 802.11ac (2.4GHz/5GHz) WiFi
o Bluetooth 4.1 pe BLE
o Chip antenna
e Eiocoboc /'E€obog MoAupéowv:
1x HDMI port (full size)
o 1x3.5mm 4-pole composite video kal audio output jack
o DSl display output port
o CSl camera input port
e 4x USB 2.0 ports
e Eilooboc /E€odog ouvdeong eméktaong: standard RPi 40-pin GPIO kau serial 1/0
header
e Tpodobooia: 5VDC @ 2.5A max, via microUSB connector
e Al0OTAOELC: 86 X 56 Xx 17mm
e Aettoupyko cvotnua: ARM Linux Distributions, Windows 10 loT

O

69. Rico Board

TeXVLKA XOPOKTNPLOTIKA yLa To Rico Board:

e Emefepyaotic: TI AM437x (1x Cortex-A9 core @ up to 1GHz), PowerVR SGX530
2D/3D accelerator (on AM4378 or AM4379 only), quad-core PRU subsystem @
200MHz

e MvAun:

o 256MB, 512MB, 1GB DDR3 RAM (512MB default)
o 4GB eMMC flash

o 256MB, 512MB SLC NAND flash (reserved)

o 16MB QSPI flash, 32KB EEPROM

o TF(SD) card slot

e 'E€odoc OB6vnc: HDMI port, 24-bit LCD (WXGA) interface pe capacitive touch
support

e Alktuo: 10/100/1000 Ethernet controllers

e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):

o USB 2.0 host port
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Mini-USB 2.0 device port
3x SD/SDIO/MMC
Serial debug
2x JTAG (20-pin kot 14-pin)
2x 30-pin, Parallel camera interfaces
2x 40-pin female expansion connectors (2.54mm pitch):
= A4x UARTs
= 2xCAN
= 2xSPI
= 2x12C
= MMC
= 8xADC
e Aoutd xapaktnplotikd: 5x LEDs, 4x buttons
e Tpododoaia: 5V 2A or mini-USB supply, PMIC
e Oeppokpaocia Asttoupylag: 0 to 70°C
e Alaotaoelg: 100 x 65 x 1.6mm (8-layer)
e AeltoupylKO cuotnua: Linux 3.14 ue source, drivers, Buildroot, SPL kat U-Boot
boot

o O O O O O

70. Rockchip RK3399 Sapphire

TexviKa xapaktnpLoTika yia to Rockchip RK3399 Sapphire SBC:

e Enefepyaotng: Rockchip RK3399 (2x Cortex-A72 cores @ up to 2.0GHz, 4x Cortex-
A53 cores at up to 1.42GHz), 28nm fab, Mali-T860 GPU
e  MvAun:
o 4GB LPDDR3 RAM
o 8GBeMMCS5.1 flash
o MicroSD slot
e 000vn / Kapepa:
o HDMI 2.0 port for up to 4AK@60Hz
DisplayPort 1.2 (via USB 3.0 Type-C)
MIPI-DSI
eDP 1.3
LVDS supported on carrier via MXM
o MIPI-CSI camera link
e Aiktuo: Gigabit Ethernet port
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o USB 3.0 host port
o USB 3.0 Type-C port pe DisplayPort signaling
o USB 2.0 host ports
o 40-pin, RPi-compatible expansion header
o 314-pin MXM 310 board-to-board connector pe PCle 2.0 x4 signals
e Tpododooia: 12V, 2A DC jack kat adapter, RK808-D PMIC, power kat reset buttons
e Alaotdoslg: 115 x 105mm
e Aettoupyko cvotnua: Android 7.1 pe Linux kernel 4.4, Linux BSP pe Yocto kat
Debian

O O O O
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71. Rock64

TeXVIKA XapaKTNPLOTIKA YL To Rock64:

e Emefepyaotnic: Rockchip RK3328 (4x Cortex-A53 cores @ up to 1.5GHz), Mali-450
MP2 GPU
e Mvnrun / AmoBnkeutikad péoa:
o 1GB, 2GB, or 4GB LPDDR3-1600 RAM
o MicroSD slot (bootable)
o eMMC socket (bootable) pe jumper
o 128Mb SPI flash
e Aiktuo: Gigabit Ethernet port (optional Fast Ethernet via GPIO)
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o HDMI 2.0 port for up to 4K @ 60fps HDR output
3.5mm composite video kat audio output jack
USB 3.0 host port
2x USB 2.0 host ports (1x OTG)
IR receiver
2x 20-pin “Pi2"” GPIO header
o 2x11-pin “Pi P5+” GPIO header
e Aoutd xapaktnplotikd: Optional USB WiFi kat WiFi/BT modules
e Tpodobooia: 5VDC @ 2.5A ue 3.5mm barrel jack, power, reset, kal recovery
buttons
e Asettoupyko cvotnua: Android 7.1, Debian, Yocto

o O O O O
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72. RockPro64

TEXVIKA XOPOAKTNPLOTIKA yLa TO Pine H64:

e Enefepyaotnq: Allwinner H6 (4x Cortex-A53), ARM Mali-T720 MP2 GPU pe
OpenGL ES3 kat DirectX 11
e Mvnun / AmoBnKeuTIKA pHéoa:
o 1GB, 2GB, or 3GB LPDDR3 RAM
o 128Mb bootable SPI flash
o eMMC interface
o MicroSD slot (bootable)
e AoUppatn Emwkowvwvia: “Wifi/BT Module Header — SDIO 3.0 kot UART”
(compatible pe Pine A64’s WiFi/BT 4.0 module)
e Aiktuo: 10/100/1000Mbit Ethernet port
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o HDMI 2.0a port pe 4AK@60
o 2x USB 2.0 host ports
o 3.5mm stereo earphone/mic jack
o UART, SPI, 12C
e Emektaoslc:
o Euler GPIO bus
o 40-pin (2x20) “Pi2” GPIO header
o Mini-PCle slot pe storage kat wireless support
e Aoutd xapaktnplotikd: IR receiver, RTC
e Tpodobdoaoia: 5V/3A type H 3.50D/1.35ID DC jack
e Alaotaoelg: 127 x 79 x 19mm
e Aeltoupylkd cvotnua: Android kat Linux

73. SAMAS5D4 Xplained Ultra

TexvIKA xopakTnplotika yia to Atmel SAMA5D4 Xplained Ultra SBC:

e Emefepyaotnic: Atmel SAMASD4 (1x Cortex-A5 @ 528 MHz), NEON, 128KB of L2
cache
e Mvnun / AmoBnkeutikad péoa:
o 512MB DDR2 RAM
o 512MB SLC NAND flash
o Optional serial EEPROM SPI kat/or 1-wire EEPROM
o SD/MMC slot (4-bit)
o MicroSD slot (4-bit)
e 'E€obog 0B66vNnG: HDMI port (720p), 24-bit LCD interface (LCD TFT controller)
e Aiktuo: Fast Ethernet port
e AM\eg Suvatotnteg Eloodou / EEG60u (1/0):
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2x USB host ports
Micro-USB (AB) device port
Serial DBGU interface (3V3-level)
JTAG connector
EDBG interface
SPl interface
7x headers compatible pe Arduino R3-compatible PIO signals

o 2x Xplained headers
e /OUTA XapOKTNPLOTIKA: reset kal startup buttons, general-purpose user button, 2x

LEDs

e Tpodobdooia:

o 5V from USB, power jack, or Arduino shield

o PMIC

o Battery socket
e Awootaoelc: 138 x 88 x20mm
e Ogpuokpaocia Aettoupyiag: 0 to 70°C
e A&lTOUPYLKO cuotnua: Linux

O O O O O O O

74. Tritium

TeXVIKA XOpAKTNPLOTIKA yLa To Tritium:

e Enetepyaotnq: Allwinner H2+/H3 SoC (4x ARM Cortex-A7 cores, ARM Mali-400
MP2 GPU) or Allwinner H5 SoC (4x ARM Cortex-A53 cores, ARM Mali-450 MP4
GPU)

e MvnAun: up to 2GB DDR3 SDRAM

e AmoBnkeuTikd péoa:

o MicroSD slot
o eMMC4.x interface
e Eioodoc/E€obo¢ MoAupEoWV:
o HDMI 1.4 pe HDCP 1.2
o 3.5mm TRRS AV jack
e Aiktuo: 10/100 Ethernet
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o 4x USB 2.0 Type A ports
o IR Receiver
o UART (header)

e Eiocoboc /E€odog ouvdeong eméktaonc: 40-pin RPi 3 Model B style header (PWM,
12C, SPI, GPIO)

e Tpododooia: 5V DC input via Micro-USB connector

e Aoutd xapaktnplotikad: U-Boot button

e Aeltoupyko cvotnua: Linux 4.16+/3.4, Debian 9, Ubuntu 16.04, Android Nougat
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75. Udoo Quad / Dual / Dual Basic

Texvika xopaktnpLoTika yio to UDOO SBC:

e Primary SOC — Dual- or quad-core Freescale i.MX6 ARM Cortex-A9, clocked at
1GHz
e Integrated graphics — each ARM Cortex-A9 processor provides 3 graphics
accelerators for 2D, OpenGL ES2.0 3D kat OpenVG
e Secondary SOC — Atmel SAM3X8E ARM Cortex-M3 SOC
e 1GB DDR3 RAM
e MicroSD socket (boot device)
e Video out — HDMI kat LVDS
e Touch interface — 12C signals
e Analog audio in/out
e Gigabit Ethernet
e WiFi Module
e 1x USB kat 1x USB OTG, 2x USB type A
e SATA (only on quad-core version)
e Camera interface
e Eloodog /E€ob0Gg ouvbeong eméktaong:
o 54-pin Arduino R3 1.0-compabile
o Provides digital I/O kat analog input
e Awootaoelg: 110 x 86.5 mm
e Tpodobooia: 5-12V
e Aettoupylko cvotnua: Android, Linux
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76. Udoo X86

TexviKA XapaKTtneLoTIKa yia to Udoo X86:

Enefepyaotngc: Intel Braswell:
o Basic — Atom x5-E8000 (4x Braswell cores @ 1.04GHz pe 2.00GHz burst),
5W TDP, 320MHz Intel Gen 8-LP GPU pe 12 execution units
o Advanced — Celeron N3160 (4x Braswell cores @ 1.60GHz pe 2.24GHz
burst), 6W TDP, 640MHz Intel Gen 8-LP GPU pe 12 execution units
e Enéktaon Intel Curie:
o Intel Quark SE MCU @ 32MHz
o 32-bit ARC MCU
e Mvnun / AmoBnkeutikad péoa:
o 2GB (Basic) or 4GB dual-channel (Advanced) DDR3L RAM
8GB eMMC
MicroSD slot
SATA connector
Optional Transcend MTS600 32GB SATA Il (6Gbps) SSD, available pe
performance kit
e AuvatoTnTeC ATEIKOVNONG:
o HDMI port pe CEC
o 2x DisplayPort++
o HW video decode — H.265/HEVC, H.264, MPEG2, MVC, VC-1, WMV9,
JPEG, VP8
o HW video encode — H.264, MVC, JPEG
o Touchscreen management signals on exp. connector

o O O O

o Mic/headphone connector
o Internal speaker header
o S/PDIF output
e AocUppuatn Emkowvwvia:
o BLE (Bluetooth Low Energy) via Curie
o M.2 Key B slot pe optional wireless module (802.11ac kat BT 4.0), available
ue performance kit
e Aiktuo: Gigabit Ethernet port
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o 3x USB 3.0 ports
o 2x UART headers
o Up to 20x ext. GPIOs (LPC, 2x 12C, GPIOs, touchscreen management)
o RC5 IR interface
e Eiooboc /E€oboc Enéktaonc Intel Curie:
o SPIflash
o JTAG
o Arduino 101-compatible pinout
o 14xdigital I/O pinout (4x PWM)
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o 6xanalog 1/0 pinout (10-bit)
e Aoutd XaPAKTNPLOTLKA:
o RTC battery connector
Multiboot from LAN, M.2, microSD, eMMC, USB 3.0, SATA
6-axis combo sensor pe accelerometer kat gyro
Supports optional Udoo Bricks sensor modules via 12C connector
Optional starter kit pe 12V power adapter, HDMI cable, SATA kat power
cables, acrylic enclosure
o Optional performance kit pe 32GB SATA, M.2 wireless, starter kit items
o Optional cluster kit pe 4x power adapters
e Tpodobooia:
o 3.3Vinput
o All pins protected against 5V overvoltage
o Optional 12V 3A AC adapter (USA/EU/UK) via starter kit or 4x adapters via
cluster kit
e Awootaoelg: 120 x 85mm (4.72 x 3.35in.)
e Asttoupylko ovotnua: Linux, Android, Windows 7/8.1/10

o O O O
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77. UP board

Texvika xopaKktnpLotika yia to UP board SBC:

e Enefepyaotnq: Intel Atom x5-28350 (4x Cherry Trail cores @ 1.44GHz / 1.92GHz
burst), Intel HD 400 Graphics (200MHz/500MHz)
e Mvnun: 1GB, 2GB, or 4GB DDR3L-1600 RAM, 16GB or 32GB eMMC flash
e 000vn / Kauepa:
o DSI (HDMI 1.4b) 12S audio port
o eDP
o CSl (4-megapixel) port
= Up to 3-4 meters indoors, longer range outdoors
= Depth/IR modes — 640 x 480 pixels @ 60fps
= RGB mode — 1080p @ 30fps
e Aiktuo: Gigabit Ethernet port
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 3.0 port
o 6x USB 2.0 ports (2x via headers)
o 12S audio port
o 40-pin expansion bus (supported by Altera Max V. ADC 8-bit @ 188ksos)
e Aoutd xapoktnplotikd: RTC
e Tpodobooia: 5V DC-in @ 3A 5.5/2.1mm jack
e Alaotdoelg: 85.60 x 56.5mm
e Asettoupylko cvotnua: Ubuntu Linux

78. UP Core

TeXVIKA XopaKTnpLoTika yia to UP Core:

e Emegepyaotnc: Intel Atom x5-28350 (4x Cherry Trail cores @ 1.44GHz / 1.84GHz
burst), Intel HD 400 Graphics (200MHz/500MHz)
e MvnAun: 1GB, 2GB, or 4GB DDR3L-1600 RAM, 16GB, 32GB, or 64GB eMMC flash
e 0006vn / Kauepa:
o HDMI 1.4b port pe audio (via docking)
o eDP (DSI)
o 2x MIPI-CSI (2-lane kat 4-lane)
e AoUppatn Emwkowvwvia: 2.4GHz 802.11 b/g/n, Bluetooth 4.0 BLE, antenna
e AM\ec Suvatotnteg Eloodou / EEG60u (1/0):
o USB 3.0 port
o 2x USB 2.0 via headers
o 12S audio (via docking)
o 100-pin docking connector to carrier pe HAT40 compatibility
e Aoutd xapoKtnplotikad: RTC
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XopunAou Oykou / Katavalwaong
Tpododooia: 5V DC-in @ 4A 5.5/2.1mm jack
AlooTAoELg: 66 X 56.5mm
Aeltoupykod cuotnua: Linux (Ubuntu, ubilinux, Yocto), Android Marshmallow,
Windows 10 (full), Windows 10 loT Core

UP Squared

TexVIKA XapaKTnpLloTika yia to Up Squared SBC:

Ene€epyaotnc: Intel Apollo Lake Celeron N3350 (2x @ 1.1GHz/2.4GHz) or Pentium
N4200 (4x @ 1.1GHz/2.5GHz), both pe 6W TDP kat Intel Gen9 HD 500/505
graphics
FPGA: Altera (Intel) Max 10
Mvripn:
o MvnAun: 2GB, 4GB, or 8GB LPDDR4
o Flash — 32GB, 64GB, or 128GB eMMC 5.0
ArnoBnkeutikég Suvatotnteg: SATA 3 interface
Aiktuo: 2x Gigabit Ethernet ports
Elcobo¢ / E€ob0¢ MoAupéowv:
o 2x HDMI 1.4b ports pe 4K@30fps
o eDPinterface
o Triple display support
o 12S audio port
o MIPI CSI 2- kat 4-lane camera interfaces
AMec Suvatotnteg Eloodou / EEGS0u (I/0):
o 3x USB 3.0 ports
Micro-USB 3.0 OTG port
2x USB 2.0 interfaces
2x UART
JTAG debug port for FPGA
Fan interface
40-pin, RPi-like expansion (driven by FPGA)
o 60-pin EXHAT expansion for GPIO (driven by FPGA)
Eloobdog / E€obo¢ ouvbeong eméktaonc: Mini-PCle slot, M.2 2230 E-key
Nouna xapoaktnplotikd: RTC, reset button kat header
Tpododooia: 5V DC jack @ 4A, power available on header
Oeppokpaocia Aettoupyiag: 0 to 60°C
Aewtoupykd cuotnua: Linux (Ubuntu, Ubilinux, Yocto), Android Marshmallow,
Windows 10 loT Enterprise

o O O O O O
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XopunAou Oykou / Katavalwaong

80. USB Armory

TeXVIKA XOPOKTNPLOTIKA yia To USB Armory:

e Emeepyaotnic: Freescale i.MX53 (1x Cortex-A8 @ 800MHz)
e MvAun: 512MB DDR3 RAM
e AmoBnkeutikég Suvatotntes: MicroSD slot pe secure boot
e Eiooboc /'E€oboc (Standard 1/0):
o USB 2.0 OTG port pe power support kot device emulation
o 7-pin breakout header pe GPIOs kat UART
e Aouna xapoktnplotikd: ARM TrustZone support, customizable LED pe secure
mode detection
e Tpodobdoaia: 5V, via USB, <500 mA consumption
e ALOOTAOELC: 65 X 19 x 6mm
e Aewtoupylko cvotnua: Android, Linux (ships pe Debian kat Ubuntu images),
FreeBSD

81. VoltaStream Zero

TeXVIKA XOpaKTNPLOTIKA yLa To VoltaStream Zero:

e Enetepyaotng: NXP i.MX6 ULL (1x 1x Cortex-A7 @ 996MHz)
e Mvnun: 512MB, expandable to 1GB RAM
e AmoBnkeutikég Suvatotnteg: MicroSD slot
e 'Hxog:
o TIBurrBrown PCM5121 or PCM5142 DAC (via I12S) pe HW volume control
o 12S for GPIO access
o S/PDIF header
o 3.5mm TOSLINK kat analog audio jack
e AMeg duvatotnteg Eloodou / E€E660u (1/0):
o USB host port pe free WiFi dongle
o Micro-USB client port pue power support
o 40-pin GPIO header pe 28x GPIO (5V, 3V3, GND, 2x UART, flexCAN, 2x 12C,
SPI, 12S, 3x PWM, S/PDIF in)
e Aoutd xapaktnplotikd: power switch, RTC support integrated in SoC
e Tpodobdoaia: 5V via micro-USB or header, PMIC
e KatavaAwon: 0.1W (Linux suspend), 0.25W (Linux idle), 1.1W (USB WIFI busy)
e A&lTOUPYLKO cUOTNUA:
o Linux:
= PolyOS (Yocto), PolyBian (Debian), Volumio
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XopunAou Oykou / Katavalwaong
82. Wand-Pi-8M

Texvika xapaktnplotika yia to Wand-Pi-8M-Lite, -Pro, kat -Deluxe boards:

e Enefepyaotnq: i.MX8M (4x Cortex-A53 @ 1.3GHz), Vivante GC7000Lite GPU,
Cortex-M4 MCU
e Mvnun: 1GB DDR4 (Lite) or 2GB DDR4 (Pro kat Deluxe)
e AmoBnkeutikég Suvatotnteg: 4GB (Lite), 8GB (Pro), or 16GB (Deluxe) eMMC
e 'E€obog 0B6vnc: HDMI port at up to 3840 x 2160 (4K HDR)
e AoUppuatn Emwowwvia: (Pro kot Deluxe) Qualcomm Atheros QCA9377 module pe
802.11 a/b/g/n/ac kat Bluetooth 4.2 (BR+EDR+BLE) kat MHF4 antenna connector
e Aiktuo: Gigabit Ethernet port (Atheros AR8035)
e AM\eg Suvartotnteg Eloddou / E€E6Sou (1/0):
o USB 3.0 host port
o USB 3.0 Type-C port pe 5V input support
o Micro-USB debug port
o 2x MIPI-CSI
e Eioodoc/E€oboc ouvdeonc eméktaong: 40-pin RPi-compatible GPIO header,
mikroBus connector
e Aoutd xapaktnplotikd: Reset button
e Tpododooia: 5V DC input via USB Type-C, NXP PF4210 PMIC
e Ogpuokpaocia Aettoupyiag: 0 to 50°C
e Avtoxn ot kpadaopolg: 50G/25ms
e Avtoxn oe dovioelg: 20G/0-600Hz
e Alaotdoelg: 85 x 56 x 19.3mm
e Aeltoupylkd cvotnua: Linux, Yocto, Ubuntu, Android Oreo

83. Z-turn Board

TeXVIKA XOpAKTNPLOTIKA yLa To Z-turn Board:

e Enefepyaotnq: Xilinx Zyng-7010 (2x ARM Cortex-A9 cores @ 667MHz, plus FPGA)
or optional Zyng-7020
e MvAun:
o 1GB DDR3 RAM
o 512MB NAND flash (reserved)
o 16MB SPI Flash
o TF(SD) slot pue 4GB card
e 'E€0ob0g 0B6vNnc: HDMI port
e Aiktuo: 10/100/1000 Ethernet port
e AM\eg Suvatotnteg Eloodou / E€EG60u (1/0):
o Mini-USB 2.0 OTG port
o Mini-USB-UART debug port
o CAN interface
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84.

XopunAou Oykou / Katavalwaong
o JTAG interface
o Expansion interface for FPGA signals:
= 2x80-pin, 1.27mm pitch SMT female expansion connectors
= 90x (7010)  106x (7020) user pins
= Configurable as up to 39x LVDS pairs
AOUTTA XOPOKTNPLOTLKA:
o 3-axis accelerometer
Temperature sensor
Reset kat user buttons
4-channel toggle switch
Boot select switch
5x LEDs (3x user)
o Buzzer
Awootaoelg: 102 x 63mm
Tpododoaia: 5V DCin
Aewtoupyké cvotnua: Linux 3.15.0

o O O O O

Z-turn Lite

TeXVIKA XOPAKTNPLOTIKA yLa To Z-turn Lite:

Ene€epyaotnic: choice of Xilinx Zyng-7000 ARM/FPGA SoCs:
o Zyng-7007S — 1x Cortex-A9 core @ 766MHz, 23K FPGA logic cells
o Zyng-7010 — 2x Cortex-A9 cores @ 866MHz, 28K FPGA logic cells
Mvrun:
o 512MB DDR3 SDRAM
o 4GB eMMC flash
o 16MB QSPI flash
o TF(SD) slot
Aiktuo: 10/100/1000 Ethernet port
AM\eg Suvatotnteg Eloddou / EE6Sou (1/0):
o Micro-USB 2.0 OTG port
o UART debug port (header)
o JTAG interface (header)
FPGA 1/O — 120-pin (0.5mm pitch) socket pe 84x programmable 1/0O lines (on rear
of board)
Nouna xapoaktnplotikd: watchdog, 2x pushbuttons, 5x LEDs, boot kat power
configuration headers
Alaotaoelc: 91 x 63mm
Tpododooia: 5VDC @ 2A, 8W consumption (typ.)
Oeppokpaocia Aettoupyiag: 0 to 70°C
AelToUPYLKO cuotnua: Linux 3.15.0
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Napaptnua «M»  Kwdwoag Npoypappatog pe Xprion Atemadng AteAeUoew¢ Mnvupatwy

1. Kowdwkag Ipoypappatog helloworld.c

Kwdikag mpoypaupatog tou apyxeiou «helloworld.c» ypaupévog oe «C» pe xprnon
Aertadng Aledevosws Mnvupdtwy (Message Passing Interface - MPI) yia tnv Sokuun

Aettoupyioag tng Zuotadag.

Evapén kwdika

#include <mpi.h>

#include <stdio.h>

int main(int argc, char** argv) {

// Initialize the MPI environment

MPI_Init(NULL, NULL);

// Get the number of processes

int world_size;

MPI_Comm_size(MPI_COMM_WORLD, &world_size);

// Get the rank of the process

int world_rank;

MPI_Comm_rank(MPI_COMM_WORLD, &world rank);

// Get the name of the processor

char processor_name[MPI_MAX_PROCESSOR_NAME];

int name_len;

MPI_Get_processor_name(processor_name, &name_len);
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// Print off a hello world message
printf("Hello world from processor %s, rank %d out of %d processors\n",

processor_name, world_rank, world size);

// Finalize the MPI environment.

MPI_Finalize();

ANEn Kwbdika

Tuvtaktng: Wes Kendall (github.com/wesleykendall/mpitutorial)

ApxLKO 6vopa apxeiou «mpi_hello_world.c»
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ZeAida okomua Keviy
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MNapdptnua «A» Apyxeio Eloodou «HPLinpack Benchmark»

1. Apxeto HPL.dat

To oapxeio ewo0odou bivel otnv edpapuoyn «HPLinpack benchmark» ta otoweia mou

XPELATETOL OXETIKA E TNV EKTEAECT KOL TOV UTIOAOYLOMO TwV TPOBANUATWY.
H apxikn popdn tou apxeiou eivat n €nc:

Evapén kwdika

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out output file name (if any)

6 device out (6=stdout,7=stderr,file)
1 # of problems sizes (N)

5040 Ns

1 # of NBs

128 NBs

0 PMAP process mapping (©=Row-,1=Column-major)
1 # of process grids (P x Q)

1 Ps

1 Qs

16.0 threshold

1 # of panel fact

2 PFACTs (@=left, 1=Crout, 2=Right)

1 # of recursive stopping criterium
4 NBMINs (>= 1)

1 # of panels in recursion

2 NDIVs

1 # of recursive panel fact.

1 RFACTs (@=left, 1=Crout, 2=Right)

1 # of broadcast

1 BCASTs (©=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LnM)
1 # of lookahead depth

1 DEPTHs (>=0)

2 SWAP (@=bin-exch,1=1ong,2=mix)

64 swapping threshold

L1 in (@=transposed,l=no-transposed) form
U in (@=transposed,l=no-transposed) form
Equilibration (@=no,1l=yes)

memory alignment in double (> ©)

(S I SR

Anén Kwbika

2. Apxetlo HPL.dat - Avaivon lapapétpwv

Y10 apyeio «HPL.dat» pmopouv pe tnv oelpd va eTAeyouV ot €€¢ MOPAUETPOL:
e To Ovopa Tou apxelou €660u.

e H ouokeun e€6bou.
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To mAnBo¢ Twv mMpofAnUATWVY.

To péyebog Tou KABe mMpoBARUATOG.

To mARB0¢ TwV UmAoK.

To péyebog Tou KABe pmAok.

O tpomo¢ xaptoypadnong Twv dtadikactwv MPI otoug kOuBouc.

To mAnBo¢ Twv mAeypatwv (P x Q).

To mARB0o¢ Twv TUNUATWYV Tou TipoPAnpatocg (Ps) (ypaupEC).

To mARB0¢ TwV TUNUATWYV Tou KABE TUApaToC Tou mpoBAnuatog (Qs) (othAeg).

To KOTWTATO OPLO OTO OTOLO TMPETEL VA oUYKPLOoUV ta utoAouna (threshold).

Ol puBuioelg mapayovtomnoinong (# of panel fact, PFACTs, # of recursive stopping
criterium, NBMINs, # of panels in recursion, NDIVs, # of recursive panel fact,

RFACTS).

O tpomo¢g petadoonc alyopibuou (# of broadcast, BCASTs).

O tpdMo¢ mapayovionoinong Twv mwvakwv (# of lookahead depth, DEPTHSs).

O aAyoplBuocg evaldayng (SWAP. swapping threshold).

To €ido¢ anobrikeuong Tou avw Tpiywvo tou mAatoiou (L1).

To eibog anobrkeuong Twv ypapupwv (U).

Mpoaobloplopdcg e€loopponnong (Equilibration).

Mpoodloplopdg euBuypappiong otnv pvnun (memory alignment in double).
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ZeAida okomua Keviy
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1. Koppog (Mupnveg 1, N=5040, NB=128, P=1, Q=1)

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 5040

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 1

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ || b [[_0c0) * N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 5040 128 1 1 190.84 4.474e-01

HPL_pdgesv() start time Sun Jan 6 ©4:07:01 2019

HPL_pdgesv() end time Sun Jan 6 ©04:10:12 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

End of Tests.
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HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 5040

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 1

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 5040 128 1 1 195.37 4.370e-01

HPL_pdgesv() start time Sun Jan 6 04:33:57 2019

HPL_pdgesv() end time Sun Jan 6 04:37:12 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.
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End of Tests.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 6528

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 4

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ [| b [[_0c0o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 6528 128 1 4 89.23 2.079e+00

HPL_pdgesv() start time Thu Jan 17 ©3:27:26 2019

HPL_pdgesv() end time Thu Jan 17 ©3:28:55 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.
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End of Tests.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 6528

NB : 128

PMAP : Row-major process mapping
P : 2

Q : 2

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ [| b [[|_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 6528 128 2 2 82.68 2.244e+00

HPL_pdgesv() start time Thu Jan 17 ©3:44:15 2019

HPL_pdgesv() end time Thu Jan 17 ©3:45:38 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.
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HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 6528

NB : 128

PMAP : Row-major process mapping
P : 4

Q : 1

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ [| b [[_00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 6528 128 4 1 86.68 2.140e+00

HPL_pdgesv() start time Thu Jan 17 ©3:40:14 2019

HPL_pdgesv() end time Thu Jan 17 ©3:41:40 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
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0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 12544

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 2

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ || b [[|_0c0o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 12544 96 2 2 477.03 2.759e+00

HPL_pdgesv() start time Fri Mar 9 21:33:07 2114

HPL_pdgesv() end time Fri Mar 9 21:41:04 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
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0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 13056

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 2

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u . transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[_oo * [| A ||[_oo+ || b [|00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 13056 96 2 2 537.86 2.759e+00

HPL_pdgesv() start time Fri Mar 9 21:48:41 2114

HPL_pdgesv() end time Fri Mar 9 21:57:39 2114

| |Ax-b]||_oo/(eps*(| |A||_oo*||x||_oo+||b||_oo)*N)= 0.0010780 ...... PASSED
Finished 1 tests with the following results:
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1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 20

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 . transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ [| b [[_0c0o) * N )
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 1 20 98.21 8.744e+00

HPL_pdgesv() start time Fri Mar 9 15:19:58 2114

HPL_pdgesv() end time Fri Mar 9 15:21:36 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 2

Q : 10

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[_oo * [| A ||_oo+ || b [|00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 2 10 97.71 8.789e+00

HPL_pdgesv() start time Fri Mar 9 15:23:51 2114

HPL_pdgesv() end time Fri Mar 9 15:25:29 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 4

Q : 5

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ [| b [[_00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 4 5 97.16 8.839e+00

HPL_pdgesv() start time Fri Mar 9 15:26:37 2114

HPL_pdgesv() end time Fri Mar 9 15:28:14 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x [[_oo * [| A ||[_0co+ || b [|00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 5 4 96.02 8.944e+00

HPL_pdgesv() start time Fri Mar 9 15:29:03 2114

HPL_pdgesv() end time Fri Mar 9 15:30:39 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 10

Q : 2

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[_oo * [| A ||_oo+ || b [|00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 10 2 117.15 7.331e+00

HPL_pdgesv() start time Fri Mar 9 15:32:13 2114

HPL_pdgesv() end time Fri Mar 9 15:34:10 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 10880

NB : 128

PMAP : Row-major process mapping
P : 20

Q : 1

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo* || A ||_oo+ || b [[_00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 10880 128 20 1 169.12 5.078e+00

HPL_pdgesv() start time Fri Mar 9 15:38:29 2114

HPL_pdgesv() end time Fri Mar 9 15:41:18 2114
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Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18432

NB : 96

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| [Ax-b||_oo / (eps * ( || x [|_oo* || A||_oo+ || b[[_00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18432 96 5 4 351.57 1.188e+01

HPL_pdgesv() start time Fri Mar 9 15:42:46 2114
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HPL_pdgesv() end time Fri Mar 9 15:48:38 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18432

NB : 128

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

U : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18432 128 5 4 1892.98 2.206e+00

HPL_pdgesv() start time Fri Mar 9 16:19:08 2114
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HPL_pdgesv() end time Fri Mar 9 16:50:41 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18432

NB : 256

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| [Ax-b||_oo / (eps * ( || x [|_oo* || A || oo+ || b[[_00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18432 256 5 4 348.19 1.199e+01
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HPL_pdgesv() start time Fri Mar 9 17:05:19 2114

HPL_pdgesv() end time Fri Mar 9 17:11:07 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 28416

NB : 256

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

u : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
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WR11C2R4 28416 256 5 4 1151.43 1.329e+01
HPL_pdgesv() start time Fri Mar 9 17:47:55 2114

HPL_pdgesv() end time Fri Mar 9 18:07:06 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 29184

NB : 256

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b|[_oo / (eps * ( || x |[_oo * [| A ||[_0co+ || b [|.00)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
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WR11C2R4 29184 256 5 4 1198.14 1.383e+01
HPL_pdgesv() start time Fri Mar 9 18:11:45 2114

HPL_pdgesv() end time Fri Mar 9 18:31:43 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 29440

NB : 256

PMAP : Row-major process mapping
P : 5

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

|[Ax-b|[_oo / (eps * ( || x |[_oo * [| A || oo+ || b[|00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
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WR11C2R4 29440 256 5 4 1235.99 1.376e+01
HPL_pdgesv() start time Fri Mar 9 18:34:30 2114

HPL_pdgesv() end time Fri Mar 9 18:55:06 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 29472

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 10

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

U : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
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WR11C2R4 29472 96 2 10 2402.25 7.105e+00
HPL_pdgesv() start time Thu Jan 10 16:00:34 2019

HPL_pdgesv() end time Thu Jan 10 16:40:36 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 12544

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 2

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ [| b [[_0c0o) * N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
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WR11C2R4 12544 96 2 2 477.03 2.759e+00
HPL_pdgesv() start time Fri Mar 9 21:33:07 2114

HPL_pdgesv() end time Fri Mar 9 21:41:04 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 13056

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 2

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

u : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b|[_oo / (eps * ( || x |[_oo * [| A || oo+ || b[|00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
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- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 13056 96 2 2 537.86 2.759e+00

HPL_pdgesv() start time Fri Mar 9 21:48:41 2114

HPL_pdgesv() end time Fri Mar 9 21:57:39 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18432

NB : 256

PMAP : Row-major process mapping
P : 2

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:
|[Ax-b|[_oo / (eps * ( || x |[_oo * [| A [|_oo+ || b [|00) *N)

231

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



MNapaptnua «E» AnoteAéopata «HPLinpack Benchmark»

- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18432 256 2 4 753.61 5.540e+00

HPL_pdgesv() start time Fri Mar 9 23:26:45 2114

HPL_pdgesv() end time Fri Mar 9 23:39:18 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 22528

NB : 256

PMAP : Row-major process mapping
P : 3

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:
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| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ [| b [[|_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 22528 256 3 4 920.18 8.284e+00

HPL_pdgesv() start time Sat Mar 10 ©0:08:35 2114

HPL_pdgesv() end time Sat Mar 10 ©0:23:55 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 26112

NB : 256

PMAP : Row-major process mapping
P : 4

Q : 4

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
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- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[[_oo * [| A ||[_oo+ || b [|00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 26112 256 4 4 1535.80 7.729e+00

HPL_pdgesv() start time Sat Mar 10 00:58:59 2114

HPL_pdgesv() end time Sat Mar 10 01:24:35 2114

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18944

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 2

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words
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- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[_oo * [| A ||_oo+ || b [|00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18944 128 1 2 607.18 7.465e+00

HPL_pdgesv() start time Wed Jan 9 04:03:34 2019

HPL_pdgesv() end time Wed Jan 9 04:13:41 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 19840

NB : 128

PMAP : Row-major process mapping
P : 1

Q : 2

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words
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- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 19840 128 1 2 641.64 8.115e+00

HPL_pdgesv() start time Wed Jan 9 ©3:47:15 2019

HPL_pdgesv() end time Wed Jan 9 ©3:57:57 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 19872

NB : 96

PMAP : Row-major process mapping
P : 1

Q : 2

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words
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- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| [Ax-b||_oo / (eps * ( || x [|_oo* || A ||_oo+ || b[[_00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 19872 96 1 2 744.70 7.026e+00

HPL_pdgesv() start time Wed Jan 9 04:50:36 2019

HPL_pdgesv() end time Wed Jan 9 ©5:03:01 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18720

NB : 96

PMAP : Row-major process mapping
P : 1

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words
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- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18720 96 1 4 98.14 4.457e+01

HPL_pdgesv() start time Mon Jan 14 14:14:20 2019

HPL_pdgesv() end time Mon Jan 14 14:15:58 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 18912

NB : 96

PMAP : Row-major process mapping
P : 1

Q : 4

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

U : transposed form
EQUIL : yes

238

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



MNapaptnua «E» AnoteAéopata «HPLinpack Benchmark»

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| [Ax-b||_oo / (‘eps * ( || x [|_oo* || A ||_oo+ || b []_00o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 18912 96 1 4 99.66 4.525e+01

HPL_pdgesv() start time Mon Jan 14 14:03:12 2019

HPL_pdgesv() end time Mon Jan 14 14:04:52 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

31. i5 ([Tuprvec 4, N=19200, NB=96, P=1, Q=4)

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 19200

NB : 96

PMAP : Row-major process mapping
P : 1

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

u : transposed form
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EQUIL : yes
ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A || oo+ || b [[_00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 19200 96 1 4 106.55 4.429e+01

HPL_pdgesv() start time Mon Jan 14 14:11:03 2019

HPL_pdgesv() end time Mon Jan 14 14:12:49 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 34080

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 4

PFACT : Right

NBMIN : 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form
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U : transposed form
EQUIL : yes
ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

[[Ax-b||_oo / (eps * ( || x |[_oo * [| A ||_oo+ || b [|00) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 34080 96 2 4 629.59 4.192e+01

HPL_pdgesv() start time Mon Jan 14 18:57:29 2019

HPL_pdgesv() end time Mon Jan 14 19:07:59 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 34464

NB : 96

PMAP : Row-major process mapping
P : 2

Q : 4

PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
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L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 34464 96 2 4 648.73 4.207e+01

HPL_pdgesv() start time Mon Jan 14 18:30:57 2019

HPL_pdgesv() end time Mon Jan 14 18:41:46 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 34848
NB : 96
PMAP : Row-major process mapping
P : 2
Q : 4
PFACT : Right
NBMIN 4
NDIV : 2
RFACT : Crout
BCAST : 1ringM
DEPTH : 1
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SWAP : Mix (threshold = 64)
L1 : transposed form

U : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 34848 96 2 4 680.18 4.148e+01

HPL_pdgesv() start time Mon Jan 14 19:09:39 2019

HPL_pdgesv() end time Mon Jan 14 19:20:59 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

35. Ryzen5 (ITupnveg 16, N=60160, NB=256, P=4, Q=4)

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 60160
NB : 256
PMAP  : Row-major process mapping
P : 4
Q : 4
PFACT : Right
NBMIN : 4
NDIV : 2
RFACT : Crout
BCAST : 1ringM
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DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ [| b [[_00o) * N )
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 60160 256 4 4 1209.64 1.200e+02

HPL_pdgesv() start time Thu Jan 17 23:43:04 2019

HPL_pdgesv() end time Fri Jan 18 00:03:14 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

36. Ryzen5 (ITvp1veg 16, N=60928, NB=256, P=4, Q=4) [Max]

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 60928
NB : 256
PMAP : Row-major process mapping
P : 4
Q : 4
PFACT : Right
NBMIN 4
NDIV : 2
RFACT : Crout
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BCAST : 1ringM

DEPTH : 1

SWAP : Mix (threshold = 64)
L1 : transposed form

u : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

||Ax-b||_oo / (eps * ( || x [|_oo * || A ||_oo+ || b [[_00o) *N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 60928 256 4 4 1252.62 1.204e+02

HPL_pdgesv() start time Fri Jan 18 01:42:38 2019

HPL_pdgesv() end time Fri Jan 18 02:03:31 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

37. Ryzen5 ([luprvec 16, N=61440, NB=256, P=4, Q=4)

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 61440
NB : 256
PMAP : Row-major process mapping
P : 4
Q : 4
PFACT : Right
NBMIN 4
NDIV : 2
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RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ [| b [|_0c0o ) * N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 61440 256 4 4 1293.79 1.195e+02

HPL_pdgesv() start time Fri Jan 18 ©0:05:21 2019

HPL_pdgesv() end time Fri Jan 18 00:26:54 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 56320
NB : 256
PMAP : Row-major process mapping
P : 4
Q : 4
PFACT : Right
NBMIN 4
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NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

u : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

|[Ax-b|[_oo / (eps * ( || x |[_oo * [| A || oo+ || b || o0o)*N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 56320 256 4 4 997.44 1.194e+02

HPL_pdgesv() start time Thu Jan 17 23:02:37 2019

HPL_pdgesv() end time  Thu Jan 17 23:19:14 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 58880
NB : 256
PMAP : Row-major process mapping
P : 4
Q : 4
PFACT : Right
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NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)

L1 : transposed form

U : transposed form

EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * || A || 0o+ || b [[_0c0o) * N )
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 58880 256 4 4 1137.88 1.196e+02

HPL_pdgesv() start time Thu Jan 17 23:20:56 2019

HPL_pdgesv() end time Thu Jan 17 23:39:54 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

HPLinpack 2.2 -- High-Performance Linpack benchmark -- February 24, 2016
Written by A. Petitet and R. Clint Whaley, Innovative Computing Laboratory, UTK
Modified by Piotr Luszczek, Innovative Computing Laboratory, UTK

Modified by Julien Langou, University of Colorado Denver

An explanation of the input/output parameters follows:

T/V : Wall time / encoded variant.

N : The order of the coefficient matrix A.

NB : The partitioning blocking factor.

P : The number of process rows.

Q : The number of process columns.

Time : Time in seconds to solve the linear system.

Gflops : Rate of execution for solving the linear system.

The following parameter values will be used:

N : 59392
NB : 256
PMAP : Row-major process mapping
P : 4
Q : 4
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PFACT : Right

NBMIN 4

NDIV : 2

RFACT : Crout

BCAST : 1ringM

DEPTH : 1

SWAP  : Mix (threshold = 64)
L1 : transposed form

u : transposed form
EQUIL : yes

ALIGN : 8 double precision words

- The matrix A is randomly generated for each test.
- The following scaled residual check will be computed:

| |Ax-b||_oo / (eps * ( || x |[_oo * [| A || 0o+ [| b [[_00o) * N)
- The relative machine precision (eps) is taken to be 1.110223e-16
- Computational tests pass if scaled residuals are less than 16.0
T/V N NB P Q Time Gflops
WR11C2R4 59392 256 4 4 1170.90 1.193e+02

HPL_pdgesv() start time Fri Jan 18 01:21:07 2019

HPL_pdgesv() end time Fri Jan 18 01:40:38 2019

Finished 1 tests with the following results:
1 tests completed and passed residual checks,
0 tests completed and failed residual checks,
0 tests skipped because of illegal input values.

ZeAida okOma KEVA
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MNapdptnua «XT» AnoteAéopata  EE6puéng «AEON»  (AEON

mining)

ITAPAPTHMA «XT»

ATIOTEAEXMATA EZEOPYZHX «AEON» (AEON MINING)
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MNapdptnua «XT» AnoteAéopata  EE6puéng «AEON»  (AEON

mining)

1. Zvotada (HR 146,25)

Ewkova 144 - Cluster AEON mining hashrate

2. T9300 (HR 56,08)

Ewkova 145 - T9300 AEON mining hashrate
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mining)

3. i5 (HR 445,67)

4. i7 (HR 886,58)
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mining)

5. Ryzen5 (HR 1.603,75)

6. ThreadRipper (HR 2.206,33)
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ITAPAPTHMA «Z»

AITIOTEAEXMATA «MSAPROBS»
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MNapdptnpa «H»

1. Zvotada (994,88 Sec)

Aioteg «Top500» & «Green500»

310 «MSAProbs» o UVOALKOG XPOVOG TwV gpyactwy ftav 994,88 SeutepoAemta.

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

Cluster
Ep\:laot Apxeia Xpovog
1 UP000014996 | Total time in process 0/19: 124.664115 seconds
) UP000246700 Total time in process 0/19: 81.88834405
seconds
3 UP000030203 Total time in process 0/19: 207.8005528
seconds
a UP000207581 Total time in process 0/19: 70.51031899
seconds
5 UP000202282 | Total time in process 0/19: 109.6637728
UP000001398 | seconds
6 UP000008740 | Total time in process 0/19: 117.9782891
UP000201622 | seconds
UP000000919 L
7 UP000007167 Total time in process 0/19: 221.271328 seconds
UP000005883
UP000052091
UP000163039
UP000168289
8 UP000202324 | Total time in process 0/19: 61.10213089
UP000204153 | seconds
UP000207752
UP000214354
UP000217266
UP000232903
ZUvolo 994,88
256
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7. T9300 (643,48 Sec)

Aloteg «Top500» & «Green500»

210 «MSAProbs» o UVOALKOG XpOVOG TwV gpyactwy Atav 643,48 SsutepOAemta.

T9300
E i , .
p:lam Apxela Xpovog
1 UP000014996 | Total time in process 0/1: 62.72090316 seconds
2 UP000246700 | Total time in process 0/1: 51.31026006 seconds
3 UP000030203 | Total time in process 0/1: 118.4101379 seconds
4 UP000207581 | Total time in process 0/1: 71.00989008 seconds
UP000202282 L
5 UP000001398 Total time in process 0/1: 63.84351993 seconds
UP000008740 L
6 UP000201622 Total time in process 0/1: 92.57157421 seconds
UP000000919 L
7 UP000007167 Total time in process 0/1: 146.1897058 seconds
UP000005883
UP000052091
UP000163039
UP000168289
UP000202324 L
8 UP000204153 Total time in process 0/1: 37.42153311 seconds
UP000207752
UP000214354
UP000217266
UP000232903
ZUvolo 643,48
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2. 15 (269,31 Sec)

Aloteg «Top500» & «Green500»

310 «MSAProbs» o UVOALKOG XpOVOG TwV gpyactwy Atav 269,31 deutepoOAenta.

i5
Ep\;aol Apxeia Xpovog
1 UP000014996 | Total time in process 0/3: 30.14141202 seconds
2 UP000246700 | Total time in process 0/3: 23.64808798 seconds
3 UP000030203 | Total time in process 0/3: 55.05240297 seconds
4 UP000207581 | Total time in process 0/3: 39.25688195 seconds
UP000202282 .
5 UP000001398 Total time in process 0/3: 26.335356 seconds
UP000008740 .
6 UP000201622 Total time in process 0/3: 32.22173786 seconds
UP000000919 .
7 UP000007167 Total time in process 0/3: 47.52764797 seconds
UP000005883
UP000052091
UP000163039
UP000168289
UP000202324 .
8 UP000204153 Total time in process 0/3: 15.12168908 seconds
UP000207752
UP000214354
UP000217266
UP000232903
ZUvolo 269,31
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3. i7 (254,71 Sec)

Aloteg «Top500» & «Green500»

210 «MSAProbs» o UVOALKOG XpOVOG TwV gpyactwy Atav 254,71 SeutepoOAenta.

i7
Ep\;aol Apxeia Xpovog
1 UP000014996 | Total time in process 0/7: 33.7150929 seconds
2 UP000246700 | Total time in process 0/7: 22.26388597 seconds
3 UP000030203 | Total time in process 0/7: 53.59265995 seconds
4 UP000207581 | Total time in process 0/7: 31.01239705 seconds
UP000202282 .
5 UP000001398 Total time in process 0/7: 23.34465694 seconds
UP000008740 .
6 UP000201622 Total time in process 0/7: 29.90659308 seconds
UP000000919 .
7 UP000007167 Total time in process 0/7: 46.97894096 seconds
UP000005883
UP000052091
UP000163039
UP000168289
UP000202324 .
8 UP000204153 Total time in process 0/7: 13.89306688 seconds
UP000207752
UP000214354
UP000217266
UP000232903
ZUvolo 254,71
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4. Ryzen5 (90,34 Sec)

210 «MSAProbs» 0 GUVOALKOG XpOVoG Twv gpyactwv Atav 90,34 SeutepoAemta.

Aioteg «Top500» & «Green500»

Ryzen5
Ep\:laot Apxeia Xpovog
1 UP000014996 Total time in process 0/11: 10.57959104
seconds
2 UP000246700 Total time in process 0/11: 8.371499777
seconds
3 UP000030203 Total time in process 0/11: 17.70994306
seconds
a UP000207581 Total time in process 0/11: 10.20960689
seconds
5 UP000202282 | Total time in process 0/11: 9.396766901
UP000001398 | seconds
6 UP000008740 | Total time in process 0/11: 11.86015916
UP000201622 | seconds
7 UP000000919 | Total time in process 0/11: 17.20251703
UP000007167 | seconds
UP000005883
UP000052091
UP000163039
UP000168289
8 UP000202324 | Total time in process 0/11: 5.008840084
UP000204153 | seconds
UP000207752
UP000214354
UP000217266
UP000232903
Zovolo 90,34
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Aioteg «Top500» & «Green500»

5. ThreadRipper (75,42 Sec)

210 «MSAProbs» 0 GUVOALKOG XpOVOG TwV gpyactwv Atav 75,42 SeutepoAemTa.

ThreadRipper
Ep\:laot Apxeia Xpovog
1 UP000014996 | Total time in process 0/15: 8.98647809 seconds
) UP000246700 Total time in process 0/15: 6.957694054
seconds
3 UP000030203 Total time in process 0/15: 14.06158686
seconds
4 UP000207581 Total time in process 0/15: 8.906964064
seconds
5 UP000202282 | Total time in process 0/15: 7.902927876
UP000001398 | seconds
6 UP000008740 | Total time in process 0/15: 9.935444117
UP000201622 | seconds
7 UP000000919 | Total time in process 0/15: 14.13690615
UP000007167 | seconds
UP000005883
UP000052091
UP000163039
UP000168289
8 UP000202324 | Total time in process 0/15: 4.533389091
UP000204153 | seconds
UP000207752
UP000214354
UP000217266
UP000232903
ZUvolo 75,42
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ZeAida okomua Keviy
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ITAPAPTHMA «H»

AIZXTEX «TOP500» & «GREEN500»
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Napaptnua «H» Alotec «Top500» & «Green500»

1. Top500 List

Ev cuvtouia o katahoyog tou «Top500» (NoguPBplog 2018) avaAuTIKOTEPA OTOLKELQ yLa

tnv Alota autr Bplokovtat oto www.top500.org/lists/2018/11/.

Total Rmax [TFlop/ Rpeak Power
Rank Country Segment Cores s[] P [TFFI)op/s] (kW)
1 | United States | Research 2397824 143500 | 200794,88 9783
2 | United States | Research 1572480 94640 125712 | 7438,28
125435,90
3 | China Research 10649600 93014,59388 4 15371
100678,66
4 | China Research 4981760 614445 4 18482
5 | Switzerland Research 387872 21230 27154,3 | 2384,24
6 | United States | Research 979072 20158,7 41461,15 7578,1
32576,634
7 | Japan Research 391680 19880 9| 1649,25
8 | Germany Academic 305856 19476,6 | 26873,856
9 | United States | Research 560640 17590 27112,55 8209
20132,659
10 | United States Research 1572864 17173,224 2 7890
11 | United States Research 248976 15430 19904 ,4
12 | United States | Research 622336 14014,7 | 27880,653 3939
13 | Korea, South Research 570020 13929,3 25705,9
14 | Japan Academic 556104 13554,6 | 24913,459 2718,7
15 | ltaly Industry 253600 12210 | 18621,138 1320
16 | France Research 561408 11965,5 | 23396,352 3178
17 | United States | Academic 367024 10680,7 | 18309,222
12659,8
18 | Japan Research 705024 10510 | 11280,384 9
19 | ltaly Academic 348000 10384,9 18816
20 | Taiwan Research 170352 9000 15208,23 797,54
21 | United States | Research 786432 8586,612 10066,33 3945
22 | Japan Academic 135828 8125 | 12127,069 792,08
United
23 | Kingdom Research 241920 7038,93 8128,512
24 | United States Research 280320 6920,9 | 11661,312
25 | Spain Academic 153216 6470,8 | 10296,115 1632
26 | Germany Research 114480 6177,73 9891,072 1361
27 | United States | Research 241108 5951,55 | 7107,1488 4407
28 | Japan Research 135792 5730,5 9125,222 | 1353,95
29 | Japan Research 135792 5730,5 9125,222 | 1353,95
30 | Germany Research 185088 5640,17 7403,52 3615
31 | Germany Research 127520 5612,83 9793,536 1635
32 | Saudi Arabia Academic 196608 5536,99 7235,174 2834
33 | United States Research 124416 544464 8316,518 | 1685,73
34 | France Industry 220800 5283,11 6712,32 4150
35 | United States Research 75600 4850,66 7257,6
36 | United States | Research 144900 4788,19 5332,32 1727
37 | Japan Academic 72000 4540,69 6912
38 | China Vendor 163840 4325 | 6134,1696 380
39 | United States | Research 393216 4293,306 5033,165 1972
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40 | France Research 79488 4065,55 6635,52 917
41 | United States Industry 145920 4042,46 5369,856 1800
United
42 | Kingdom Research 126468 3944,68 4249,325 | 1897,02
United
43 | Kingdom Research 126468 3944,68 4249,325 | 1897,02
44 | Germany Research 155150 3782,57 6563,84 | 1345,28
45 | India Research 119232 3763,94 4006,195 | 1353,23
Governmen
46 | United States | t 72800 3577 6131,84 1498,9
Governmen
47 | United States | t 72800 3577 6131,84 1498,9
48 | United States Research 160304 3409,61 5865,5232
49 | United States | Research 124200 3318,95 4570,56 5175
50 | United States Industry 60512 3307 4896,512 349,5
51 | United States Industry 60512 3307 4896,512 349,5
52 | United States Research 78720 3275,67 5170,176
United
53 | Kingdom Research 113832 3243,41 | 3791,5776 1134
Governmen
54 | United States | t 55296 32214 4777,574
55 | ltaly Industry 72000 3188 4605 1227
56 | Japan Research 110160 3157 3481,056 1652,4
Governmen
57 | United States | t 225984 3143,52 | 4881,2544 | 6327,55
Governmen
58 | United States | t 152692 3126,24 5610,481 4819,5
59 | Canada Research 60000 3074,19 4608 676,3
60 | Japan Academic 122400 3057,35 5483,52 748,1
61 | United States | Industry 47808 3057 4241,448
62 | Germany Research 99072 3010,68 3962,88 1116
63 | Japan Academic 92160 2910 3244,032 1382,4
64 | Germany Academic 147456 2897 3185,05 | 342267
65 | Germany Academic 86016 2813,62 3578,266 | 1480,83
United
66 | Kingdom Research 89856 2801,782 3019,162 | 1347,84
United
67 | Kingdom Research 89856 2801,782 3019,162 | 1347,84
68 | Japan Research 54560 2787,14 4190,208 697,51
5735,6851
69 | Japan Academic 76032 2785 2| 1398,61
70 | United States | Research 95472 2632,51 | 3207,8592 13620
71 | United States Research 95472 2632,51 | 3207,8592 13620
72 | ltaly Industry 66000 2592 3798,6
73 | India Research 83592 2570,4 2808,691 954,73
74 | China Research 186368 2566 4701 4040
75 | China Research 50816 2547 | 4229,8496 710
76 | United States | Research 194616 2539,13 3388,032 1384
77 | France Academic 85824 249465 3570,278 1430
Governmen
78 | United States | t 100064 2485 | 3682,3552 | 1465,78
79 | Russia Academic 64384 2478 4946,79
80 | United States Research 73920 24437 2601,984 835
81 | China Research 48128 2435 4004,25 740
82 | Korea, South Research 69600 2395,68 2895,36 | 1359,38
83 | Korea, South Research 69600 2395,68 2895,36 | 1359,38
265

Institutional Repository - Library & Information Centre - University of Thessaly
01/05/2026 20:56:49 EEST - 216.73.216.118



MNapdptnpa «H»

Aloteg «Top500» & «Green500»

Institutional Repository - Library & Information Centre - University of Thessaly

01/05/2026 20:56:49 EEST - 216.73.216.118

84 | Japan Research 82944 2376 2621,03 | 1244,16
85 | Saudi Arabia Industry 53300 2322,46 3581,76 608
86 | China Industry 55104 2287 4890
United
87 | Kingdom Academic 50176 2271,38 2688 530
88 | Saudi Arabia Industry 76032 2249,68 3041,28 1134
89 | France Research 72000 2167,99 25344 8304
90 | France Research 73440 2157 ,41 2585,088 830,2
91 | Japan Academic 40000 2089,98 3072 495,86
92 | China Industry 174720 2071,39 | 3074,5344 997
Governmen
93 | United States | t 34560 2001,99 2985,984
Governmen
94 | United States | t 34560 2001,99 2985,984
95 | Japan Academic 39760 2000 3053,568
96 | China Industry 116600 1997 4104,32 1200
97 | France Industry 41472 1980,53 3052,339 512
98 | China Industry 121920 1979 4096,512 1216
2800,8699
99 | Germany Academic 49432 1967,81 8 657
100 | United States Research 66304 1966,08 | 2491,3728
101 | Japan Research 60240 1929,37 2409,6 3012
102 | China Industry 54000 1928 3974 .4 520
103 | China Industry 49680 1914,389 4292,352 732,78
104 | Switzerland Research 65268 1896,75 2193,005 732,4
105 | France Research 70272 1871 2586,01 1042
106 | China Industry 43200 1831,49 3456
United
107 | Kingdom Research 80640 1829,86 4329,728 529
108 | China Industry 41760 1825 3353,184 240
109 | China Industry 110080 1807 3698,688 1100
Governmen
110 | China t 33840 1804 2923,776
111 | Sweden Academic 67456 1802,51 2438,14 842
112 | China Industry 105000 1790 3696 1100
113 | Japan Research 38552 1785,62 3072,768 544 .48
Governmen
114 | China t 33120 1768,59 2861,568
115 | Germany Industry 35280 1750,18 2709,504
116 | China Others 97920 1736 7206,912 1000
Governmen
117 | China t 32400 1735,66 2799,36
118 | China Industry 38400 1729 3072
119 | China Industry 38400 1729 3072
120 | China Industry 38400 1729 3072
121 | China Industry 118400 1728,88 3978,24
122 | ltaly Academic 54432 1723,89 2003,098 1360,8
123 | China Industry 39680 1714 3149,6
Governmen
124 | China t 31680 1703,508 2737,152
Governmen
125 | United States | t 57600 1703,28 2304 2880
126 | Japan Academic 35200 1691 2703,36
127 | China Academic 32400 1686,54 2488,32
Governmen
128 | China t 35200 1684,19 2703,36
266
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129 | China Industry 97920 1683 3446,784 1050
130 | Australia Academic 87224 1676,22 3801,424
131 | Poland Academic 55728 1670,09 2348,64 807,6
Governmen
132 | China t 30960 1668,16 2674,944
133 | China Industry 41760 1667,72 3207,168
134 | United States | Research 133824 1654,702 | 2569,4208 | 3747,07
135 | China Industry 89600 1653,22 3440,64
136 | Australia Industry 57600 1649,11 2119,68
137 | Canada Industry 57600 1649,11 2119,68
138 | Canada Industry 57600 1649,11 2119,68
139 | Canada Industry 57600 1649,11 2119,68
140 | United States | Industry 57600 1649,11 2119,68
141 | United States | Industry 57600 1649,11 2119,68
142 | United States | Industry 57600 1649,11 2119,68
143 | United States | Industry 57600 1649,11 2119,68
144 | United States | Industry 57600 1649,11 2119,68
145 | United States | Industry 57600 1649,11 2119,68
146 | United States | Industry 57600 1649,11 2119,68
147 | United States | Industry 57600 1649,11 2119,68
148 | United States | Industry 57600 1649,11 2119,68
149 | United States | Industry 57600 1649,11 2119,68
150 | United States Industry 57600 1649,11 2119,68
151 | United States | Industry 57600 1649,11 2119,68
152 | United States | Industry 57600 1649,11 2119,68
153 | United States Industry 57600 1649,11 2119,68
154 | United States | Industry 57600 1649,11 2119,68
155 | United States | Industry 57600 1649,11 2119,68
156 | United States | Industry 57600 1649,11 2119,68
157 | United States | Industry 57600 1649,11 2119,68
158 | United States Industry 57600 1649,11 2119,68
159 | United States | Industry 57600 1649,11 2119,68
160 | United States | Industry 57600 1649,11 2119,68
161 | United States | Industry 57600 1649,11 2119,68
162 | United States | Industry 57600 1649,11 2119,68
163 | United States | Industry 57600 1649,11 2119,68
164 | United States | Industry 57600 1649,11 2119,68
165 | United States | Industry 57600 1649,11 2119,68
166 | United States Industry 57600 1649,11 2119,68
167 | Netherlands Industry 57600 1649,11 2119,68
168 | Ireland Industry 57600 1649,11 2119,68
169 | Singapore Industry 57600 1649,11 2119,68
170 | Ireland Industry 57600 1649,11 2119,68
171 | Netherlands Industry 57600 1649,11 2119,68
172 | Ireland Industry 57600 1649,11 2119,68
173 | Netherlands Industry 57600 1649,11 2119,68
174 | Ireland Industry 57600 1649,11 2119,68
175 | Netherlands Industry 57600 1649,11 2119,68
176 | Ireland Industry 57600 1649,11 2119,68
177 | Netherlands Industry 57600 1649,11 2119,68
178 | Ireland Industry 57600 1649,11 2119,68
179 | Ireland Industry 57600 1649,11 2119,68
180 | Ireland Industry 57600 1649,11 2119,68
181 | Ireland Industry 57600 1649,11 2119,68
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182 | Ireland Industry 57600 1649,11 2119,68
183 | Ireland Industry 57600 1649,11 2119,68
184 | Ireland Industry 57600 1649,11 2119,68
185 | Singapore Industry 57600 1649,11 2119,68
United
186 | Kingdom Research 118080 1642,536 2550,528 | 3306,24
187 | China Industry 38400 1639,3 3072
188 | United States Research 48960 1635,02 2036,736 956,25
189 | United States Research 48960 1635,02 2036,736 956,25
Governmen
190 | China t 32144 1630,13 2637,71
191 | China Industry 37600 1608,22 3008
192 | China Industry 86800 1603,23 3333,12
193 | Japan Research 33600 1601 2580,48
Governmen
194 | China t 31360 1593,03 2573,376
195 | United States | Vendor 62944 1587 1931,625 | 3575,63
196 | China Industry 36800 1579,98 2944
197 | China Industry 92000 1562 3238,4 960
Governmen
198 | China t 30576 1558,4 2509,042
199 | China Industry 38880 1555,97 2985,984
200 | China Industry 36000 1552,44 2880
201 | China Industry 84000 1551,51 3225,6
202 | China Industry 82880 1537,19 3182,592
203 | United States Research 125328 1529 2005,248
204 | United States Research 53352 1524,72 1792,627 603,4
205 | China Industry 35200 1521,94 2816
Governmen
206 | China t 29792 1520,97 2444707
207 | China Academic 29400 1498,32 2412 .54
208 | China Industry 34400 1492,78 2752
209 | China Industry 79520 1477,92 3053,568
210 | China Industry 33000 1471 3000
211 | United States Industry 45680 1462,97 2507,264 431
212 | China Industry 33600 1462,27 2688
Czech
213 | Republic Academic 76896 1457,73 2011,641 4806
Governmen
214 | China t 28224 1443,56 2316,038
Governmen
215 | China t 28224 1443,56 2316,038
216 | China Others 26180 1432,9 2153,536 159,94
217 | China Industry 32800 1432 2624
United
218 | Kingdom Research 131072 1431,102 1677,722 657
219 | China Research 48000 1428 1920 600
Governmen
220 | China t 30240 1418 2413,824 240
221 | China Industry 82800 1417 2914,56 850
Governmen
222 | China t 52080 1416 1999,872 560
Governmen
223 | United States | t 73584 1415,47 | 1530,5472 1606
224 | China Industry 78000 1405 5740,8 800
225 | China Governmen 28000 1405 2329,6 350
268
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t
226 | China Industry 32000 1400,88 2560
227 | Japan Industry 59392 1391 4917,658
228 | China Industry 30624 1389 2459,002 176
229 | France Vendor 49896 1363,48 1676,506 543
230 | France Research 77184 1359 1667,174 2132
231 | China Industry 31680 1352 2332
232 | China Industry 82752 1348,56 2780,467
233 | China Industry 32000 1346,76 2457,6
Governmen
234 | China t 78720 1345 2770,944 810
235 | Canada Academic 59776 1337 3710,464 167
236 | Japan Research 26400 1326,25 2027,52 357,55
237 | Taiwan Research 27200 1325,15 2088,96 332
238 | China Industry 30000 1319,52 2400
239 | China Industry 30000 1319,52 2400
240 | China Industry 29920 1316,84 2393,6
241 | China Industry 28884 1314 2319,286 165
242 | France Research 56304 1311,33 | 2339,6352 326
Governmen
243 | China t 24400 1307 1950,4 300
244 | China Industry 76000 1306 2675,2 790
245 | France Research 38528 1299,47 1479,475 539
246 | United States Research 19656 1289 1686,571
Governmen
247 | China t 47040 1286 1806,336 504
Governmen
248 | United States | t 61256 1285,6 2049,602 | 2323,71
Governmen
249 | United States | t 61256 1285,6 2049,602 | 2323,71
250 | China Industry 51200 1284,5 2621,44
251 | China Industry 30400 1284,26 2334,72
252 | Germany Research 65320 1283,3119 1463,168 1260
253 | China Industry 66560 1276 2662,4
254 | China Research 120640 1271 2984,3 2580
255 | China Industry 65280 1271 2611,2
256 | China Industry 64000 1269 2560
257 | China Industry 64000 1269 2560
258 | China Industry 74400 1266 2618,88 800
259 | China Industry 67200 1262 2580,48 720
260 | China Industry 76480 1258 2569,728 770
261 | China Industry 29760 1257,62 2285,568
262 | United States | Research 72288 1257,615 1503,59 | 1436,72
263 | China Industry 68000 1257 1305,6 840
264 | China Industry 81200 1254 5196,8 870
265 | China Industry 72800 1252 2562,56 760
266 | Finland Academic 40608 1250 | 1689,2928 680
267 | China Industry 72000 1242 2534,4 900
268 | China Academic 22656 1238 | 1845,3504 144
Governmen
269 | China t 24640 1237 2050,048 320
270 | Canada Academic 51200 1228 2641,408 546,04
271 | China Industry 26720 1228 2242,624
272 | China Industry 26720 1228 2242,624
273 | China Industry 26720 1228 2242624
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274 | France Vendor 46800 1225,28 1647,36 472
275 | United States Research 40392 1223,7 1357,171 480
276 | United States | Research 40392 1223,7 1357,171 480
277 | Germany Research 41472 1214,2 1459,814 528,2
278 | China Industry 24000 1213,62 1980,72
279 | Japan Research 35360 1213 3244.8
280 | China Industry 76800 1212,8 5160,96
281 | China Industry 36000 1202,68 2304
282 | Russia Research 35136 1200,35 1293,005
United
283 | Kingdom Academic 21240 1193 1751,616 114,4
284 | China Industry 28800 1188 2120
285 | China Industry 28800 1188 2120
286 | China Industry 24960 1182 2204,8
287 | China Industry 24960 1182 2204,8
288 | United States Industry 23808 1181,074 1980,826
289 | United States Industry 23808 1181,074 1980,826
290 | China Industry 26880 1180 2200,64
291 | United States Research 39744 1179,58 1335,398 485
292 | Japan Academic 38016 1178,3 1520,64 580,9
293 | China Industry 12800 1171 2120
294 | China Industry 12800 1171 2120
295 | United States Research 150528 1167 1505,28 5569
296 | China Industry 26880 1161 2400
297 | China Industry 64320 1156,5 2366,976
298 | China Industry 23904 1154,8 1964,909 107,14
299 | China Industry 28800 1152 2544
300 | China Industry 28800 1152 2413,824
301 | China Industry 28800 1152 2361,6
302 | China Industry 28800 1152 2361,6
303 | China Industry 28800 1152 2361,6
304 | China Industry 78000 1149,57 2870,4 2437.,5
305 | China Industry 67200 1145,41 2365,44
306 | United States Research 39672 1144,84 1332,979 485,7
307 | United States Research 39672 1144,84 1332,979 485,7
308 | United States Research 41256 1142,44 1156,845 480
309 | China Industry 41440 1142,232 1591,296 577,69
310 | China Industry 27520 1142 2278,464
311 | China Industry 27520 1142 2278,464
312 | China Industry 27520 1142 2278,464
313 | China Industry 27520 1142 2278,464
314 | China Industry 26880 1142 2235,456
315 | China Industry 59520 1128 2380,8
316 | China Industry 59520 1128 2380,8
317 | China Industry 28800 1128 2160
318 | China Industry 28800 1128 2160
319 | China Industry 28800 1128 2160
320 | China Industry 28800 1128 2120
321 | China Industry 28800 1128 2120
322 | China Industry 28800 1128 2120
323 | China Industry 62400 1127,49 2296,32
324 | China Research 46080 1127,154 1548,288 647,96
325 | China Industry 26880 1127 2235,456
326 | China Industry 26880 1127 2235,456
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327 | China Industry 26880 1127 2235,456
328 | China Others 26880 1127 2235,456
329 | China Industry 64800 1124 2280,96 1620
330 | Australia Industry 38400 1123,15 1413,12
331 | Brazil Industry 38400 1123,15 1413,12
332 | Australia Industry 38400 1123,15 1413,12
333 | Korea, South Industry 38400 1123,15 1413,12
334 | Korea, South Industry 38400 1123,15 1413,12
United
335 | Kingdom Industry 38400 1123,15 1413,12
United
336 | Kingdom Industry 38400 1123,15 1413,12
United
337 | Kingdom Industry 38400 1123,15 1413,12
338 | India Industry 38400 1123,15 1413,12
United
339 | Kingdom Industry 38400 1123,15 1413,12
340 | Japan Industry 38400 1123,15 1413,12
341 | South Africa Industry 38400 1123,15 1413,12
342 | China Others 120960 1123 | 10059,552
343 | United States Research 33600 1121,13 1397,76
344 | United States Research 33600 1121,13 1397,76
345 | China Industry 66000 1121 2323,2
346 | China Industry 26400 1110 2164,8
347 | China Industry 26400 1110 2164,8
348 | China Industry 26400 1110 2164,8
349 | China Industry 26400 1110 2164,8
350 | China Industry 67200 1108 2257,92 1050
351 | China Industry 57600 1106 2304
352 | China Industry 57600 1106 2304
353 | United States Industry 25920 1106 1748,39 3564
354 | China Industry 64000 1102 2252,8 960
355 | China Industry 84000 1101,6 3360 2625
356 | China Industry 84000 1101,6 3360 2625
357 | Australia Research 35712 1097,558 | 1485,6192 697,5
358 | China Industry 43008 1089,87 1445,069 528,4
359 | Netherlands Academic 38880 1088,51 1327,104 706
360 | United States | Research 34884 1087,58 1172,102 354
Governmen
361 | China t 23760 1086,42 2052,864
362 | United States Industry 36288 1085,46 1509,581
363 | China Industry 120240 1080 9995,04
364 | China Industry 120240 1080 9995,04
365 | China Industry 33840 1080 2740,68
366 | China Research 19264 1075 | 1602,7648 344
367 | France Academic 98304 1073,327 1258,291 493,12
United
368 | Kingdom Academic 98304 1073,327 1258,291 493,12
Governmen
369 | China t 23400 1072,83 2021,76
370 | United States | Industry 41600 1071,42 1730,56
371 | United States | Industry 41600 1071,42 1730,56
372 | United States Research 46720 1070,59 1750,016
373 | United States Industry 22440 1070 1819,752 97
374 | Japan Research 953280 1063,305 1353,216 60,4
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375 | United States Industry 39744 1061,019 1462,579
Governmen
376 | China t 23040 1060,19 1990,656
377 | China Industry 51840 1060,19 1824,768
378 | United States | Academic 23040 1052 1473,6 500
379 | United States | Research 33088 1050,54 1164,698 432,5
380 | France Research 138368 1050 1254,55 4590
381 | China Industry 39520 1048 2014
Governmen
382 | China t 22680 1046,12 1959,552
Governmen
383 | China t 51200 1044 2129,92 960
384 | China Industry 24000 1042 2120
385 | China Industry 24000 1042 2120
386 | China Industry 24000 1042 1968
387 | China Industry 24000 1042 1968
388 | China Industry 24000 1042 1968
389 | China Industry 61000 1038,43 21472
390 | China Industry 100000 1038,4 3200 3750
391 | China Industry 52800 1038 1858,56
392 | China Industry 52800 1038 1858,56
393 | China Industry 210000 1036 2112 750
394 | United States | Academic 41472 1032,82 1725,235
395 | United States | Vendor 24240 1031,17 1582,08
Governmen
396 | China t 22320 1031,14 1928,448
397 | China Industry 57600 1030 1908
398 | Germany Academic 34656 1029,94 1386,24 582
399 | South Africa Academic 32856 1029,32 1366,81 685
400 | China Industry 58800 1028 2069,76 735
401 | China Industry 54000 1026 2073,6 900
402 | China Industry 60000 1022,01 2112
403 | France Academic 17640 1022 1484 127
404 | China Industry 27360 1021 2014
United
405 | Kingdom Industry 46620 1020,5 1715,616
United
406 | Kingdom Industry 46620 1020,5 1715,616
United
407 | Kingdom Industry 46620 1020,5 1715,616
408 | Japan Academic 222072 1018 | 1502,2362 | 19431,3
409 | Spain Academic 19440 1018 1485,527 85,8
410 | United States | Academic 30048 1017,04 1249,997 586,88
Governmen
411 | China t 21960 1016,38 1897,344
412 | China Industry 60000 1015 2112 750
413 | Germany Research 34560 1014 1227,571 448,2
414 | Poland Academic 32984 1013,721 1372,134 549,6
415 | China Industry 108000 1013,472 3974 .4 3375
416 | United States Industry 36720 1012,046 1410,048
417 | United States Industry 36720 1012,046 1410,048
418 | ltaly Research 20832 1011,86 1399,91
419 | Poland Academic 38400 1010,94 1413,12 864
420 | Singapore Research 30912 1010 1285,939 1159,2
421 | Sweden Academic 24320 1005,45 1634,304
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422 | China Industry 26208 1004 1929,2

423 | China Industry 26208 1004 1929,2

424 | China Industry 23904 1001,68 1772,88

425 | United States | Research 20160 1001,63 1548,288 219,5
1533,4604

426 | Japan Research 1313280 1001,01 8 149,99

427 | United States | Research 31248 1000,52 | 1299,9168 2008,8

428 | Germany Academic 44928 991,525 1425,715 8775

429 | China Industry 60000 990,7 2016 600

430 | Japan Research 34560 989,6 1092,096 5184

431 | Japan Research 34560 989,6 1092,096 518,4

432 | China Industry 21600 988,2 1908

433 | China Industry 52800 986 2112

434 | China Industry 52800 986 2112

435 | China Industry 48000 984,8 1996,8 1710

436 | China Research 24800 981,2 1643,2 840

437 | United States | Academic 77520 976,763 1341,096 510

438 | China Industry 51200 974 2048

439 | China Industry 51200 974 2048

440 | China Industry 34816 974 1906,688 343,64

441 | China Industry 21248 973,5| 1819,0336 92,77

442 | China Industry 79520 972,052 254464

443 | Korea, South Research 18720 971,04 1437,696

444 | Japan Research 23400 961 2148,8 75,78

445 | China Industry 51200 960,3 1966,08 960

United
446 | Kingdom Research 44520 958,734 997,248 855,1
447 | Germany Academic 18880 958,67 1449,984 234
Governmen

448 | United States | t 56112 957,6 | 1212,0192 | 1571,14

449 | China Industry 90000 954,72 3744 3375

450 | China Industry 90000 954,72 3744 3375

451 | China Industry 50400 953,7 1935,36 720

452 | Norway Academic 32192 953,571 1081,651

453 | China Industry 41832 951,743 1539,418 13944

454 | France Vendor 35360 947,889 1584,128 212

455 | China Industry 50400 946,8 1935,36 1965

456 | China Industry 21600 9442 1908

457 | China Industry 21600 9442 1908

458 | France Industry 29568 942,829 1135,411 420,87

Governmen

459 | China t 48000 942,4 1920 800

460 | Japan Research 13824 941,277 1327,104 268,49

461 | China Industry 32768 937,943 1101,005 416

462 | Sweden Industry 27664 935,6 1150,822 44493

463 | China Industry 25920 934,7 1908

464 | China Industry 52800 934,2 1943,04

465 | China Industry 52800 934,2 1943,04

466 | China Industry 52800 934,2 1943,04

467 | China Industry 49600 932,3 1904,64 930

468 | China Industry 54000 931,2 1900,8 675

469 | China Others 20160 926,1 1676,592

470 | China Industry 56000 920,8 1881,6 770

471 | China Industry 46640 918,844 1641,728

472 | China Industry 48000 918,4 1843,2 900
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473 | China Industry 43200 915,425 1520,64

474 | China Industry 50000 914,8 1840 1235

475 | United States Industry 28800 914,688 1152 1590

476 | China Industry 21600 912,659 1602

477 | China Industry 21600 912,659 1602

478 | Poland Academic 26016 909,614 1082,266 585,36

479 | Sweden Academic 19968 909,494 1341,85

480 | New Zealand Research 18560 908,892 1425,408

481 | China Industry 20640 906,1 1800
Governmen

482 | Canada t 30816 904,15 1035,418
Governmen

483 | Canada t 30816 904,15 1035,418
Governmen

484 | China t 50400 902,156 1935,36

485 | Russia Academic 78660 901,9 1700,21 2800

486 | India Academic 31104 901,506 1244,16 607,5

487 | China Research 17200 897,2 1444,16 140

488 | China Industry 51360 895,077 1807,872

489 | United States | Academic 81920 894,439 1048,576 410,9

490 | United States Industry 32400 892,982 1244,16

491 | China Industry 19200 884 1696

492 | China Industry 19200 884 1696

493 | China Industry 18240 882 1611,2

494 | China Industry 18240 882 1611,2

495 | Germany Industry 30184 881,8 1159,066 369,2

496 | China Industry 53200 880,992 2213,12

497 | China Industry 49600 875,85 1825,28 930

498 | China Industry 45440 874,8 1817,6

499 | China Industry 45440 874,8 1817,6

500 | China Industry 44800 874,1 1792
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2. Green500 List

Aloteg «Top500» & «Green500»

Mia mtepiAndn tou kataAoyou «Green500» (NoéupBpLog 2018) avaAuTikOTEPQ T OTOLXELD

¢ Alotag autrg utdpyouv oto www.top500.org/green500/list/2018/11/.
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Rank -;g: Count Segment Lotal R FOITED Ef?i?:‘ilg:l::

Rank i ’ baEs e (kW) [GFIopsNVazs]

1 374 | Japan Research 953280 | 1063,305 60,4 17,604
United

2 373 | States Industry 22440 1070 97 15,113
United

3 1 | States Research 2397824 143500 9783 14,668

4 7 | Japan Research 391680 19880 | 1649,25 14,423

5 22 | Japan Academic 135828 8125 792,08 13,704
United

6 2 | States Research 1572480 94640 | 7438,28 12,723

7 444 | Japan Research 23400 961 75,78 12,681

8 409 | Spain Academic 19440 1018 85,8 11,865

9 38 | China Vendor 163840 4325 380 11,382

10 20 | Taiwan Research 170352 9000 797,54 11,285

11 298 | China Industry 23904 1154,8 107,14 10,778

12 441 | China Industry 21248 973,5 92,77 10,494
United

13 283 | Kingdom Academic 21240 1193 114,4 10,428

14 15 | ltaly Industry 253600 12210 1320 9,804
United

15 50 | States Industry 60512 3307 349,5 9,462
United

16 51 | States Industry 60512 3307 349,5 9,462

17 216 | China Others 26180 1432,9 159,94 8,959

18 5 | Switzerland Research 387872 21230 | 2384,24 8,904

19 268 | China Academic 22656 1238 144 8,597

20 403 | France Academic 17640 1022 127 8,047

21 235 | Canada Academic 59776 1337 167 8,006

22 241 | China Industry 28884 1314 165 7,964

23 228 | China Industry 30624 1389 176 7,892

24 108 | China Industry 41760 1825 240 7,604

25 426 | Japan Research 1313280 1001,01 149,99 6,674

26 487 | China Research 17200 897,2 140 6,409

93014,59
27 3 | China Research | 10649600 388 15371 6,051
Governm

28 220 | China ent 30240 1418 240 5,908

29 14 | Japan Academic 556104 13554,6 2718,7 4,986
United

30 425 | States Research 20160 1001,63 219,5 4,563

31 59 | Canada Research 60000 3074,19 676,3 4,546

32 26 | Germany Research 114480 6177,73 1361 4,539

33 454 | France Vendor 35360 947,889 212 4,471

34 40 | France Research 79488 4065,55 917 4,434

Governm
35 243 | China ent 24400 1307 300 4,357
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United
36 87 | Kingdom Academic 50176 2271,38 530 4,286
37 28 | Japan Research 135792 5730,5 | 1353,95 4,232
38 29 | Japan Research 135792 5730,5 | 1353,95 4,232
39 91 | Japan Academic 40000 2089,98 495,86 4,215
40 447 | Germany Academic 18880 958,67 234 4,097
41 60 | Japan Academic 122400 3057,35 748,1 4,087
42 242 | France Research 56304 1311,33 326 4,022
Governm
43 225 | China ent 28000 1405 350 4,014
44 68 | Japan Research 54560 2787,14 697,51 3,996
45 237 | Taiwan Research 27200 1325,15 332 3,991
46 25 | Spain Academic 153216 6470,8 1632 3,965
47 97 | France Industry 41472 1980,53 512 3,868
Governm
48 269 | China ent 24640 1237 320 3,866
49 85 | Saudi Arabia | Industry 53300 2322,46 608 3,82
50 16 | France Research 561408 11965,5 3178 3,765
51 236 | Japan Research 26400 1326,25 357,55 3,709
52 102 | China Industry 54000 1928 520 3,708
53 75 | China Research 50816 2547 710 3,587
United
54 12 | States Research 622336 14014,7 3939 3,558
55 460 | Japan Research 13824 941,277 268,49 3,506
United
56 107 | Kingdom Research 80640 1829,86 529 3,459
57 31 | Germany Research 127520 5612,83 1635 3,433
United
58 211 | States Industry 45680 1462,97 431 3,394
59 4 | China Research 4981760 61444,5 18482 3,325
60 81 | China Research 48128 2435 740 3,291
61 113 | Japan Research 38552 1785,62 544,48 3,279
United
62 33 | States Research 124416 544464 | 1685,73 3,23
63 366 | China Research 19264 1075 344 3,125
United
64 360 | States Research 34884 1087,58 354 3,072
65 99 | Germany Academic 49432 1967,81 657 2,995
United
66 80 | States Research 73920 24437 835 2,927
United
67 53 | Kingdom Research 113832 3243,41 1134 2,86
68 440 | China Industry 34816 974 343,64 2,834
69 44 | Germany Research 155150 3782,57 | 1345,28 2,812
70 45 | India Research 119232 3763,94 | 1353,23 2,781
United
71 36 | States Research 144900 4788,19 1727 2,773
72 62 | Germany Research 99072 3010,68 1116 2,698
73 73 | India Research 83592 2570,4 954,73 2,692
United
74 6 | States Research 979072 20158,7 7578,1 2,66
75 103 | China Industry 49680 | 1914,389 732,78 2,613
76 89 | France Research 72000 2167,99 8304 2,611
77 90 | France Research 73440 2157,41 830,2 2,599
78 55 | ltaly Industry 72000 3188 1227 2,598
79 274 | France Vendor 46800 1225,28 472 2,596
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80 104 | Switzerland Research 65268 1896,75 732,4 2,59
Governm
81 247 | China ent 47040 1286 504 2,552
United
82 275 | States Research 40392 1223,7 480 2,549
United
83 276 | States Research 40392 1223,7 480 2,549
Governm
84 222 | China ent 52080 1416 560 2,529
United
85 204 | States Research 53352 1524,72 603,4 2,527
86 229 | France Vendor 49896 1363,48 543 2,511
United
87 291 | States Research 39744 1179,58 485 2,432
United
88 379 | States Research 33088 1050,54 432,5 2,429
89 245 | France Research 38528 1299,47 539 2,411
90 495 | Germany Industry 30184 881,8 369,2 2,388
United Governm
91 46 | States ent 72800 3577 1498,9 2,386
United Governm
92 47 | States ent 72800 3577 1498,9 2,386
United
93 308 | States Research 41256 1142,44 480 2,38
94 219 | China Research 48000 1428 600 2,38
United
95 306 | States Research 39672 1144,84 485,7 2,357
United
96 307 | States Research 39672 1144,84 485,7 2,357
97 277 | Germany Research 41472 1214,2 528,2 2,299
98 413 | Germany Research 34560 1014 448,2 2,262
99 461 | China Industry 32768 937,943 416 2,255
100 270 | Canada Academic 51200 1228 546,04 2,249
United
101 41 | States Industry 145920 4042,46 1800 2,246
102 458 | France Industry 29568 942,829 420,87 2,24
United
103 218 | Kingdom Research 131072 | 1431,102 657 2,178
United
104 39 | States Research 393216 | 4293,306 1972 2177
United
105 489 | States Academic 81920 894,439 410,9 2177
106 367 | France Academic 98304 | 1073,327 493,12 2,177
United
107 368 | Kingdom Academic 98304 | 1073,327 493,12 2,177
United 17173,22
108 10 | States Research 1572864 4 7890 2177
United
109 21 | States Research 786432 | 8586,612 3945 2,177
United
110 9 | States Research 560640 17590 8209 2,143
111 111 | Sweden Academic 67456 1802,51 842 2,141
112 63 | Japan Academic 92160 2910 1382,4 2,105
United
113 378 | States Academic 23040 1052 500 2,104
114 462 | Sweden Industry 27664 935,6 444 .93 2,103
United
115 42 | Kingdom Research 126468 3944,68 | 1897,02 2,079
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United
116 43 | Kingdom Research 126468 3944,68 | 1897,02 2,079
United
117 66 | Kingdom Research 89856 | 2801,782 | 1347,84 2,079
United
118 67 | Kingdom Research 89856 | 2801,782 | 1347,84 2,079
119 92 | China Industry 174720 2071,39 997 2,078
120 131 | Poland Academic 55728 1670,09 807,6 2,068
121 358 | China Industry 43008 1089,87 528,4 2,063
122 292 | Japan Academic 38016 1178,3 580,9 2,028
123 69 | Japan Academic 76032 2785 | 1398,61 1,991
124 88 | Saudi Arabia | Industry 76032 2249,68 1134 1,984
125 309 | China Industry 41440 | 1142,232 577,69 1,977
126 32 | Saudi Arabia | Academic 196608 5536,99 2834 1,954
United
127 437 | States Academic 77520 976,763 510 1,915
128 56 | Japan Research 110160 3157 1652,4 1,911
129 84 | Japan Research 82944 2376 | 1244,16 1,91
130 430 | Japan Research 34560 989,6 518,4 1,909
131 431 | Japan Research 34560 989,6 518,4 1,909
132 65 | Germany Academic 86016 2813,62 | 1480,83 1,9
133 414 | Poland Academic 32984 | 1013,721 549,6 1,844
134 266 | Finland Academic 40608 1250 680 1,838
United
135 76 | States Research 194616 2539,13 1384 1,835
136 105 | France Research 70272 1871 1042 1,796
137 398 | Germany Academic 34656 1029,94 582 1,77
138 82 | Korea, South | Research 69600 2395,68 | 1359,38 1,762
139 83 | Korea, South | Research 69600 2395,68 | 1359,38 1,762
140 224 | China Industry 78000 1405 800 1,756
141 259 | China Industry 67200 1262 720 1,753
142 77 | France Academic 85824 2494,65 1430 1,745
143 324 | China Research 46080 | 1127,154 647,96 1,74
144 116 | China Others 97920 1736 1000 1,736
United
145 410 | States Academic 30048 1017,04 586,88 1,733
United
146 188 | States Research 48960 1635,02 956,25 1,71
United
147 189 | States Research 48960 1635,02 956,25 1,71
United Governm
148 78 | States ent 100064 2485 | 1465,78 1,695
149 221 | China Industry 82800 1417 850 1,667
150 96 | China Industry 116600 1997 1200 1,664
Governm
151 234 | China ent 78720 1345 810 1,66
152 244 | China Industry 76000 1306 790 1,653
153 429 | China Industry 60000 990,7 600 1,651
154 265 | China Industry 72800 1252 760 1,647
155 109 | China Industry 110080 1807 1100 1,643
156 260 | China Industry 76480 1258 770 1,634
157 98 | China Industry 121920 1979 1216 1,627
158 112 | China Industry 105000 1790 1100 1,627
159 197 | China Industry 92000 1562 960 1,627
160 129 | China Industry 97920 1683 1050 1,603
161 258 | China Industry 74400 1266 800 1,583
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162 357 | Australia Research 35712 | 1097,558 697,5 1,574
163 30 | Germany Research 185088 5640,17 3615 1,56
164 478 | Poland Academic 26016 909,614 585,36 1,554
165 359 | Netherlands | Academic 38880 1088,51 706 1,542
166 399 | South Africa | Academic 32856 1029,32 685 1,503
167 263 | China Industry 68000 1257 840 1,496
168 486 | India Academic 31104 901,506 607,5 1,484
169 264 | China Industry 81200 1254 870 1,441
170 400 | China Industry 58800 1028 735 1,399
171 393 | China Industry 210000 1036 750 1,381
172 267 | China Industry 72000 1242 900 1,38
173 468 | China Industry 54000 931,2 675 1,38
174 412 | China Industry 60000 1015 750 1,353
United
175 27 | States Research 241108 5951,55 4407 1,35
176 451 | China Industry 50400 953,7 720 1,325
177 34 | France Industry 220800 5283,11 4150 1,273
178 122 | ltaly Academic 54432 1723,89 1360,8 1,267
179 470 | China Industry 56000 920,8 770 1,196
Governm
180 459 | China ent 48000 942 .4 800 1,178
181 419 | Poland Academic 38400 1010,94 864 1,17
182 436 | China Research 24800 981,2 840 1,168
183 354 | China Industry 64000 1102 960 1,148
184 401 | China Industry 54000 1026 900 1,14
185 428 | Germany Academic 44928 991,525 877,5 1,13
United
186 446 | Kingdom Research 44520 958,734 855,1 1,121
Governm
187 383 | China ent 51200 1044 960 1,087
188 350 | China Industry 67200 1108 1050 1,055
189 472 | China Industry 48000 918,4 900 1,02
1283,311
190 252 | Germany Research 65320 9 1260 1,019
191 467 | China Industry 49600 932,3 930 1,002
192 445 | China Industry 51200 960,3 960 1
193 497 | China Industry 49600 875,85 930 0,942
United Governm
194 223 | States ent 73584 1415,47 1606 0,881
United
195 262 | States Research 72288 | 1257,615 | 1436,72 0,875
196 420 | Singapore Research 30912 1010 1159,2 0,871
197 64 | Germany Academic 147456 2897 | 3422,67 0,846
12659,8
198 18 | Japan Research 705024 10510 9 0,83
199 474 | China Industry 50000 914,8 1235 0,741
200 329 | China Industry 64800 1124 1620 0,694
201 453 | China Industry 41832 951,743 1394,4 0,683
United Governm
202 58 | States ent 152692 3126,24 4819,5 0,649
United
203 49 | States Research 124200 3318,95 5175 0,641
204 101 | Japan Research 60240 1929,37 3012 0,641
205 230 | France Research 77184 1359 2132 0,637
206 74 | China Research 186368 2566 4040 0,635
207 448 | United Governm 56112 9576 | 1571,14 0,609
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States ent
United Governm

208 125 | States ent 57600 1703,28 2880 0,591

209 435 | China Industry 48000 984,8 1710 0,576
United

210 475 | States Industry 28800 914,688 1590 0,575
United Governm

211 248 | States ent 61256 1285,6 | 2323,71 0,553
United Governm

212 249 | States ent 61256 1285,6 | 2323,71 0,553
United

213 427 | States Research 31248 1000,52 2008,8 0,498
United Governm

214 57 | States ent 225984 3143,52 | 6327,55 0,497
United

215 186 | Kingdom Research 118080 | 1642,536 | 3306,24 0,497

216 254 | China Research 120640 1271 2580 0,493

217 455 | China Industry 50400 946,8 1965 0,482

218 304 | China Industry 78000 1149,57 2437,5 0,472
United

219 195 | States Vendor 62944 1587 | 3575,63 0,444
United

220 134 | States Research 133824 | 1654,702 | 3747,07 0,442

221 355 | China Industry 84000 1101,6 2625 0,42

222 356 | China Industry 84000 1101,6 2625 0,42

223 485 | Russia Academic 78660 901,9 2800 0,322
United

224 353 | States Industry 25920 1106 3564 0,31
Czech

225 213 | Republic Academic 76896 1457,73 4806 0,303

226 415 | China Industry 108000 | 1013,472 3375 0,3

227 449 | China Industry 90000 954,72 3375 0,283

228 450 | China Industry 90000 954,72 3375 0,283

229 390 | China Industry 100000 1038,4 3750 0,277

230 380 | France Research 138368 1050 4590 0,229
United

231 295 | States Research 150528 1167 5569 0,21
United

232 70 | States Research 95472 2632,51 13620 0,193
United

233 71 | States Research 95472 2632,51 13620 0,193

234 408 | Japan Academic 222072 1018 | 19431,3 0,052
United Governm

235 54 | States ent 55296 32214
United

236 375 | States Industry 39744 | 1061,019

237 469 | China Others 20160 926,1

238 115 | Germany Industry 35280 1750,18

239 279 | Japan Research 35360 1213

240 250 | China Industry 51200 1284,5

241 19 | ltaly Academic 348000 10384,9

242 136 | Australia Industry 57600 1649,11

243 137 | Canada Industry 57600 1649,11

244 138 | Canada Industry 57600 1649,11

245 139 | Canada Industry 57600 1649,11

246 330 | Australia Industry 38400 1123,15

247 331 | Brazil Industry 38400 1123,15
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248 332 | Australia Industry 38400 1123,15
United
249 395 | States Vendor 24240 1031,17
United
250 52 | States Research 78720 3275,67
United
251 11 | States Research 248976 15430
United
252 246 | States Research 19656 1289
United
253 24 | States Research 280320 6920,9
United
254 372 | States Research 46720 1070,59
255 418 | ltaly Research 20832 1011,86
256 72 | ltaly Industry 66000 2592
United
257 370 | States Industry 41600 1071,42
United
258 371 | States Industry 41600 1071,42
United
259 48 | States Research 160304 3409,61
260 261 | China Industry 29760 1257,62
261 278 | China Industry 24000 1213,62
United
262 405 | Kingdom Industry 46620 1020,5
United
263 406 | Kingdom Industry 46620 1020,5
United
264 407 | Kingdom Industry 46620 1020,5
Governm
265 110 | China ent 33840 1804
Governm
266 114 | China ent 33120 1768,59
Governm
267 117 | China ent 32400 1735,66
Governm
268 124 | China ent 31680 | 1703,508
Governm
269 128 | China ent 35200 1684,19
Governm
270 132 | China ent 30960 1668,16
Governm
271 190 | China ent 32144 1630,13
Governm
272 194 | China ent 31360 1593,03
Governm
273 198 | China ent 30576 1558,4
Governm
274 206 | China ent 29792 1520,97
Governm
275 214 | China ent 28224 1443,56
Governm
276 215 | China ent 28224 1443,56
Governm
277 361 | China ent 23760 1086,42
Governm
278 369 | China ent 23400 1072,83
279 376 | China Governm 23040 1060,19
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ent
Governm
280 382 | China ent 22680 1046,12
Governm
281 396 | China ent 22320 1031,14
Governm
282 411 | China ent 21960 1016,38
Governm
283 484 | China ent 50400 902,156
United
284 140 | States Industry 57600 1649,11
United
285 141 | States Industry 57600 1649,11
United
286 142 | States Industry 57600 1649,11
United
287 143 | States Industry 57600 1649,11
United
288 144 | States Industry 57600 1649,11
United
289 145 | States Industry 57600 1649,11
United
290 146 | States Industry 57600 1649,11
United
291 147 | States Industry 57600 1649,11
United
292 148 | States Industry 57600 1649,11
United
293 149 | States Industry 57600 1649,11
United
294 150 | States Industry 57600 1649,11
United
295 151 | States Industry 57600 1649,11
United
296 152 | States Industry 57600 1649,11
United
297 153 | States Industry 57600 1649,11
United
298 154 | States Industry 57600 1649,11
United
299 155 | States Industry 57600 1649,11
United
300 156 | States Industry 57600 1649,11
United
301 157 | States Industry 57600 1649,11
United
302 158 | States Industry 57600 1649,11
United
303 159 | States Industry 57600 1649,11
United
304 160 | States Industry 57600 1649,11
United
305 161 | States Industry 57600 1649,11
United
306 162 | States Industry 57600 1649,11
United
307 163 | States Industry 57600 1649,11
United
308 164 | States Industry 57600 1649,11
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United
309 165 | States Industry 57600 1649,11
United
310 166 | States Industry 57600 1649,11
311 95 | Japan Academic 39760 2000
312 193 | Japan Research 33600 1601
313 471 | China Industry 46640 918,844
314 443 | Korea, South | Research 18720 971,04
315 133 | China Industry 41760 1667,72
316 232 | China Industry 82752 1348,56
317 271 | China Industry 26720 1228
318 272 | China Industry 26720 1228
319 273 | China Industry 26720 1228
320 296 | China Industry 26880 1161
321 305 | China Industry 67200 1145,41
322 325 | China Industry 26880 1127
323 326 | China Industry 26880 1127
324 327 | China Industry 26880 1127
325 | 488 | China Industry 51360 895,077
326 424 | China Industry 23904 1001,68
327 | 476 | China Industry 21600 912,659
328 | 477 | China Industry 21600 912,659
329 199 | China Industry 38880 1555,97
330 363 | China Industry 120240 1080
331 364 | China Industry 120240 1080
332 365 | China Industry 33840 1080
333 391 | China Industry 52800 1038
334 392 | China Industry 52800 1038
335 464 | China Industry 52800 934,2
336 465 | China Industry 52800 934,2
337 | 466 | China Industry 52800 934,2
338 | 496 | China Industry 53200 880,992
339 118 | China Industry 38400 1729
340 119 | China Industry 38400 1729
341 120 | China Industry 38400 1729
342 123 | China Industry 39680 1714
343 210 | China Industry 33000 1471
344 231 | China Industry 31680 1352
345 253 | China Industry 66560 1276
346 255 | China Industry 65280 1271
347 256 | China Industry 64000 1269
348 257 | China Industry 64000 1269
349 284 | China Industry 28800 1188
350 285 | China Industry 28800 1188
351 286 | China Industry 24960 1182
352 287 | China Industry 24960 1182
353 290 | China Industry 26880 1180
354 293 | China Industry 12800 1171
355 294 | China Industry 12800 1171
356 299 | China Industry 28800 1152
357 301 | China Industry 28800 1152
358 302 | China Industry 28800 1152
359 303 | China Industry 28800 1152
360 315 | China Industry 59520 1128
361 316 | China Industry 59520 1128
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362 317 | China Industry 28800 1128
363 318 | China Industry 28800 1128
364 319 | China Industry 28800 1128
365 320 | China Industry 28800 1128
366 321 | China Industry 28800 1128
367 322 | China Industry 28800 1128
368 346 | China Industry 26400 1110
369 347 | China Industry 26400 1110
370 348 | China Industry 26400 1110
371 349 | China Industry 26400 1110
372 351 | China Industry 57600 1106
373 352 | China Industry 57600 1106
374 381 | China Industry 39520 1048
375 384 | China Industry 24000 1042
376 385 | China Industry 24000 1042
377 386 | China Industry 24000 1042
378 387 | China Industry 24000 1042
379 388 | China Industry 24000 1042
380 397 | China Industry 57600 1030
381 404 | China Industry 27360 1021
382 422 | China Industry 26208 1004
383 423 | China Industry 26208 1004
384 432 | China Industry 21600 988,2
385 433 | China Industry 52800 986
386 434 | China Industry 52800 986
387 438 | China Industry 51200 974
388 439 | China Industry 51200 974
389 456 | China Industry 21600 944,2
390 457 | China Industry 21600 944,2
391 463 | China Industry 25920 934,7
392 481 | China Industry 20640 906, 1
393 491 | China Industry 19200 884
394 492 | China Industry 19200 884
395 493 | China Industry 18240 882
396 494 | China Industry 18240 882
397 498 | China Industry 45440 874,8
398 499 | China Industry 45440 874.,8
399 500 | China Industry 44800 8741
400 342 | China Others 120960 1123
401 86 | China Industry 55104 2287
402 300 | China Industry 28800 1152
403 314 | China Industry 26880 1142
404 328 | China Others 26880 1127
United
405 362 | States Industry 36288 1085,46
406 13 | Korea, South | Research 570020 13929,3
407 8 | Germany Academic 305856 19476,6
408 282 | Russia Research 35136 1200,35
United
409 288 | States Industry 23808 | 1181,074
United
410 289 | States Industry 23808 | 1181,074
United
411 394 | States Academic 41472 1032,82
412 79 | Russia Academic 64384 2478
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413 130 | Australia Academic 87224 1676,22
414 480 | New Zealand | Research 18560 908,892
United
415 100 | States Research 66304 1966,08
United
416 35 | States Research 75600 4850,66
417 421 | Sweden Academic 24320 1005,45
418 479 | Sweden Academic 19968 909,494
United Governm
419 93 | States ent 34560 2001,99
United Governm
420 94 | States ent 34560 2001,99
421 281 | China Industry 36000 1202,68
422 389 | China Industry 61000 1038,43
423 402 | China Industry 60000 1022,01
United
424 343 | States Research 33600 1121,13
United
425 344 | States Research 33600 1121,13
426 227 | Japan Industry 59392 1391
United
427 61 | States Industry 47808 3057
428 37 | Japan Academic 72000 4540,69
United
429 203 | States Research 125328 1529
430 106 | China Industry 43200 1831,49
431 121 | China Industry 118400 1728,88
432 135 | China Industry 89600 1653,22
433 187 | China Industry 38400 1639,3
434 191 | China Industry 37600 1608,22
435 192 | China Industry 86800 1603,23
436 196 | China Industry 36800 1579,98
437 200 | China Industry 36000 1552,44
438 201 | China Industry 84000 1551,51
439 202 | China Industry 82880 1537,19
440 205 | China Industry 35200 1521,94
441 208 | China Industry 34400 1492,78
442 209 | China Industry 79520 1477,92
443 212 | China Industry 33600 1462,27
444 217 | China Industry 32800 1432
445 226 | China Industry 32000 1400,88
446 233 | China Industry 32000 1346,76
447 238 | China Industry 30000 1319,52
448 239 | China Industry 30000 1319,52
449 240 | China Industry 29920 1316,84
450 251 | China Industry 30400 1284,26
451 280 | China Industry 76800 1212,8
452 297 | China Industry 64320 1156,5
453 310 | China Industry 27520 1142
454 311 | China Industry 27520 1142
455 312 | China Industry 27520 1142
456 313 | China Industry 27520 1142
457 323 | China Industry 62400 1127,49
458 377 | China Industry 51840 1060,19
459 442 | China Industry 79520 972,052
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Aloteg «Top500» & «Green500»

460 473 | China Industry 43200 915,425
Governm
461 482 | Canada ent 30816 904,15
Governm
462 483 | Canada ent 30816 904,15
463 333 | Korea, South | Industry 38400 1123,15
464 334 | Korea, South | Industry 38400 1123,15
465 167 | Netherlands | Industry 57600 1649,11
466 168 | Ireland Industry 57600 1649,11
467 169 | Singapore Industry 57600 1649,11
468 170 | Ireland Industry 57600 1649,11
469 171 | Netherlands | Industry 57600 1649,11
470 172 | Ireland Industry 57600 1649,11
471 173 | Netherlands | Industry 57600 1649,11
472 174 | Ireland Industry 57600 1649,11
473 175 | Netherlands | Industry 57600 1649,11
474 176 | Ireland Industry 57600 1649,11
475 177 | Netherlands Industry 57600 1649,11
476 178 | Ireland Industry 57600 1649,11
477 179 | Ireland Industry 57600 1649,11
478 180 | Ireland Industry 57600 1649,11
479 181 | Ireland Industry 57600 1649,11
480 182 | Ireland Industry 57600 1649,11
481 183 | Ireland Industry 57600 1649,11
482 184 | Ireland Industry 57600 1649,11
483 185 | Singapore Industry 57600 1649,11
United
484 335 | Kingdom Industry 38400 1123,15
United
485 336 | Kingdom Industry 38400 1123,15
United
486 337 | Kingdom Industry 38400 1123,15
487 338 | India Industry 38400 1123,15
United
488 339 | Kingdom Industry 38400 1123,15
489 340 | Japan Industry 38400 1123,15
United
490 416 | States Industry 36720 | 1012,046
United
491 417 | States Industry 36720 | 1012,046
United
492 490 | States Industry 32400 892,982
493 341 | South Africa | Industry 38400 1123,15
494 127 | China Academic 32400 1686,54
495 207 | China Academic 29400 1498,32
496 345 | China Industry 66000 1121
United
497 17 | States Academic 367024 10680,7
498 126 | Japan Academic 35200 1691
499 452 | Norway Academic 32192 953,571
United
500 23 | Kingdom Research 241920 7038,93
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Extipnon tng evepyelakng anddoong cuotadog

UTTOAOYLOTIKWV HOVASWV XapnAou oykou / KatavaAwaong

Ewkova 146 - Single Board Computer — SBC (Mnyn: www.techrepublic.com)
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