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[TopddAnhar xan Aloveunuéva Xuo ThUATOL Epyootia 2: Distributed bitonic sort

1. EmxArorg

H mapoloa epyasia apopd Tov TOpoAANALOUO CUCTNUATODY UE XATAVEUNUEVT UVAUN xou TO povTéio uetofBiBaong
unvopdtov (MPI). To avtixelpevo ye to omolo aoyoholuacte eivon o ahydpripoc talvéunone bitonic sort,
TOV 0T0l0 €YOUUE XATAVEUEL OE DLABXACIES TTOU TEEYOUVE OE DLAPORETIXOUE LTOAOYIOTES. 1T xdie Bradixacia
Opwe eV €xoude avolécel €va avTIXEIUEVD, 0AAG Evar uépog Twv dedopévwy xou tn Yéon (dievduvor) Tou autd
mpoxerton var Toe&vountoiv. H xdie dadixaoio avtodhdoel dedopéva pe Tic undloines dladixasies axolovdmvog
N Aoy Tou ahyoprduou bitonic, ahhd 600V agopd tar dedouéva Tou PeloxovTon Tomxd, auTd Tar Tagvouel Ue
Tov BéATIoTo Buvato TEdTOo. AV xou 1 cuVRING HopY| Tou ahyopituou elvar avadpouixy|, oTny tapoloa epyacio
€youpe avol&el v avadpoun oe Bedyo enaviindng. O Bedyog dnuiovpyel To dixtuo Tavéunong, 6mou oe xdie
oTédLo oL dladixacieg avtahhdoouv dedopéva pe évay, 600, Téooepls xou 00Tw xadehc YelToveS, TwV oTolwy oL
dievdivoelg dlagépouy xotd hamming distance {on pe 1,2, 4 xaw 00tw xodehc. Me dhha Aoyia axoroudolv Tic
oaxuég evog unepxlfBou avtioTolyne Bldotaong Ye TNV duadxr TEEN YeyEPous TwV SLaBIXAGLHY.

2. IIAPAAOTEA

Ta mapadotéa tng epyaociag amoteholvIal amo:
e Trv mapoloo avapopd.
e To c0vdeoUOo Ue TO amOVETARLO TOU TEPLEYEL TOV XWOLXA YIA TNV TALAY WY T TWV EXTEAECIUWY, TNG AVAPORES
X0 TG UETENOELS.

3. Y AOIIOIHTZH

ITpwv Eextvooupe Ue TS AETTOPERELES TOU aAYOpLIUOU xou TG LAoTolnong xahé Yo HTay va teptypdouue Tic
Baowxéc cUVOPTACELS oL BOUES GEBOUEVMV TIOU YpMoWoToolVTaL oTny epyacia, Khote vo Bondnoouue otny
XAAOTERT xaTAVON O TNG LAOTOINONS.

e distBitonic(): Ilpdxeiton yior v Bacixy) cuvdpetnor mou VAomolel Tov akyoprluo tne epyactiog.

e distBubbletonic(): Ilpdxeiton yio v Baocixr) cuvdptnon mou vAonolel Tov aAyodplluo tTne €xdoomng
v0.5. O avayvootng unopel vo nelpapoatio tel ue auth v éxdoon xadoe undpyouv make rules, ohhd dev
xpUPEL xdmolov “doo 610 pavixt”, xadde 1 Bektiotonoinon éywve pe yvouova v distBitonic().

e MPI_t: O timog autdg dnuovpyel éva eninedo agalpeong yopw and tnv MPI emxowwvia, apyxonolnon
xou Blayelpton mopwyv. Kalde avtixeipevo autol tou thnou prnopel va dlayelpio tel by ypovn 1 aclyyeovn
emxovwvio. Xe TEpinTwon Tou TUEOVCLHOTEL COIAUN OTNY ETLXOVWVIN, 1) EXTENECT] TOU TROYEUUUAUTOS
teppatiletan ye xatdAhnin duyelplon twv toépwyv tou MPL

e ShadowedVec_t: O timoc autdg mpooépet To interface evog std:ivector, evdy ecwtepind mepxhelel
oVo. Eva evepyo xau éva wg oxtd tou evepyol. O Adyog elvar yiar Vo Tpoc@QEReL EVOAAIXTING YO
amoVAXEVONG YL T ELOERPYOUEVA BEBOEVAL XxaTd TNV avTohharyy) oty MPI emixowvwvia, oAl xou yia Tov
ahyoprdpo tagvounone elbow-sort, o onolog dev umopel vor Aertovpynoer “in-place” xadoe yeewdleton
Eeywplotd mivaxa tpooplool. Me tny agoalpeon auth) Tpocgépouue €va xowo interface mou xoAUmTeL xou
¢ 800 MEPLMTOOELS.

e Timing: H td&n auth npocyépet duvatdtntes ypovouétenong uiog 1 xou ToAAamAoy xhioewy adpollovtag
TOUC YPOVOUC.

‘O)ot ot mopamdve tomol eivon templates, xaw Bploxovtar oto avtiotorya headers (.hpp) avti yio apyeta .cpp. H

ouvdptnom main() tou vAorotel Tov ahy6prduo, ahhd xou auTH Tou xoel To unit tests, pali pe tov validator
xot To command line interface Bploxovtow 670 apyelo main.cpp.


https://git.hoo2.net/hoo2/PDS/src/branch/master/homework_2
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3.1. Model version

H mpddtn €xdoom tou ahyodprduou mou viomotjdnxe Aoy pio EVo-Tpoc-éva avTloTolyia Ue To UoVTéAO Tou
onwovpyunxe ot julia. Xtnv éxdoon auth Okeg oL emxowvwvieg yivovtan pe T blocking exdéoec Tou MPL
Ta Baocwd BApata avtic g éxdoong Yo xde wioe MPI Siaduacto etvou:

o Talvounon twv BeBOUEVLV TOTIXE YENOLOTOWVTAS XAmolov “axp36” alyderduo.

Avtadhhoyh Gheov Tov dedopévwy pe tnv dadixacia - etaipo (blocking).

Aoy wptopog ehaylotwy — yeylotoy, 6mou 1 dladxacio xpotdel To Uev 1) o O.

Tagvounon g ditovixnig axoloudiag mou mpoxintel pe v elbow-sort.

To mpdhto Brua exteleiton povo wia gopd, ahhd to teheutala teio extelolvtan ot Pedyo. ‘Etol oe xdlde enavddndn
Tou PBeoyou n xdde MPI Siadixacior avtadldosr 6o Tor Bedopéva UE TOV ETAUPO TN ol POV TEAEWWDOEL
N emxovwvia, TOTE extelelton 0 dlaywelonds xou 1 tagvounon. Ilpogoavdg xau uévo and ) datdnworn e
TEONYOVUEYNS TEOTAOTNS XATOLOE Vot GXEPTOTAV OTL UTEOY OUV TOGES EUXAQIES VO XEVOUUE T TIEAYHOTOL XOADTERL.
No! JELOOOUUE TIC ETXOWVWVIES, VoL TIC XEVOUUE aoUYYpoveES, XAT... lopadétovtac tov Donald E. Knuth! mou
avapépel Twe: “premature optimization is the root of all evil”, Yo mpénel va Tovicoupe TwC Yo var emAEEOUUE
TL a6 Ohot TEETEL VoL BEATIO TOTOLACOVUE, TEENEL TEMTA VOL UETEHOOUYE.

Apywd howndv, avalboaye tTnv extéheon Tou npoyedupatog tomxd ue 4 MPI tasks yenowonowdvtag to perf,
70 0T0(0 €8eIEE OTL OG0 PEYEAWVE TO YEYEVOC TV BEBOUEV®Y TOG0 0 XLELAEYOS TAEAYOVTIAS YIVOTAY
7 full sort. ' Ty axpifela

‘ Full Sort Elbow Sort MPI-exchange Min-Max Data Gen Data Alloc
q=20 | 33.67% 9.07% 1.96% <0.5% 2.96% 1.1%
q=26 | 67.21% 13.63% 4.63% 2.05% 5.2% 1.74%

[o va utootneilouue Tor Topamdve Sedouéva yenowlonotfooue xou Ty ouctolylor batch. T v axeifBeia
uetproope 600 Yia g = 20, 600 xau Yo g = 27, pe 4 Siepyaoieg oe didtadn Inode:4dprocess xou 4nodes:1process.

Total Full Sort Elbow Sort MPI-exchange Min-Max
N1P4-q=20 | 138 ms 94 ms (68.1%) 26 ms 14.5 ms 2.54 ms
N1P4 - q=27 20 s 15.5 s (77.5%) 3.44 s 750.5 ms 425.3 ms
N4P1 - =20 | 151.7 ms 93.3 ms (61.5%) 26 ms 29.7 ms 1.56 ms
N4P1 - q=27 20 s 15.5 s (77,5%) 3.43 s 531.3 ms 336.3 ms

To napandve dedopévo emPBeBarhvouy mwe o xuplapyoc mapdyovtac elvar n full sort mou eivon O(nlog(n)),
oe oyéon pe 6ha ta undhoina ou eivow O(n). Lvunepoivouue Aowndy Twe 1 oyt “oxpr’ talvdunon etvon
TEAXTIXA TO TEMOTO TEAYUN Tou TEETEL va BeAtioTonotjoouue. Axdua to dedouéva gaivetar vor utootneilouy
TS 1 avTohhayr) 8edopévwy dev enneedleTton TOCO amd TO AV OL BIERYACIES EMXOWWVOUV GE XOWT| UVAUT 1 UEow
outOou. To yeyovog 6TL 1 cuaTolylo “rome” €yel axoua yenyopodtepo interface Suxtiou utootne(lel auTH TNV

unddeon.

duoxd, av 0 apiudc TV BLEPYACLOY UEYAADCEL TdEo TOAD TOTE TEpUévouue OTL oL dladixaoleg elbow-sort,
MPI-exchange xou Min-Max, mou efvon xou T0 xopudtt mou agopd Tov alyodprduo bitonic sort, Yo apyloet va
maiCel onuoavtixd poro. I v mapovoa epyacio BéBoua o apriuds twv diepyaoidy Yo xivniel oe uxpd voluepa.

'"Donald E. Knuth, Structured Programming with go to Statements, ACM Computing Surveys, vol. 6, no. 4, 1974
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3.2.  Ioaparinromnoinon tne full sort

T v opywnh tadvdunon €xoupe yenowonojoer Tt ouvdetnon BiBhodrxne std::sort(), n omola eivon pia
vlomoinon g introsort. Mo uBpidixy) vhonoinon quick-heap-insertion sort mou eyyudton O(nlog(n)) oe dha
ta oevdpla. o va ) Beltiotonotiooupe hotndy, amhog TNV XAvoue TopdAANAT. OewpmvTag OTL 1 TopoAAnho-
molnon o xowy| uvhAun dev elvan o x0pLo UEANUA TNE Tapodoag epyaciag, avtl va TapahAnAonolicoupe Evay
ahybprdpo e To épt, anhae yenowonotooue Ty openmp éxdoor tne PiBhodixne  gnu_ parallel::sort().
Me auth v ahhoyt) xan yenowonowwvtog 4 threads avd MPI process, ol ypovol yia 1o ¢ = 27 néocav ony
batch nepinouv ota 4sec plyvovtag €toL xou T0 GUVOAIXO YpdVOo Tepinou ota 7.5sec. Me autd Tov TEdTO UNO-
eoUUE Vo Tdpoude 6om emitdyuvon Yéhoupe emAéyovtog anAid aprdud threads avd MPI process. O neplopiotixdg
TopdyovTac efval oL TOPOL TOU MEETEL VoL XUTAVUAWMCOUUE TNV cucTolyla Yio Tig TeEMxéG petpnoeic. Me Bdon
oL ToEamdve, o apldude twv 4 threads galvetar éva xahd voluepo, xodmg dev avgdvel TOA) TOUG TOEOUS Xol
TAUTOY POV TPOGPEREL Wa looppoTtio uetadl tne fullsort xau Tou undroimou ahyodeLiuoL.

3.3. Beltotonoinon tou MPI

‘Onwe Toviooue xou ToEomdve, TO XOPUATL TTOL a@opd Tov oalyoerduo bitonic sort, Yo apyioel va tailel pdro, boo
0 JPLIUOC TV BLAOLXACLOY HEYUADVEL apxeTd. Exel avauévouue noe to xplowo pépog eivon 1 MPI emixowvmvia,
%9 T undhoima efvan KdN O(n) xou dvoxoha propolyue vo T xdvouue xahbtepa. ‘Etotl, napdho mou pe tnv
BeAtiotonoinon tne full-sort Yo ynopolooue vo €youue €va TEAXO “TEOlOV”, xou GEBOUEVOL TS 1) EQY AT apopd
to MPI, umixope otn Aoy va mpoonadicouue xdmoleg BeATIOTOTOOELS.

3.4. MPI localization

Y10 bixtuo ta€wvdunong e bitonic, oe xdde enavdindn to nodes emxowwvoly pe GAo xou TOLO HAXEWVOUC
yeltoveg, aAAd TEVTA XATOARYOLY VOl ETUXOWVWYOLUY UE TOUS AUECOUS. AUTO GNUALVEL TTWE OL ETUXOWVMVIES UE TIC
%xovTIvEG BLeudivoelg elvon TEPLOGOTERES amd auUTéC PE TIC MaxEvéS. Av hoimdv yia to xdde node, oL xovTivég
dleudivoelg Htay oTov (Blo LTOAOYIGTY TNG cucToLy o TOTE OL XOVTIVES EmXOVeViES Yo yivoTtay ot RAM, eve
oL poxpwvég péow ethernet. E@dcov n xatavour| twv dievdivoewy tou MPI unopel xou var unv eivon ndvta 6o
YEQL HaC, UTAXOoUE G TN AoYxr) Vo dnuovpyiooupe éva mapping, 6nou ol SlEVYOVOELS TWV SLUBIXACLLOY VLol TOV
ahyopriuo dev elvon to ranks tou mpi, ahhd €vag dALog apriudg mou Tov dNULOLEYHoUUE EUElS, WOTE OAOL OL
xovTwvol ye(toveg va eivar 6Tov (810 utoAoyioTh. Autéd €yive TOAD edxoha. Amhd Snuiovpyrooue pio Aota ye
ONOL TOL OVOUATOL TWVY UTOAOYLOTMY Xl To rank Toug, xou TNV TaEVOUNCOUE TROTO WS TR0 TA OVOUATI Xl UETA
wc¢ mpog to ranks. Metd yenowonowoaue auth T AMoTa yio yetatponhy and tny rank dievduvon oty localized
oe O(1).

AvcTtuy g Teéyovtag auTh TNV €xdoon 6T cucTolyla, dev eldoue koo Stapopd. Mdhiota oe ToANES Tepl-
TTOOELS 1) Emxovevia péow ethernet ¥tav mo yeryopern and autrh oto (Blo unydvnuo. Autéd lowe dixonoloyeiton
and 1o YEYOVOC OTL 1) cuaTolyla €xel TohD yeryopo ethernet interface xou to Sedopéva mou avtahhdcouue dev
elvon TOhD peydho. Xe xdlde meplntwon, eyxatoeldaue tehelwg auth ) BedtioTonono.

3.5. Elayiotonolnorn tng emxowwviog MPI

Kotd tn dudpxeia extéleong Toug ahyoprduou xau yia va eivan oe Véor 1 xdie diepyaoia vo daywpeloel To uixpd
ToL HEY AL o ToLy el TNG UE Xdmolo Yeltova, Yo TpEnet Vo dnuioupy et €éva avTiypapo Ty dedouévwy Tou Yeltova,
Tomd. Puowd xatd TNV Sadixacia avToAay g xou Bloywelool, xdmolo amd Tor dedouéva TG axoloudlog
Topauévouy we elyav. Elvow Hon peyahbtepa 1 uixpodtepa and o avtioTtolya Tou yeitova. Oa meplueve Aolmov
XATOLOC VoL UTIAPYEL €Vag TEOTOG VoL amoeuy Vel 1 UeTapopd dedopévmy tou Yo mapaueivouy. Ilpdyuatt, 6mee
anodevieTon X oTo Topdetnua A1, av éyouue dVo Tagvounuéveg axolovdieg mou N wla Yo xpatroel
Tor wéytotor L xow n dhAn Yo xpoatrioet to eAdyloTta S, t6Te Tor dedouéva mou Yo xatahhEouv va yeeidlovTon
avtohhayh) yiee TNy x&de axolouvVia Beloxovial 6to utocivoho emxdhudng:
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Anhadr) 6To xopudTL Tng axoloudiag ye ta oTolyelo Tou elvon ueyalvrega amod To ULxQ@OTEQO AVTNG OV
xpardel ta pueydia Ly, xal pxgotepa amd to ueyaidtego avTn)s Tov xQaTdel TA UixQd
Smaz- Av To0 cOvola emdhudne Ep, Ba twv axohoudiyv:

o Eivan xevd xou yio Tig 800 axoroudieg, xoria aavTadhayy) dev yeeidleton va yviver, xa xot’
ETEXTOON OUTE VoL EXTENECTEL O DLy WPLoUOS XEWV-PEYSAwY keepMinOrMaz().

’ / 7’ 7 / /7 7 Vs / 7
o Bunepiéyouv Oha ta oTOLYEld TV axohoLWY, TOTE 1) avTaAloyY| TEEneL va yivel pe 6l tar oTouyela
HOVOVIXAL.

e Eivat utocOvoARa Twv axohouhy, TOTE oL axolovdieg TEETEL VoL AVTOUANGEOUY XAl VAL EQUEUOCOLY TOV
OLOLY WPLOUO UXEWV-UEYSAWY TNV TopY) F1 N Es.

Avctuyng Yo va SouAédel 1 tapandve Pedtiotonoinon ol axohoudicc TeEnel va eival TaEvounUEVEG.
Xt 0w pog mepintwon, xde gopd mou exteheitan 1 exchange To 6edouéva £xouv TN Lop@n BITOVIXAS, AAAL
oev etvon amapaitnTa Tavounuéva oe oha tar frigorta. Autd onualvel OTL BEV UTOPOUUE VoL EQUPUOCOVUE TAHEMC
TOV TUEATAVW GUAAOYLOUS Yiol TNV TERITTWON Tou To GUVolo emxdhudng elvon UTOGUVORO TWV UXOAOUTLDY.
Mnopolue duws vor ToV EQUEUOCOVUE O TY TERITTWOT] TOU EVOL XEVO.

['o t0 ox0md auUTd, TEY amd TNV avTahhayy) GEBOUEVKV, Ol SLIBIXAGIES AVTAAAACOUY TIC TANROYORIES TV 0plwY
Tou¢ (min/max) xou e Bdon autéc urtohoyilouv av 1 avtahhayt yeetdletar va yiver 1 Oyl Autd peldvel vou Uev
TIC ETMXOWVOVIES, Ywelc Vo onualvel 0Tl HELOVEL XaTd TNV (Blar avarhoyia xon TOV GUVOAIXO YeOVO avTaANoY i TOU
ahyoprdou. Autod yiotl evey uia Stadxacior umopel var amo@UyeL piot avTohhay ) xou VoL T8EL GTO ENOUEVO GTADL0
EexuvdvTog avtadloyy| Ue Tov Yeltova Tou emouevou Buatog, autodg o yeltovog unopel va unv elye YAMTOOEL TNV
avTolharyy) xou dpar 1) BLadLxaciar Vor TEQLUEVEL AUTO TOV YEOVO OUTWS 1| AAAWG.

Ocwpolye e av oe xdle BAuc ot oaxohoudieg dev NTov amAd BLtovixés, ohhd TaEvounuéves, TOTE YPNOLUOo-
TOLOVTOG TANIPWS TOV TURUTAVL GCUAAOYIOUO, 1) TIOVOTNTOL Ol ETMXOVWVIES Var Ty UELwUEVES Dot UEYEAWVE xou
dpa 0 avtixturog Yo Ntav peyaibtepog. Autd duwe Yo To TAnpdvaue extehwvtog elbow-sort oe xdde Briua. To
ToLoL a6 Tig BVo hboelg elvan amodotixdtepn deV To dlepeuvioaue, xadwe Yewpolue 6Tt Eegedyel and Ta mAaiola
auTAC NS epyaoiog.

3.6. MPI pipeline

H tehevtala Behtiotonoinomn mou Soxwdooue yioo Ty emixovevia Atav 1 dnwoupyio evée pipeline yu tnv
ETXOWVOVIA XAl TOV Loy WELOUO PEYioTwV-ehay{oTwy. Kadng ueyahdvel o aprdudg Tev BladixaoLidy, 0 GUVORLXOS
XEOVOC TOU APLEPMVEL O AYOPLIUOC UG GTNV ETUXOVWVIN XoL GTOV BLoyWELOUO aUEAVETIL. XTOV ohyoprduo
HOC O Bl WwELoHOS AoBAveL YWeo (RET& TNV 0AoXAHewsoT OAOXANENG TNG emxowvwviag. Mrixoue Aowndv o1
Aoy vo dnplovpYRooude pio EXdAL)Y auTedY Twv 800 Aettoupyldy. o to oxond autd yenoylonoiiooue
Tic aclyypoves exdboelc tne emxowvnvioe MPI Isend(), MPI Irecv() xow MPI Wait(). "Etou yweiloupe v
ETXOWVOVIL OF TUARKLTO Xal UETA TNV UETAPORA DEDOUEVKV TOU TEMOTOU TUAUATOS, EXXVOUUE TNV UETIPORd
Yio TO BEUTEPO XU EXTENOVUE TOV Blaywelond UeYioTwV-eAoyic TV 6TO XOUUATL TOU TopoAdBae.

Yy neplntwon mou emheyel pipeline evog otadiou, 1ot 0 alydprduoc xatahryet vo doukelel dnwe o blocking,

WE TN wovn dapopd 6Tt avtl yio v evtohy MPI_ SendRecv(), yenowonoeitan to Levydpr {MPI_Isend(),
MPI Irecv()} - MPI Wait(), yweic va exteheiton xdmolog xOdxac evOLdUesa.

3.7.  X0yxpion vhomol|oEwV

Puowxd, Te LIVETHACOLUE Xl EQUPUOCOVUE OTIC TEMXES EXTEAECELS XATOW Ao TG TOPATAVE BEATIO TOTOLY-
oelg, Yo mpémel v UeTpoouue xan va emBeBonwoouye Tov avtixtumd tng. Nowtd to Adyo Oheg ol mopamdve
Mooeig vhomoinxay wlar plor xan Soxdo TNV EEYWELOTA TN cucToLy (. 2MTOV TaEaXdTe Tivoxa TopadéTouue
CUYXEVTPWTIXA TA CNUAVTIXOTERN ATOTEAECUATA U0 TIC UETPNOELS.

O oupPBohiouéc NxPy onuaivel x:Nodes, y:Process per node xau dpo p = logy(zy).



[TopddAnhar xan Aloveunuéva Xuo ThUATOL Epyootia 2: Distributed bitonic sort

‘Exdoon | Configuration Total Full Sort Elbow Sort MPI-exchange Min-Max
N1P2 - q=20 28 ms 19.5 ms 4.67 ms 2.7 ms 1.1 ms
N2P4 - q=20 54.4 ms 19 ms 13 ms 15.6 ms 5.62 ms
Vanila N4P8 - q=20 | 126.5 ms  19.3 ms 22.2 ms 69.6 ms 14.2 ms
N1P2 - q=27 4824 ms 3645 ms 633.5 ms 379.5 ms 165 ms
N2P4 - q=27 5643 ms 3254 ms  1129.6 ms 1129.6 ms 883.6 ms
N4P8 - q=27 15.37 s 3459 ms 3090 ms 6792 ms 2262.8 ms
N1P2 - q=20 1H-ms 2-5-ms 4-76-ms 109-ms +-56-ms
Exch. N2P4 - q=20 70.6 ms  20.7 ms 14.7 ms 20.1 ms 5.22 ms
Optimi- N4P8 - q=20 126.9 ms 19.8 ms 22.9 ms 52.5 ms 14.2 ms
zation N1P2 - q=27 | 4906 ms 3518 ms 661 ms 181.5 ms 179 ms
N2P4 - q=27 | 9569 ms 3652 ms  2058.7 ms 2026 ms 721 ms
N4P8 - q=27 15.84 s 3512 ms 3187 ms 5908 ms 1731 ms
N1P2 - q=20 33 ms 22 ms 6.11 ms 3.78 ms 1.47 ms
N2P4 - q=20 | 258.6 ms  20.5 ms 14.5 ms 214.5 ms 6.41 ms
Pipeline
1 N4PS8 - q=20 211 ms 21.4 ms 24.4 ms 146.9 ms 16.7 ms
N1P2 - q=27 | 4500 ms 3474 ms 630 ms 216.5 ms 178 ms
N2P4 - q=27 10.62 s 3934 ms 2111 ms 3253 ms 1325.1 ms
Pipeline | N4P8 - q=27 | 21.67 s 3837 ms 3412 ms 14.1s 3390 ms
=8 N4P16 - q=27 278 s 3980 ms 3986 ms 19.2 s 4952 ms

And 1o mopandvey cUUTERAUEVOUUE TKC:

e Yty oucla vy To Yéyedog Twv dedouévwy mou exteréoaue ¢ = 20 : 27,p = 1 : 6, n €xdoon ywelc xaula
Behtiotonolnon otny emxowvwvio efvan 1 xohltepn emAoY.

o Av peyohdvel apxeTd 0 aptduos TV ETXOVGVIGY (Snhadh 600 PEYUAMVEL TO D), N EAAYLOTOTOMON TNG
emixovoviog delyvel twe apyilet va mailel pdho.

e To pipeline axdua xou oty nepinTtworn mou ebvon 1, dnhadr Yewpntixd 1odidvauo ue tov blocking oh-
Yopuiuo, delyvel 6Tl elvon TOAD apyd. Autd Vewpolue 6Tl 0gelleTon GTO YEYOVOS OTL YLoL TNV AoUY YOV
emuxowvwvia to MPI dnuovpyel Eeywplotd requests otnv oupd, evéd otny emhoyh tne MPI SendRecv(),
OAN 1 avTaAdoryt| Oedopévev yiveton pe Tpomo dwagpavh oto MPI xou dpa ye tpémo mou unopel va o
BelTio TOTOLOEL EGWTEPIXA.

e Ou yetprioeic nopoucidlouy TOAD peydheg mapexxiioec. Autd Jewpolue 6T cupPalvel yiotl xotd
OLdpxeLd TV PETPNOEWY, 1 cucTotyia elye pueydio @odpTo.

4. TEAIKH EKAOZH

‘Etol ooy, vy Ty el €x8oon Tou alyoprduol yog emAEYoulE va €youue xot’ emLAoY 1 eite To exchange
optimization eite to pipeline, pye €100 TEOTO G TE GTAV BEV ETUAEYOVTAL O AAYOEWILOG VOl CUUTIEQLPERETOL BTG
N anAn €xdoon. I'a Ti¢ yetprioelc anogacioaye va Wnv Xemnoilonotiooupe pipeline xou va yenowonous-
couye exchange optimization woévo yia ti¢ nepintdoec tov p =6 : 7.

Ytov xatdhoyo hpe, Beloxovton ta sbatch scripts mou yenowonowdnxay vy tic TeAég petprioeg. O avaryve-
o TNG Unopel eniong Tomxd var UETHYAWTTIOEL, Vo TeEEeL Ta tests xan v exteléoel Tov akyoprduo bitonic 8 gopéc
yia 220 Bedopéva yia mapdderypa, divovtag and To root directory:

$ make -j hpc-build
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$ export OMP_NUM_THREADS=4 # optional to enable 4 threads per MPI task
$ mpirun -np 4 ./out/tests
$ mpirun -np 4 ./out/distbitonic -q 20 --perf 8 --validation

H enaidevon tou ahydprduou éyve oe 8o otddia. lpmta, xotd tn Sidpxeia tne avdntuéne dnuoupyhinxay
unit tests (xotdhoyoc tests) mou ypnowwonouinxay yior T Soext| emBefolwon OTL xdmolES CUVAPTACELS Xo
0 PBaowode alyopriuog cuuneplpepdTay owoTd. Enettar vionow|inxe évag validator mou evowuatdinxe cto
eEXTEAEOIUO Xot uTopel Vo xaheo Tel and To command line argument --validation, o onoloc GUMEYEL dedOUEVAL
am6 6ho too MPI process xou emBefoucdiver 611 1 to€vounon €yve owoTd.

Iopaxdtey TopodéTouUe Tol AmoTEAEGUATO GTOUC TEAXOUS Yedvoug and Tn cuctolylo rome, émou TeéEoue TN
bitonic 8 @opéc xan xpatriooUE TOV EVOLGUECO YPOVO.

N1P2 N1P4 N2P4 N4P4 N4P8 N4P16 N4P32

Q=20 40 ms 42 ms 62.87 ms 123.25 ms 158.81 ms 233.52 ms 325.27 ms
Q=23 285 ms 331.7ms 465.5 ms  956.7 ms 1364.5 ms 1755.5 ms 2108.1 ms
Q=25| 1174 ms 1354.5ms 1940.4 ms 3994.2 ms 5373.8 ms 7139.9 ms 8353.4 ms
Q=271 4761.5 ms 5952.5 ms 8154.7ms 15.91 sec 21.44 sec  27.80 sec  33.29 sec

Y10 oyfua 1 galvetar twe ennpedlovion ot cuvohixol yedvol extéreor and tov apuiud twv MPI process xau
am6 to péyedog Twv dedouévwy EeymELoTA.

%10% Plot for each Q %10* Plot for each p
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EyxAuna 1: Xpovol extéheonc e Tpoc p %ol q.

Evdiagépov mapouctdlel vo 8o0Ue ToV GUVOAMXS YeOVO EXTEAESTC Yol 6TodEpd GLVOAXS apLiUd Bedopévmy. Ia
napdderyua yio 228 32-bit apriuoic diogolpacuévouc ot 2,4, 8, ..., 128 MPI processes éyouye:

N1P2-Q27 N1P4-Q26 N2P4-Q25 N4P4-Q24 N4P8-Q23 N4P16-Q22 N4P32-Q21
4761.5 ms 29575 ms 19404 ms 1985.2 ms 1364.5 ms 901.1 ms 627.5 ms
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SyAue 2: Xpodvor extéheonc 228 aprduody g tpog p.

5. 2TMIIEPAXMATA

Y1y mapoloa epyacior TpooToACOUE VoL UAOTIOLACOUUE €Val OYeTXE amodoTxd alydprduo divovtag Bdorn otny
emxovevic. AucTUYOC Ol UETENOELS TIOU UTORECAUE Vo Ble&dyoupe ot cucTtolyla dev pag enétpedoy vo e€4-
YOUUE Tl CLUUTIERAOUATA TTOL VEAAUE, XIS elyory Ueydheg Soxuudvoels. Tlapdha autd Yewpolue Twe acyorn-
Orixope pe xdmoleg BedtioTonooelc mou (owe var a&llouv Slepebvynone 6 ToV TEAYUATiXO XOGUO.
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A’. TIAPAPTHMA

A’ 1. Troloylouds cuVONOL aVTUAAXY TG TOEWVOUNUEVGLY AXOAOLILEY
‘Eotw L, S 8Vo ta€wounuéveg axohoudiec peyédoug N, ula ad&ouoo xa uia @divouoa.
L={li}5,S = {si}iLy, li,si €R

"Eotw f ouvdptnon n onola nafpvel 8o tafvounuévec axoroudiec L = {; 3N, xu S = {s;}¥, xou emotpépet
300 axorovdiec L' = {3V, xa " = {si}¥;:

E (RNv RN) — (RNv RN)’ f(L’ S) = (L/’ S/) = ({max(li’ Si)}fip {min(liv Sl)}{i1> .

Onou, n L' tepiéyel ta peyahltepa ototyela and tn obyxplon ototyelo e otouyelo I xou s, evéd n S’ tepiéyel
oL UXEOTERA. AV Ly, TO UxEOTERO GTOLYEID TNC L XA Sppgr TO YEYOROTERO GTOLYEID TNE S, TOTE:
dEL ={e;}"1 C L:e;> Smaz > 8i Vi
dEs = {s;}i21 €St 8i <lmin < €; Vi
Ao
f(Er, Sp) = ({max(e;, i) 2y, {min(ei, i) %) = ({eiyile, {si1i21) = (EL, Es)

Emopévwe undpyouv ta unocOvoha Er, C L, Eg C S, ta onolo 8ev ennpedlovion and tr cuvdptnon f, xou dpa
dev avtohhdoouv to oTotyela uetadh touc. ‘Etol ta unocUvola ta onola ahhdlouv ototyelor efvou:

Ley =1L \ Er = {lmina R vsmaﬂﬁ}v Imin < Smaz
Sex =S \ Eg = {lmina R 75ma96}7 Imin < Smaz
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