APIZTOTEAEIO
MANEMIZTHMIO
OEXZAAONIKHX

TMHMA HMMTY. TOMEAY HAEKTPONIKHY

ITAPAAAHAA KAI ATANEMHMENA Y TSTHMATA

Epyaocio 2: Distributed bitonic sort
VO TAUATA HATAVEUNREVNG VAUNS

YvvrdxTng: Awddoxwy:
Xphiotoc Xoutoupidne [8997] Nuwéhaoc Hitoidvng
cchoutou@ece.auth.gr nikos.pitsianis@eng.auth.gr

15 Tavouapiou 2025


mailto:cchoutou@ece.auth.gr
mailto:nikos.pitsianis@eng.auth.gr
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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
dev €youue avodéoel Eva v TIXEIUEVO, OANG Eval u€pOC TV dedopEVmY xou T1 V€or (Bietiuvon) tou autd npdxetton
vo o voundoiv. H xdie draducacio avtahhdoel dedopéva pe Tig UTOAoLeS Bladxacieg axohoudmvTag TN Aoyixy
Tou alyoeriuou bitonic, ahhd 6oov agopd ta dedopéva tou Beloxovton Tomxd, auTtd Tar T VouEL YE Tov BEATIOTO
duvVaTo TE6TO. AV xai 1) cuVHUNG HopYY| Tou ahyopiuou elvar avadpouixy|, G TNV TapEolca epyasia EYOUUE avoilel
Vv avadpour| oe Pedyo enavaindne. O Bedyog dnuovpyel to dixtuo Tadvounong, 6mou ot xdlde cTddlo o
daduxaoieg avtahhdoouy dedopéva ue Eva, 500, Téooepic xat 00Tw xolelng yeltoves, Twv onolwy ol dievdivoelc
dlapépouv xotd hamming distance {on pe 1,2, 4 xan 00te xadelnc. Me dhha Adyio axoloudolv Tig oxués evog
unepxVPBou avtioTolyNne dldoTaong Ue TNV duadixY| TEEN UEYEDOUC TV BLUBIXACLY.

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

‘Onwg Toviooue xou ToEomdve, TO XOPUATL TTOL a@opd Tov alyoeduo bitonic sort, Yo apyioel va tailel pdro, boo
0 JPLIUOC TV BLAOLXACLOY HEYUADVEL apxeTd. Exel avauévouue noe to xplowo pépog eivon 1 MPI emixowvomvia,
xadoe ta undrowna eivon O(n) xou ddoxoha Unopolue va ta xdvoupe xalUtepa. ‘Etol, napdho mou pe v
BeAtiotonoinon tne full-sort Yo puropolooue va €youue €va TeAxd “mpoldv”, xan BedoUEVou TS 1) epyaoia
agopd to MPI, umhxoue otn Aoy va tpoonodicouue xdnoleg BEATIOTOTOIATELS.

3.4. MPI localization

Y10 bixtuo ta€wdunong e bitonic, oe xdde emavdindn o nodes emxowwvoly pe GAo xou TOLO HAXEVOVC
yeltoveg, aAAd TaVTA XATOADYOLY VoL ETUXOWVWYOLUY UE TOUS JUECOUS. AUTO GNUALVEL TTWE OL ETUXOWVOVIES UE TIC
xovTvée dlevdivoels elvan meplocdtepeg amd auTéS Pe TG Hoxpvéc. Av Aomdv Yo To xdde node, oL xovTvég
dleudivoelg Htay oTov (Blo LTOAOYIGTY TNG cucToLy g TOTE OL XOVTIVES EmxOVeViEC Yo yivoTtay ot RAM, eved
oL paxpwvég péow ethernet. E@dcov n xatavour twv dieudivoewy tou MPI 8ev elvon 6to yépl pag, unhxaue
oTN Aoy va dnuloupyiooupe éva mapping, 6mou ol BleudUVOELS TwVY SLaBIXACLLY Yia ToV alybprduo dev elval
Ta ranks Tou mpi, ohhd €vag dhhog aprdudg Tou ToV dNULOVEYNOUUE EUELS, DO TE OAOL OL XOVTIVOL YEITOVESC Vo
elvon oTov (810 uoAOYIGTH. AuTé €yive TOAD e0xoha. ATAd Snuovpyoaue Uior AloTor ue OAoL Tal OVOUATA TWV
UTIOAOYLOTOV o ot Tank Toug, xan TNV TaEVOUHCOUE TEMTO WS TEOS TO OVOUATA Xl HETA wE TEO¢ To ranks.
Metd yenowonoiooue auth T Alota yio yetatpon and tnyv rank diedduvorn otny localized oe O(1).

Avctuyng TeéyovTtac auTh TNy €xdoor oTr cucTolyia, v eldaue xaprior Brapopd. MdMoTta oc ToOAES TepL-
TTWOoES 1) eEmxowevio uéow ethernet Rrav mo yeryoen and auth 610 Bo unydvnue. Auté (owng duconohoyelton
and To YEYOVOC OTL 1) cuctolyia €xel TOAD Ypriyopo ethernet interface xau tar dedopéva mou avTAhAdGOUUE BEV
elvon TOA) peydha. Ye xdde meplntwon, eyxataieldaue tehelwg auth ) BedtioTonono.

3.5.  Eloylotonoinon tne emxowvwviog MPI

Kotd tn Sudipxeia extéreor) Toug alyoprdpou xou yio va elvon og Véon 1 xdde diepyacio va dlayweloet To xed 1 o
HEYGA oToLYEld TNE PE Xdmolo Yeltova, Vo Teémel vor ONUoueYHoEL €val avTiypapo Twv BEBOUEVKY Tou YelTova,
Tomxd. Puowd xatd TNV Swdixacia avToAay i xou Sl wpeloldol, xdmolo amd Tor 6edouéva Tng oxoloudlog
Topauévouy wg elyav. Elvon hon peyalbtepa A uixpdtepa and o avtioTorya Tou yeltova. Oa meplueve Aoimdv
XATOLOG VoL UTIAPYEL €VOg TEOTOG VoL amo@euy Vel 1 YeTapopd dedopévmy tou Yo mapaueivouv. Ilpdyuatt, 6w
amodevieTon xou 0To TopdeTnua A1, av éyouue dVo Tagwounueéveg axoloudicg mou 1 pio Yo xpatroel
o péytota L xou 1 dhAn Yo xpathoel ta ehdyiota S;, tOTE Tor dedouéva mou Yo xatohngouv va yeeldlovton
avtohhayh) Yo TNy x&de axolouVia Beloxoviar oTo UTocivolo emxdhudng:

E = {lx}.;‘zl : Lmzn é lx S Smax
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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 10 cOvolo emxdiudng By, By v axoloudov:

e Eivar xevo xou yio Tig 800 axoroudieg, xoqrio awvTadhayr) 8ev yeeidleton va yvivel, xa xot’
ETEXTOON OUTE VoL EXTENECTEL O Bl WPLoUOS XEMV-PEYSAwY keepMinOrMaz().

Z 7 7 ’, 4 4 z 7. 7 7 4
o Bunepiéyel 6ha ta otouyeio Twv axohovdidyv, ToTe 1) avTohharyy) TEETEL Vo YIVEL Ue OAaL To O TOLYELOL XOVOVIXG.

e Eivoar utocOvolo twv axohouhidy, tdte oL axolovdiec TEEnEL var avTOANGEOUY XL VoL EQUEUOCOUY TOV
Ol WELOUO UXEWV-UEYSAWY TNy TopY 1 N Es.

Avctuytg Yo vor SouAédel 1 tapandve Bedtiototoinon ol axolovdiec mpEnel va eivon Tagvounuéveg.
X1n 0w pog mepintwon, xde gopd mou exteheitan 1 exchange to dedouéva Exyouv TN Lop®n BLTOVIXAS, AAAG
dev elvon amapaltnta Tavounuéva oe Oha To Briwota. AuTtod onualvel OTL BeV UTOROVUE VoL EQUEUOCOVUE TARPWS
TOV TOEATAVL CGUANOYIOUO Yia TNV TERIMTWOT Tou To 6UYOAO ETXAALPNG €lvorl UTOGUVORO TWV OXOAOUTLOY.
Mrnopolue Oume Vo Tov €QapubCouUE GTN TERITTWON Tou elval XeVo.

[ t0 ox0omd auTd, TEWV amd TNV avTahharyr) SEOUEVKV, OL BLUBXAGIES AVTAAAACOUY T TANEOYORIEC TV 0plwY
Touc (min/max) xou ye Bdon autéc urtohoyilouv av 1 avtahhayy yeetdletar va yiver 1 dyl. AuTd PELDVEL Vou UEY
TIC ETUXOWVOVIES, Ywpelc Vo onualvel OTL UetdVeL xaTd TNy (Blar avahoylo xan Tov cUVORLXS YedVo avTahhayhg Tou
ahybprduou. Autéd yiatl eved plar dradixaoio umopel vor amo@UYeL plar ovTohAaY ) Xa Vo TEEL GTO ETOUEVO GTABL0
EeXVOVTOC avToAhay ) UE TOV YEITOVO TOU ENOPEVOL BHUATOS, AUTOC O YE(TOVOG UTOPEL VoL uny elye YALTOOEL TNV
avTolharyy) xou dpar 1) dadixacior Vor TEPLUEVEL AUTO TOV YEOVO 0UTWE 1| AAAGG.

Oewpolye Twg av ot xdie BAua ot axoloudie dev Yitay amhd ditovixés, oAAd TaEvounuéves, ToTe 1 ThavoTnTa
OL ETUXOLVWVIES Vo RTaY PELWUEVES Vo UeYEAwVE xou dpat 0 avtixtumog Yo Htay yeyohitepoc. Autd duwe Yo
T0 MAnpGvoue extedavtac elbow-sort oe xdde Briua. To moia and Tic dYo Adoeig elvon amodotixdTeEY) BV TO
diepeuvrooue, xong Yewpolue 6Tl Eegelyel and o TAalolo LTS TNG Epyaoiog.

3.6. MPI pipeline

H tedevtala Bertiotonoinon mou Soxwdooue yio TV emixovevia Rtav 1 dnwoupyio evée pipeline yio tnv
ETUXOWVOVIA XAl TOV BLay wELOUO PEYioTwv-ehayloTwy. Kadng yeyahdvel o aprdudg Tev BLladixaotidy, 0 GUVORLXOS
YEOVOC TOU APLEPMVEL O AYOPLIUOC UG GTNV ETUXOVWVIO XoL GTOV BLoyWELOUO auEdveTot. XTov ahyoprduod
HOC O Bl WwELoHOS AopBAvel Yweo IET& TNV 0AoXAHewaoT 0AOXANENG TNG emxowvwviag. Mrixoue Aowndv o1
hOYXT] VoL BNULOVEYHOOULUE Uidt ETLXAALYT AUTOV TV dV0 Aettoupyiwy. T To oxomd autd yenollono|cuue
Tic aclyypoves exdboelc tne emxowvwvioe MPI Isend(), MPI Irecv() xow MPI Wait(). "Etou yweiloupe v
EMXOWVOVIL OF TUARKLTO XAl UETE TNV UETAPOPA DEDOUEVKV TOU TEMOTOU TUAUATOS, EXXVOUUE TNV UETIPORd
Yiot TO BEUTEPO o EXTENOVUE TOV Blaywelopd UeYioTwV-eAoyio TV 6TO XOUUATL TOU TopoAdBae.

Yty neplntwon mou emeyel €va 6TdoL0, TOTE 0 Al ydELiuog xaTahyEL Vo Soukevel 6mwe o blocking, ue tn wovn
drapopd otL avtl yior Ty evioly MPI SendRecv(), yenowonoteiton to Levydpr {MPI Isend(), MPI Irecv()}
- MPI Wait(), yoplc va exteheiton xdmolog xmdixac evildueoa.

3.7.  X0yxplon vAOTO|CEWY

Puowxd, Te LIOVETHCOLYE Xl EQUPUOCOVUE OTIC TEMXES EXTENECELS XATOW Ao TG TOPATAVE BEATIO TOTOLY-
oelg, Yo MEémeL v UeTEoouue xan va emPBeBonwoouye Tov avtixtumd tng. Nowtd to Adyo Oheg ol mopamdve
Mooeig vhomoinxay Wlar plor xan Soxdo TNy EEYwELoTd 0T cuc ToLylo. XToV TapaXdTe Tivoxa TopadéTouue
CUYXEVTPWTLIXA TA CNUAVTIXOTERN ATOTEAECUAT U0 TIC UETENOELS.

O oupPBohouéc NxPy onuaiver x:Nodes, y:Process per node xau dpo p = logy (zy).
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‘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 -2
Q=23 285 ms 331.7ms  465.5ms  956.7 ms 1364.5 ms 1755.5 ms -2
Q=25| 1174 ms 1354.5ms 1940.4 ms 3994.2 ms 5373.8 ms 7139.9 ms -2
Q=27 | 4761.5 ms 5952.5 ms 8154.7ms 15.91 sec  21.44 sec  27.80 sec -2

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

3 x10% Plot for each Q 3 x10% Plot for each p

owswN R

ctooooo

Time (ms)
=
n
Time (ms)
-
n

055 — 0.5

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 2
4761.5 ms 2957.5ms 19404 ms 1985.2ms 1364.5ms  901.1 ms 2

"Méypt xon TV Tuepounvic TS oUVTEENE TNE avapopdc 1 cucTotyia Sev éyet exteléoet Ta sbatch scripts yio Tic ev Adyo petproeic.
O avayvootng map’ oho autd umopel vo Beet €06 war peAdovrien) €xdoomn tng ovaopds 1 omolo dtav extekecTolv T scripts Yo
ouumeptAUUBAvEL TIC HETENOELS AUTEG.


https://git.hoo2.net/hoo2/PDS/src/branch/master/homework_2/report/homework_2_report.pdf
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SyxAue 2: Xpodvor extéheone 228 aprdumdy g mpog p.

A’. TIAPAPTHMA

A’1. Trnoloyiopdc uUVONOU aVTUANXY TG TASVOUNUEVKDY aXOAOLTLEY
‘Eotww L, S 8Vo ta€wounuéveg axohoudiec peyédoug N, ula ad&ouoo xa wia @divouoa.
L={li}}, 5 ={s:i}ily, lnsieR

Eotw f ouvdptnon 1 onola nafpvel 8o tafvounuévec axoroudiec L = {;}N | xou S = {s;}¥, xou emopéopet
800 axorovdiec L' = {U3N | xa " = {s/}N;:

f: RN, RY) - RYRY),  f(L,S) = (L,8") = ({max(li, ;) HYy, {min(l;, i)}y -

Onou, n L' tepiéyel ta peyahliepa ototyela and 0 olyxplon ototyelo e otoryelo I xou s, evéd n S’ tepiéyel
oL UXEOTERA. AV Ly, TO WxEOTERO GTOLYEID TNC L X0 Sppgr TO YEYOROTERO GTOLYEID TNE S, TOTE:
JEL ={e;}ity C L:ei > Smaz > SiVi
JEg = {Si};’il CS: s <lmin < e1Vi
Apo:
f(Er, Sp) = ({max(e;, i) 2y, {min(ei, i) 1i21) = ({eiyila, {siiZa) = (EL, Es)

Emopévwe undpyouv ta unocOvoha Er, C L, Eg C S, ta onola 8ev ennpedlovion and tr cuvdptnon f, xou dpo
dev avtahhdoouy Ta atoryela peta€h Toug. ‘Etol ta utocivola o omola ahhdlouv otoryela elvou:

Ley =1L \ Ep = {lmina R vsmax}’ lmin < Smaz
S@Z‘ = S \ ES = {lmzna “ e ,Smax};lmi’n S Smax
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