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

1. EmxArorg

H mapoloa epyasia apopd Tov TOpoAANALOUO CUCTNUATODY UE XATAVEUNUEVT UVAUN xou TO povTéio uetofBiBaong
unvopdteov (MPI). To avtixeipevo pe to onolo aoyololpaote elvar 0 ahybprduoc talvéunone bitonic sort, to
oTolo €YOUUE XATAVEUEL OE BLadIXaciEC OV TEEYOUVE OE BlaopeTolg uToloytoTéc. Me autd tov TpdTo, xdie
drodixaota €yet éva uépog twv dedopévwy xou tn Véon (Sieduvon) nou Ttpdxerton var Ta&voundoly xon aviahhdoeL
dedouéva pe Tig undloineg dradixaaieg. Av xou 1 cuVAUNG pHop®Y| Tou ohyoplduou elvon avadpouixr, o TNV ToEoloa
epyaoio éyouyue avolEel Ty avadpour| ot Bpdyo enaviindne. O Bedyog dnuovpyel To dixtuo Tagvdunong, 6Tou
oe xdde oTddlo oL dladixacieg avtahAdoouy dedouéva pe évay, dUo, Téooepl xou 00Tw xoelnc yeltoves, Twv
onolwv ot dievdivoelc dlagépouv xatd hamming distance {on ye 1,2,4 xou ovtew xode€hc. Me dhha Aoyia
axoloudolyv Tig axuég evoc unepxlfBou avtioTolyne SldoTaong e TNV duadxy| TdEn peYédoug Twy SLadXACLOY.

2. ITIAPAAOTEA

Ta mapadotéa tng epyaciag amoteAolvTaL Amo:
e Trv mapoloo avapopd.
e To c0vdeoUo Ue TO amoVETAELO TOU TEPLEYEL TOV XWOOLXA YIA TNV TULAYWY T TWV EXTEAECIUWY, TNG AVAPORES
X0 TIC UETENOELS.

3. Y AOIIOIHTZH

ITow EextvAcoude PE TIC AETTOUERELES TOU ohyOpLIUOL Xou TG LAomoinong xahd Yo ftay vo teptypdoupe Tic
Baowxéc cUVOPTACELS oL BOUES BEBOUEVMV TIOU YpnolonololvTal otnyv epyacia, Khote vo Bondnoouvue otny
XUAOTEQRT xATAVONOT) TNG LAOTOINOTS.

e distBitonic(): Ilpdxeiton yior TV Baciny) cuvdpetnor mou vAomolel Tov akyoprluo tTne epyactiog.

e distBubbletonic(): Ilpdxeiton Yy Tnv Paocixy) ouvdptnon mou vlomolel Tov alydprduo tng €xdoorng
v0.5. O avayvootng unopel vo netpapotio tel ue auth v éxdoon xadde undpyouv make rules, ohhd Sev
%pUBEL xdmolov “doo 610 pavixt”, xadoe 1 Bektiotonoinon éywve pe yvouova v distBitonic().

e MPI_t: O timog autdg dnuiovpyel éva eninedo agalpeong yopw and tnv MPI emxowwvia, apyxonolnon
xan Oroyelpion mopwy. Kdlde avtixeipevo autod tou timou unopel va dryetpiotel abyypovn 1 aclyyeovn
emxowvovio. Xe TeEpInTwoT Tou TUEoUCLICTEL GPANUN GTNV ETXOVWVIA, 1) EXTEAECT] TOU TEOYQEAUUATOS
tepuotileton e xoTtdAANAT Sroyelplon twv ndpwv Tou MPL

e ShadowedVec_t: O timog autdg mpoogépet to interface evdg std:ivector, evdy ecwtepd mepixielel
oVo. Eva evepyo xau éva wg oxtd tou evepyol. O Adyoq elval yiar Vo TpOC@QEREL EVOAAIXTING YO
amoVAXEVONG YL T ELOEPYOUEVA dEdOpEVAL XxaTd TNV avTohharyy) oty MPI emixowvwvia, oAl xou yiar Tov
ahyopriuo Ttagivouncng elbow-sort, o omolog dev unopel va Aettovpyrioel “in-place” xadog ypeewdleton
EeywploTo mivaxa mpooplouol. Me v agaipeom auty| mpoopépouye éva xowod interface mou xohimTel xan
¢ 800 MEPLMTAOOELS.

e Timing: H td&n auth npocyépet duvatdtntes ypovouétenong uiog 1 xou TohhamAody xhioewy adpotlovtag
TOUC YPOVOLC.

3.1. Model version

H mpdtn éxdoon tou ahyodprduou ftav o éva-tpoc-éva avtiotolyia e To poviélo mou dnuoupyinxe o
julia. Ytnv €xdoomn auty| OAeg oL emxowvwvieg yivovtar pe Tic blocking exddéoeic tou MPI. Ta Boaocixd Bruata
authg TNe éxdoong yia xdde pio MPI dodixacio stvou:

o Talvounon twv BeBOUEVLY TOTIXE YENOLOTOWMVTAS XAmolov “axp36” alyderduo.

o Avtodhoyh Ghwv twv dedopévev e v dwadixacia - etaipo (blocking).
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o Aloywptopog ehaylotwy — yeylotwv, 6mou 1 dladxascio xpotdel To UeV 1) To B.
o TaZwounom e tnv elbow-sort.

‘Etol oe xdle enavdindn tou Bedyou n xdde MPI Swdixacio avtadidoer dGAo tar dedouéva Ue TovV ETAPO TNg
%o POV TEAELDOEL 1) ETLXOWVOVIR, TOTE exTele(ToL 0 Blarywplouds xan 1 tagvounon. Hpogoavoe xou uévo and
TN OTOTWOY TNEG TEONYOVUEVNS TEOTACTS XATMOL0¢ Vo GXEPTOTAV OTL UTHEYOLY TOOEC EUXAEIES VoL XAVOUUE
o Tedypata xohiTepa. Not HEWWOCOUYE TIC EMXOVWVIES, VO TIC Xdvoupe aolYyeoveS, XAT... Ilapadétovtac tov
Donald E. Knuth! mou avagéper nwc: “premature optimization is the root of all evil”, Yo mpénet vo Tovicouyue
WS Yio VoL ETAEEOUUE TL Ao ONot TIEETEL VoL BEATIC TOTOLCOVUE, TEETEL TEMTA VoL UETEHOOUYE.

Apywd hoindy, avahboaue TNy exTtéreoT) Tou Tpoyeduuatoc tomxd pe 4 MPI tasks yenowonouwdsvtoc to perf,
70 omolo €8elle 6Tl 600 PEYIAWVE TO PEYEVOC TV BESOUEVWV TOC0 0 XLEIAPYO0S TAPAYOVTAS YIVOTAY
7 full sort. ' Ty axpifelo

‘ 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%

Io va utootnei&ouue Tar Topamdve dedouéva yenowlonotiooue xou Ty cuctolylor batch. T v axpeifeia
uetpioaue 600 Yo g = 20, 6o0 xau Yo ¢ = 27, pe 4 diepyaoieg oe didtadn Inode:4process xou 4nodes:1process.

Total Full Sort Elbow Sort MPI-exchange Min-Max
N1P4 - q=20 | 138 ms 94 ms 26 ms 14.5 ms 2.54 ms
N1P4 - q=27 20 s 15.5 s 3.44 s 750.5 ms 425.3 ms
N4P1 - q=20 | 151.7 ms 93.3 ms 26 ms 29.7 ms 1.56 ms
N4P1 - q=27 20 s 15.5 s 3.43 s 531.3 ms 336.3 ms

To napandve dedopéva emPBeBarchvouy mwe o xuplapyoc napdyovtac elvan n full sort nou eivon O(nlog(n)),
oe oyéon pe 6ho tor undhotna mou elvon O(n). Bvurnepaivoude Aoltdv twe 1 opy i “axe3n’ Tovéunon eivo
TEOXTIXE TO TEMTO TRdyUo Tou TEEmel Vo Pehtiotonotioouue. Axdua to dedopéva gaiveton va utoo tneilouvy
Twe N aviohhayr) dedopévwy dev ennpedleton TG0 amd TO AV OL BlERYACIES EMXOWVWYVOUY GE XOWT| UVAuN 1 WEow
dutoou. To yeyovog 6tL 1 cuatolylo “rome” €yel axodua yenyopodtepo interface Suxtiou utootne(lel vt TV

unéveon.

3.2.  Ioagarinronoinon tne full sort

T v opyn) Tevounon éyouvpe yenotponotioel tn ouvdptnon BBhodAxne std::sort(), n onola yenowonotel
v introsort. M uBpdixy) uloroinon quick-heap-insertion sort mou eyyudton O(nlog(n)) axduo xou wg worst
case. I'lo va. 1 Behtiotomoijoouye Aotndy, amAnS TNV XAVOUE TURIAANAY. OewpdvTag 6Tl 1 tapakinionoinon
o€ xoWn uviun Bev ebvar To xVpLo YEANUA TNE TaEoVCAS ERYACIOC, ATANS YENOWOTOWCUUE TNV openmp €x000m
e BBl une gnu_ parallel::sort().

Me auth Ty adhory ) xou yenowomnolovtag 4 threads avé MPI process, ou ypdvol yia 1o ¢ = 27 néoav otny batch
neplnov ota 4sec plyvoviog €10l xou To GUVOAIXO Ype6vo Tepinou ota 7.5sec. Me autd Tov TeOTO UnopoUuE
v Tdpovue 6on emtdyuvon Yélovpe emhéyovtog amhd optdud threads avd MPI process. O mepiopiotinde
TopdyovTag efval oL TOPOL TOU TEETEL VoL XUTAVAAWMCOUUE TNV cucTolyla Yio Tig TeEMxéS petpnoeic. Me Bdon
o Topamdve, Toe 4 threads gatvetan éva xahd voluepo, xadde dev audvel oM Toug TOPOUC Xl TAUTOYEOVA
Tpoo@épel wa loopponio uetoll tng fullsort xou tou undroinou alydpriuou.

'"Donald E. Knuth, Structured Programming with go to Statements, ACM Computing Surveys, vol. 6, no. 4, 1974
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3.3. Beltotonoinon tou MPI
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