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Iapdhhniar xon Atorveunuévor Luo THUNTA Epyaota 3: Bitonic sort with CUDA

1. FEzArorg

H nopotoa epyaoio anotelel cuvEyelo TNS TEONYOUUEVNS LAOTOIMGTS TOU (Blou ahyopLIUOU GE XATAVEUTUEVA
ocucthuata pe 1N yxeron MPI. Xtnv tpéyovoa éxdoon o alydpriuog xaelton Voo EXTEAECTEL GE UTOCUC THUATA
yeapwov (GPU) pe yprion CUDA. Ta unocuo thuato Yeapuxdy pog divouy tnv duvatdtnta yio ToAd PeydAo
apriud napalinhomnoinong, xdti mou anotelel onuavTixy dlapoporoinot oe oyéon ue Tnv MPI éxdoon. Tlpoxtixnd
0 TEOTOG HUE TOV OO0 YENOWOTOLEITOL TO UTOCUCTNUA YRAPIX®OY OE auTh TNV cpyaocio elvan oav accelerator
ouYXEXPWEVKY ouvapThoewy. H vlomoinor tou alydprduou éyive oe TEElS QACELS axONOLIMVTAS TIC UTODEEELC
NG EXPOVNONE. LTNY TEWTN QACT), TO UTOCUC TNUA YRUPIXWY ATAMS ETLTAUYUVEL TO X0VPLO COUN TOU oy optduou,
EVW OTIC EMOUEVES €YLVE TEOOTIAUELN TEOTOTONGNE AWTOV O TE VO EXPETUANEUTOVUE TOL YOUQOXTNELO TUXE X0 TOUG
TOEOUG TOU UTOCUC THUATOS YRUPIXWY, UE ATOBOTIXOTEQO TEOTO.

1.1. IHopadotéa
Tao nopadotéa tne epyaciog anotehodvTon anod:

o Tnv noapoloa avapopd.

e To c0vdecyUo Ue TO amoUeTAELO TOU TEPLEYEL TOV XWOOLXA YIO TNV TURAY WY T TWV EXTEAECIUWY, TNG AVAPOEEC
X0l TIC UETPHOELS.

2. Y AOHOOIHZH

ITpw Eexwvnoouye pe Tic Aemtouépeleg Tou alyodprduou, xohd Ya ftav va neptypddoupe Tig Baoxés ouVAPTAOELS
%o DOUES TTOU YPNoLOTOWUVTAL G TNV epyacia, Ko te va Bondrnoouue oty xaAlTeERN XoTovOnon TNE LAOTOINGCTG.

o Log: Ilpoxetton yio éva TOmo o omolog yog divel logging duvatdtnteg T omoleg pnopel o ypRotng va
EVEQYOTOLCEL amd TN YRUUUY EVIOADY UE TNV TUPAUETEO -V 1} --verbose.

e Timing: H td&n auth npocépet duvatdtnTe ypovouétenong uiag 1 xou TohAhamAoy xhioewy adpollovtag
Toug ypbdvoue (accumulation). Enione mpoogéper Suvatdtntes yia ToMamhéc eEXTEMECELC OAOXANENG TNG
Ta€lvOuNoNg OToL oL yedvoL uropoly va Tadvoundoly xal vo emio Tpagel o evdiduecoc. O yehotng unopel
VoL ETUAEEEL TNV EUPAVIOT) TWV ATOTEAECUATMY 0N Xat TOV aptdUo TeV EXTEAECEMY antd TN YEUUUY EVIOAGDY
UE TNV TopdueTeo --perf.

e bitonicSort (): Ilpdxeiton yio Ty Pacixr) cuvdptnom mou ulonolel Tov alybpriuo tne epyaoiog xou ebvon
o yoppn template yia diapopetinoig TONOUE dedouévewy Tpog Tavounon. ‘Eyet vionomdel 3 gopéc, ula
v xde €xdoon tng expunvnone VO, V1, V2 1o apyelo bitonicsort.hpp.

e inBlockStep()/interBlockStep(): Ewdwxd vy Tic exdooeic V1 xou V2 6mou yenowonoteiton loop
unrolling, to x0plo cdua Tou ahyoerduou bitonic sort €yel ywetotel oe 8o cuvapthoec. Mia mou exte-
Aeite extoc tou unrolling (interBlockStep()) xou pio mou extelel to (Bo to unrolling (inBlockStep()).

‘O)ot o mopandve tornot eivon templates, xaw Bploxovtar oo avtiotorya headers (.hpp) avti yio apyeia .cpp. H
ouvdptnon main() nov vVionotel Tov ahydpripo pall pe tov validator xau To command line interface Bploxovton
o710 apyelo main.cpp. Xto apyeio config.h undpyouv o compile time puduiceic Tng Lhomoinong émou o yerRotng
unopel vor eTAEEEL VLol TORABELY U TOV TUTO BEGOUEVWY TIEOG TASLVOUNGT).


https://git.hoo2.net/hoo2/PDS/src/branch/master/homework_2
https://git.hoo2.net/hoo2/PDS/src/branch/master/homework_3
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2.1. Ipdn éxdoon (VO)

H npwtn éxdoor vhornolel Tov Bacixd olydpriuo emToyOVOVTAC ATAMS TO XVELO GHOUN TOU GTNY XAOTHL YRAUPLXWY.
Koadde Yewpolye mwg o avayvaotng etvon 1on eoxetwuévog Ye Ty ditovixr) Ta&vounct), 0ev Yo avohloouue
v hettoupyia T ot peydho Bddoc. Tia nivaxa peyédouc 2V o ahydprdpoc cuvodileton ot eEhc:

o Exteholvion N axohoudieg avtarloyodv pe adlov oprdud: m =1,2,..., N.

o H xde oaxoroudior m anoteleiton and avtarhoyéc HETOED YELTOVWY, TV OOV 1) ando TooT EEXVAEL oo
2= o pewdveton pe Sradoynée axéponeg dlonpéoelc e To 2, ewobtou yiver 1: 2m 2m=2

o Ou avtahhayég ywpllouy o peyahdTepo Xat To UixpOTER GTOLYE(N UE GTOYO GTO TENOS TNE XAVE 0XONOL-
Vlog ta oTotyelor Tou Tivaxo var amotehoLy dlaboyixég ditovixég axohoudicc. METd tnv mpwtn axoloudio
AVTUAAXY WV VL €Y OUUE % ottovixég axoroudieg, uetd TNV delTeEEN % axohoutdieg xan 00UTw xde €&,

¢ 6Tou oY TeEheUTala VoL éyoupe e = 3 Bltovi, dnhadi o Thpwe Tagvounuévn AoTo.
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SxAua 1: 4 axoloudieg avtohhaydyv yio ta€vounon 16 otoryelwy.

H ewéva 1 mopoucidlet auth tn Aoyixh'.

2.1.1.  IIMog amoutouevmv diepyoaotdv (threads) xou xotopeplopds otov mivaxa

Y1y mapoloa epyasta, eTMULUOVUE Ol aVTUAAXYES VoL AGBOUY YWEd EVIOC TOU UTOCUC THUATOS YRAUPIXWDY XOL VOl
exteheo oV and Ti¢ diepyaoieg (threads) Tou utocuoTiuatog Ypapixdy. Ye avtideon duwe Ue Ty TEonyoLUEVN
gpyaoia, omou vy M urocOvoha tou mivaxa elyape M MPI diepyaociec xaw Oheg anoutolvTay Vo EXTEAEGOUY
Olaywpelopd peyiotwv — elaylotwy, €8 N %xAVe diepyacia wnopel va Siayweioer 2 ocTouyeio.
AnNAad? yia Tagvounon evog nivaxa N otouyeiowy ancwtodvto % Siepyaocics.

BAémouye dnhady| tewe dev elvon anapaltnto v avardécoupe plo diepyaoio oe xde ototyelo Tou mivoxa. Me autod
cav Bdon TEOPRAXUUE GTOV TEMOTO XATIUERLOUO TV OlEpYaol)Y ota otolyeia Tou mivaxa. Etol ywplooue tov
nivaxa o€ 800 pépr. XT1o TpwTo YEpog 1) dlevduvolodotnor Eyve axohoudmvToc Ty apldunon twv threads, eve
Yo To BEUTEQO TO BLMAGCLO AUTHC.

‘Onwe yivetow @avepd énpemne va fosiel évac tpdmos wote oL ogs diegyaoies va Sievivvotodotrioovy To mEWTOo [1€QOG
xat ov dAec oés to devrego. O doywplopde €yve eréyyovtac Tov yeitova (partner) yio Tnv xdde ovtohhoryt).

H Noywr niow and autd tov €heyyo eivar 6TL av éva thread pe diedduvon Tid; €xel va avtadidCel pé évay
yeltova pe diedduvon Pid = Tidy, t6te to thread nou opywd néptel otn dievuvon Tiidy €xel vor avTaAAdEe
ue to Thidy. H avtaddayn ouwe auty| €yl dpoporoyniel oto T'id; xou €tol to ouyxexpévo thread umopel va
petagepel oto deltepo wod Tou mivaxa oty avtiotowyn Véon Tidy xou vo avtodhdEel we Tov yeltova mou
npoxVntel ot exeivn T Véon Pid'. O yeitovac oe exeivn ) Véom guord eivon o avtiotowog touv Tidy. To
OLdrypoupo 2 TapoLGLdlEl QUTOV TOV XATOUEQIGUO.

‘Eyovtoc xatavéuel hoimév to threads otov mivaxa, 1 vlomoinon (bitonicSort()) extehel to dumhéd Bpdyo mou

"Tny# wikipedia


https://en.wikipedia.org/wiki/Bitonic_sorter
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Threads = N/2

d »
u Ll
Pid Pid’'
[ e— «—e
0 T T N/2 T N
Tid, Tid, Tid',

Tidy = threadldx.x + blockldx.x*blockDim.x
Tid,' = Tid, + N/2

Eyxhue 2: Aevduvoloddtnon twy threads (VO).

Teplypdope Tapamdve xou avard€tel To xAVe B To onolo eXTEAEL TG AVTAAANAYES OTT XAETA
yeapixov. To Briua autd avtiotoyel otic xddeteg ypopprés tTou oyfuatog 1. Autd yiveton ue v
xhjon tou CUDA kernel bitonicStep<<<Nbl, Nth>>>(), 6nou dnuovpeyolue Ny, blocks and Nip, tétola HGoTE
Npi+ Nip = % threads, ta omola exteholv T0 cpa g cuvdptnong. O yernotng unopel va emAégel Tov apLdud
twv threads avd block (A Swopopetind blocksize) and tn ypauuh eviohdy pe to dpioua -b 1 --block-size. Etou
T0 xd¥e thread extelel pior avtadloy) pe TNy dvew dieuduvoloddtnon xo o ahyoprduog teppatilel 6to Téhog
Tou Buthou PBeodyou. To mheovéxtnua autrc e wedddou elvon 1 amAOTNTA TNG, XATL TOU TEOPAVEE TANEWVOUUE
UE EVay aEXETE HEYAAO aptdud XANOEWY TPOG TNV XAETA YRaPix®Y To onolo tpociétel overhead, 6mwe Yo dolue
X0l TOUQOXATE.

2.2.  Aeltepn éxdoon (V1)

And v expivnon e gpyaciag 1N utdpyouv odnyieg yia Beitiotonooelc. H npdtn Behtiotonoinon hoindy
apopd auTé axeBs Ti¢ xhnoeg twv kernels, twv cuvapTtAcewy dnhady mou emiTaydvovion and TNV xdETA
yeopuov. I'ivetar dnhadn n Yewenor and Ty expodvnor, 6Tt 7 EAXYLC TOTO(NOT AVTOY TWV XACEWY
Yo BeATioToNOLAoEL TN dradixacio. Puowd, autd pével Tdvto vor amodely el TNV TEEN.

O tpdémog mou mpotelvetar avixel oty xatnyopia BeAticTonoioewy mou Aéyetar loop unrolling, émou éva
uépog Tou Bpodyou agatpeiton and Tov EAeyyo Tou Bedyou xou xaheltan "ue To yépl”. 3TN dur wag mepintwon To
uépog mou agonpeiton umopel va unel péoa oty xAnon kernel a€lomodvroc xahdTepa TOUC TOPOUC TOU UTOEEL
VO YPTOWOTOLACEL, UELWDVOVTIS €TOL Xl TOV apldUd XANCEMV.

Eve dume otnyv éxdoon VO n xdde xhion kernel agopoloe éva otiypidtuno (Ui xddetn ypouun) tou oahydetd-
Hou, €8G oL xAfoelg agopoly teplocdtepa. O xdie kernel dnAady Yo exteréoel TURUATA TEQLOCOTEPWY TNG Wlog
Yoounc Tou oyfuatog 1. Autd dume dnuloupyel data race, xododg oL TES AVTOV TwV oTolyelwy Swopotpdlovto
HETOED TWV BLUPORETIXWY XANOEWV.

[Mo va Aooouye autd To TEOBANUL EQYUC TAXIUUE ETOL (OO TE:

e No nepropicoupe 10 elpog TV dedouévwy tou "Brénel” o xdide kernel.

e No cuyypovicovue Tic xhoelg eowtepxd Tou kernel oto xde otiypdTuTo.

[ to Aoyo awtd apynd ahhdEope Tov TeoTo TNg dieuduvolodotnong and Ty éxdoor V0. H dieuduvoiodotnon
Tou Tivaxa Théov Bev axoloudel Ty apldunon twv thread, odAd avtideta tar threads delyvouv wévo ota Luyd
blocks agrivovtog eheliepo "Eva — mopd — éval’ block. Aedouévou oune 6t o apriude twv threads evog block
apxel yior vor ovtolhdEel 2 blocks tou mivaxa, petodétouvue ta micovalovta threads andotoon éva block. Me
auTo ToV TEOTO €youue Teptopioel to threads péoa otic Buddec twv block. ‘Etol to elpoc dieuvdivoewy mou
dievduvotodotelton amd T threads tou block elvar 6co mo xovtd yivetan. To oyruo 3 magouctdler avth
uedodoroyla.
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H blockDim.x i
< >
Bl i Bliss i Blysz Bliss
| e [ < | [
0 T T Pid* T N
Tid, Tid, Tid',
Current Pair of Blocks T T Next Pair of Blocks T

Tidx = threadldx.x + 2*blockldx.x*blockDim.x
Tidy' = Tidy + blockDim.x

Exhue 3: Aevduvoloddtnon twy threads (V1).

Emopévwe, yior va Aocouue to mpofinua tou data race mpémel va BeBouwdolye mwg 1 xdde xhrion tou kernel
apopd anocTtdoel; mou Beloxovion evidg Twv Suddwy twv blocks. ‘Onwe eldaue oume xau oty mopdyeago 2.1
Yioe THY M-00TH oxohoudia, N ARG TAGT TV AVTIMAYOY UETAE) TwY YELToVeY Eexvdet and 2™~ L étou m — 1
elvor T0 apyxd B Tou ecwteptxol Bpdyou (Eotw Sp). Apa yio To PAua S; Tou ecwtepixol Bpdyou and To
omolo ot avtahhayég Beloxovion ecwtepd Twv duddwy Twv block apxel:

BlockSize = Ny, > 2™~ = 25 = log, (Ny,) > S,

‘Ornovu 10 5; E:iv‘oa X TO UEYLoTO Briua amd To omolo Umopel vo EEXtvioEL sog, Distances >

7o loop unrolling. uende |Step: 6 5 JANNEIIZNANG

Y10 oyfua 4 gotveton €vo mapddetypo Tovounong nivaxa 128 Véoewy 1 1

xou blo?k size = 16, 6oL T BruoTa e OXIAYPAPNOT) UTOPOY VaL U/)\O— 2 | e m 2 1

rowndolyv péoa ot cuvdptnor kernel. Mnopel xaveic va nopatneroet 3 4 2 1

Twe To frota e anoctdoelg 16, 8,4, 2,1 ebvon tor BApata 4,3,2,1,0

" 4 8 4 21

omou logy (Ny,) = logy(16) = 4. %8 4 21
o 5

[t var uhomtotiooupe auTh TNV TPocéYyLon, ondoope v bitonicStep()

oe dVo exdooeic. H pio (interBlockStep()) xaheltar yio amootdoeLs pe- 6 32 B

yahUtepeg amd dVo block size xou 1 dhkn (inBlockStep())ywo uxpde- 7 64 3216 8 4 2 1

eec. Enlong, n deltepn vhornolel xou to puépog Tou Bpdyou mou avaroyel

oo Prparo evtog kernel. Ao 4: Bhpota Sitovixdc tadvounong

To ubvo mou pével evor Théov 0 TEOBANUA ToU LY YEOoVIcWon,  Tvexa 128 déoewy (block size = 16).

Eb¢) ypewdleton vor xpatiOOUUE TOV LYY EOVIOUO Tou elyoue o xdie

xGETN Yeouuh Tou oyfuatog 1, amhdg autog Vo AdBet ywpa eowtepd tou kernel. H cuvdptnon mou pog
biver awth T SuvartotnTa elvon 1 syncthreads(), Tnv omolol o xahoVUE PETE amd TNV ohoxhApwan T xde
axoroudiog.

‘Onwg elvon Qoavepd 0 Bloyweloog HETHED TRV BNUATOY TOU UTOPOUV VO YIVOUY ECOTERIXA Xl AUTOV EEMTE-
ewd tou kernel €yel dvw dplo, ahAd Oyl xdtw. XNV LAOTONCT oG TaEdAa aUTA BeV Olvouue TN duvUTOTNTA
eLduone autol Tou oplou. Autd yuutl olTtwe N dAAwe udpyel pUYuon Yo To wéyedog Tou block, To onolo xau
YENOWOTOLOVUE YLOL VO XAVOUUE XAl OUTO TO BLOY WELOWUO.

2.3. Tpltn éxdoon (V2)
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