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1. Ewaywyn

H nogotoa epyacia apopd Tov TapaAANAou6 cuo TNUdTwy Ye xowr uviun. To avtixeiuevo elvon o tapariniioudg
Toug aAyoplduou edpeone xovTvoTEpwy YeETOVWY knnseach.  Xtnv epyaocio auth vhomowolue 1660 i
oeLpLY) TPOGEYYLOT 660 xau UL Tou apahAnhoroleiton ue pthreads, ye open-cilk xou ye open-mp. Yty
TapahAnlonooiun €xd0om dev Uog evolapépel N axpifeta Tou ahyopduou, xdTL Tou Wog divel TNV duvaTOTHTA
VoL BEATUDCOVUE TOV YEOVO EXTEAECTC.

2. Tlopadotea

Ta mapadotéa tng epyaciag amoteholvIal Amo:
e Trv mapoloo avapopd.

e To 50vdeoUo e TO amoVETAPLO TOU TEPLEYEL TOV XWOOLXA YIO TNV TURAY WY T TWV EXTEAECLUWY, TNE AVIPORAS
X0 TIC UETENOELS.

e Tov olvdeouo ye to image pe 10 0nolo UETAYAWTTIOUUE XOU EXTEAECOUE TIC HETPHOELS.

3. Tlomoinon

ITow Eexwvroouue var oavohOOULUE TOV TOROAANALIOUO ot TG PETPNOEC Xohd Vo Nty vo avagpepolue oTny
vhonoinom. T v mapoloa epyacia yenowonotooue 11 YAwooo CH4 xan mépa and T PBAovHxee Tou
Intolvton and v expovnon (cilk/omp) éywve xa yprion tne openblas. Bondnuxd éywe enione ypron tou
bash xou tng matlab xuplwg yio TV Aidn xou ontixonoinon twv anoteleoudtonv. Ltnv mopoloo epyasia
yiveton eupelor yEHO™ TVEAXWY TOCO YLl ELCAYWYY) X EEAYWYT| TWV BEGOUEVWY, OGO XAl Yol TOUS UTOAOYLOUOUG.
[o t0 Aoyo autd Yewprioaue OTL EMPENE TEWTO VoL UAOTIOLACOUUE XATOLES aalp€oelc Tou Vo Hag EMETEETAY Vol
YELRLOTOVUE EUXONOTEQA TO TEOBATUA

3.1. O tirmoc Matrix<>

H mo Baown agalpeon mou vhonotfiooue eivar o TOmog Matrix<>. Ilpdxeitar yior Lot avamapdo TIoT) TUVAX WY,
elte povodldotatwy eite dloddotatwy. H vhomolnoy Tou €ywve pe yprorn templates xou €tol ynopolue vo
xatooxevdlovye mivaxeg omoloudritote tuou. H agalpeon ecwtepnd xdvel yplon wovodidotatng anodixevong
TWV OEBOUEVOV UE ATMOTEAECUN VO €YOUUE TNV duvaToTNTa Vo dlahéyoupe epeic to ordering tou mivaxa. Av
elvon Onhady) column-major ¥ row-major. Xtnv agaipeon dNUoVEYOLUE TVAXES GTOUG OTOOUE TOV EAEYYO TNG
UVAUNG TOV €y0uUEe EcwTEPXd o To avTixelyevo. o tny anodrixevon yenowonotovye std::vector xdt mou yog
oiver evehi&la oto péyedog adAd xan o Yeron.

H xdpwa duwe Aettoupyixdtnto mou xodoTtd TNy agaipeon BOAXH YLt TNV CUYXEXQWEVN epyaoia elvon )
BUVUTOTNTA VoL XATUOHEUGCOUUE OVTIXEUEVA TWV OTOlwY 1 uviun etvon xan eEwTtepind Tou avtixewwévou. Na
Aertovpyroetl dnhady| o (Blog o TUTog ¢ viewer, 6TKS Yia ToEddeLy o To string view, ywelc duwe va yeetdleton va
€)OLUE DLAPOPETING TUTO YLt QUTY| TN BOLAELA. L€ UTH TNV TERITTMON GTO ECWTEEXO storage eV anoUnxevouue
ToEd uoévo wa dlevuvorn ota dedopéva Tou dhhou mivaxa. Mnropolue Ouwg va yeNoWOTOWCOUUE OAT TNV
AettoupyixdTNTa Tou Thvaxa. Autéd pog Blvel T BuvaTOTNTA Vo BNuLovpYOUUE avTixelueva Tou “BAénouy” oe
ohéxAnpouc 1 xou ot slices amd nivaxec.

Mo mapdderypa umopolue va ypdouye:

Matrix<double> A (4,5); // Tivaxroag 4x5
Matrix<double> vA(A, 0, 2, 5); // View oTLC 2 mp®dtec ypauuéc tou A
for (int i=0 ; 1i<vA.rows () ; ++1)

for (int j=0 ; Jj<vA.columns () ; ++3)


https://git.hoo2.net/hoo2/PDS/src/branch/master/homework_1
https://hub.docker.com/r/hoo2/hpcimage
https://en.cppreference.com/w/cpp/header/string_view
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std::cout << A(i, 7J);

Ytov mopandve Topddetyyo o Tivoxag ue ta dedopéva elvoan 0 A o VA, elvan éva slice Tou A, mou delyvel udvo
oTIC 2 mpdTES Ypouués Tou A.

3.2. knnsearch version 0

[N o mpdto oxéhog g doxnong elyope va nopousidcouue Tty knnsearch pe oelplaxd teomo. o to oxond
oawté vhonooae v vO::knnsearch. H cuvdptnon auth xdver yerion tou mopandve tdnou (Matrix) xou
enopévee elvon xou 1) (Bloe template. H Aettoupylo tne ywelleton oe 3 Boownd péen:

e Tov unoloyiopd tou mivaxa anoctdoswyv. Edo PBploxeton o xlpiog umohoyloTindg 6yxog g
ocuvdpETNoNG, AOY® TOU TOAAATAACLAOUO) TVEXwY Tou amauteitar. I'lo To Aéyo autd xdvouue yeromn
Tnc openblas.

e Ty avtioToliynon TwV ATOCTACEMY TV onuelwy LE Toug deixteg (indexes) autdv TV
anoctdoewy otov opyxd mivoxa Corpus. Eb¢ ouvowotixd “Cevyapdvovue” tov xdde Oeixtn uye
amOCTAOT, oL Tou avahoyel oe i doury stdipair<>. Autd 1o xdvouue WoTE TASWVOUWVTAS Eval
OLdvuoua e tétola Ceuydplo (¢ TEOG T1 UXPOTERT AMOCTACT), Vo TOHEVOUOVUVTAL QUTOUATO Xk Ol DEIXTES.
INowtd T0 oxomd xataoxevdalovue Yo xdde onueio Tou Query, éva didvuoua TETOLWY (ELYAPLOY.

o Trv pepixn Tavounor tou nopoamdve Soviopatog. EdG xdvouue yperorn tou olyoplduou quick-
select. Ouotaotid tadvopolue povo éva xoppdtt Tou dlaviopatog 6oa o ototyela Tou Véhovue (Tov
aprdud Ty Yertovey tou Pdyvoupe). O arydpripoc autdc elvon ypopuuxds, teptoptllovtog €Tol Aydxt
“xacoved”. Ta o oxond autd yenowwonoioope tnv std::nth_element().

Yy vhonoinoy pag to Corpus-Query etvan Stopopetixd, xdtt mou dev pog meplopilel vo Aocouue to TedBAnua
6mou 1o Corpus == Query QuoXd.

3.3. knnsearch version 1

Mo to Beltepo oxéhog Tng epyaoiog elyaue va tapoucidooupe Ty knnsearch tny onola Yo nopolknhomoiicouye.
o 1o oxond autd vhomowooue tnv vl:iknnsearch. H apywr pog mpocéyylon Atav AvodeOopixy.
Ovolootind ywellaue ta Corpus-Queries oe slices xou yior xodévor and awtd xohovooue Eavd tov eautod pac. H
avadpour| TepuatiloTay dTay Ta slices v apxeTd wxed wote vo Teé€el 0 oelplaxog ahydprduog. T vor uny
Yavovton ouws yeltoveg 1 knnsearch énpeme va tpé€yel yia dhoug toug cuvdvaouols. To xdde Corpus pe ta
dVo Spopetixd Queries xou to xdde Query avticTorya. Emeita cuvevivope ta amoteréopato. Av xan auTh 7
TEOGEYYLON HTAY 1) oxEUBElC pag EBIVE OUMS TN SUVATOTATA VAL “QPTNVOVOUUE” TOV TEOTO UE TOV OTOLO EVEIVOUE TA
aroteréopata. Emnlong vy v nepintwon nou to Query Atav (8o ye 1o Corpus, Uag mpocpépeton 1 dUVATOTNTA
VoL amo@OYOLUE €vay amd Toug 4 cuVBLACUOUS.

H mpooéyylon auth), av xou amhf, Ocv Poielel yia mopalhnionoinom, xodog T VAUATO TOU TEEMEL Vo
dnwovpy oy Beloxovton péoa otny avadpopn, xadic thvtag dvoyenotn(dyt adivatn) T xeHon TwV epYaheiwy
e cilk xou g openMP. Axduo xou to “uépoc” oo omolo Vo éunawve 1 loop-o pe tic join yia v nepintwon
Twv pthreads ¥tav mepimhoxo. o to oxond autd “avolEae” TNy avadeown ot Beodyo enavdindne. e
auth v vhomoinon ta Corpus-Queries, ywellovta oe éva apriud and slices mou pog diveton and TNV ypouuy
eviodov. T 6ha owtd og €va Bimhé Bpdyo xoholue tny oeploxy) knnsearch. O dimhdc Bpdyog ovolaoTixd
onuovpYel 6Aoug Toug cuvduacuols Twv slice and o Corpus ye ta slices and o Query. Etot ndt dev ydvouue
veltoveg. To amoTeAéoUATA GUVEVOVOVTAL OTIOU X0 XPATOUVTOL Ol XovTvoTEpoL Yeltoveg. H Siaduacta emhoyrg
elvon (Bl ye ) oetploned. Tiveton dnhadr mdA yerjon tne quick-select. T'ia v pewdoouue tnv axpelBetar xon €8
unopolue va “@Toydvoups” to merge. I To oxond autd €youue €va dplopa GTN CUVAETNON TO OTOlO UaC
%x6BeL ToV aELIUd TWV XOVIWVOTEPWY YELITOVWV. XE QUTH TNV TEOCEYYLOT UTHEYEL aXOUd EVOL OUCLIC TIXOTEQO
opelog. O yweloudeg oe slices yog divel TNy duvatoTnTa Vo dnutovpyroouue threads mou dev Vo ypeiaotel Toté
VO YPELO TOUY XOUMATIOL UviuNS and dAha threads. Autd o Siaywpeiopoc yivetar otov €€w Bedyo emaviindng
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tn¢ knnsearch

#fpragma omp parallel for
for (size t gi = 0; gi < num slices; ++qgi)
worker body (corpus slices, query slices, idx, dst, qi,
num slices, corpus_slice size, query slice size, k, m);

[Mot ta to mopoamdve snippet (mou eivon xou “xoEdLd” Tou olybdprduou), o xdle worker dovkelel oe dixbd TOUL
corpus xou query slice xou anodnxedel to 6edopéva oe dixd tou slice nlow otoug idx xau dst. Me autd Tov
TEOTO Bev YpetalOUACTE XAVEVOY GUYYEOVIOUO Yia Ta threads.

3.4. Metproec

[t TNy Topay oY TV EXTENECIUWY YENOWOTOHOUUE T0 TpoowTixd pac(wou) laptop. Ytov xatdloyo pe tov
TNy olo xoOLxa uTdEYEL OTL Efval ATAEA(TNTO VLo TNV UETAYADTTION XU EXTEAECT) TOU x0Tl T yeTary AddTTIoN
xdvaue yerion tou image hpcimage nou Beloxeton £6¢. ot TNV YeTaryAOTTION Xou EXTEREST, UTOPEL XdTOLOC Vot
OWOEL TIC TUEAXATL EVIOAES 0TO ToOot xatdAoyo “homework 17

DOCK="docker run --rm -v <PATH to homework 1>:/usr/src/PDS homework 1 \
-w /usr/src/PDS_homework 1/ hoo2/hpcimage"

make -j IMAGE=hoo2/hpcimage v0

make -j IMAGE=hoo2/hpcimage vl

make -j IMAGE=hoo2/hpcimage vl cilk

make -j IMAGE=hoo2/hpcimage vl omp

make -j IMAGE=hoo2/hpcimage vl pth

# run pthreads version with 4 slices

eval $DOCK ./out/knnsearch vl pth -c <path to hdf5> /test -k 100 -s 4 -t

4.  Arnoteréopota

Iopoxdtey mapadétovpe ta anoteAdéopata Twv Yetphoewy. o autée:

o Exteléoope tnv xdie €xdoon tou mpoypduuatog Tne v1 yio StapopeTind aptdumd and threads yia
dVo dapopetixole tivaxes(all-to-all) Hote va dolue Ty ouunepipopd. To threads propolv va tepactolv
amO TN YEOUUT] EVIOADYV.

o Exteléoope v xdde éxdoorn Tou mpoypdupatoc v d0o duapopetixols  mivaxeg(all-to-all) v
SrapopeTixyy emtduunty axpiBeto.

[Mo avtinapaBolr) tapadétovye 6Tl OTL 61O (B0 Pnydvnua To omolo ThpaUe T UETEHOEK 1 knnsearch éxdoon
Tou matlab xdvet:
o sift: 3.223628 [sec]

e mnist: 20.634987 [sec]


https://hub.docker.com/r/hoo2/hpcimage
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4.1. Enidpaon twv threads - OpenMP

[o tnv €xdoon pe v openMP, ypnowonowhvtag dapopetind apriud threads €youue:
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Figure 1: Beluoromoimon and tny magariinromoinon [openMP].

4.2. Enidpaon twv threads - openCilk
[ v €xdoon pe v Cilk €youpe:
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Figure 2: Beluoromoinon ané iy magarintomoinon [open-cilk].

4.3. Enidpaon twv threads - pthreads

[Mo tnv €xdoon pe to pthreads €youye:

8000 _ - Pthrgads - -
Lg\ —&— Serial SIFT
—&— Serial MNIST
Pthreads SIFT
7000 —%— Pthreads MNIST| |

6000 — \ -

o
o
S]
)
I
|

Execution Time [msec]
B
o
o
o
I
1

w

o

S]

S
T
|

2000 — -

1000 — -

0 | | | | |
0 2 4 6 8 10 12

Threads

Figure 3: Beluoromoimon and tny magariinromoinon [pthreads].
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4.4. Enidpaon tne axpelfBeog - OpenMP
[o tnv €xdoom pe v openMP 600 arhdloupe v axpelfBeia €youye:

omMP
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Figure 4: Beluoromoinon Adyo pewwuéme axolpeas [openMP).

4.5. Eridpaon tne axpeifBelog - openCilk

[o Ty éxdoon pe v Cilk 600 adldlouvue v axp(Bela €youye:
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Figure 5: Belnuotomoinon Adyo pewwudvne axgipeac [open-cilk].

4.6. Emnldpoaon tne axpifeloc - pthreads

Io Ty éxdoon pe ta pthreads 6co odhdlouue v axp{Bela €youye:

Pthreads
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Figure 6: Belnoromoinon Adyo pewwpéms axpifeac [pthreads/.

5. Yuunepdoyota

An’ 6T BAénouye mopamdve, EVK 0 YeOvog BeATiveTon xadds yenoiworoolue topamdve threads, outd dev
oupPaivel 6tav pewwvouue v axplBeo. TouAdytoTtov oyt 660 Yo Véhape. Puoixd auTtod €xel var xAveL PE TNV
vhomoinomn pog, xadne Sev eMAEEoUE XOAA TEYVIXH CUVEVLONG. TNV UAoTonoY| pog dev €ytve mohd emdeTixn
oTeaTNYXY Pelwong Tng axpifelac Twv anoteleoudtwy. No nodue eniong 6Tl 0 cuyxexpévos alyderiuog,
Aoyo g ovclaoTixd “un” emxownviog tou yeewdlovton ta threads, Yo uropoloe va yenowonowmiel o oe
ATOPOXEUOUEVA CUC THKATA XdvovTag Yeriorn Tou MPL
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