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“Mia Arntodotikn kot EAadpid OpenSHMEM YAomnoinon”
MNEPIAHWH

Ot YroAoylopoil YPnAng Anodoong (HPC) amoktoUv oAoéva Kol TEPLOCOTEPN
Suvapikn, aflomolwvtag Ta MPOVOULO TIoU TIPOodEPEL O TUNUATOTOLNHEVOG XWPOG
KaBoAwwv AteuBuvoewv (PGAS) ylwa BéAtiota amoteAéopata. MeydAn mAnBwpa
TIPOYPOAUUOTIOTIKWY  YAwoowv Kot  BBAoBnkwv  €xouv  dnuioupynBel  mou
enwddelovvtal amnod tov PGAS, e To TLo eUpEwC yVwoTo va eivat to OpenSHMEM. To
OpenSHMEM opilel pla Stemadn MPOypAUUATIOTIKWY edappoywv (APl) n omoia
oLoTOLEL LOVOTIAEUPEG ATIOUOKPUCUEVEG AUECEC TTPOOTIEAACELG VNG (RDMA) yia
EKTETAUEVN Xprion o€ HPC,

2€ QUTAV TNV LETATITUXLOKN Epyacia mapouotdloue to Gmem, pia uAomoinon tou
OpenSHMEM mpdtumou, n omoia umootnpilel TIg apxLtekTovikeG Stktvou TCP/IP,
RoCE ka Infiniband, Baowouevn oto GSAS. To GSAS sivat éva eAadpu kat antAd PGAS
TIPOYPAUHATLOTIKO API, To omolio Sivel Tnv duvatotnta oe Slepyacieg mov TpEXouV oE
€vav aplBud anod KOUPoug, va EMIKOWVWVOUV UETOED TOUG E TPOTIO MOPOLOLO OTO
HOVTEAO Kowoxpnotng UvAunG. To Gmem aflomolel tnv Kowoxpnotn HVAUN OTLS
ETUKOLWVWVLEG TTOU AapBdavouv xwpa evtog evog kopBou, divovtag £ToL TNV LKAVOTNTA
OTOUG XPNOTEC VA EKUETAAAEUTOUV TIANPWE TNV TOTILKOTNTA XWpou (Spacial Locality),
Xwplc TNV moapeupaocn Tou AEITOUPYLKOU GUOTAHOTOC I TNC KApTag Siktuou. EmumAéoy,
Xa@pn oto RDMA katadépvoupe va Sle€dyoupe AEITOUPYLEG OE OMOUAKPUGHUEVOUG
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KOpBoug, He e€alpeTikd XapnAo xpovo kobuotépnong petadopdc SeSopévwv
(Latency) kat unAn pon petadopwv (Throughput).

To Gmem aflohoynBnke oe ouykplon He TG OpenSHMEM ulomoinoelg tou
OpenMPI kat tou MPICH, ot omnoie¢ Baoilovtat oto Unified Communication X (UCX)
T(POTOKOAAO, yla TLG apXLTEKTOVIKEG Stktuou TCP/IP kat Infiniband. Zta melpapata pog
HETPNONKe n amoédoon Twv Astoupywwv AmootoAng/Angng (PUT/GET) otav
TIPOYLOTOTIOLOUVTAL OE OTMOMOKPUOUEVOUG KOUBOUC, KaBWG KAl TWV ATOMUKWY
AELTOUPYLWV HVAUNG Kal CUAAOYIKWV Aettoupylwy. Mapatnpoupe o6tL To Gmem 8gv
glval HOvVo LOAELO |LE TWV AVTAYWVLOTIKWY UAOTIOLOEWY, AAAQ O€ TIOANEG EPLITTWOELG
ETUTUYXAVOVTOL KAAUTEPQ QTMOTEAECUOTO. ZUYKEKPLUEVA, OTIG Asttoupyiec Anding
(GET) peyaAou 6ykou Se80UEVWY, ETILTUYXAVOUUE XPOVOUC KaBuoTtépnong LeTadopag
b6ebopévwy (Latency) 6x xaunAotepoug amd to OpenMPl, KOl OTL OTOMLKEG
Aettoupyieg 1.25x kaAUtepO Xpovo kabuotépnong petadopdg (Latency).
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“An Efficient and Lightweight OpenSHMEM Implementation”

ABSTRACT

The High Performance Computing (HPC) is rapidly gaining momentum, relying on the
benefits of the Partitioned Global Address Space (PGAS) model for optimal results. Numerous
languages and libraries have been introduced that leverage the PGAS model, with the most
widely known being OpenSHMEM. OpenSHMEM is a standard specification that defines a one-
sided, RDMA capable API for extensive use in HPC.

In this thesis we design and implement Gmem, an OpenSHMEM implementation
supporting TCP/IP, RoCE and Infiniband networking protocols, backed by GSAS, a very
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lightweight PGAS API, allowing processes spawning on a number of nodes to communicate in
very similar way to shared memory schemantics. Gmem leverages shared memory for intra-
node communications, enabling users to fully utilize spacial locality without involvement of
the OS or the network adapter. With RDMA we are also able to perform operations on remote
nodes with extremely low latency and high throughput.

We evaluate Gmem with the OpenSHMEM implementation of OpenMPI and MPICH that
rely on the Unified Communication X (UCX) framework, for TCP/IP and Infiniband. In our tests
we assess the performance of PUT/GET remote memory operations, several atomic memory
operations and collectives operations. During our experiments, we observe that our
implementation is not only on par with our competitors, but in some cases we even achieve
greater results. In GET operations, for large size transfers we achieve 6x lower latency than
OpenMPI, and in Atomic operations 1.25x better latency than OpenMPI.



