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“ Ixedloon Kol KATAUOKEU TOU KOMUATLOU AITOCTOANG, HLOG TTPONYHEVNG HNXAVHG ALEDNG
NpoonéAaong MvAung (RDMA) ”

NEPINAHWH

YTI¢ epappoyEC o amaltouve umoAoyloteg uPnAwv emdooswv (HPC) n xaunAn kabuotépnon
ETUKOLVWVIOG AVAUECA O€ AMOUAKPUOHEVOUG KOUPBOUG eival kaiplag onuaciog yla tnv anodoon
™G epappoync. To InfiniBand kot GAAeG €Tolpeg ETAOYEG SIKTUWV UMOPOUV VAL LELWOOUV QUTH
™ KaBuotépnon aAAd amattolve eEELOIKEVIEVEG Kal akpLBEG KAPTEC SIKTUOU TIOU OTN YEVLIKA
TIEPLMTWON Elval ATMOUAKPUOUEVEG A0 TOV EMEEEPYAOTH. Z€ AUTH TNV Epyacia Ba meplypadoupe
¢ oxeblaon Kal KATAoKeU Ulag mponyuévng Mnxavng Apeong Mpoomnélaong Mvung(RDMA)
TIoU Kotookevaocoape oto ITE péoa ota mAaiola tou esupwmnaikol £pyou ExaNeSt n omoia
umeptepel og MOANG onpeia wg rpocg to InfiniBand. i) KOBoupe TI¢ peyaleg LeTadpopEC 0 TIOANEG
ULKPEG UTIO-UETAPOPEC, ETUTPEMOVTAC MOG VA XPNOLUOTIOLOUUE TaUTOXpova TIOANEG SLadpOpEC
puéoa oto Siktuo (multi-pathing) oe eninedo uno-petadopdc. ii) Ymootnpilovpe smavalnPelg
petadopadc, o eninedo UMO-peTadOPAC, EAV oL CUVONAKEC TO amaltouv. iii) Xpnolpomnolwvtag tTh



pHovada eLKOVIKAG LeTadpacng mepldepkwVv (smmu) tng ARM, dev xpelaletal va KapPITOWVOULE
TIEPLOXEG UVAMNG EVW TTapAAANAa €xoupe TPOoPach o€ OAO TNV ELKOVLKNA UV LN TOU CUCTILATOG.
EmunpooBeta mapéxoupe €vav oplOpd amod €lKoViKA KavaAla Ta omoia elval oe Béon va
S8ouAeuBouv TauTtoxpova €xovtag XIAASEG ekKpeUElG peTadopég. H mponyuévn Mnxavr) Apeong
Mpooméhaong MvAung pag €xel oxedlaotel WOTe va PMopel va unmootnpiéel petadopeg amno
TIOAAQTAQ HOVOTATIa £TOL WOTE va £ival oe B€on va eKUETAAAEUTEL Ta TAOUGLA OE TTApAAAnAa
povomatia diktua, amod ta omoia anoteAouvtal oL Hovtépvol YIoAoyLoTEC YPnAwv emibooswv.
Z€ aUTH TNV Epyacio mapouoldloupe TV VALK Kataokeur autig tng RDMA oto Zynq Ultrascale+
MPSoC. To UAIKO €xelL oxedlaoTel £ToL wote va Uropel va SouAéP el og TaxUTNTEG TO0O UPNAEG
000 200MHz €xovtag KaBuoTEPNOELG TOOO ULKPEG 000 Eva Mikpo-6eutepOAenTo evw tapAaAAnAa
KOTOVAAWVEL EAAXLOTOUC TTOPOUG, adbAVOVTAC APKETO XWPO VA XpnoLomnolnBet and AAAeg popdég
gmtaxuviwy. Emiong oxedldoape Kal EVWOOE TOV HETAYWYEQ TTAKETWV KaBwG Kal tnv diemadn
SIKTUOU TTOU XPELAETOL ETOL WOTE VA EKUETAAAEUTOU LE TO PEYAAN ELKOVIKI) VI LN TIOU TTOPEXETOL
Qo TO MPWTOTUTIO Hag. Edapudoape tnv RDMA pag og TOAATAEG OUVOESEUEVEG HETAEL TOUC
FPGAs kalL tp€fape Oladopa mpoypappata avadopds, €£T0L WOTE VA HUMOPECOUME va
aglohoynooupe TG embO0elg paG. Ta amoteAéopata Seiyvouve tepdotia BeATiwon €vavil oTto
kAaolkd 10G ethernet kaBwg kat tponyoupeveg RDMA pnxoveg Lo,
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“Design and Implementation of the Send Part of an Advanced RDMA Engine”

ABSTRACT

In High Performance Computing (HPC), low latency communication between remote processes is
crucial to application performance. InfiniBand and other off-the-shelf networks can reduce the
latency but require special and costly network interface cards, which are loosely coupled with
CPU. In this work, we describe the design and implementation of an advanced RDMA engine



developed within the ExaNeSt EU project, which has a number of advantages over Infinibad: i)
We segment RDMA transfers in blocks, and support block-level multipathing of RDMA transfers
on a per-block basis. ii) We perform selective end-to-end retransmissions. iii) We do not need to
pin the regions of RDMA transfers in memory, while at the same time we support accessing the
full virtual address space of processes, using ARM SMMU. Additionally, we provide a number of
virtual channels able to work simultaneously with many outstanding transfers. Our advanced
RMDA engine is designed to support multi-pathing in order to be able to utilize the rich parallel
links found in HPC networks. In this work, we describe the hardware implementation of the RDMA
engine on the Zyng Ultrascale+. The hardware design has been optimized to meet timing
requirements of up to 200Mhz while consuming little resources, leaving plenty of space to be
used by i.e accelerators. We have also designed and integrated the interconnect required, as well
as the Network Interface (NI) in order to utilize the large Global Virtual Address Space (GVAS)
provided by our hardware prototype. We have implemented our advanced RDMA on multiple
interconnected FPGAs and have run HPC benchmarks and applications in order to verify and
evaluate our design. The results show great improvement over 10G ethernet, as well as our
previous RDMA implementations. Finally, our RDMA has been designed to easily accommodate
many more features with little to no change, such as congestion management.



