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NEPINAHWH

H umoloylotiky uPnAng amodoong (HPC) oupPBAAAEL KATAAUTIKA OTnV TPO0SOo NG
ETOTAMNG KOOWG Kal oTtnv avénon tou aviaywviopol otnv Blopnxavia oe mayKOouLo
eminedo. ITIG HEPEC LaG, N ATOS00N TWV UTIEPUTIOAOYLOTWYV TEPLOPIZETAL ATtd AUCTNPEG
npoUMoBEoell evepyeloknG Katavalwong. Qotoco n xprnon OSLaKOULoTWY XOUNANG
KatavaAlwong o€ ocuvduaopd pe emtaxuvteg FPGA udnAAg taxutntag pmopouv va
npoodEpouv pa bkt AVCN yLa TNV AVILLETWTILON QUTAG TNG TPOKANONG. Z€ AUTH TNV
kateLBuvon, to €pyo ExaNeSt to omoio xpnuatodoteital and tv Eupwmnatlkr Evwon
OVOTITUOCEL KOL TIAPAYEL EVOL CUOTNHA TIOU ATTOTEAELTOL OO eMEEEPYAOTEG ATOSOTLKNAG
KatavaAlwong texvoloyia¢ ARM, oe ouvbuaoud pe FPGAs. Ito oUOTNUA HOG,
xpnotpomnoloupe FPGAs yla va UAOTIOLICOUUE Hiag UPNARG TaxUTNTAC POCAPUOCHEVN
Slaolvdeon n omola EMITPETEL OTOUC UTIOAOYLOTIKOUG KOUBOUG KaBwG KoL OTLG YPRYOPES
HUVAUEC TOUG VA EMLKOWVWVOUV HETAEU TOUG. AUuTO Snuloupyel TNV avaykn yla pia
e€eAlyuévn Slemadn Sktuou n omola yepupwvel TG ePapUOYEC TTOU TPEXOUV OTOUG
nupnveg ARM pe to UAKO Slaoclvdeont. MNa peydleg petadopéc dedopévwy PETALY
HUVNUWYV, €XOUME UAOTIOLNOEL ULO TIPOCapUOopéVN TtoAukavaAn punxavy RDMA (Remote
Direct Memory Access) pe xopnAn kaBuotépnon, n omola EMITPEMEL OTLG EDAPUOYEG VA



TIOLPAKAUTTTOUV TOV TTUPHVA TOU AELTOUPYLKOU WOTE VA amodeUYETAL TO KOOTOG KAOEWV
OUOTAMOTOG KABWC Kal n mapadoolokn enegepyaoia MPwtokOAAwv tumou TCP/IP. e
QUTAV TNV gpyaocia, avamtuiape AOYLOULKO, XPNOLUOTIOLWVTAG Evay €LOIKO EMEEEPYAOTN
TPAYMATIKOU Xpovou, Sladopa oTadla tou mpwtokoAAou RDMA, cupumneplAapfavopévng
HLOG KOLVOTOUOG TUNMATOOLINoNG Tou peyéBoug petadopdas RDMA oe pmhok, epapuoyn
XPOVIKWV oplwv Kal avapetadoong ava UIAoK, moldtnta unnpectwv QoS, kabwg Kat
€\eyxo pong amd AKPO Ot AKPO Kal €va VEO TIPWTOKOAAO yla l8OTIOLNOELS YPryopPNG
oAokAnpwong. H véa pnxavry RDMA unootnpilel eTUAEKTIKEG Ko TTOAAQMAWY Sladpopwy
QVAUETASOO0ELG avA UITAOK, OL oTtoileg tpowBouv TNV unepolyxpovn texvoloyia RDMA
tou InfiniBand mpwtokdAAou. H véa RDMA entiong, cuumepAapfavoUEVOU TOU TUNLATOC
OUV-EMEEEPYAOTH, TO OTIOLO EIVAL TO ATMOTEAECUA OLUTAG TNG EPYAOLAC, KOL TO T A UALKOU
miou vlormolOnke oto ITE, elval mA€ov TARPWG AELTOUPYLKA KAL XPNOLOTIOLONKE ylo TNV
eKTEAEON Tipaypatikwy edpappoywv HPC oto mpwtotuno ExaNeSt, to omoio amoteAsital
a6 dekadecec diaouvdedbepévwy Ultrascale + MPSoCs. Me tnv edapuoyr) ToAAwv
AELTOUPYLWV ETIMESOU UIMAOK KOl CUVOPTAOEWV HETAPOPAC XPNOLUOTIOLWVTAC TOV CUV-
enmelepyaotr, €EXOUHUE WUEWWOEL TNV TOAUTTAOKOTNTA KAl TOV XPOVO QVATTUENG
TPWTokOAAoU RDMA, Xxwplig auTto va emnpedoel To pubuo enefepyaociog Tou. I auth Tn
SlatplBry, avoPEPOUUE T XOPAKINPLOTIKA TOU £XOoupe €edapPUOCEL OTOV OUV-
EMEEEPYAOTH, TO OKETITLKO TIOW OO TNV ETUAOYH OXESLOOUOU HOC KOL TA OMOTEAECLOTA
™¢ aloAdynong anodoong o€ eninedo cuoTHUATOC.
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ABSTRACT

The High Performance Computing (HPC) contributes to the progress of science and the
competitiveness of global industry. Nowadays, scaling the performance of



supercomputers is limited by strict power consumption constraints. Low-power servers
tightly coupled with high-speed FPGA accelerators can offer a feasible solution to deal
with this challenge. Along this direction, the ExaNeSt EU-funded project develops and
prototypes a system composed of power-efficient ARM-based processors, tightly coupled
with FPGAs. In our system, we leverage the FPGAs in order to implement a custom low-
latency interconnect that will allow computing nodes to communicate with each other as
well as with fast, non-volatile, in-node storage devices. This creates the need for a
sophisticated network interface to bridge the processes that run on the ARM cores with
the interconnection hardware. For bulk memory-to-memory transfers, we have
developed a custom low-latency multi-channel Remote Direct Memory Access (RDMA)
engine, which allows processes to bypass the kernel in order to avoid the overheads of
system calls and of traditional TCP/IP protocol processing. In this thesis, we have
implemented in software, using a special Real Time co-processor, several stages of the
RDMA protocol, including a novel transfer segmentation into blocks, per-block timeouts
and retransmissions, quality-of-service (QoS), as well as end-to-end flow control and a
novel protocol for fast completion notifications. The new RDMA supports per-block multi-
pathing and selective (block-level) retransmissions, which advance InfiniBand state-of-
the-art RDMA. The new RDMA, including the co-processor part, which is the outcome of
this thesis, and the hardware part implemented at FORTH, is now fully functional, and has
been used to run real HPC applications on the ExaNeSt prototype, which consists of tens
of interconnected Ultrascale+ MPSoCs. By implementing several block and transfer level
functions using the co-processor, we have reduced the complexity and development time
of the RDMA, without affecting its processing rate. In this thesis, we report the features
that we have implemented in the co-processor, the rationale behind our design choice,
and system-level performance evaluation results.



