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NEPINAHWH

Ou Awatagelg NMpoypappatilopevng Aoyikig (Field Programmable Gate Arrays -
FPGAs) €xouv auavOpevo QVTIKTUTIO O OAO KOl TIEPLOCOTEPEC £POPUOYEG, Ao Ta
veupwvika Siktua (Deep Neural Networks) éw¢ €MEKTACELG TOU PEMEPTOPIOU EVTOAWV
(Instruction Set Extensions) o€ 0TeVWG CUVEIEUYUEVO CUOTAUOTA ME EVOWUATWHEVEG
FPGAs (eFPGAs). KaBw¢ oL edbapuoyeg amokAivouv otnv mMOAUTAOKOTNTA, TIG EMLOOOELG,
TLG AVAYKEG VNG KOLL TOUG TIEPLOPLOOUG OE EKTAON, UTIAPXEL AVAYKN YL Eva EUPUTEPO
daopa apyltektovikwyv FPGA. Qotdoo, n avamtuén kal uAomoinon Twv apxLTEKTOVLKWY
QUTWV TIAPAHEVEL SUOKOAN Kal amaltel ToAU Xpovo, AOyw Twv UPNAWV AmaLTHOEWY TOUG
oe elbilkevupéveg oxeblaoelg (custom layout) kal TG avaykng avamtuéng AOYLOLLKOU



TIPOCOPUOCHEVOU YL TOV TIPOYPOUUATIONO KABE OPXLITEKTOVIKAG, odnywvtag otnv
TIapaywyr mPolovIwy Lo YEVIKOU OKOTIOU.

MoAAEC aKOONUOIKEG EPYOOIEG ETUKEVIPWVOVIAL OTNV  OUTOMOTOTIOLNUEVN
Sladlkacio mapaywyng opxltektovikwy FPGA, oe plo mpoomdBela va mpowBnBel n
efatopikevon kal va HeEwwBel n xpovikn mepiodog UEXPL TNV ayopd. e AAAEC
TPOOEYYIOEL, Ol €peuvnNTEC oToxeUouv otn Sladikacia efepelvnong otnv omoia
avalnTtouv tn BEATLOTN APXLTEKTOVLKN VLA VA CUYKEKPLUEVO CEVAPLO, XPN OLLOTIOLWVTAG
HOVTEAQ EKTIUNOEWV HEYEBOUC Kal kKaBuoTépnong.

TNV epyaocia auty eMAEYOUUE Vo CUVOUACOUME TIG SUO QUTEC TTPOOEYYIOEL.
AvamtUoooUUE pLa eMEKTOON Yl To SnUodNEG epyadeio avolyxtol kwdika Verilog-to-
Routing (VTR) mpokelpévou va efayoupe oe Verilog tnv avamopdotacn Twv
OPXLTEKTOVIKWY FPGA Tou £X0ouv opLOTEL ammo Tov Xprotn, va urtootnpifoupe {NTOUEVEG
pnovadecg el6kov okormou (hard blocks - RAMs, DSPs, FP Units) kat va mapafoupe apxeia
TIPOYPOUMATIOMOU TNG FPGA (Bitstreams) yla 608évta benchmarks. Ztoxog pag sivat va
dnuloupynooupe ouvBéoio kwdika RTL avedptnto amo texvoloyia, Lkavo va cuvteBet
pue omowadnmote PiPAodrkn Standard Cells. AVOKOQAUTITOUPE TI TIPAYUOTLKEC
OXEOLAOTIKEG LOLOTNTEC ULAC OPXLTEKTOVIKAG FPGA XpnOLUOTIOLWVTAC UL TIPOTELVOLEVN
por oxedlaopou UAkoU (ASIC flow) Kal avaKkToU e TIPAYUATIKEG LETPHOELG LEYEDOUC Kall
KaBuOoTEPNONG Kal TEAKA TIPOXWPOUUE oTNV €€pPelvOn TwV BEATIOTWY APXLTEKTOVIKWV
FPGA yla cuykekplpéva cuvola amno benchmakrs.

XpNOLLOTIOLWVTAC TNV EMEKTAOH ULaG, EEEpEUVOUUE TO XWpPOo oxedlaopol Twv FPGA
yla éva cuvolAo amoé benchmakrs upnAwv emdooewv mou e€dyovtat ano tnv nAatdpopua
High Level Synthesis (HLS) tng Xilinx. H e€epebvnon pag apxilel pe Tov EVIOMIOUO TWV
BEATIOTWY OpXITEKTOVIKWY FPGA, EeklvwvTog amnod to Héye0og Twv MPoypapUaT{OUEVWV
nuAwvV (Lookup Tables - LUTs) kat tov aptBuo toug ava opdada (Configurable Logic Block -
CLB) kal émetta e€etalovtag to PEYEBOC Kal PHRKOG Twv KavaAlwv Slacuvdeong Toud.
Zuykpilvoupue emiong TG BEATIOTEG OPXLTEKTOVIKEC FPGA TtOU TTPOKUTITOUV KATA TN Xpron
Twv benchmakrs unAwv embOCEWY UE TIG AVTIOTOLXEG APXLTEKTOVLKEG TIOU TIPOKUTITOUV
otav xpnotpomnotoupe ta MCNC benchmarks yevikoU okomou.

TéAog, dSnuloupyou e cuvoAa evtoAwv TCL yia tn ouvBeon kal tnv vAomoinon tng
tonoBétnong kat dtacuvdeonc (place and route) mou pmopoUuV va MPOCAPLOCTOUV OF
omolodNmote HUEYEDOG KAl XOPOKTNPLOTIKO QAPXLTEKTOVLKIG KOL VO UTOLOTOTIOLIO0UVY TN
pon ASIC yia véa tout FPGA.
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“Design-space Exploration of FPGA Architectures for Efficient HPC Acceleration”

ABSTRACT

Field Programmable Gate Arrays (FPGAs) have an ever-expanding impact to more
and more applications, ranging from Deep Neural Networks to High-Performance
Computing (HPC) and other uses such as customization of Instruction Set Extensions and
computation offloading in systems with tightly coupled embedded FPGAs (eFPGAs). As
applications diverge in complexity, performance, memory needs and area limitations,
there is a need for a wider variety of FPGA architectures. However, developing and
implementing new FPGA architectures remains challenging and requires a lot of time, due
to their high content in custom layout designs and the need for design software and flows
tailored for each specific architecture, leading to the production of more generic
products.

Many academic works are focusing on the automated FPGA design generation
process, in an attempt to promote customizability and reduce time-to-market. In other
approaches, researchers target only the exploration process, in which they seek for the
optimal architecture for a specific case scenario, using area and delay estimation models.

In this thesis we choose to combine the two approaches. We develop an extension
for the popular open-source tool Verilog-to-Routing (VTR) in order to export in Verilog
the representation of user-specified FPGA architectures, develop support for custom user



hard-blocks (RAMs, DSPs, FP Units), and generate Bitstreams for given benchmarks. Our
objective is to create synthesizable and technology independent RTL design code, able to
be synthesized with any standard cell library. We discover the real design properties of
an FPGA architecture using our proposed ASIC flow and retrieve real area and delay
measurements and eventually proceed with the exploration of optimal FPGA
architectures for given sets of benchmarks.

Using our VTR extension, we perform FPGA design-space exploration for a set of
HPC oriented benchmarks that are derived using Xilinx's High Level Synthesis (HLS). Our
exploration starts by identifying pareto-optimal FPGA architectures starting with the size
of Lookup Tables (LUTs) and the number of LUTs per Configurable Logic Block (CLB) and
then explore the size of routing channels and wire segments' configurations. We also
compare the optimal FPGA architectures derived when using the HPC benchmarks with
the respective architectures derived when we use the generic MCNC benchmarks.

Finally, we create TCL scripts for synthesis and back-end implementation (place
and route) which can adjust to any architectural characteristic and size and automate the
ASIC flow for new FPGA chips.



