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FPGA Datacenter Accelerators
Are Almost Mainstream

e Catapult v2. Intel += Altera. OpenPOWER CAPI.
AWS F1. Baidu. Alibaba. Huawei ...

* FPGAs as computers
— Massively parallel, customized, connected, versatile
— High throughput, low latency, low energy

* Great, except for two challenges
— Software: C++ workload = ??? = FPGA accelerator?

— Hardware: “tape out” a complex SoC daily?
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Hardware Challenge
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GRVI Phalanx: FPGA Accelerator Framework

* For software-first accelerators:
— Run parallel software on 100s of soft processors
— Add custom logic as needed
= More 5 second recompiles, fewer 5 hour PARs

* GRVI: FPGA-efficient RISC-V RV32I soft CPU
* Phalanx: processor/accelerator fabric

— Many clusters of PEs, RAMs, accelerators, 1/0
— Message passing in a PGAS across a ...

* Hoplite NoC: FPGA-optimal fast/wide 2D torus

Ya'aint



Why RISC-V?

Open ISA, welcomes innovation

Comprehensive infrastructure and ecosystem
— Specs, tests, simulators, cores, compilers, libs, FOSS

As with LLVM, research will accrue to RISC-V

Its simple ISA allows an efficient FPGA soft CPU




GRVI: Austere RISC-V Processing Element

* Simpler, smaller processors > more processors
- more task and memory parallelism

* GRVI core
— RV32l, minus CSRs, exceptions, plusmul*, 1r/sc
— 3 stage pipeline (fetch, decode, execute)

— 2 cycle loads; 3 cycle taken branches/jumps
— Typically 320 LUTs @ 375 MHz = 0.7 MIPS/LUT




GRVI RV32l Microarchitecture
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GRVI RV32| Datapath: ~250 LUTs
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GRVI Cluster:
0-8 PEs + 32-256 KB Shared Memory
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~3500 LUTs

GRVI Cluster Tile
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Composing Clusters with Message Passing
on a Hoplite NoC

* Hoplite: rethink FPGA NoC router architecture
— No segmentation/flits, VCs, buffering, credits
— Unidirectional rings
— Deflecting dimension order routing of whole msgs
— Simple; frugal; wide; fast: 1-400 Gbps/link
areaxdelay of FPGA-tuned VC flit routers




Example Hoplite NoC

256b links @ 400 MHz = 100 Gb/s links; <3% of FPGA

Ya'aint




1 GRVI Cluster with NoC Interfaces

HOPLITE
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10x5 Clusters x 8 GRVI PEs
= 400 GRVI Phalanx (Kuo40, 12/2015)
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Parallel Programming Models?

 Small kernels, local or PGAS shared memory,
message passing, memcpy/RDMA DRAM

* Current: multithreaded C++ w/ message passing
— Uses GCC for RISC-V RV32IMA. Thank you!

* Future: OpenCL, KPNs, P4, ...

— Accelerated with custom FUs, AXI cores, RAMs




11/30/16: Amazon AWS EC2 F1!
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tance Family With Customizab

Field Programmable Gate Array:

Run Your Custom Logic On EC2

™

b 4

—




F1’s UltraScale+ XCVU9P FPGAs

¢« 1.2 M 6-LUTs
» 2160 36 Kb BRAMs (8 MB)

* 960 288 Kb URAMs (30 MB)
* 6840 DSPs

CARRV2017:2017/10/14 17 Lﬁm



1680 RISC-Vs, 26 MB CMEM (vu9P, 12/2016)

e 30x7 clusters of { 8 GRVI, 128 KB CMEM, router }
e First kilocore RISC-V, and the most 32b RISC

cores on a chip in any technology
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1, 32, 1680 RISC-Vs
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1680 Core GRVI Phalanx Statistics

Resource : (0400 = 3258 H, 0.72 Y, 44.82 A, 1.26 A, 52.30 A

: 43) = 0.30 N, 0.65 U, 0.35 8, 0.25 A, 0.37 A
Logical nets 3.2M : 1) = 1.EG W, 1.80Y, 0.8 A, 0.88 A, 0.34 A
b= DO0W 1E0Y 000 A, 0.00 A, 0.01 A

Routable nets 1.8 M W= 037U 1e0Y 0.3 A 0.30 R, 0.31A
0 - 007 W 000N 0.0% A, 0.0 A, 0.08 A

CLB LUTs 795 K STRITT: (Deds) = 0.07 U, 1.20 9, 0006 A, 0.01 A, ;

CLB registers 744 K

BRAM 840 ZZZZZZZZZZZZZ;Z;;ZZZZZ"'j',T'"ZZZZZZZZZZZZZZZZZZZZZZZZZZIZZZZZ_
URAM 840 et

840

250 MHz 2016.4 / ES1
420 GIPS ~32 GB
2.5TB/s 11 hours
900 Gb/s Tools bugs 0
31-40 W

18-24 mW/core >1000 BRAMs + 6000 DSPs
A4C available for accelerators

CARRV2017:2017/10/14 20 Lﬁm



Amazon F1.2xlarge Instance
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Amazon Fl.16xlarge Instance
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Recent Work

* Bridge Phalanx and AXI4 system interfaces
— Message passing with host CPUs (x86 or ARM)
— DRAM channel RDMA request/response messaging

o »” _ ‘-‘i.‘i
SDK” hardware targets iniramazon
— 1000-core AWS F1 (<S2/hr) y wserwces

- 80-core PYNQ (27020) ($65 edu) RS
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GRVI Phalanx on Zynqg with AXI Bridges
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PYNQ-Z1 Demo: Parallel Burst DRAM Readback Test

phxid: 04438050 xid

80 Cores x 228 x 256 B

1d1 00083003 phxid
nheap 80882500 staock ' 00087 e phx x xid mue 04438050 x1d'00100008  phxid: 04438050 xid: 00101009
pc 00980254 $ize: 100 4ad i~ erigr "‘l:“. stack stack stack nheap staok stack @0187/80  nheap' 80182508 stack 80187780
dram' 06990880 data: 80880600 Gram 06900406 ::h’ Hu 160 Po' 08000254 size: 100 00000254 size'100 PO’ 00000234 size 100 po' 00000254 size' 100 po! oomoesa size 100 Po'00100254 size: 100
gty o data 00080400 Gran'd6900600 data Gran'd6300400 data 00080400 data data:00081340  dram'd6901000 data 00180600  dran:d6301200 data:6 09180000
data sent prong o roy recy: 00081100 a recv 00181000 re«: 00181200 recy: 08188900 red: 00180160
prer S nog SR . ata sent sort data data sent data sent data sent data sent
: L done. ‘nneo‘ done! £444400: done! :nlm i £444900: done! $¢4¢00: done! 141700/ done! 441400 done!

" L] L] ]
phxid: 04438050 xid:0010208a phxid: 04438850 xid:0010300h phxid: 04438050 Pho ] ;

8250 " Pphxid:84439050 xid 00203013
::'s;‘ggé« :znwk 00186180 m::lz;e!a stack ‘89186788  nheap: 00182500 stack stack stack nhe: stack nhe: stack 100287180 neap staok sﬂok 08286180 00282500 stack 88286780
Gran:dES01400 data 00180400 ro ooy« 0100106254 size:100 PC100100254 size: 100 PC108100254 size: 100 o' 00100254 size: 100 po:00208254 size’ 100 PC100200254 size: 100 PC' 80208254 size 100
ke oo data 200 data data ata'00181340  Gram:d6302000 duta 00260600 dram'dES02200 data:00280000 902400 data 0 dran’ 6992600 data 08286200
pec-reghrtesrg pro-egporary o e Peo0. 00201240 rea 0021540 | Mesu.06280806 rea 00260000
o ; et . ata ser data sent data sent data sent data sent data sent data sent data sent
M L H done’ ;""Bﬂ' done! ;Ntm\ done! ;ucm: done! ‘nuw done | £1£¢900: done! £141400: done! £44¢400: done! 1144900 done!

] 3 ] ]
R Rl 7 o e o 30050 2 xid.gadatols | whidiBAs30050 xidiouIMLe | phxid: 0443050 xid: 08365014
a‘:eeoea m:“"*‘ 32200254 staok stack stack stack staok staok stack 0038580  nheap meesoe nu:v 00385780
g Sy ro: nzo mo po size 100 0100200254 size: 100 size: 100 P01 00300254 size: 100 Po' 00300254 size 100 00300254 size’ 100 por Po 00300254 aize: 106 0100300254 .

e data data’ 00281340 data data dat. dran'd6903600 data data A 36903400, duts 108360800
e g o s oo oo req: 09380000 reoy 00381100 req: 88381560 recy:00380eed req:08381220
- sen data sent data sent data sent data sent data sent data data sent data sent

done! ‘;nm‘ done! ‘unux done! ;vnm: done! ;cum- done! 1444180: done! 1944980 done! FHe100. donel 1411408 done! 1444400: done!

L} Kl | ] a 1
phecid phocid ! phxid: 04438050 xmra:maes phxid: 04438050 xid 01087627
nheap stack stack stack 10106780  nheap: 01082500 stack stack stack ap stack stack 1084780
o+ 08306254 size: 100 Pc: 98300254 size 100 Pc101000254 size: 100 PC101000254 size’ 100 PC181080254 size: 100 PC101000254 size 100 PC101000254 size 108 Po'101006254 suo po’81008254 size 100
dr- data dr data 09381340 dr data data data dran'd6964800 data'01080ced  dram'd6304a00 data data Srua/SENIons dste 81881340
recy: 80381828 req:08381b20 rea ~e0 100 rea: 01081880
data sent data sent data sent data sent data sent data sent data data sent data sent data sartt
§4£9100: done! ‘vnm- done! ;nnw done! ;ucnm done! ;«mn- done! ;uuun done! 1414100 done! 14141091 done! £444100: done! 1414108 done!

L [ ]

phxid 04438050 xid: 01100028
nheap 81182508 stack ‘8116780
pc:01108254 size: 100

phxid: 04438050 xid:011010629
nheap' 01182500 stack '01187780
Pc:01108254 size: 100

phxid: 04438050 xid' 01103020
nheap' 01182500 stack 101186780
pc'01108254 size'100

phxid 04438050 xid' 01104820
nheap 91182500 stack 101185160
PO .Hm size 100

dram’ 6905800

phxid: 04438050 xid:0110562d
nheap 01182500 stack 101185760
n‘aum size' 100

36050 xid' 911l
1182500 stack
po' 01100254 size 100

da 1181680
recv 91181848 req: 01181620

xid+01300038

nheap' 01382500 stack 101387160
1100

dram: d6907000 data' 01380600
recv: 01381000 req:01381200
data sent

dram d69G5800 data 011808608 dram:d6985200 data:01180000 am dram: d690S600 data'01180200 data 01180000 dram' d6905200 data' 01180400 dram’ 46909

recv 91181000 req: 01181200 mvlailw req:81180fed recv 91181240 req 01181540 recv:011808c0 req' 01188000 recv:91181100 req: 01181560 recv:01168eed req: 01181220

data sent da’ data sent data sent data sent data sent data sent

FF£400: done! Nfﬂaﬂ don-l 441900 done! £144400: done! 1144900 done! 1141100 done! 1141900 done!

v [ ] L] L] il L]

phxid phxid

nheap stack ap stack stack 812682500 stack stack stack

pc: 01208254 size: 100 po 01200254 size 100 po101200254 size:100 pO254 size 100 Ppo1 01200254 size' 100 po' 01200254 size 100 po 101300254 size

dram data ar data dry data data data data 01281340

recv: 081281248 recv: 01281108

data sent data sent data sent data sent data sent data sent

f4£§700: done! 161900 done! 1#4900: done! ‘NN.* done ! ;n'm- done! ;vum- done | ;NlM' done !
] ]

phxid: 04436050 xid' 01107021
nheap: 01182500 stack ‘01184780
po 101100254 ﬂxl 100

dram' d6505e00 data'01181340
r.ow@llslsm "ﬂ 101181880

N!NOB' done!
]

phxid 84438050 xid 01301839
nheap' 01382500 stack 101387780
P01 01300254 size: 100

data

phxid 04438050 xid 01200030
stack

Phxld 04438050 xid 01201031
ack 101287780

Po 01200254 size 100
dran’' d6906000 data 01280600

PO 91298354 !lz' 109
&‘ul 46906200 dltl 01280000

data sent
1114400 done!
&

phxid: 04438050 xid'0130203a
nheap 01382500 stack '01386180
po 01300254 size 100

data’ 01380400

recy 91380900 req:01380fe0
data sent

1141900 done!

]

reov:01381240 req:01381540
data sent

1144400 done!

[ ]

d{ta sent
£111100: done!
.

phxid 04438050 xid 01303030

rheap ' 913825c0 stack '01386780
Pc 01308254 size 100
dram’ d6987600 data 01388200
recv:013808c0 rea: 01388000

data sent
1414100 done!
.

PIISOSEINON XId-BIIIIC I Prxid: 443065 xid 61365630 ey 04438050 xid/@130683  phxid: 84438850 xid: 01307831 phxid 04438050 xid: 82085045
rheap 81382508 stack ‘8138588 nhear: 0! stack:01395700 | nheasiGI385C0 stack @1304100 | nhea: 91382500 stack :6134780 stack stack stack stack [N nhesc SEORESCH siack (02005700
Ppc-81300254 size po-0730054 size'180 Pc: 81300254 size: 100 Po101300254 size o 02008254 size 100 0102000254 size 100 size:100 0102000254 size: 100 o1 02008254 size: 100 Po
dram data 81388068  dram:d6987200 data:@1388ac0 Gan:d6905400 dvta. 01381340 data data data dram: d6968800 82000080 ran-dG500400 duta. 62000800
recy 81381108 rea’ 01381560 recy:91300eed rew'S1INIEES recy:01381580 req: 01381890 180 pochy
data data sem data sent data sent data sent data sent data sent data sent data sent
£4£4108: done! Freieoe. done! £44400: done! £4£4108: done! ;uuoex done! ‘«nu- done! LT del 744¢900° done! 1414900 done!
E ] o I
ot 1 [ Phxid 84438050 xid: 8218784
nheap: 82882500 stack 02084180  nheap 02082500 stack nheap stack |62 stack nhe: stack stack nheap staok stack Stack 162184180  nheap 02182500 stack 62184780
Po-82008254 size: 100 po 62000254 size’ 100 0102106254 size: 100 o 82106254 size: 100 0102160254 size:100 o+ 82100254 size: 100 Po102100254 size: 100 size: 100 0102100254 size: 100 Pc-02108254 size 100
dr data data dran:d6909000 data 82189608 dram’d6505200 data data dran: 6309600 data dr data dran:di9e5,0s deta-veioices  [HEENENMINERE S 82181340
- o 1

sent sert data sent data sent data sent data sent data sent data sent data sent data sent
Teteo0. dons! T P00, done 1414100 done! 144100 done! £444100: done! 1414100 done! £44¢100: done! ‘n"nx done! ;Nlm' done! JYRINS: danet
L] € L] L} L] . [ ]




GRVI Phalanx on AWS F1 (WIP)
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4Q17 Work in Progress

Complete initial F1.2XL and F1.16XL ports
GRVI Phalanx SDK

— Specs, libraries, examples, tests
— As PYNQ Jupyter Python notebooks, bitstreams
— AMI+AFI in AWS Marketplace

Full instrumentation — event counters; tracing
Evaluate porting effort & perf on workloads TBD




In Conclusion

Enable programmers to access massive
reconfigurable / memory parallelism

Frugal design enables competitive performance
Value proposition unproven, awaits workloads

SDK coming soon, enabling parallel RISC-V
research and teaching on 80-8,000 core systems

Thank you




