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My Story

 What I’'m working on and how the new Pynqg
platform helped make it better, faster
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GRVI Phalanx: FPGA Accelerator Framework

* A parallel computer overlay to make it easier to
develop software-first accelerators

* GRVI: 320 LUT 32-bit RISC-V core

* Phalanx: processor/accelerator/IO fabric

— Clusters of GRVI PEs, accelerators, and SRAM,

composed with PCle, NICs, and DRAM channels on
an extreme bandwidth Hoplite NOC

— PGAS with 32 byte/cluster/cycle message passing
* Program e.g. as OpenCL + HLS/RTL accelerators

Ya'aint
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Amazon AWS EC2 F1

F1 Instances
New Instance Family With Customizabie

Field Programmab

Run Your Custom Logic On EC2




F1’s FPGA: UltraScale+ XCVU9P

* 900x169 slices =1.2 M 6-LUTs
e 180x12 =2160 36 Kb BRAMs

e 240x4 =960 288 Kb UltraRAMSs
» 360x19 = 6840 DSPs '
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1680 RISC-Vs, 26 MB CRAM on XCVU9P

T+++++*%+++
S l e T

T

e 30x7 clusters { 8 GRVI, 128 KB CRAM, 300b 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

EEFIONEE __Use | Util.% : (0xd0) = 32,38 W, 0.72 Y, 44.82 A, 1.26 A, 5230 A
Logical nets 2.2 LU ; " - LG L0, 038 036 A 0.
Routable nets 1.8 M - T (Ded) - 0.7 I 420 U] 031K, 0.30 A, 0,31 §
CLB LUTs 795K 67.2% TS (Do) = .07 0 120 4, .06 A, 0.0 6 0.0

CLB registers 744 K 31.5%
BRAM 840 38.9%
URAM 840 87.5%
840 12.3%

Frequency 250 MHz Vivado 2016.4 / ES1
Peak MIPS 420 GIPS Max RAM use ~32 GB
CRAM Bandwidth 2.5TB/s Flat build time 11 hours
NOC Bisection BW 900 Gb/s Tools bugs 0
Power (INA226) 31-40 W

power/core 18-24 mW/core >1000 BRAMs + 6000 DSPs

MAX VCU118 Temp A44C available for accelerators
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Cool. But:

* Not yet speaking AXl4 or AXI4-Stream

* Prerequisite for AWS F1 Shell Integration
— 512b AXI4 host interfaces
— 512b AXI4 DRAM interfaces
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Recent Work (Better with Pynq)

* Bridge Phalanx to F1 Shell and its AXI4 DRAM itfs

— Add AXI4/AXI-S master and slave interfaces
— Prototype early host-side software stack

* Old method: test new bridges on VCU118,

exercise with C/C++ tests
* Better way: Pynq/Zynq first!
— Small device, hard DRAM controllers, fast PAR

— Pyng interactive testing, rapid iteration, prototyping
— Same AXl4 signaling and infrastructure IP as F1 VU9P

Ya'aint



GRVI Phalanx on Zyng

Phalanx to AXI MM bridge
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Enabling AXI4 Stream, MM

* AXl4-Stream interfaces <~ Phalanx messages on Hoplite
— TDATA[255:0] TUSER[31:0] TID etc.

* MsgBufs bridge (AXI4-L) IP core
— Python PS < AXI4L <~ MsgBufs < AXI-S <~ Phalanx
— nKx32 BRAM + 2 MMIO CSRs
* Pyng experience
— Overlay .download() (SAMBA) (faster-than-JTAG download)

— MMIO .write() and .read() to write message bytes / send
message / receive message / read message back

— Interactivity = play = shorter time to insight/idea




Phalanx <~ AXI4-MM Bridge <~ DRAM

* Phalanx-AXl4-MM Bridge is an AX14 DMA controller
— 32 B write or 32n B read request messages from Phalanx
— Burst writes/reads on AX14-MM <> PS HP[0:3] <~ DRAM
— Send n 32 B read response msgs to Phalanx dest(s)

* Pyng experience
— XInk() .cma_alloc() .read() .write -- easy CMA DRAM

— Example IPython test: format, send request messages
via MsgBufs to MM bridge = see (.read() or via buffers)
CMA DRAM writes; watch it all with Vivado AXI4 LA




Leveraging Linux and the Python Ecosystem

e “Can | host a RISC-V GCC toolchain on Pynq?”

S git clone http://github.com/riscv/riscv-tools; ...; make #!!
S riscv32-unknown-elf-g++ ... # yes!

 “How to load app.elf sections, send into Phalanx?”
— Load .elf: “There’s a library for that. Several actually.”

from elftools.elf.elffile import ELFFile
bef load sections(file):
with open(file, 'rb') as f:

elf = ELFFile (f)
iram0 bytes = elf.get section by name('.iram0') .data/()
iram0 = [i for i, in Struct('<L').iter unpack(iram0 bytes)]
data bytes = elf-get_section_by_name(‘.data').data()
data = [i for i, in Struct('<L').iter unpack(data bytes)]
return (iramO,data)

— Send: 10 lines of Python + MMIO .write()s
* 1 hour to prototype — saved days of reinvention and bugs
e Edit; make; load; run parallel app, all on Zynq; < 1 second




phxid: 04438050 xid

FCCM 2017 PYNQ-Z1 Demo: Parallel Streaming

DRAM Readback Test: 80 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] . [ ]




Summary of Some Pynq/Zynqg Ahals

* git clone http://github.com/riscv/riscv-tools; make!
* git version control of IP and tests on the FPGA!

* Python ecosystem — pyelftools!

e Samba!

* MMIO, XInk, and interactive Python test scripting!
— Try more things, explore more corners, more quickly
— Composition of Python tests and Vivado ILA
— Will use for “interactive” hardware documentation too!

* |P Integrator ecology! Digilent rgb2duvi
= faster design iterations / insights = faster progress

b
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Pyng “1.0” Impressions

Nice OOBE: well documented, getting started guide, plenty of examples,
“iIt just works”, questions do get answered on the email support list

(I've only scratched the surface, haven’t used the MicroBlaze channels
etc.)

Clever adoption of massive Python community ways and assets, and
Zynq Linux strengths

Enables fast/easy dissemination of new FPGA work
Live, interactive hardware documentation is mind blowing

A promising teaching/maker platform, but also for rapid FPGA
design/prototyping/training/appnotes in industry

Makes exploring new FPGA ideas lightweight, fresh, fast, easy, fun again
So | am trying new (to me) Xilinx technologies and features




