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Outline

* FPGAs from 10000 feet...

e ... and coming down

* FPGA components

* Generating FPGA configurations
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FPGAs: 10000 feet view

* The boards

Discrete (to be connected to PCle) Integrated (standalone)

source: docs.xilinx.com v e MareNostrum Experimental source: www.axiom-project.eu
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FPGAs: 10000 feet view

* The boards

Discrete (to be connected to PCle) Integrated (standalone)
AMD-Xilinx
Versal AMD-Xilinx
Alveo Zyng 7000
VCU128 Zynqg Ultrascale+
Intel-Altera
Agilex Intel-Altera
Stratix Cyclone
Arria Max

source: docs.xilinx.com - s st Bt source: www.axiom-project.eu
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FPGAs: 5000 feet view

e Alveo U200 card basic hardware blocks

Maintenance Port |-

[

L

QSFP >

v
i = Satellite

XCU200 S
ontrolier

o XCU250 | ‘
I‘.l DDR =

Y

Y

A

L4 I

PClex16 or PCle x8 (2)

e gource: docs.xilinx.com
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FPGAs: 5000 feet view

* Alveo U280 card basic hardware blocks

Maintenance Port

A

A

L

l QSFP »
v
Flash - satellite
XCU280 Controller
Clocks - I
l i HBM HEM
DDR - 4GB 4GB
3
]F'
PClex 16

source: docs.xilinx.com
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FPGAs: 10 inches view

* U200 FPGA connectivity & layout

* DDR -> Global memory (RAM) Dynamic

Region

e QSFP -> Ethernet 100Gb.
* PCle -> to host

- H H H Cynamic
* USB -> serial line, jtag Ragion

» Super Logic Regions (SLR)

* Logic partitions of the area of the FPGA <:[@'\l/ Dg:gi:r‘f
e Connectors attached to SLRs

SLRO

N MEEP Dot source: docs.xilinx.com



FPGAs: 10 inches view

QSFP1 |«—»|GTY
* U280 FPGA connectivity & layout QSFPO |«—»{ ey Sk

e DDR -> Global memory (RAM)
HBM -> Global memory (HBM)

Exascale Platform

* QSFP -> Ethernet 100Gb. 5
* PCle -> to host § 1 SLR1
e USB -> serial line, jtag
GTY
% SLRO
GTY
HBM HBM

source: docs.xilinx.com




FPGAs: 10 inches view

* Axiom board connectivity and layout

| CN20: Clock
generator’s
| programmer

CNB: R1-45
Gigabit
Ethemet

U16: microSD
Card Slot

J1: WDS + T/s
connector

CN23: FAN
connector

CN11: Arduino
UNO PortB
pins

CN12: Arduino
UNO Power pins| ———__

CN13: Arduino | _—%

UNO ADC pins

CN10: Amduino
UNO Port D pins

L 19l 11 117

CNE6: USB ty pe-
C Connector #3
(D)

CNS5: USB type-| | CN4: USB type-
C Connector #2| |C Connector #1
(€) (8)

ICN22: DC Power
Jack

(A)

CN3: USB type-
C Connector #0

CN9: USB3.0
Dual Type-A Slo

CN16: TRACE
port connector

4

CN7: miniDP
connector

CN17: USB to
UART Debug

CN15: ZynQ
JTAG connector

CN18: UARTZ1
connector

SW1: boot |
mode Dip
Switch

Chip: Zynq U+
4x ARM A53
Virtex-7 FPGA

“Host” RAM: 8GB
“FPGA” RAM: 0.5 GB

source: www.axiom-project.eu



Comparing FPGAs to GPUs

* “Basically”, replace the GPU compute device with the FPGA device

/CPU (Host)

System
Memory

GPU board \

GPU chip

4 o Device
C Memory
Multiprocessor
(programmable)

\& Shared memory / //
GPU System

B\ny, Lenite
WA MEE
_! " L} |

r

/CPU (Host)

System
Memory

ﬁPGA board

MareNostrum Experimental
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FPGA chip
/ Recanfisirahle \ DeVice
= Memory
Reconfigurable
logic
\\& Block RAM Y //
FPGA System



Comparing FPGAs to GPUs

* “Basically”, replace the GPU compute device with the FPGA device

KCPU (Host)

System
Memory

/CPU (Host)

System
Memory

GPU board \
GPU chip
4 a Device
C Memory
Multiprocessor
(programmable)
Shared memory
Ny
GPU System

Wy Foujry
mar MEE
v ‘5' we

\
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Inside the FPGA chip

* |Interfaces

e Super Logic Regions (SLRs)
* Only on big devices (Alveo)

 Components: Configurable Logic Blocks (CLBs)

PCle QSFP Ethernet DDR HBM

SLRO SLR1 SLR2

CLBs, DSPs, Block RAM and interconnect

FPGA chip

';- v M E E MareNostrum Experimental
-u’
F1A 1) Ll Exascale Platform



SLR components

e CLB (Configurable Logic Block)
e Carry chain (adder, counter, comparator...)

Multiplexer (8 / 16 to 1)
Shift register
Flip-flop
Look-up tables (6-input)
Distributed RAM

« Recommended for 1 to 128 bits data

* Block RAM
e DSP (Digital Signal Processing)

iy, fesice M F - ”j MareNostrum Experimental
F i"ﬁ‘: Vi Exascale Platform



Sample components

e Look-up table (8 on a CLB)
* 6inputs (A6:1)
e 2 outputs (06:5)

Available resources
ZU+: 274K

* 128 bits total X T U200: 388K + 205K + 385K
D3 U250: 420K + 205K + 407K + 424K
AG1 AG:A1
 Wa W1
(@]
05
CK DIt {
WEN MC31
A DD

Bhuy etite MareNostrum Experimental . HH
B MEEP toiraion source: docs.xilinx.com



Sample components

* D flip-flop / latch (16 on a CLB)
e 1 bit memory Available resources

ZU+: 548K
e Can take output from LUT A '

U200: 776K + 410K + 770K
U250: 840K + 411K + 815K + 849K

LUT A Output AFF/LATCH
5 LATCH
O
\| 5 o Q@ LoAQ
o | i
CE O
AX | | ox osRLOW
SR
|

N MEEP Dot source: docs.xilinx.com



Sample components

* Block RAM
e Dual-port 36Kb
* Programmable FIFO

* Configurable width
e 32Kbx1...4Kbx 8 ... 1Kb x 36

e Advise

* Use as many blocks as possible to achieve data parallelism

Available resources

ZU+: 32Mbit

U200: 25Mb + 13Mb + 25Mb

U250: 18Mb * 4

v M E E p MareNostrum Experimental
": Exascale Platform

———>CLKA
— | REGCEA

——| DIB
A
18, __.{ ADDRB
2 o WEB
—-=| ENB Port B
— .| RsTREGB
— .| RSTRAMB

—— 1> CLKB
— +| REGCEB

CASCADEOUTA

CASCADEOUTE

36-Kbit Block RAM T

——— DIA

DIPA

—<—-=| ADDRA Port A
—~—=| WEA

— +|ENA
— .| RSTREGA
— | RSTRAMA

DOA |———

36 Kb
Memory
Array

CASCADEINA

source: docs.xilinx.com

!

CASCADEINB
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Sample components

* DSPs (48-bit)

° MUItIleer ____________________________________________ CARRYCASCOUT*
° ACCU m UI ator i BCOUT‘]PQ Acourjrsn 48 AB MULTSIGNOUT*JT & Ipcou'r* :
ALUMODE [ | |

* Pre-adder | 1 L P e
1B _ 18 Ba p | |

e C+B*(D+A) + Carryin | I # I — N

- | I P .

* SIMD unit (+, - onIy) LA " " T | carmyout "
* 2x24bit, 3x12bit l | puiao 25 ° v [ ] 4

. . | 30l,| @nd Pre-adder " iy

* Logic unit ez | o 11 015 ] e
d And, or, Xor... : 2 . ":il 17-Bit Shift . b | PA"ITE%NBDEFEC?E

* Pattern detector e 5 D— maswl |} CREGIC BypassiMask |
° iCAF{FiYEN MULTSIGNIN* |
Detect output pattern, or lorwoDE - {_‘Ll ]| MR i

* Cmatch with A*B... |CAAYINSEL |

ACIN :

LN A g MareNostrum Experimental
ST
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Sample design

* Memory accesses are driven
by the MIG (Memory
Interface Generator)

* Interconnects are implemented
with the AXI ports

* User logic contains the
application

|

AXl4_slave

SLRO

Y

MIG_DDR3

SNk g MareNostrum Experimental . 1
ww MEEP cocvraionm source: docs.xilinx.com
r
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Generating FPGA configurations

* High-level C/C++ programming
* No Fortran support from vendors (as far as we know)
* Compiled to Verilog/VHDL

* Design source files
e Behavioral simulation

* Design synthesis, HDL to gates, generating FPGA netlists
* Functional verification

* Design mplementation, place & route
* Static timing analysis

* Bitstream generation
e Actual run on the FPGA

raay, ey M p MareNostrum Experimental
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Vendor tools

* AMD - Xilinx * Intel — Altera
* Vivado HLS / Vitis HLS (from 2020) e Quartus HLS compiler
* Vivado / Vitis * Quartus Prime Design Software
* GUI and batch tools * GUI and batch tools
* Compile C/C++ code and OpenCL * Compile C/C++ code and OpenCL
kernels kernels

 Also supports the oneAPI interface

* Originated from Codeplay/Khronos
SYCL

e Kernels on C++ Lambda functions

iy, fesice M F - ”j MareNostrum Experimental
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OmpSs@FPGA execution environment

* x86_64 / Arm64 architectures
* Linux (Host), QDMA driver
* Nanos/xtasks/xdma runtime system, managing tasks

OmpSs@FPGA
application

* Hw runtime on the FPGA, managing tasks

[ nanos++ ]
xtasks/sdma |

HW
Runtime
b covA >
Programming Logic || _DDR4 (giobal memory) |} X86, ARM, PowerPC, ...

Alveo U200 PCle Host

21



References

* References

e DS962 — Alveo U200 and U250 Data Center Accelerator Cards Data Sheet
* https://docs.xilinx.com/r/en-US/ds962-u200-u250

» 7 Series FPGAs Configurable Logic Block. User Guide. Xilinx, Inc., UG474, 2016
* https://docs.xilinx.com/v/u/en-US/ugd74 7Series CLB

e 7 Series DSP48E1 Slice
* https://docs.xilinx.com/v/u/en-US/ugd79 7Series DSP48E1

e 7 Series FPGAs Memory Resources User Guide
* https://docs.xilinx.com/v/u/en-US/ugd73 7Series Memory Resources
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References

* References

* FPGA configuration generation steps
* https://hardwarebee.com/fpga-design/
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MEEP FPGA Shell

Xavier Martorell, Daniel Jiménez-Mazure
September 12th, 2022
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MEEP Infrasctructure

Understanding the dimension of the MEEP cluster:
- x96 Alveo U55C boards distributed in 12 nodes

- High connectivity via 200GbE switches

- ~25% of the highest Antena array in the world (CSIRO)

KVM Welght Rack 1 Power Weight Rack 2 Power

ke :2 64 Port, 200 GbE Switch oEkw 15ke :i 64 Port, 200 GbE Switch OERW
A 7kg 40 24-port 1GbE Mgnt Switch 0.1 kW
39 39
3 34
37 EY
3 3
EL | EE |
3 34
33 3
3 37
3 3
3 3q
; KVM B § -

' - 2 . o % ;
B 2 R, Crrrees R HPC: Signal Processing
g 26__FPGASeniceNode | 0. 20ka 24 FPGASesvice Nod 08 kw S 5 ot
ik 29 ozew 98 2 — o CSIRO _
4askg 24 g B
— 2 20 sk . : .

2 XB6 Host + 8 FPGAs. ;: X86 Host + 8 FPGAS 2kW ; > E :
2 2 -+ The world's largest radio-astronomy

sk 2 askg 2q antenna array
ig X86 Host + 8 FPGAS 20 ol e 2kw 3 Kev Eler=...o

jost + 8 FPGAs - 2 Iy . -
1 1: Buiilt to catalog the origins of the universe
1 . .
sk 19 Massi le. 21 nodes, 420 card
askg 14 : . assive scale. nodes, caras
48 AlVeo uS5C ﬁ X86 Host + 8 FPGAs -~ A e x48 Alveo u55C Requlresc:e_rabltsllg of sensor data to be Pawerful: 1510 Soc g

1 i‘ 2w processed in real time Power efficient: Solai po..o.cu, only

sk 13 . . 90 watts per card

X86 Host + 8 FPGAs askg 13 Solution: distributed processing across P ?
1 ke 3w 1 X6 rost+ 8 FrGAS 2w hondreat oPuI Alseo accelgrators et Highly Reliable: Only 50% FPGA fabric
1 , and HBM used

askg 4 time
1 et irre 2kwW ke §
AT SRR ; Re e Fohe 2w CSIRO now completing reference design in

sk 4 d order to help other organizations achieve
3 2kW sk 4 the same success
1 x86Host+ 8 FPGAS 1 2 kW

— 1 X86 Host + 8 FPGAs p—
Rack kg Rack
Power 14.3 kW 14.4 kW S i XILINX
Weight 329kg 344 kg

https://www.csiro.au/en/about/facilities-collections/atnf/australia-telescope-compact-array

;:u. ‘:l‘l_-:‘r M E E p MareNostrum Experimental
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We are getting a lot!

Lot of resources...

Display Name Preview LUT Elements  FlipFlops Block RAMs Ultra RAMs DSPs Gb Transceivers MMCMs  PCle

Alveo U280 Data Center Accelerator Card
‘ @ 1303680 2607360 2016 960 9024 24 12 6

X96

rd Connections

1 Billion LUTs!

M E E MareNostrum Experimental
Exascale Platform




MEEP Shell FPGA Project: Summary

avevy MEEP

' \“ MareNostrum Experimental

Exascale Platform

The MEEP Shell project is built on top of four main branches:

1) The SW support (Drivers, Tools)

2) The FPGA support (Shell generation process)

3) Timing closure scripts (TCL)

4) The CI/CD FPGA Flow (Gitlab CICD and Vivado Non-Project Mode)

MEEp Ma N n Experimental
14 DI lfo rm



IVI E E P F P G A S h e | | | Shell IP Frequency [MHz] User Clock Resources [LUT]
PCle (QDMA) 250 Fixed 70376

HBM < 450 Maximum 1539
= Git friendly code for version control and project generation Hilams R Pyl e
* Vivado version-independent SIS < 40223 T W— —
» Compatible with Alveo family (u280, u55c, u200, u250) Ay (RS i) 484g
DDR4 300 Fixed 18823

= The EA becomes FPGA agnostic

= Ethernet
= FPGA2FPGA

Total capacity = 1.3M LUTs

[0sFP1 J-—~[em]

SFPO |-~ orv]

= HBM [32 channels]

Bhuy etite MareNostrum Experimental
Aot taut
Fr TN Exascale Platform



I\/IEEP FPGA Shell (1)

'n" SLURM users

SLR2

ese

Ethernet connectivity

= Hundred of users potentially

= The MEEP FPGA Shell creates an homogeneus FPGA baseline
= Deals with PCle enumeration issues

= Saves time: IP set up time x number of IPs x Number of users

Whiy Fenite MareNostrum Experimental
LSV
o !’,vl{s‘ Exascale Platform




€ Jenkins

MEEP FPGA Shell:CICD

éllﬂ
EA-build synthesis implementati... bitstream fpga-test deploy-EA
EA-initialization C @ synthesis C @ implementation 8 bitstream C fpga-test
validation -
Gitlab CICD pipeline bitstream ot
= Typical staged pipeline Synthesis
* In this case, FPGA oriented ) )
= Saves a massive amount of debugging time ‘ FPGA implementation Flow

Vivado Implementation Run

opt_design ‘ place_design ‘ phys_opt_design -

1) Generates the Vivado project ‘

3) Implementation
4) Bitstream

5) Program & Validation program
6) Deploy
7) ... More (custom)

AT e M E E p MareNostrum Experimental
AT TV
v ‘D' e Exascale Platform



MEEP FPGA Shell: Timing Closure

@ EA-build
EA-initialization

Custom and scripted (TCL) FPGA flow implementing
advanced timing closure techniques, based on the online
estimated parameters

= WNS (Worst Negative Slack)
= Estimated Congestion
And other utilities
= Reject bad timed designs
= Reject DRCissues (pinout)
= Unsafe CDC crossings

Q

CI/CO
Integrated in the CICD Flow ©-0-0»
A
|
@ fy thh c @ \mp‘\eme‘mah. ls) @ gi‘tstream ls} @ quz{—test
Quimen (o

|

The CICD checks the WNS in order to pass!

SLR2

Open placed
Checkpoint

phys_opt_design -directive
write_checkpoint

route_design
write_checkpoint

Iterative process

avVIVADO!

MareNostrum Experimental
Exascale Platform




OpenPiton:

OpenSource manycore framework

Based on python + Verilog + automatic code
generation

Supports RISCV

Scalable (Up to 256x256 grid!)

A NoC based coherence protocol

Boots Linux (with the right CPU and memory
hierarchy)

E'H Ziirich : ‘

OpenPiian e

FPGA Challengues

High usage (depends on CPUs)

- We have fit 16 Arianes (CVA6)
Congestion (e.g, FPU)
Floorplannig (Ultrascale + HBM)

MEEP FPGA Shell: Example

https://github.com/MEEPproject

[osFe ] -

SLR2

HEM

Tile

Tile

MareNostrum Experimental
Exascale Platform

Scalabe manycore configuration

friane # €D ||PMesh Openiia
L11$ Traffic Shaper e
FE 256bitlines |4
4 way, 8kB
L2
L1s 512bit lines
Li5 128bit lines 4way, 64kB
AM(:J L1DS Adapter 4way, 8kB
128bit lines
LD, 4way sk8 s noc1] noc2) noc3]
(write > >
M PT“: through)
! NoC 2 NoC P-Mesh
ST 5 N i L
u Routers i “ [
NoC3
Core Cache Subsystem 1 -
b
| Tite” !
v :
Ariane > P-Mesh e



MEEP FPGA Shell: Similarities?

= Some analogies can be set with Amazon F1 or Xilinx Vitis Platform, but the MEEP FPGA
Shell is different
= The FPGA Shell is currently in use as a fundational FPGA framework for different
European Projects (eProcessor, MEEP) and BSC internal projects
o Focus on RISC-V systems
= |tis currently meeting the expectations as process oriented tool
= The FPGA designs are working ©

Processor mer MEE

oy, ‘sl MareNostrum Experimental
Aot tauly
,ﬂ"" e Exascale Platform
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V I t I S Domain-specific APIs Static IPs
OpenCL Python/C/C++ (PCle Interface, DMA, MIPI etc.)

Xilinx Runtime Library (XRT)

Connectivity IPs

= Vits offers Platforms
= Hardcoded bitstreams, no configuration possible
= |P can be placed inside

User Space Library

Kernel Drivers

= Ethernet

MEEP = FPGA2FPGA

Total capacity = 1.3M LUTs

., . VITIS .
Fully customizable Total capacity = 1.3M LUTs
SLR2 v" QSFP support QSEPT =

- ® v' QDMA QSFPO oTv

8 SLR2
A * PCle (QDMA)

VS = PCle (XDMA)

*  Fixed configurations
*  No QSFP support
* XDMA

= DDR4

DDR:

= DDR4

= HBM [32 channels]

L4
Shny Aenite i
*a"i;: "T‘:? M E E MareNostrum Experimental n HBM [32 channels]

Exascale Platform



Amazon F1 AWS

= DDR4

F1 offers the Vitis
approach:

= Ethernet
= FPGA2FPGA

MEEP

SLR2

= HBM [32 channels]

Total capacity = 1.3M LUTs

v
v
v
v

Fully customizable

QSFP support
QDMA
RISCV support

= PCle (QDMA)

VS

User

Hardware (FPGA + IP Core)

Dispatcher .

Application

https://www.silexinsight.com/blockchain-hardware-accelerator/

= DDR4

VITIS .
Total capacity = 1.3M LUTs
QSFP1 GTY
QSFPO GTY
SLR2
- .'?;\ '
e @4 >
@ o

MareNostrum Experimental
Exascale Platform

SLR1

= HBM [32 channels]

= PCle (XDMA)
*  Fixed configurations
*  No QSFP support
* XDMA
*  No RISCV Support



Vits Vs MEEP FPGA Shell

Alveo Platform vs MEEP Shell

Shell \ Features Alveo Platform MEEP Shell
PCle XDMA (QDMA planned for 2021) QDMA
QSFP+ Not Included (planned for 2021) 100Gb Ethernet and/or Aurora
HBM Hidden inside the platform (eventually, this could be overcome) Customizable
Portability Attached to the board Board independent / Supported
Flexibility Hard Bitstream (no Vivado project associated) Fully customizable (associated Vivado Project)
Customization Different bitstreams (platforms) to adquire new capabilities (or Cloud Alveo Deployment) | Parametrized Vivado Design (enable/disable IPs) (AutolT)
XCLBINS Xilinx Support AutolT
Satellite Features Temperature Contol, Clock Shutdown, Clock throttling None (Lack of Knowledge on how handie the SC)
Partial Reconfiguration | Yes, through XDMA Tandem No, as QDMA hasn't yet tandem capabilities. Should be through ICAP
Ramp Up Vitis offers and Out of the Box approach, lot of features working from the start Must be developed (QDMA features, mainly)
Host Runtime libraries, Acceleration APls, P2P connections, all ready to use Must be developed (QDMA features, mainly)

+

Tools to handle NON-PARTIAL reconfiguration !
(PCle rescan challenge)

oy ',""l’;' M E E MareNostrum Experimental
ey e’
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MEEP FPGA Shell

+ Aurora

- DMA, P2P

+ OpenNIC

... many more

ACCELERATOR

PCle (QDMA, XDMA)

BLOCK DESIGN - meep_shell 7T X

, || Diagram  x Address Editor x| uart top.v x| ethernet_system.xdc  x 200

4

3

e e ¥ x O Q + & # C o = Default View v -3

3

c

5

2

g P
poie_persn B> axi_owiam_convenec 1

: pae_gpiola:0)

S peie_reten [+ axmo &

n

Tel console | Messages

Log

Reports

Design Runs

MareNostrum Experimental
Exascale Platform

Ethernet IP
- 10GbE
- 100GbE

Uart
Xilinx ns1650
OpenSource
ns16550a



MEEP FPGA Shell Interfaces: PCle

= Working out of the Box: Pcie, any speed
= FPGA logic + PCle Host drivers
= Tm_dsc_sts_rdy needs to be ‘1’!!

/ \ VU37P HBM FPGA
r‘ldrm_ﬂ
M_AK = 'I [
el MLAKLLTE e
Pcie physical Layer Ei et n g : .

& Lanes, 16.06T/s, Gend U+ e kst &
capable e 1157 il e 4

— kg

e s .
—a o rmat =i

e gL

_ sty
R Chorum AR Fudpaten o T Eapress \

Constant ‘1’

L4
(
1},!35‘{4‘"’;0 M E E MareNostrum Experimental
Loy
K "!' TS Exascale Platform



MEEP FPGA Shell Interfaces: Ethernet

= 100GbE based on CMAC hard macro, DMA
= 10GbE based on Alex Forencich Verilog-ethernet, DMA

xlconcat_irq
1n0[0:0]
1001 o)
In1{0:0)
| eth_dma_m_axi &
Concat e getplde.
| M_AXI_MM25
axi_dma_0 ] M_AXI_S2MM.
" M_AXI_SG a| MAXLSG
+ SAXLUTE M_AXI_MM2S rt to
+ S AXIS S2MM i SMArtconivect.
i M_AX|_S2MM
s_axi_iite_aclk e
= M_AXIS_MM2S 4 EELL
m_axi_sg_aclk L
= mm2s_prmry _reset_out n
maxmm2sack Ot
m_axi_s2mm_aclk o -Prm-reselout.n
e o mm2s_introut
axi_resetn E
= s2mm_introut
AXI Direct Memory Access AXI SmartConnect
proc_sys_reset_eth
slowest_sync_clk mb_reset .
——— ext_reset_in bus_struct_reset(0:0] ﬂ?n_nx_ms
| aux_reset_in peripheral_reset[0:0] T x ———e
EEP_10Gb_Et t g
of mb_debug_sys_rst interconnect aresetn(0:0] r AEEP_10Gb_Ethesy pl | eth dma_ira[1:0] 4
——] dem_locked ripheral &=
| peripl . ETH_R 15 +
Processor System Reset x4 e | IPIX ="
qsfpl _refclk — |+ ol ! o
& S AXIUTE O [ el hie) eth gt rstn[0:0)
init_clk 1 e ot eth_gt_ ock
pr !
locked e E asfpl fs
ExtArstn [ asipl o6 b
L S T0CE Ehe et os - eth gt resetn(0:0]
280 10GD Etherne P1 gt rese 001

MareNostrum Experimental
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MEEP FPGA Shell Interfaces: Ethernet

=  Chip2Chip Aurora, DMA
= RAW point 2 point connection , aurora_dma_ip_1

MO_AXIS_MM2S +
SO_AXIS_S2MM +

|4 S_AXI_UTE M_AXI_MM2S + i}

| <0 AXI_DMA_RESETN M_AXI_S2MM + |ii
uB ! uB —~ S_AXI_LITE_DMA_ACLK MM2S_INTROUT
; f | - — GT_REFCLK1_N MM2S_PRMRY_RESETN_OUT
¢ (- ; — Tl s — GT_REFCLK1_P S2MM_INTROUT
DDR4 < e ] MR L K2 | N | oora — INIT_CLK S2MM_PRMRY_RESETN_OUT
! — RESET CHANNEL_UP

- RXN[0:3] LANE_UP[0:3] =
e - RXP[0:3] RESET_UI

0 EXT_RESET TXN[0:3] =

TXP[0:3] b=
USER_CLK_OUT

MEEP aurora_dma_ip

Wiy, ’.'l" MareNostrum Experimental
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MEEP FPGA Shell

= Alveo U280

= Alveo U200 F 3 D | | :

= Alveo U250 \{ | L ’ = ‘r
I

NI

B | =7 \ 15, | . ]
* The shell currently supports: | : : i il 3 D 11
=  Alveo U55C NG . — ) L

= |n progress:
= VCU128

= All these platforms can be
the target of a “library” of
Emulated Accelerators

%:*‘:"‘1»%.1."" M E E MareNostrum Experimental
K i ‘&n‘f&‘ Exascale Platform



MEEP FPGA Shell: Timing Closure

@ EA-build
EA-initialization

Custom and scripted (TCL) FPGA flow implementing
advanced timing closure techniques, based on the online
estimated parameters

= WNS (Worst Negative Slack)
= Estimated Congestion
And other utilities
= Reject bad timed designs
= Reject DRCissues (pinout)
= Unsafe CDC crossings

Q

CI/CO
Integrated in the CICD Flow ©-0-0»
A
|
@ fy thh c @ \mp‘\eme‘mah. ls) @ gi‘tstream ls} @ quz{—test
Quimen (o

|

The CICD checks the WNS in order to pass!

SLR2

Open placed
Checkpoint

phys_opt_design -directive
write_checkpoint

route_design
write_checkpoint

Iterative process

avVIVADO!

MareNostrum Experimental
Exascale Platform




MEEP FPGA Shell: Timing closure

Incremental Synthesis

» Incremental Compile includes Synthesis, runs almost twice as fast!
« Setup in Synthesis Options or use read_checkpoint -incremental --- See UG901

'

4
Changes - DCP Reuse

Incremental .

Changes . DCP Reuse

¥
Incremental =
Run itstream

Reference
Run

o
1&\:.3‘ Ll é’ M E E p MareNostrum Experimental
¥ ", s Exascale Platform



MEEP FPGA Shell: Timing closure

Shorter Wasted Design Cycles

Report QoR Assessment (RQA)

Vivado lmplementatlon Run

opt_design - place_design - phys opt design - route_design

=3 =k Enw

Keep going... Keep going...
This is looking This is looking
good! good!
Time
8 hrs

l MEEP MareNostrum Experimental
Exascale Platform
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MEEP FPGA Shell: Timing closure

QoR Assessment and Next Step Guidance
report_qor_assessment (RQA)

1. Overall Assessment Summary

Assessment Scores =00z

‘\ QoR Assessment Score | 2 - Imlemenu:ion-mr complete. Timing will not m;e: -I
Im Iementation Wi” fail T Flow Guidance : Run :;;;;;;z;ethodo;“-'-;r-\d fix or Ha!:‘;-;;;;ltdl w;;;;;-;-: }\
. P : Vs i il il st i el What’s the
2 T|m|ng will fail 2. QoR Assessment Decails best thing to
3 Timing difficult g S QS acy TS e g i do next?

| NHame | Thresh | Actual | Used | Availa | Status |
O
H H H | Utilizacion | I | [ | |
4 Timing fair | stan - 1 . . . : 1 .
I Registers | $0.00 | 51.7% | 447444 | 264000 | REVIEW |
— . n | Control Sets | 7.50 1 10.13 | 10936 | 108000 | REVIEW |
ﬁ Timing easy to meet | Clocking . : . ! J E
| Sstup Skew | -0.350 | =-0.720 | I | REVIEW |
| Hold Skew | 0.350 | 0.410 | = | = | REVIEW |
. | Congestion | I | | | I
Rule of thumb: STy
. I Global I 01 41 -1 - | REVIEW |
Est. +/- 1 from final score | sort Loen a1 S0 1 mevew Assessment
| Timing I I | I I I .
| WHS | =0.100 | =-8.628 | -1 - | REVIEW | I
| TINS | -0.100 | -165133 | -1 - | REVIEW | Detal S
| WHS | =0.500 | 0.571 | - 1 | REVIEW |
| THS | -0.500 [-2291.48 | -1 | REVIEW |
! K 4 -
Wiy, Penite MareNostrum Experimental
A=t 1
;:"i'ﬂ?'ﬁ‘ M E E Exascale Platform



MEEP FPGA Shell: Timing closure (in progress

VINVA

Do~

WML EQIons

N
\ \ : \

Automated Design Improvements

report_qor_suggestions (RQS)

» Automates the analysis and resolution of issues

that lower QoR

- Simplify timing closure + higher QoR
Effort Level Required

Without
Automated
Assistance

with
Automated
Assistance

Logic Performance

- Implement => Analyze => Rerun w/ Fix
- QoR focused

- Focus on Internal FPGA timing

- V. Limited XDC Constraints

= No IO timing/HLS/IP/Power Optimization/Runtime
= 75% impl / 25% synth

- Applies mostly properties and occasionally switches

- ,:"l M E E p MareNostrum Experimental
l 15 “ Exascale Platform

» QoR Gain

40

30

10

0

% Geomean QoR Improvement on all Clocks

||||||II||| |||||||.|.I|.||...

- Best case — 40% gain

- Clocking Sync CDCs + Safe clock startup + Congestion
- Typical case — 4 - 12%

- Smaller congestion + placement + timing path issues
- Last mile case < 2%

- Most difficult — Timing path / placement issues



MEEP FPGA Shell

t_repo/MEEP_Shell (m:

- ealib.yml

= RegExp
_url.txt
u TCL T a o.r'a. sv I Aea,url .IXT

axi_intf.sv

n B h axilite_intf.sv IVIr
ddrd.sv rl.
as ethernet.sv setup.yml
pcie.sv C i1
L GNU M k IREADME.md l: ea_url.txt
a e system.sv setup.yml
uart.sv tcl

ip define_shell.tcl
I: 1 BT environment.tcl

PCle HW Macro

1_brol gen_bitstream.tcl
Makefile gen_implementation.tcl
misc - gen_meep.tcl
L gdma_critical_paths.txt gen_project.tcl
README .md gen_runs.tcl
h gen_shell.tcl
gen_synthesis.tcl
gen_top. tcl
impl_utils.tcl
procedures.tcl
ine_s S QoR.tcl
SLR2 < ) sh report_place.tcl
N [: report_route.tcl
% T report_synth.tcl

External Interface|

: ; .7 f 5.5 run_gui . tcl
PCle ! ’ PRl e T smartPlace. tcl
3 JETES A 7 i strategies.tcl

SLR1

0
ethernet_u280.xdc
hbm_u280.xdc

! qdma_u280. xdc
oY i : - run_\ i system_ila_u280.xdc
L : : system_timing_u280.xdc
> .sh system_u280.xdc
HBM she uart_u280.xdc

QSFP+ 0 - e shell_base.tc]
: !

DDR4
T
¥

shell_bram.tcl aurora_u55c.xdc
T shell_brom.tcl ethernet_u55c.xdc
QSFP+1 5 shell_ddr4.tcl hbm_u55c. xdc

E :

- shell_ethernet.tcl qdma_u55c.xdc
shell io.tcl E em_ila_u55c.xdc
: shell_hbm.tcl system_timing_u55c.xdc
D s P - shel1_memmap.tcl system_u55c.xdc
DDR4 (x2) shell_mmecm. tcl vart_u55c.xdc
shell_qdma.tcl
shell uart.tcl 16 directories. 88 files

AT e M E E p MareNostrum Experimental
s
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MEEP FPGA Shell: Project regeneration

=  Git based, Only commit source files (no archive, copy, zip or other bad-practices to move projects)
= Vivado version independent! It will work with future versions, as long as a little table is updated
=  What does really checks Vivado when checking versions?

‘ " MINGW64:/

ache License version 2.0.
# You may obtain a copy of the License at

#
# http://www.solderpad.org/licenses/SHL-2.1

#
# Unless required by applicable Taw or agreed to in writing, software

# distributed under the License is distributed on an "AS IS" BASIS,

# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or 'imp'l'ied.
# See the License for the specific language governing permissions and

# limitations under the License.

#

#

#

Author: Daniel J.Mazure, BSC-CNS
Date: 22.02.2022
Description:

switch $g_vivado_version {
2020.1 {

#body
‘// ; set meep_util_ds_buf "xilinx.com:ip:util_ds_buf:2.1"
Board T
I }
compatibility, )
switch $g_board_part {
8

v" Vivado version o
independency

set meep_util_ds_buf "xilinx.com:ip:util_ds_buf:2.2"

set HBM_AXI_LABEL ""
set HBMDensity "8GB"

B
u55c {

set HBM_AXI_LABEL “_8HI"
set HBMDensity "16GB"
}
f

set MEEPUart "meep-project.eu:MEEP:MEEP_PULP_UART:1.0"
set XilinxUart "xilinx.com:ip:axi_uartl6550:2.0"

V[VADO'

VivaBO™
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How to do the EA comp

= Create a “meep_shell” folder in your
repository

= Create tcl file list

= Create the “accelerator_dev.csv” file

= .. That’s pretty muchit! ©

atible?

MareNostrum Experimental
Exascale Platform

Sources x Design | Signals

Q| z|s |+ 1

v [ Design Sources (409)
Global Include (14)
Verilog (1)
Verilog Header (15)
Non-module Files (1)

® . system_top (

(v v v v

tem_top.sv)

2= OE

> meep_shell_inst : meep_shell (meep_shell.bd) (1)

> @ chip : chip (chip.tmp.

~ @ chipset : chipset (chipset.v

openpiton_wrapper_inst : openpiton_wrapper (openpiton_wrapper.
v @ ACME_OP : system (system.v) (2)

® offchip_processor_nocl_v2c:
® offchip_processor_noc2_v2c:
@ offchip_processor_noc3_v2c:
> @ processor_offchip_nocl_c2v:
> @ processor_offchip_noc2_c2v:
> @ processor_offchip_noc3_c2v:

valrdy_to_credit (v
valrdy_to_credit (v
valrdy_to_credit
credit_to_valrdy (c
credit_to_valrdy (cr
credit_to_valrdy |

® noc2_chip_to_xbar:
> @ noc2_xbar_to_chip :
® noc3_chip_to_xbar:
> @ noc3_xbar_to_chip :
® noc2_mem_to_xbar:
> @ noc2_xbar_to_mem:
® noc3_mem_to_xbar:
> @ noc3_xbar_to_mem:
@ noc2_iob_to_xbar: v
> @ noc2_xbar_to_iob: ¢
® noc3_job_to_xbar: v
> @ noc3_xbar_to_iob: ¢
® noc2_sram_to_xbar:
> @ noc2_xbar_to_sram:

M| nnr? cram tn vhar

v @ chipset_impl : chipset_impl (chips )
@ chip_packet _filter : packet_filter (packet_filter.tmp.v)
@ iob_packet _filter : packet_filter (pac
® uart_packet_filter : packet_filter (pa

> @ io_xbar_noc2: io_xbar_top_wrap (

> @ io_xbar_noc3 : io_xbar_top_wrap (io_

t_impl.tmp.v) (50)

et_filter.tmp

valrdy_to_credit (
credit_to_valrdy (

valrdy_to_credit (valr
dit_t

credit_to_valrdy (cr
valrdy_to_credit (v
credit_to_valrdy (cre
valrdy_to_credit (valrd

credit_to_valrdy (c
alrdy_to_credit (v
redit_to_valrdy (c
alrdy_to_credit (valrd
redit_to_valrdy (credit_
valrdy_to_credit (v
credit_to_valrdy (credit_to

vialrdhe tn eradit (ualeeh

Hierarchy IP Sources Libraries Compile Order



- MEEP FPGA Shell: CICD

[ .gitlab-ciyml 22415 [

stages;
- gEnerate
- implementarion
validation
bafore_script:
- acho "MEER CT/CD pipeline” 33 ¢l_funcional. tat
- gource [opt/Xillex/Vivado/1830,1/settingsss, oh
- ekport PROTECT_MAME=S{grep —Fmy -m 1 'telfenviromment tel' -2 'y profect_name' | cut - ' ' -#3)
- meho "SPRQIECT_MANE"

Observing Pipelines

T Server (Gitlab)

Project Repository

Runner| nanu, femu ..}

Jobl-gene

stage: generste

Deployment
= MEEF_FPGIL

(Checkout)

varisbles;
. GLT_SUBMODULE STRATEGY: retursive
» g .I- git submodule update --init --recursive
i = " 4 sourte . [anerite_design. sh
- - '"mers thls'! - echo "TEST THE EMVIROMMENT VARTABLE SPROJIECT_MAME"
Actian [push' mErgE..} OJECT_MAME=${grep -row -m 1 ‘bellenvironment.tel' -& ‘g project_name’ | sut -d ' ¢ -43)
OIECT_MAME} /S {FADIECT _MAME}.bd file.bd
’ Local Machine >
¥ |with Git} expire_in: 5h
path
. - file.bd
‘; Yaml file enables the CICD —_—
EA-build [ @ synthesis () @ implementati... /) : bitstream (. i fpga-test L deploy-EA
EA-initialization "/ synthesis =/ implementation "/ 4 ’\_\ bitstream \~7/ fpga-test deploy
\
\ ,
o validation =)
bitstream "f

-

#

’,.':.;0 M E E p MareNostrum Experimental
Ts Exascale Platform
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OmpSs@FPGA programming

Xavier Martorell, Daniel Jiménez-Mazure
September 12th, 2022
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Outline

* Task-based programming

* OmpSs programming model
* OmpSs@FPGA ecosystem

* Mercurium & AIT

* Examples and evaluation

* Exploiting OpenCL kernels

* Conclusions

iy, fesice M F - ”j MareNostrum Experimental
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Task-based programming

* StarSs family key concepts Sta rSS
* Sequential task-based program
* View of a single address/name space /
* Execution in parallel: automatic
* runtime computation of COMPSs
dependencies Ompss

* Productivity and portability . PyCOMPSs
'@smp| | @GPu| | @FPGaA |\ | @Cluster |

@ CloudFPGA

* OmpSs is used for prototyping extensions to OpenMP
* Tasking
* data-dependences
* Heterogeneity
* Multiple address spaces

* Mercurium compiler
* Nanos runtime system

,_!{!,« -k M E E MareNostrum Experimental
ok T
F1A 1) Ll Exascale Platform
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Execution Model

* Thread-pool model
* OpenMP parallel not supported (it was ignored in OmpSs-1)

 All threads created on startup
* One of them starts executing main (on SMP device)

e P-1 workers execute SMP tasks
* Staskset —c 0-5((P-1)) Dependence _
* Equivalent to the OpenMP OMP_NUM_THREADS graph

* One representative (OpenCL/CUDA/FPGA) per device/accelerator

- -

* All get work from a task pool
* And can generate new work '.

* Work is labeled with actual “targets” . ) )
Thread team - __ i Task pool “~--____- -

______
‘...-- .:"5},' M E E p MareNostrum Experimental
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Memory Model

* From the point of view of the programmer a single naming space
exists

* The standard sequential/shared memory address space

* From the point of view of the runtime and target platform, different
possible scenarios
* Pure SMP:
* Single address space

* Distributed/heterogeneous (cluster, GPUs, ...):

e Multiple address spaces exist
* Versions of same data may exist in multiple of these address spaces
e Data consistency ensured by the implementation

Wyuy Paujty F MareNostrum Experimental
Arat tea Y
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Programming with OmpSs@FPGA

e Task offload to function

* Annotate function
prototype with OmpSs

* Target the FPGA device

* Indicate data directionality
hints (in, out, inout)

* Invoke task from host code
e Taskwait when needed

const int SIZE=1024;

#pragma omp target device (fpga) copy_deps num instances (1)
#pragma omp task in([SIZE]c,a) out([SIZE]Db)

void scale_task (double *b, double *c, double *a);

#include “scale.fpga.h”

void scale_task (double *b, double *c, double *a) {
#pragma HLS ARRAY PARTITION variable=c complete dim=1
#pragma HLS ARRAY PARTITION variable=b complete dim=1
double alpha=*a;
for (int j=0; j < SIZE; Jj++) b[]j] = alpha*c[]]:

—

int main (int argc, char *argv[])
{
for (. . . ) {
scale task (B, C, &alpha);
oo
#pragma omp taskwait

] Wl ol ol = reNostrum Experimenta
- v g: = u—’ﬁ[ MareNostrum Experimental
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Programming with OmpSs@FPGA

* Directives work with
“const” data, not #define

* Constant/global variable
and task definitions may
need to be in *.fpga.h file

* There should be at least
one call the every task

* Arguments can be
structured (not fully tested)

const int SIZE=1024;

#pragma omp target device (fpga) copy_deps num instances (1)
#pragma omp task in([SIZE]c,a) out([SIZE]Db)

void scale_task (double *b, double *c, double *a);

#include “scale.fpga.h”

void scale_task (double *b, double *c, double *a) {
#pragma HLS ARRAY PARTITION variable=c complete dim=1
#pragma HLS ARRAY PARTITION variable=b complete dim=1
double alpha=*a;
for (int j=0; j < SIZE; Jj++) b[]j] = alpha*c[]]:
}

int main (int argc, char *argv[])
{
for (. . . ) {
scale task (B, C, &alpha);
oo
#pragma omp taskwait



Programming with OmpSs@FPGA

* Pool of threads take tasks
to be executed

e Runtime decides

e When a thread executes a
task

* Where to execute that task,
based on user annotations

* Which data copies need to
be done and where

2
oo 9 9

Dependence .‘E:Q .\2.‘ —
W B

graph sepees - =

Whuy Fgu)
AR
- i' 1]

const int SIZE=1024;

#pragma omp target device (fpga) copy_deps num instances (1)
#pragma omp task in([SIZE]c,a) out([SIZE]Db)

void scale_task (double *b, double *c, double *a);

#include “scale.fpga.h”

void scale_task (double *b, double *c, double *a) {
#pragma HLS ARRAY PARTITION variable=c complete dim=1
#pragma HLS ARRAY PARTITION variable=b complete dim=1
double alpha=*a;
for (int j=0; j < SIZE; Jj++) b[]j] = alpha*c[]]:
}

int main (int argc, char *argv[])

for (. . . ) {

scale task (B, C, &alpha);
}.
#pragma omp taskwait

v M E E P MareNostrum Experimental
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Execution and data transfers

 KERNEL ACCELERATOR

KERNEL
HOST SPACE

X86 / Arm HEMORE

COMPUTATION
LOGIC

Global [+
i Memory

put

-0 ”;}f" MareNostrum Experimental
A0
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OmpSs@FPGA ecosystem
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OmpSs@FPGA integration with vendor tools

e Automatic Integration Tool

(AIT) [ OmpSs Application ]

l

Mercurium [ OmpSs phase ]—[ FPGA phase ]
\{ Wrapper and ]

Code generation

[ Host code + Nanos++ calls ]

<
— AIT
Nanos, OS (petalinux) mar VivadQ HLS
xtasks lib N OmpSs — \
Extrae BOOT.bin + image.ub Manager (( - N\
+ ompssatfpga driver Netlist
Instrumentation 4/[ Netlist ]
OmpSs.elf |SMP
Interconnect [~ Hardware  vjivado

FPGA| bitstream ‘TR MEEP oo \ generation Y,

Exascale Platt.




A complete example:
Matrix multiply



NT

TS

TS

NT

TS

vold matrix multiply (T a[BS][BS],T b[BS][BS],T c[BS][BS]);

for (i b=0; 1 b<NB I; i b++)
for (j b=0; j b<NB J; J b++)
for (k b=0; k b<NB K; k b++)

matrix multiply (AA[i b] [k b], BB[k b][j b], CC[i bl[j bl);

TS

64



NT

TS

TS

NT

TS

#fpragma omp task in([BS]a, [BS]b) inout ([BS]c)
void matrix multiply (T a[BS][BS],T b[BS][BS],T c[BS][BS]);

for (i b=0; 1 b<NB I; 1 b++)
for (j b=0; j b<NB J; J b++)
for (k b=0; k b<NB K; k b++)

matrix multiply (AA[i b] [k b], BB[k b][j b], CC[i bl[j bl);

fpragma omp taskwait

// Or
// other tasks depending on input output c of matrix multiply task

TS

65



Mercurium compiler with AIT tool
— Allows to express number of instances per task
— Triggers the bitstream generation automatically (stub function generated)

fpragma omp target device(fpga) copy deps num instances (1)

#fpragma omp task in([BS]a, [BS]b) inout ([BS]c) \\\\\\\\\\\::\
void matrix multiply (T a[BS][BS],T b[BS][BS],T c[BS][BS]);

FPGA

for (1 b=0; 1 b<NB I; 1 b++)
for (j b=0; j b<NB J; J Db++)
for (k b=0; k b<NB K; k b++)
matrix multiply (AA[i b] [k b], BB[k b][]j b], CC[i b][]J b]);

#fpragma omp taskwait
// Or
// other tasks depending on input output c of matrix multiply task

66




Mercurium compiler with AIT tool
— Few extensions (num_instances)
— Triggers the bitstream generation automatically (Stub function generated)

fpragma omp target device (fpga) copy deps [ \J\\\\\
#fpragma omp task in([BS]a, [BS]b) inout ([BS]c) 5
void matrix multiply (T a[BS]([BS],T b[BS][BS],T c[BS][BS]); FPGA

for (1 b=0; 1 b<NB I; 1 b++)
for (j b=0; j b<NB J; J b++)
for (k b=0; k b<NB K; k b++)
matrix multiply (AA[i b] [k b], BB[k b]l[j bl, CC[i bl[J bl);

#fpragma omp taskwait
// Or
// other tasks depending on input output c of matrix multiply task

67



Mercurium compiler with AIT tool
— Few extensions (num_instances)
— Triggers the bitstream generation automatically (Stub function generated)

fpragma omp target device(fpga) copy deps num instances (2)

#fpragma omp task in([BS]a, [BS]b) inout ([BS]c)

void matrix multiply (T a[BS][BS],T b[BS][BS],T c[BS][BS]); — FPGA

void matrix multiply(float a[BS][BS], float b[BS][BS],float c[BS][BS])
{
#pragma HLS inline

int const FACTOR = BS/2;
#pragma HLS array partition variable=a block factor=FACTOR dim=2 Distribute data
#pragma HLS array partition variable=b block factor=FACTOR dim=1 across Block RAMs

// matrix multiplication of a A*B matrix

for (int ia = 0; ia < BS; ++ia)

for (int ib = 0; ib < BS; ++ib) { Pipelines the id loop with

#pragma HLS PIPELINE II=1 initiation interval 1 cycle,

float sum = 0; taking care of the reduction
for (int id = 0; id < BS; ++id)

sum += a[ia] [id] * b[id][ib]; to sum
c[ia] [ib] += sum;

}




Pipelining

({ Several instances of the hardware can operate in pipeline

(€ Initiation Interval: Number of cycles before you can start a new
iInstance of the hardware

Without Pipelining With Pipelining
Loop:for(i=1;i<3;i++) {
op_Read; RD |
| op_Compute; cwe |
op_Write; WR |
}
2 Throughput =3 cycles> & Throug;:put =1cycle
A L g L L L) |
[ ro | cvp | WR | RO | cMP | WR | [ RO [ cMP [ wrR
" [ RD | cwP | WR |
Latency = 3 cycles < >
> <Latency =3 cycles "

Loop Latency =6 cycles Loop Latency =4 cycles

Initiation Interval (Il) = 1

e, ,i,',l,{' MareNostrum Experimental
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Partitioning arrays over Block RAMs

* Provides the ability to parallel compute
» #pragma HLS ARRAY_PARTITION variable=name dim=X type factor=FACTOR

pu—

|

N-1/factor elements

E -‘—_W Divided into blocks:
N N.Y N1

array1[N] — : - Divided into blocks:
- : m 1 word at a time
— L [ A Q Nl | (ke -dealing cards"
e

Individual elements:

| S—— Break a RAM into
registers (no “factor”
—— N-2 supported)

- e [I——

Multiple memories allows
greater parallel access

+94

TS
aw'y
7Y

\_:::“\ %
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Evaluation:
Matrix multiply
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Power (W.)

20
18
16
14
12
10
8
6
4

2-I—WW'-\J_'-'—H

0

Matrix multiplication

e Xilinx ZCU 102 development kit (equiv. to AXIOM board)
* 4 Arm Cortex A-53 cores, U+ FPGA 9EG

* Matrix size 2048x2048

* Block size 128x128, 1 to 3 instances

* 250 MHz

Power consumption - OmpSs matrix multiply experiments

NP REREOIPPELESTPOBE

Time (s)

— PS Power
== DDR Power
PL Power
—— BRAM Power
— MGT Power
Total Power

E

MareNostrum Experimental
Exascale Platform

GFlops

Matrix multiply, energy efficiency
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Matrix multiplication

* Alveo U200 and U280 FPGA boards
* Matrix size: 2048x2048
* Block size: 256x256, 1 to 4 accelerators, 300MHz

Matmul, bs 256x256, 300MHz, Alveo U200 vs U280
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Exploiting OpenCL kernels
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Supporting OpenCL: OmpSs@OpenCL

* OmpSs support for CUDA and OpenCL kernels on

* AMD GPUs [ OmpSs Application ]
* Intel FPGAs
* Using existing kernels in Mercurium [~ ompssphase | [ Openct phase |
OpenCL (.cl)
CUDA/OpenCL [ pe1|°fi]|es : J [ Host code + Nanos calls ] [ Code generation ]
* “Implements” allows to execute . G6cc |
kernels on the 3 architectures —
Extrae Instr. | Object files |
OpenCL compiler J

| OmpSs.elf |5|\/| P

Acc | Acccode |
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Heterogeneous programming

* The “implements” approach
* Kernel provided in OpenCL
e Kernel compiled “offline”
» Data transfers automatically generated by OmpSs

fpragma omp target device (opencl) ndrange (2,NB,NB,16,16) \
implements (matrix multiply)
#fpragma omp task in(a,b) inout (c)

~_kernel void matrix multiply opencl (float a[BS] [BS]
float b[BS] [BS]

float c[BS] [BS]);

tasks

SMP GPGPU FPGA

(cuda) (opencl)
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Runtimes— OmpSs@CUDA & OpenCL

e Evaluation on Intel CPUs, Nvidia GPU and Intel Arria 10 FPGA

Intel 4-core i7-7700 @3.6GHz with 2 ht/core
Nvidia GeForce GTX TITAN X
Intel Arria 10 de5net_a7 FPGA

Performance of Matrix Multiplication (2048x2048, BlockSize 64x64)
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6-core Intel Xeon® Bronze 3204 @1.9GHz, no ht
Nvidia GeForce RTX 2070 SUPER

Intel Stratix 10 FPGA

ey
| e s \ng g
noHu e ————————— \gi Q@m.
————n %Qe
m —— e Q&.»N 5
@ —_— ", %y
m. = 1y, s

Performance of Matrix Multiplication (4096x4096) (Blocksize 64x64)

e Evaluation on Intel CPUs, Nvidia GPU and Intel Stratix 10 FPGA

Runtimes— OmpSs@CUDA & OpenCL
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OmpSs@FPGA demo
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Live demo

* Environment
* Intel x86 with Alveo U200 FPGA
* OmpSs@FPGA environment
* N-body application
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Conclusions
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Concluding...

* Programming FPGAs is tricky, due to the large number of concepts
that one needs to take care of...

Configuration of the hardware

Connectivity

Data transfers

Control

* Vendor tools are effective, but offer low productivity

* We are trying to get the programming perspective at a higher level

* OmpSs@FPGA is based on programmers hints to get good performance on
these devices. We expect to have OpenMP “target” onboard also ©
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