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FPGA components
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FPGASs: 10000 feet view

e The boards

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

source: docs.xilinx.com source: www.axiom-project.eu
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FPGASs: 10000 feet view

e The boards

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

AMD-Xilinx
Versal N AMD-Xilinx
Alveo sl 'y Zynq 7000
VCU128 Zynq Ultrascale+

Intel-Altera
Agilex Intel-Altera
Stratix Cyclone
Arria Max

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

 Alveo U200 card basic hardware blocks
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FPGAs: 5000 feet view

 Alveo U280 card basic hardware blocks
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FPGASs: 10 inches view

U200 FPGA connectivity & layout

* DDR -> Global memory (RAM)

« QSFP -> Ethernet 100Gb. D;‘"BT"‘C
egion

* PCle->to host
e USB ->serial line, jtag
Cynamic
* Super Logic Regions (SLR) Region
* Logic partitions of the area of the FPGA
e Connectors attached to SLRs

Cynamic
Reqion
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FPGASs: 10 inches view

U280 FPGA connectivity & layout
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DDR -> Global memory (RAM)
HBM -> Global memory (HBM)
QSFP -> Ethernet 100Gbh.
PCle -> to host

USB -> serial line, jtag
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QSFP1

GTY

QSFPO

GTY

DDRA4

DDR4

SLR2
SLRT
GTY
GTY
SLRO
GTY
GTY
HBM HBM
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FPGASs: 10 inches view

* Axiom board connectivity and layout
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| programmer
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Card Slot

4 J1: VDS + T/S
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CNB8: RJ-45 ‘

Dual Type-A Slo

CN23: FAN
connector

CN11: Arduino
UNO PortB
pins

CN12: Arduino

UNO Power pins| ———__

CN13: Arduino | _—%

UNO ADC pins

CN10: Amduino
UNO Port D pins

(A 1 1 11
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[EN22: DC Power | connactor 3] |C Connector #2, |C Connector 1| |C Connectar #0 | SN16: TRACE
Jack (D) () ®) (A) port connector

CN9: USB3.0 t‘

CN7: miniDP
connector

) P BT - 1

CN17: USB to
UART Debug

CN15: ZynQ
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CN18: UART#1
connector

SW1: boot |
mode Dip
Switch

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

“Host” RAM: 8GB

‘FPGA” RAM: 0.5 GB
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Comparing FPGAs to GPUs

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

/ CPU (Host) System \ / CPU (Host) System \

Memory Memory
@DU board \ ﬁDGA board \

GPU chip FPGA chip

~ =\ 4 =\
[ Device Memory Dol Device Memory
Multiprocessor Reconfigurable
(programmable) logic
Shared memory Block RAM

\k ’ // \k - / jJ
GPU System FPGA System
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Comparing FPGAs to GPUs

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

/ CPU (Host) System \ / CPU (Host) System \

Memory Memory

ﬁpu board \ FPGA board \

GPU chip
e 3

f Device Memory

Device Memory
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* |nterfaces

* Super Logic Regions (SLRs)

Inside the FPGA chip

* 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

UNIVERSITAT POLITECNICA Barcelona
DE CATALUNYA Supercomputing
BARCELONATECH Center

Centro Nacional de Sup

ercomputacion

12



SLR components

* CLB (Configurable Logic Block)
* Carry chain (adder, counter, comparator...)
* Multiplexer (8 /16 to 1)
* Shift register
* Flip-flop
* Look-up tables (6-input)
e Distributed RAM
* Recommended for 1 to 128 bits data

 Block RAM
 DSP (Digital Signal Processing)
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Sample components

* Look-up table (8 on a CLB)

* 6inputs (A6:1)
* 2 outputs (06:5) Available resources
* 128 bits total ZU+: 274K
U200: 388K + 205K + 385K
AX D ’ U250: 420K + 205K + 407K + 424K
Di2
AG:1 1| AG:Af
— WG W1
OB
05
cKk DI {
WEN MC31
Al

source: docs.xilinx.com
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Sample components

D flip-flop / latch (16 on a CLB)
* 1bit memory
e (Can take output from LUT A

LUT A Output

)

Available resources
ZU+: 548K

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

AFF/LATCH

=—
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Sample components

CASCADEOUTA CASCADEOUTE

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

36-Kbit Block RAM T

Available resources =< DA
ZU+: 32Mbit T DIPA
—<—-=| ADDRA Port A

» Configurable width U200: 25Mb + 13Mb + 25Mb e
+ 32Kbx1..4Kbx8..1Kbx 36

U250: 18Mb * 4 — .| RSTREGA

— | RSTRAMA DOA 2o«

e Advise — BCikA DOPA |4
— | REGCEA 36 Kb

e Use as many blocks as possible to achieve data parallelism Memory

Array

—<— DIB DOB [—o¢—s

DIPB

ADDRB
WEB

DOPB

= ENB Port B
—— RSTREGB
—— ! RSTRAMB

—> CLKB
——— | REGCEB

T

CASCADEINA CASCADEINB
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Sample components

«  DSPs (48-bit)

* Multiplier
° CARRYCASCOUT*
Accumulator R inly gl i e e e AR TS W Y Iﬁ;atﬁ? 1
| BCOUT* ACOUT* 48 AB |
[ ] Pre_adder | 18 A30 ALUNMGDE -—J :
. |
« C+B*(D+A) + Carryin I 18 LH p 48 :
| . 18 A
e SIMD unit (+, - only) | - CRel B Registor ~ I _ :
4
e 2x24bit, 3x12bit :A - t . [ M I L CRBFLGUT ’JI
. . | |
. — B —
Logic unit | Bk 2 oy e R
* And, or, xor... Iy, |agy] 2ndPre-adder T p Rl
| —
* Pattern detector Ic 1 s o1 ] p | PaTERNDETECT |
«  Detect output pattern, or : (4 ‘ k| Azeeenn) —— PATTERNBDETECT
e C match with A*B... :LNMODE 5 |_ '— 17-Bit Shift g CREGI/C Bypass{Mask :
ICARRYIN L~ ! MULTSIGNIN* :
|OPMODE 7 =D CARRYCASCIN® |
IC.HHHYINSEL |
| |
ACIN |

-
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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

Y

MIG_DDR3

SLRO

X15238-121919
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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

e Design source files
 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
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Vendor tools

e AMD - Xilinx

IIIIIIIIIIIIIIIIIIIIII

BARCELONATECH

Vivado HLS / Vitis HLS (from 2020)
Vivado / Vitis
GUI and batch tools

Compile C/C++ code and OpenCL kernels

* Intel — Altera
* Quartus HLS compiler

* Quartus Prime Design Software
« GUI and batch tools

« Compile C/C++ code and
OpenCL kernels

 Also supports the oneAPI
interface

» Originated from
Codeplay/Khronos SYCL

 Kernels on C++ Lambda functions
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OmpSs@FPGA execution environment

* x86_64 / Arm64 architectures
* Linux (Host), QDMA driver

* Nanos/xtasks/xdma runtime system, managing tasks

* Hw runtime on the FPGA, managing tasks OmpSs@FPGA

application

[ nanos++

HW xtasks/sdma ]
Runtime
Programming Logic || _DDR4 (giobal memory) |} X86, ARM, PowerPC, ..
Alveo U200 PCle Host
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References

e References
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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
e https://docs.xilinx.com/v/u/en-US/ugd74 7Series CLB

7 Series DSP48E1 Slice
* https://docs.xilinx.com/v/u/en-US/ugd79 7Series DSP4A8E1

7 Series FPGAs Memory Resources User Guide
e 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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