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Introduction

* An FPGA is a powerful device that can speedup
pipelined applications
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Introduction

* But even a powerful FPGA cannot handle very
large problems like Seismic Imaging

e Need Multi-FPGA architectures

- e
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Introduction

* Moreover....

e FPGA toolchains are hardware oriented and
unfriendly to software designers



Introduction

* Moreover....

* FPGA toolchains are hardware oriented and
unfriendly to software designers

* Need a simpler and transparent approach to embed
FPGA accelerators into software applications



OpenMIP

How to program such systems? — e

 We propose using OpenMP task-based programming model for
Multi-FPGA architectures. We are extending it to:

* Enable automatic bitstream/data offloading to FPGAs
* Transparently map data dependencies to IPs/boards interconnects

* Allow a seamless flow of data to/from FPGA.

14



Background




OpenMP Task Directive

#pragma omp parallel OpenMP

#pragma omp single Enabling HPC since 1997
#pragma omp task depend (out:A)
A = foo();
for(inti=0;i<2;i++){
#pragma omp task depend(in:A)\\
depend(out: B[i])
B[i]=bar(a)

}
for(inti=0;i<4;i++){
#pragma omp task depend(in:BJ[i/2])
fun(B[i/2]);
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OpenMP Task Directive

#pragma omp parallel

#pragma omp task depend (out:A) Create a pool of worker
A = foo(); threads
for(inti=0;i<2;i++){
#pragma omp task depend(in:A)\\
depend(out: B[i])
B[i]=bar(a);

}
for(inti=0;i<4;i++){
#pragma omp task depend(in:BJ[i/2])
fun(B[i/2]);
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OpenMP Task Directive

#pragma omp parallel
I #pragma omp single
Hpragma omp task depend (out:A
Preg P P (ou Select the control
A = foo();

for(inti=0;i<2;i++){ thread
#pragma omp task depend(in:A)\\
depend(out: B[i])
Bli]=bar(a);

}
for(inti=0;i<4;i++){
#pragma omp task depend(in:BJ[i/2])
fun(B[i/2]);
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OpenMP Task Directive

#pragma omp parallel

#pragma omp single
#pragma omp task depend (out:A)
A = foo();
for(inti=0;i<2;i++){
#pragma omp task depend(in:A)\\
depend(out: B[i])
B[i]=bar(a)
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OpenMP Task Directive

#pragma omp parallel
#pragma omp single
#pragma omp task depend (out:A)
A=foo();
for(inti=0;i<2;i++){
#pragma omp task depend(in:A)\\
depend(out: B[i])
B[i]=bar(a)

}
for(inti=0;i<4;i++){
#pragma omp task depend(in:BJ[i/2])

fun(B[i/2]);
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OpenMP Task Directive

#pragma omp parallel
#pragma omp single
#pragma omp task depend (out:A)
A = foo();
for(inti=0;i<2;i++){
#pragma omp task depend(in:A)\\
depend(out: B[i])
B[i]=bar(a)
}
for(inti=0;i<4;i++){
#pragma omp task depend(in:BJ[i/2])
fun(B[i/2]);




control

thrc_ead

OpenMP Task Runtime

SO®®
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OpenMP Task Runtime

OpenMP
Runtime

dependency
graph

SO®®
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OpenMP Task Runtime

ready queue
Y

worker _threads

EO®® -
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OpenMP Target Directive

#pragma omp target device(FPGA) map(to: X) map(from:Y)

Shared Memory

FPGA

cPu ~
(=

N
(=
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OpenMP Target Directive

#pragma omp|target device(FPGA) }nap(to: X) map(from:Y)

Shared Memory

FPGA

cPu ~
(=

N
(=
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OpenMP Target Directive

#pragma omp target device(FPGA) Imap(to: X)?nap(from: Y)

Shared Memory

X =) o
Y {—

CPU é
(=
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OpenMP Target Directive

©

#pragma omp target device(FPGA) map(to: X) |map(from:Y)

Shared Memory

O

Y |

cpu — L X 1T Fpga
(=
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OpenMP Target Depend Directive

#pragma omp parallel
#pragma omp single
#pragma omp target device(GPU)\\
map(from: A)
depend (out: A) nowait
A = foo();
for(inti=0;i<2;i++){
#pragma omp target device(GPU)\\
map(to: A) map(from: B[i]) \\
depend (in: A) depend (out: B[i]) nowait
B[i]=bar(a)

}
for(inti=0;i<4;i++){
#pragma omp target device(GPU)\\
map(to: B[i/2]) \\
depend (in: B[i/2]) nowait
fun(B[i/2]);
}

#pragma omp target device(GPU) \\
map(from: A) X4
depend(out: A) nowait
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But LLVM/OpenMP cannot handle FPGAs

LLVM/OpenMP FPGA Limitations:

® Does not support for bitstream offloading;

e Does not support for mapping data dependencies to
IP/boards interconnects;

e Does not allow a seamless flow of data to/from
multiple-FPGA.
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The Software




Our modules: LLVM/OpenMP VC709 Plugin

|

libomptarget.so

:

Data

GPU Code
LLVM
generated | DSP Code
Host Code

X86_64 Code

VC709 Code

fat binary

|

~

)

Host

|
|
I
|
GPU Plugin ()i  GPU
|
I
DSP Plugin H~ DSP
|
|
X86_64 mm—— X86_64
Plugin I core
|
VC709 VC709
Plugin l Board
|
|
| Devices
1
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The Hardware

Single Node



The FPGA

e Field Programmable Gate Array.
o Xilinx VC709 Board
m 2X4GB DDR3 SODIMM memories;
m 8-lane PCle;
m 4x SFP;




The Board

4 x 10Gb/s
optical links
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VC709 Target Reference Design

VC709-board % DDR3

L |

~
Virtex-7 H
(——) NET K——) sfp+
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36




Our modules

VC709-board 2X DDR3 J
ﬁ
Virtex-7
AXI-L AXI-L
IP.0
— net sfp+
g IP.1 O o (=lnetk={sfp
BN o |k
E IP.2 é = — net sfp+
IP.3  k Al sfp+

T \r Vv A

N > Configuration registers g -

37




Single node: How it works

I#pragma omp parallel{ }—>
#pragma omp singleq
for(int i=0; i < 4 ; i++){

#pragma omp target device(VC709 + 1i)\\

map(tofrom: A[:N])

depend(inout: A[:N]) nowait{

for(int j =1; j <= N ; j++ )
Aljl = A[j] + 1i;

\\

4yI Create pool of threads ‘

VC709-board

|
-+ PCIE/DMA

Virtex-7

AXIS-IC
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Single node: How it works

#pragma omp parallel{

#pragma omp single{
l"'TB?TTﬁT 1=0; 1 < & ; i++){

#pragma omp target device(VC709 + 1i)\\
map(tofrom: A[:N]) \\
depend(inout: A[:N]) nowait{

for(int j =1; j <= N ; j++ )
Aljl1 = A[] + i;

Select the control
thread

VC709-board

Virtex-7

AXIS-IC

I
-+ PCIE/DMA
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Single node: How it works

#pragma omp parallel{

create the tasks ‘

#praagma omp single{
for(int i=0; i < 4 ; i++){
#pragma omp target device(VC709 + 1i)\\

map(totrom: A[:N]) ¥y
depend(inout: A[:N]) nowait{
for(int j =1; j <= N ; j++ )

Aljl1 = A[] + i;

VC709-board

Virtex-7
1 = ;
= 7
‘T >
©)
O | 4}~
L) A
T >|
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#pragma omp parallel{
#pragma omp single{
for(int i=0; i <4 ; i++){

Single node: How it works

map(tofrom: A[:N])
depend(inout: A[:N]) nowait{
for(int j =1; j <= N ; j++ )
Alj]1 = A[j] + 1;

#pragma omp target device(VC709 + 1i)\\

\\

VC709-board

Virtex-7
= 7
‘T >
©)
o [ 1+
L) A
U >|
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Single node: How it works

#pragma omp parallel{ <::i:1 <[17

#pragma omp single{
for(int i=0; i < 4 ; i++){

#pragma omp target device(VC709 + 1i)\\ : u
map (tofrom: A[:N]) \\ VC709-board
depend(inout: A[:N]) nowait{

for(int j =1; j <= N ; j++ ) Virtex-7
Aljl = A[j] + 1; |
} S =
} AR [==0"
) D %
a
L} A
T >|
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Single node: How it works

#pragma omp parallel{ <:ji:J <[17

#pragma omp single{
for(int i=0; i < 4 ; i++){

#pragma omp target device(VC709 + 1)\\ I J
map (tofrom: A[:N]) \\ VC709-board
depend(inout: A[:N]) nowait{

for(int j = 1; j <= N ; j++ ) Virtex-7
Aljl = A[j] + i;

I
-+ PCIE/DMA

43



Single node: How it works

#pragma omp parallel{ <:ji:J <[17

#pragma omp single{
for(int i=0; i < 4 ; i++){

#pragma omp target device(VC709 + 1)\\ I J
map (tofrom: A[:N]) \\ VC709-board
depend(inout: A[:N]) nowait{
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Single node: How it works

#pragma omp parallel{
#pragma omp single{
for(int i=0; i < 4 ; i++){

#pragma omp target device(VC709 + 1i)\\

map(tofrom: A[:N])
depend(inout: A[:N]) nowait{
for(int j =1; j <= N ; j++ )
Aljl = A[j] + 1;

\\
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The Hardware

Multiple Nodes
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* Need to forward dependency data across optical links
o Designed a MAC Frame Handler (MFH)

o Mount and unmount a MAC frame.

MAC ADDRESS MAC ADDRESS | TYPE/LENGTH PAYLOAD
SOURCE DESTINY
]\ I} |l |I ‘1 l‘
| f | !
6 bytes 6 bytes 2 bytes configurable
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Adding MFH

VC709-board 2x DDR3 J
ﬁ
Virtex-7
AXI-L AXI-L
é : net sfp+

| IPA |

net fo+

A

= -
NV
[P35 J— net = §fp+

MFH
VFIFO

AXIS-IC

H
PCIE/DMA

A

cocof
>

AXI-S : AXI-S AXI-S
et > Configuration registers |<

AXI-L: AXI-LITE
AXI-S: AXI-STREAM
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Multiple nodes: How it works

NODE-A NODE-B
VC709-board A VC709-board B
T Virtex-7 Virtex-7 —
- +1 = _ - > +2
A 7 2 7
< S ,
+4 +3 I
|
A A A A I
1 1 1 1 |
:r‘ configuration registers | | configuration registers H; ----- )
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Multiple nodes: How it works

NODE-A NODE-B
VC709-board A VC709-board B
T Virtex-7 Virtex-7 —
- +1 — _ = > +2
A 7 2 7
< S ,
+4 +3 I
|
A A A A I
1 1 1 1 |
:r‘ configuration registers | | configuration registers H; ----- )

51



Multiple nodes: How it works

NODE-A NODE-B
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Multiple nodes: How it works

NODE-A NODE-B
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Multiple nodes: How it works
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Ongoing Experiments

NODE-A NODE-B
VC709-board A VC709-board A
<€
laplace 0 | —>{ laplace
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(@) T
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OpenMP for FPGAs

Year Multi-FPGA Compiler ToolKit Target System
Leow 2006 no C-Breeze Celoxica RC100 Board-Spartan
Cabrera | 2009 no Merc“rg;\“égigc' SCl SGI RASC 2.2 Board-Virtex 4
Cilardo 2013 no Custom OpenMP, Xilinx EDK Xilinx EDK Boards
Choi 2013 no LLVM GCC Altera Board with Stratix IV
Filgueras 2014 no Mercurium, Nanos++ Xilinx Board with Zyng-700
Podobas 2014 no Custom C89 Compiler Altera ED5 Stratix V
Sommer | 2017 no clang, LLVIM, fbomptarget Xilinx VC709 Board
gzeésé’l'\j)r 2018 no Clang, LLVM, libomptarget |  Intel HARP2 and Amazon AWS
Bosh 2018 no Mercurium, Nanos++ Zynq Ultrascale+
Knaust 2019 no Clang LLVM Intel Board Arria 10 GX
. Ourwork | 2021 : yes | ClangLLVM, libomptarget | Cluster of Xilinx VC709 Boards , |
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Thank you!

email: ramon.nepomuceno@ic.unicamp.br
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