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T opics

* What are FPGAs?
* How to think about FPGAS
= Data Parallel C++ for FPGAs

» Parallelism and kernel executions

Take-away: Think of FPGAS
when accelerating workloads

= Pipes
= | oop controls

= Memory controls

. » (Generating work




Fleld Programmable Gate Array
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More Accessible Easier to Meet Schedules + Validate Easier to Achieve Performance

FPGA programming has evolved

“Register Transfer Level” Design

: I
Rapid | Architectural Exploration TSy L pgpnd
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Mapping an Algorithm to
Hardware

A framework for thinking about FPGASs




Data Flow Graph: The Core of Modern Compilers

for (int i=1; i < 183 ++i) {ﬂ\ ‘
A[i] += B[i-1] * 5;
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for (int i=1; i < 10; ++i) {\' I

Data Flow Graph: The Core of Modern Compilers

A[i] += B[i-1] * 5
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Executing in Silicon: Two key options

Option ]: for (int i=0; i < 183 +34) { Option 2:
Instruction set architecture ALR]= BIA2DE: &5 Materialize data flow graph
(ISA) machine ! directly on reconfigurable
' spatial hardware
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Many Architectural Tradeoffs

Instruction Set Architecture for (int i=13 i < 10; ++i) { Spatial Architecture

A[i] += B[i-1] * 55 Materialize data flow graph directly

Register Data  Instruction : on reconfigurable spatial hardware
file memory memaory

Hardware with conligurable spatial “ragions”
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+ Easy lo program + Excellent Perd, PerffWatl from specialization
+ General purpose at nuntime - Previously inaccessible by SW developers
- Not all hardware may be used every clock cycle - Data path not typically runtime context switched




Think of FPGASs as Reconfigurable Custom Chips

. i Fixed Spatial (e.qg. ASIC) Reconfigurable Spatial (e.g. FPGA)
store SAEEEEe | 2= [z IHOOOO
SRR OOOH00000
4 oaoo00n
lmﬁiﬁﬂﬂﬂrﬂﬁﬁﬂgﬁﬂ l_
SBtmgacsnsniasy OnCoe oo
NQHsRRaEaGEEy, |:||:l|r:|u:m:1|r:m:m:|
SREaazans 00000000
-

Think of FPGA as able to implement what you would
build as a custom data path on a dedicated chip/ASIC!

{there is an overhead cost ta FRPGA recon gurability vs ASIC, but much less

| N / 9 expensivein low/medium volumes and reconfigurable) =3




FPGA Value Characteristics

l. Spatial architecture — many data flow algorithms map well
» Data dependences across parallel work
= Streaming and graph processing patterns
*« Enables some algorithms, makes others tractable to express

2. Richl/O
= Network, memory, custom interfaces and protocols |
= \erylow + deterministic latencies

Memary System

3. Large distributed on-chip memory BW — [pank ] [oank

. » Custom topologies tuned to algorithm l\ ' l
mﬁ
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Data Parallel C++ (DPC++)
for FPGAS




DPC++ can target FPGA

Middleware & Frameworks
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* Compiling to FPGA hardware takes longer than most SW developers are used to ‘

Development Flows

= Tools+ reporting allow most development to be done without HW compilation

FPGA Development Flow
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DPC++on FPGAs: Parallelism!

1. Kernel level: Kernels can execute in parallel

’
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2. Within a kernel: Instructions are executed at the same time in various ways
= [mplemented in different areas of chip, so not competing for resources like ALUs

A. Scheduling: ab cd : B. Pipelining:
4 } + :
e =3 + b; : | for (int i=1; £ < 18; +i) {
. f=c+ d, : A[4] += B[i-1] * 5; i
S b A A A
i |




l= data dependefce .
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SYCL Runtime Kernel Scheduling

ankt main() |
buffer<int> A{ rng }, B{ rrg };
queue Q; '

Q. submit([&] (handlers k) {
acces=or out{A, h, write only);

h.panallel fer(rng, [=1(suto idx) {
out{Tidx] = idxfal; 1); 1); } KernEl 1

Q. submit([&](handler& h) {
sccessor oult(A, R, write only);
h.parallel for(rng, [=Hauto idx) {
outlidx] = idx[el; 1 1); F Kernel 2

Qisubmit([&] (handler& h) (
sccessor out(B, h, write only);

h.parallel for(rng, [=l(auto Idx) {
ot Tidn] = avtels s 15 } Kernel3

Q.submit([&] (handler& h) {
accessor in(A, h, read only);
sccessor incut(B, h, read writse);
h.parallel for(rng, [=](auto idx)

Kernel 4

{
inout[idx] *= infidxl; 1); 1) } Kernel 4
Program

completion




SYCL Runtime Kernel Scheduling

» The SYCL runtime graph model 1.
« Adataflow graph

Kernel 1 Kernel 3

+ Based on dataor control dependencies

+ Coarse grained dependencies/sharing
Kernel 2



Data Flow Natural Fit on FPGAS

» [he SYCL runtime graph model ‘

* Adataflowgraph

Kernel 1 Kernel 3

« Basedondata or control dependencies

« Coarse grained dependencies/sharing
Kernel 2

= | everage same model with FIFOs as edges

*« Kernels execute concurrently to minimize storage
onedges/in FIFOs

FIFO = First In Frst Out buffer




Common spatial pattern: “Pipes”

N,
practice
using my_pipe = pipe<class some_pipe, int>;
2ULtC R = range<i>{1e24r;
myQueue.submit([&] (handler& cgh) {
auto read_acc = ..
cgh.parallel for(R, [=](auto idx) {
my_pipe: :write(| read_add[idx] ); }- Kernel 1
s
1)
myQueue.submit([&] (handler& cgh) {
auto write acc = ..
cgh.parallel for(R, [= i
write_acc[idx] =|my_pipe::read(); } Kernel 2
1 |
}); FIFO (pipe) very efficient on FRGA:
Avoids memory accesses + address

computation, stays on-chip




Pipe connectivity options

Kernel

= Types of connectivity: e B

=
1

l. Cross kernel: Kernel A= Kermel B~

—

2. Intra-kernel: Kernel A = Kernel A

Host program

3. Host pipe: Kernel A © host program —— S
4. /O pipe: Kernel A & |/O peripheral
I/O interface

(e.g. network)




= FPGA memory systems are customized to your application ‘

Memory Controls

» Thereare controls to let you custornize beyond the compiler's extensive optimizations

» Only required for advanced tuning, Use alongside compiler reports

bank_bits [lintelibank_bits(b,, by...b,)]]
N bankwidth [[imtek:bankwidth(N)]]
struct State { 2 S
2 L n N . - doublepump [[intel:doublepump]]
[[.' r-e-s sTPRga_TEno! ;']1 1“? array[108]; force_powZ2 depth [lintel:force_pow2 depti(N)T]
[[intel::fpga register]] int reg[d]; , _ :
) max_replicates [Tintak:max_replicates(N)]1]
fpga_memory [[intel:fpaa_memory“impl_type™)]
cgh.single task<class test>([=] { merge [{intelzmerge(“key", “direction”)]]
strl*uct1 State 51; _ numbanks [lintel:nurmbanks(N)]]
[[intel:itpga memory]] struct State S2; private. copies [Tintel:private_copies(N)]]
// some uses == :
1) fpaa_reqgister [lintel:tpga_register]]
! simple_dual_port [lintelzsimple_dual_portl]
singlepurnp [Lintel:singlepump]]




* |_oop optimizations are performance critical in most spatial applications‘_

Loop Controls

 |hereare controls to let you custemize beyond what the compiler decides

= Onlyreguired for advanced tuning. Use alonaside compilerreports

\ disable_loop_pipelining  |[lintelidisable_loop_pipelining]]
/{ No loop-carried dependencies for initiation_interval [[intel:initiation_Interval(n)]]
ae:.ceaarlets to arrays A and B vdep [[intel::wdep]]
[[intel::ivdep]] | [lintel:ivdep(safelen]]
for (:mt I =@; 1<N; i4+) [[inteltivdep(array)]]
A[i] = A[1 - X[ii]; [[intet:ivdep(array, safelen)]]
B[i]1 = BI3 - Y[ill: [[intelivdep(safelen, array)]]
[1] [ 211
} loop_coalesce [lintel:loop_coalesce(N)]
max_concurrency [[inteltmax_concurrency(nl]
ﬁpr?gma ;nrni!.l 5: ies)f max_interleaving [[intel:zmax_interleaving(n)]]
or(i =@ ; i < 5; i+t :
Ali] = I * speculated_[terations [[intel:speculated_terations(N)]]
| : unroll #pragmaunroll
}
#pragmaunraoll N




Deep Spatial Pipelines: Generating the Work

I\IITSJSJE:J I_=]I.EL‘II:'_'! 1) I.
infXj * 53

L . h.parallel Tor
ND range‘ output(I] =
1);
HD=ranpe

Clock Cycle 1 Clock Cycle 2

Pipeline Pipeline

stage 1 stage 1

Pipeline Pipeline

stage 2 stage 2

Pipeline Pipeline

stage 3 stage 3

Pipeline Pipeline

stage 4 stage 4

Pipeline
stage 5

Pipeline

ss» Clock Cycle 5

Pipeline
stage 1

Pipeline
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Pipeline
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stage 5
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Loop:

H.single task([=] {

+ﬂr (int i=2; i ¢ size; i+¥) {
A[l] = A[i-1] = feo(A[i-2]1); -3 =

) 1)

Leap Itevations Lﬂ terations
|

al7elsfealal Bt -
Clock Cycle Clock Cycle 2 “ua C’lm:k Cycle s
Pipeline $ Pipeline Pipeline $I
stage1 | Mot | e '2;" stage 1 ":;*
Pipeline Pipeline faration 1 Pipeline tteration 4
stage 2 stage 2 — - stage 2 E:j
Pipeline Pipeline Pipeline
stage 3 stage 3 stage 3 Eﬁmé:l
Pipeline Pipeline Pipeline s
stage 4 stage 4 stage 4 E -
Pipeline Pipeline Pipeline
stage 5 stage 5 stage5 | lorenon?
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Conclusion




A Heterogeneous World

= Architectural diversity continues to increase ‘

= oneAP| is tackling heterogeneous software challenges through open standards
and open development

oneAPl includes the ability to target and optimize designs for FPGAS!

» FPGAS offer advantages in many applications and algorithms
+ Realizing the potential requires structuring an application in a spatial-friendly way
« Architecture-specific fermutlation s needed across accelerators today

+ Spatial/FPGA language constructs and controls are exposed in DPC++




A Next Step
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Data Parallel C++

Mastering DPG+ for Programming of
Heterogeneous Systems using

T+ and SYCL

James Reinders
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* Free in PDFform! Can purchase print form
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® First book on DPC++ or SYCL

* Has achapter on FPGA programming in DEC++






