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BbicokoypoBHeBbI cUMHTES Ha Intel FPGA:
oT HLS Kk OpenCL n OneAPI

AnekcaHgp KopHes
«AkcenTtex»

PPPPPPP

FPGA-Systems:ru \
CoobiyecTsa RPGA paspaboTumkogy, A\


https://www.fpga-systems.ru/

O kKoMnaHum «Akcentex»

YCKOpUTESbHbIE peLleHUA Ha

SONET/SDH, OoTll: i< OPENCL, ONEAK{ESSESl ' 4G LTE CPRI g
ETHERNET, IP SEgg=siey  NEURAL NETWO ™A@ 5G L1 ACCELERAM
== OPENVINO |

: FPGA-Systems:tu \\ ' D
& CoobuiecTsa FPGA paspaborumkogy, A\ : I
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[1naH

« OcHoBHas npobnematmka HLS Ha Intel FPGA
- KOHBeWepusauma
- CUHTEe3 NaMATH
 CraHpgapt OpenCL
- MoJesib NPUMEHEHUS
- 3 BUAa napannennsma
« Ot OpenCL k OneAPI
- Moaenb “one code”
- UHCTPYMEHTbI pa3paboTymka
« 0630p NnpuMeHeHUs TexHonorum Intel FPGA B npogykTax KOMnaHuu «AKcenTex»

F PGA-Systems;’ru
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3aja4vn BbICOKOYPOBHEBOIO CMHTE3a

YMeHbweHue Time-to-Market

*  CHwuXeHMe «nopora BxoXaeHus» npu ncnosbzosaHum FPGA

* [lpnmeHeHne FPGA B reteporeHHbIX cuctemMmax
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OTanbl pasBUTUSA BbICOKOYPOBHEBOIo cCuHTe3a Intel

HLS (High-level Synthesys)

OpenCL BSP ans Intel FPGA

Intel OneAPI
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HLS: Mmogenb npMMeHeHusa

SHEC(E i++ <options> } Sacxe

C/C++ Code lib.h

Directives

tanar

co/gre 3 o
gcc/e Compiler

Compiler

100% Makefile
compatible
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HLS: npumep

For Entry
void my component ( int *a,
int *b, >N
int *c, Load ali] Load b[i]
int N) \/
{ . .
Ty a[i] + b[i]
for (1 = 0; 1 < N; 1i++) l,
= 1] + b[i];
} clil] ali] [1] Store c[i]
For End <€

i++ -c m component.cpp -march=Arriall
i++ --fpga-only m component.o

F PGA-Systems;’ru
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HLS: nocnepoBaTenibHOE BbINOJIHEHUE

Load Load
(Mem[100]) (Mem[101])

Clock Cycles
o R
Mem[100] += 42 * Mem[101]; BEEERU Y IR
S Etzl_-

.

Store

(Mem[100])
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HLS: cMHTe3 KoHBeWepa — onTuMaJibHbIX BapUaHT

Clock Cycles

FPGA-Systems:ru \
CoobiyecTsa RPGA paspaboTumkogy, A\


https://www.fpga-systems.ru/

HLS: 3aBUCUMOCTU KaK Npob1eMbl KOHBENEpuU3aLmu

3aBUCUMOCTb MO AAHHbIM for )

3aBUCMMOCTb NO NamMATHU
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HLS: ycTpaHeHue 3aBUCMMOCTU NO AaHHbIM B LUKIe

for ( int 1 = 0; i < n; i++ )

{

c[i] = c[i-1] + b[1];

Long
dependency

_____ =
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HLS: aBToMaTnU4YeCKun CMHTE3 NoKasbHOU NaMAaATU

component int foo (int indl, arrayv
int ind2, Bank O
int val)

{
hls memory int array[1024];

array[indl] = wval;

return array[ind2];

@ Local Memory Interconnect @

Component

Il
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HLS: npob6nema apbutpaxa

store Arbitration

load nodes
load

(
(
(
( load
(
(
(

Memory

load
load
load

component
int foo arb(int indl, int ind2,
int ind3, int wvall, int wval2)

{

hls memory int array[1024];

array[indl] = vall;

array[indl+1] = vall;

array[ind2+1] = val2;

array[ind2] = val2;

return array[ind3];
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HLS: onTtumMmunsaumnsa namatn — double pumping

1x

Port 1 H
Port2

Clk

component
int bar (

{

hls memory int array[1024];

Port 1

double-pumping  rrz <

Port 3 (—

Port4 =

2xClk =

int indl, int ind2,

int wval)

array[1i

ndl] = val;

2x clock domain

—> (57

array[i

ndl+!] = val;

return

array[indZ2]

+

array[ind2+1];

F PGA-Syste ms:ru

N

> @)

2X

© © ©

array
Bank 0

()

2xClk

Port 1 H
Port2 ey

Port 3
Port4
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HLS: ontumMmunsaumnsa namaTtun — replication

1-3 write{

Up to four
ports with

Block RAM

> Y-read

doublepump
( store Memory
e [ load 2x clock
M o | load
icc,e""e [ load
( load
( load
( load Memory

2x clock
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HLS: onTuMmnsaymna namsatn — coalescing
Width: 128 bits

component

int foo coal (int indl,int ind2,int val)

{

hls memory int arrayl[
int res = 0;

#pragma unroll
for (int 1 = 0; i <
array[indl*4 + 1]

#pragma unroll
for (int 1 = 0; 1 <

I 2

; 1++4)

val;

; i++4)

res += array[ind2*

+ 1i];

return res;

Type: Pipelined
v —

Width: 128 bits

Type: Pipelined

stall-free: ye@ a rrav

Loads from: array -

start-cycle: 2

Latency: 3 a n
ST W
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OT OpenCL k OneAPI

Yactb 2. CtaHgapT OpenCL
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OT HLS Kk OpenCL

VYposensb abcTpakiuu orHocuteabHo CAIIP Quartus;
OObecnieunBaeT mapajiesiu3M MO TaHHBIM U TI0 3aja4aM;
[Tonnep:xuBaeT s3bIK MporpammupoBanus C99;
[Tonnepxusaet cranaapt IEEE 754 (float point);

[lognepxxuBaeT  OAHOBPEMEHHYHO pabOTy C  HECKOJbKHUMI
YCTPONCTBAMU

a c w DN oE

F PGA-Systems;’ru
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OpenCL: Mogenb NnpuMeHeHuns

Host Code | OpenCL Accelerator Code |

(_global float *a,
__global float *b,
__global float *y)

int gid = ge (9);
yl[gid] = a[gid] + b[gid];
} A

Slandard Altera
gee Offline
Compiler Compiler

Accelerator



https://www.fpga-systems.ru/

OT nporpamMmbl Ha C K nporpamme Ha OpenCL C

OpenCL

void inc({float *a, float c, 1int N} __kernel
{ void inc{ global float *a, float c)
for{int 1 = 0; i<N; i++) {
ali] = al[i] + c: int i = get glcbal id(0);
} ali] = ali] + c;

i
vold main()
- vold main() {
inc{a,c,HN);

c lEnqueueNDRangeKernel (.., &N, ..)
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OpenCL XocT: ynpaBrieHuns kernel

OpenCL™ Platform

Devices
Memory

Kernels Objects Queues

Context

//Get the Platforms

std: :vector<cl::Platform> ;

err=cl: :Platform: :get ( ) ;

// Get the FPGA devices in the first platform
std::vector<cl::Device> mydevlist;

err= .getDevices (CL DEVICE TYPE ACCELERATOR, &mydevlist);
//Create an OpenCL™ context for the FPGA devices

cl::Context mycontext (&mydevlist);

F PGA-Systems;’ru
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OpenCL XocT: nnaHMpoBaHue ¢ nomMmoLlbio Queue

Constructor Valid context |

cl: :CommandQueue: : CommandQueue (

const Contexté& con teéjt/ A device aSStOCitated with
. , contex
const Deviceé& device;

cl command queue properties pjoperties=0,

cl int *errcode ret=NULL)

Queue properties

e.g. Turn on profiling

Write to Device

Command Queue Execute Kernel

Read from Device
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OpenCL XocT: npumeHeHue Queue

const int N = 5;
int nBytes = N*sizeof (int);
int hostarr [N] = {3,1,4,1,5};

//Create an OpenCL™ command queue
(mycontext, mydevlist[0]);

// Allocate memory on device
cl: :Buffer buf a(mycontext, CL MEM READ WRITE, nBytes);

// Transfer Memory
cl int err;
err= .enqueueWriteBuffer (buf a, CL FALSE, 0, nBytes,

FPGA-Systems;’ru |

hostarr) ;
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OpenCL XocT: Moaenb BblINO/THEHUS

!

transfer data to_fpgal();

clEnquéueTask(myqueué, mykernél, mi;

read data from fpga();
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OpenCL XocT: cMHXpoHM3auuns Ha ocHoBe Queue

cl _command queue qgl, g2;
¢l event el, e2, e3;

clEngueueNDRangeKernel (gl, kl1,.., &el);
clEngueueNDRangeKernel (g2, k2,.., &=2);
cl event elist([2];

elist[0]=el;
elist[l]l=e2Z;

Execution Timeline
Host

Accelerator

kernel1 | kernel2

clEngueueNDRangeKernel (gl, k3,..,2,elist,&s3);
//Sync Pt, could also use clFinish
clWaitForEvents(l,

&=2); ——

HostFunc() ;

>

HostFunc
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OpenCL: Buabl napannefnibHbIX BbIYNUCIIEHUU

Mapannenvsm no 3agavyam (task)

KoHBeWepHoe BbinonHeHue (pipeline)

Mapannenvam no gaHHbIM (SIMD)
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OpenCL: napannenmsm no 3agadyam

Implicit Parallelism

Task Parallelism (SMT)

clQ2.enqueueNDRangeKerne

Device

Devicel
Device?2

clQ1
clQ2

clQ1
clQ2

|

AN
[
[
[
[

-I-
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OpenCL: KOHBeUepHoe Bb

INOJIHEHUE

1 Dataset 1

[

Qo Writ

© Write
Data not_a Dat not_a
ata e]_

Q1

el
mask

Read

Data mask

Read
Data

J

Dataset O'

cl command queue g, gl;
cl event e, el;
clEnqueueWriteBuffer (g0, ..); Write Dataset
clEnqueueNDRangeKernel (g0, not_a,.., &e0); Execute Kernel dataset
clEnqueueWriteBuffer (gl, ..); Write Dataset 1
clEnqueueNDRangeKernel (g0, not a,.., &el); Execute Kernel dataset 1
Queue 1, Potentially could make this a loop if there
clEnqueueNDRangeKernel (gl, mask,.., 1, &e0, NULL); E3
clEnqueueReadBuffer(gl, ..); Read back
clEnqueueNDRangeKernel (gl, mask,.., 1, &el, NULL); E3 1
¢clEnqueueReadBuffer (gl, ..):; Read
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OpenCL: SIMD-napannennsm

Vectored addition of A and B example
// N work-items to be created

___kernel void vecadd( global int *C,
__global int *A,

__global int *B)

for

{

}

(int 1i=0; i<N;

Cl[1i]

Thread IDs

i++)
= A[i] + B[i]; » {

Cltid]

OpenCL™ Kernel

Altid]

int tid = get global id(0);

+ B[tid];
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OT OpenCL k OneAPI

YacTtb 3. OneAPI n Data Parallel C++
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OneAPI: YHuU@uumpoBaHHas Moaenb pa3paboTKu

pRu DUBTSIBETA] Application Workloads

Optimized Middleware & Frameworks

. . Intel oneAPI Product
Direct Programming:

Data Parallel C++ Direct AP|-Based
Programming Programming

tool Data Parallel Debug Tools
Khronos SYCL C++

Low-Level Hardware Interface

XPUs

CPU GPU FPGA OTHERACCEL.
Data Parallel C++ = C++ and SYCL* standard and&xtensions

Some capabilities may differ per architecture and custom-tuning will still be required. Other acceleratorsto be supported in the future.

Copyright © 2019, Intel Corporation. All rightsreserved ‘ lntel) | 11

*Other namesand brands may be daimed asthe property of others.

FPéA-Systemé‘.'ru \\

Coobiectsa RPGA paspat

|
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OneAPIl; Bubnuortekwu

API-based Programming
Intel oneAPI DPC++ Library (oneDPL)
Intel oneAPI Math Kernel Library (oneMKL)
Intel oneAPI Threading Building Blocks (oneTBE)
Intel oneAPI Data Analytics Library (oneDAL)

Intel oneAPI Deep Neural Network Library (oneDNN)
Intel oneAPI Video Processing Library (oneVPL)
Other Libraries

L
L.
L
L.
+] Intel oneAPI Collective Communications Library (oneCCL)
L.
L
R
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DPC++: cTpaTerus “one code”

#include <CL/sycl.hpp>
#include <sycl/ext/intel/fpga extensions.hpp>

using namespace sycl;
static const int N = 16;
int main ()
{
ext::intel::fpga emulator selector device selector;
queue g { device selector };
std::cout << "Device: " << g.get device().get info<info::device::name>() << std::endl;

int *data = malloc_shared<int>(N, q);

//# Initialization
for(int i=0; i<N; i++) datali] = i;

//# Offload parallel computation to device

g.parallel for(range<l>(N), [=] (id<1> i){
data[i] *= 2;

}) .wait();

//# Print Output
for (int i=0; i<N; i++) std::cout << data[i] << std::endl;

free(data, q);
return O;
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DPC++: Devices and Queues

// Select either:

// - the FPGA emulator device (CPU emulation of the FPGA)

// - the FPGA device (a real FPGA, can be used for simulation too)
#1f defined( FPGA_EMULATOR)

ext::intel::fpga emulator selector device selector;
#else

ext::intel::fpga selector device selector;
#endif

queue q(device selector);

g.submit([&](handler& h) {
// COMMAND GROUP CODE

1

F PGA-Systems;’ru
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DPC++: Single Task Kernel vs Parallel Kernel

for(int i=0; i < 1024; i++){
al[i] = b[i] + c[i];

1
h.single task([=](){ h.parallel for(range<1>(1024), [=](id<1> i){
for (int i=0; i < 1024; i++) { A[i] = B[i] + C[i];
A[i] = B[i] + C[i]; 3
}
};

vﬁwm-sn sru/ |\
CooblecTss RPGA aMKogY, A
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DPC++: aCUHXPOHHOE BbINOJIHEHUE

i

5

ASYNCHRONOUS EXECUTION (CONT'D)

Host
__jQﬁL_ #include <CL/sycl.hpp>
#include <jostream>
constexpr int num=16;
using namespace cl::sycl;
int main() {
auto R = range<1>{ num };

buffer<int> A{ R };

queue{} .submit([&](handler& h) {

Graph

Graph executes
asynchronously
to host program

Enqueues auto out = A.get_access<access: :mode: :write>(h);

kernel to
graph, and
keeps
going

out[idx] = idx[@]; }); 1});

for (int i=0; i<num; ++1i)
std::cout << result[i] << "\n";

2

return @;

Copyright ® 2019, intel Corporation. All rightsreserved.
*Other namesand brands may be daimed asthe property of others

FPéA-Systemé;’ru \

CooBijecTsa RPGA pasPaboriiody,

h.parallel for(R, [=](id<1> idx) {

auto result = A.get_access<access:

}—

:mode : :read>();

36
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DPC++: moaenb namMsaTu
MEMORY MODEL

BUﬂ:EFS and ACCessors coordinate memory sycl:buffer<int> a_device(a.data(), a_size);
between host and devices. Ensure

correctness and performance. _que thandler &cgh) {
5 5 =Tl ode:discard_write,

sycl:buffer<int> c_device(c.data(), a_size);

Buffer encapsulates a 1, 2, 3-dimensional
array to share between host and devices.

Member functions to obtain size, range,
number of elements.

Access target specifies memory location

. Compute Unit Compute Unit )
requirement.

I Global buffer J Constant buffer

Private memory is determined by compiler or —
by employing private_memory class. -

Haost buffer

Memory Hierarchy

i

e\ S A
FPGA-Systems:rtu/ | 24
_l'.- CooButecTs RPGA paspabotumkogy, A |
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DPC++: aBTOMaTn4yeckoe niaHupoBaHue

GRAPH OF KERNEL EXECUTIONS

int main() { Automatic data and control

auto R = range<1>{ num };

buffercint> A{ R 1, B{ R }; dependence resolution!

queue Q;

Q.submit ([&](handler& h) { *A
auto out = A.get_access<access::mode::read_write>(h);
h.parallel_for (R, [=](id<1> idx) {

out[idx] = idx[01; 1; 1); } Kernel 1 Kernel 1 V8

Q.submit([&](handler& h) { Kernel 3
auto out = A.get_access<access::mode::read_write>(h); ‘ A
h.parallel_for(R, [=](id<1> idx) {

out[idx] = idk[e]; s 1) F Kernel 2
Q.submit([&](handler& h) {
auto out = B.get_access<access::mode: :read_write>(h);

h.parallel for(R, [=](id<1> idx) { A

out[idx] = idx[0]; 1); }); } Kernel 3 ¥ - qa

Q.submit ([&](handler& h) { dependence
auto in = A.get_access<access::mode: :read>(h); Kernel 4
auto inout =

B.get_access<access::mode: :read_write>(h); * B

h.parallel_for(R, [=](id<1> idx) {
} Kernel 4

Kernel 2

Program

completion (i@ | 50

inout[idx] *= in[idx]; }); 1)

F PéA-Systemé;’ru
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DPC++: Unified Shared Pointers

AHHOTUPOBAHHbIE YKa3aTeu
T* ptr = malloc device<T> (1024, Queue);

cgh.single task<class DeviceAnnotation>([=] () {
Ptr[0] = 42; // load-store unit connected to both device and host memories
device ptr<T> DevicePtr (Ptr);
DevicePtr([l] = 43;
)i

// load-store unit connected only to the device memory

T* ptr = malloc host<T> (1024, Queue);

cgh.single task<class HostAnnotation>([=] () {

Ptr[0] = 42; // load-store unit connected to both device and host memories

host ptr<T> HostPtr (Ptr);
HostPtr[l] = 43;

// load-store unit connected only to the host memory
b)

JlocTyn K namaATn «Zero-copy»

FPGA-Systems;’ru |
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DPC++ 1 HLS: ynpaBneHne cCMHTE30M NamMATuU

— Compiler creates memory geometry based on how an array is accessed, not how

it's declared o | 1 | 2 [ Banko
— Array could be banked: ‘ s | s | B3 Bank1
, [] Bank2
int lmem[N]; O .
Ban
— Coalesced O P P
int lmem[N]; ‘ . . . : 0 Banko
— Orcoalesced and banked:
int lmem[N]; 0 L 5 X
> B sonkc
4 5 6 7
|:| Bank 1

[[intel: :numbanks (8), intel::bankwidth(l16)]] int lmem[8][4];
#pragma unroll
for (int i = 0; i < 4; i+=2) {
Imem[i] [x & O0x3] = ...;
}

FPGA-Systems;’ru |
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HLS, OpenCL, DPC++: Pexxum amynsaunm

&4 2ccelerate () becomesan FPGA

component int accelerate(int a, int b) { Component
return a+b;

} — Use --component i++ argument or
component attribute in sﬁrce

i++ -march=<fpga family> --component accelerate mysource.cpp|

dpcpp -fintelfpga <source_file>.cpp -DFPGA_EMULATOR

—

mYCOdecpp -—-/‘ v o - /mycode _emu
' dpcpp — ot
Com pile]" = Running ..

. % FPGA—Systems;’ru
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HLS, OpenCL, DPC++: aHanus ot4yeToB

Optimization Report — Throughput Analysis

= Loops Analysis and Fmax Il Sections |. .. . o oo D

= Actionable feedback on pipeline —
status of loops e v e g B

= Show estimated Fmax of each loop -
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HLS, OpenCL, DPC++: aHanus ot4yeToB

Optimization Report — Area Analysis

Generate detailed estimated area
utilization report of kernel scope code

* Detailed breakdown of resources by
system blocks

= Provides architectural details of HW

— Suggestions to resolve inefficiencies

Reports —
Hrea Analysis of Sytem O +
[T B - 2 ™
i rerEmg
— ksl 1
ALUTy o4 -
18 at
. 1
L | L 5=l thetssTHiia)
Ehal
18 o re hata
[ rakis il
i) a3 18 oowmalaners] { IHERRS T rhamine
< Yhels' fang® Saraform opp 108] - theta rrerisiers
1
118
11
Drstails 4

Privale Vasiable: - ‘theta’ (hough transform.cpp:105):

» Type: Regesher
= 1 register of width 9 and depth 342 {depth was moeassd by o factor of 339 due o a loop miation inenal of 3395

& ] register of width 32 and depih 342 [depih was increasad by & tcior of Z30 due 1o a loop inliabon eiersal of 339.)
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HLS, OpenCL, DPC++: aHanus ot4yeToB

HTML Kernel Memory Viewer

Helps you identify data movement Raperis
bottlenecks in your kernel design. lllustrates: e 7 e views
* B symer -
= Memory replication e T 2
0 sccsssr s .
- 'D-“-C':t"'.l-‘.' L
= Banking = O/aan
0 1 g e
N . 0 1 e | GHARE ! W
= Implemented arbitration 0 v -
O memftang
= Read/write capabilities of each memory N
port
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Intel Devcloud: Jupiter Notebooks

« C @ 8 8 htp
_: File Edit View Run Kernel Tabs Settings
. s o

Q,

o

m/ - /01 _oneAPlintro / src/

Name -

Last Modified

- [ fpga_compilefoga_emu a day ago

[ simple-vector-add.cpp 2 months ago

[ simple-vector-incr.cpp 2 months ago

0O simple.cpp day ago

E Log Console

Simple

FPGA-Systems;’ru |

CooBijecTsa RPGA pasPaboriiody,

fflupyter.oneapi.devcloud.intel.com/user/u’

flab/ftreefoneAPI_Essentials/01_oneAPI_Intro/src bd ¥, (A —En]
Help
[%] Introduction_to_lupyteripynt* | = host_accessor_sample.cop * | = simple-vector-incr.cpp X E simple.cpp X
int *data = malloc_shared<int>(N, q); A
//# Initialization
for(int i=8; i<N; i++) data[i] = i3
S/# Offload parallel computation to device
q.parallel for(range<l>(N), [=] (dd<1> i){
data[i] *= 2;
}).wait();
//# Print Output
for{int i=8; i<N; i++) std::cout << data[i] << std::endl;
free(data, q);
return 8;
1
v
Ay @s001-n005: ~ X
ull2673@8s001-n005:~§ dpcpp -fintelfpga -DFPGA_EMULRTOR host_accessor_sample.cpp -o fpga_compile.fpga_emu -v —vl ~
v
u @s001-n005: ~
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[IpaKkTUYeCKNEe KeNCbl KOMMaHUN «AKCenTex»

* BupeoaHanutuka Ha Intel OpenVINO
 DPlwunananus Tpaduka
« eCPRI u OpenRAN

« KoaupoBaHue faHHbIX: apXMBUPOBaHUE, NepekoaMpoBaHe Meana AaHHbIX

«  KpunTorpaguyeckue cpeacrsa
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Intel OpenVINO: BugeoaHanntnka Ha OpenCL

=  Generic Age & Gender Recognition

= Camera Tampering Detection =  Age & Gender Recognition for Retail

= Generic Face Detection =  Vehicle Attributes Recognition

= Face Detection for Retail =  Head Pose Estimation for Automotive
*  Person Detection for Retail " Semantic Segmentation

*  Face Detection for Automotive " Road Segmentation

*  Person, Vehicle & Bike Detection =  Person Attributes

. Person Re-identification
. Pedestrian Detection

=  Emotions Recognition

= 3eneHbIm BblaeneHbl NPUOPUTETHO
3anyuweHHble MOo4EeNN Ha Hawemn anriapartype n rotosble K TECTUPOBAHUIO,



https://www.fpga-systems.ru/

Euler Line — yckopuTtenb Ans BUaeoaHaaIUTUKM

CepuiHO BbiNyCcKaeMmblid BbicokonpoussogutenbHaa FPGA Noapepxka SDK Intel
yckoputenb EulerProject Arria-10 N
* Intel FPGA OpenCL SDK
PaspaboTtka —r. MockBa - . .
MpomblilineHHbI AnanasoH Quartus Prime HDL
MpousBoacTeo —r. MockBa * OpenVINO SDK* Bo3MOXHa
* o 1.5 TFLOPS noapepKa
. ) 1 * DDR4 SDRAM x 72 bits B
®opm-pakrop ¥ PCl Express * CpOK *u13Hu 6onee 10 net SODIMM g0 16GB

* 168 mMm x 69 mm x 28 mm

« XocT untepdeiic * He TpebyeT nuueH3MpoBaHUA

* 8-lane PCI-Express Gen 3.0

* CeteBble MHTepdencobl

* 2x10GE SFP+ 1 1GE (Bepcua NET) <l> EULE

» Ba DDR4 KoHTpOAnepa (Bepcua
HPC)

* Kaxxgbit 6aHK no 8-16Ib

* MZINC Intel Arria-10 FPGA 20nm

* [Mlo-ymonyaHuio emKoctb: GX 1150

* QDR4 Cypress go 144Mbéut
(pasvem HILO )

‘ -'%FP(\;A-Systemézru
Coob A


https://www.fpga-systems.ru/
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https://yadro.com/ru

tech@exponenta.ru SKCINMOHEHTA

LLEHTP MH)XEHEPHbIX TEXHOJIOTUH

exponenta'ru U MOOAE/IMPOBAHUA

TexHn4Yeckmne KOHCynbTalun
[Toa6op MHCTPYMEHTOB
ObyueHue cneumnanncTos
PaboTta Ha 3aKa3


mailto:tech@exponenta.ru
https://exponenta.ru/
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["eHepanbHbIM NapTHEP KOHPepeHunn FPGA-Systems 2021.2

cRcvMeEX

NepBas coBpeMeHHas oTe4yecTBeHHas

Delta DeS|gn CAlMP, peanusyolas CKBO3HOM LMK

npoeKkTnpoBaHMA NeYvYaTHbIX njaaT

Bbinyck KOHCTPYKTOPCKOH JOKYM €HTaI[UH
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Beenne 6ubanorexn ‘ PazpaboTka cxeMBbl [IpoekTHpOBaHIE MeUaTHOIT IIATH
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www.eremex.ru

Pacmupenne GpyHKIHOHANLHOCTH H AaBTOMAaTH3 AN () yHKIIHI

@ KommiekT nporpammucra (SDK)



https://www.eremex.ru/
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https://niiet.ru/subscription_daidjest/
https://t.me/niiet
https://t.me/RUSmicro
https://www.pcbsoftware.com/
https://t.me/imaxairu
https://t.me/astrophotoboloto
https://t.me/proembedded
https://t.me/jtagtechRU
https://t.me/embedoka
https://konveerum.ru/
http://thirdpin.io/
https://t.me/thirdpinchat
https://engineer.yadro.com/?utm_source=fpga&utm_medium=banner&utm_campaign=event
https://t.me/ec_land

flnpe Hant™y FPGA KOMbIOHUTH?

% fpga-systems.ru
t.me/fpgasystems <=> @fpgasystems

(>) youtube.com/c/fpgasystems

min@fpga-systems.ru
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