O4yeHb KOpOoTKO 06 HLS
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YT10 Takoe HLS?

High Level

High-Level Synthesis (HLS) - TexHonorna, |

ad>———— high level synthesis

OCHOBHOW 3af,a4eit KOTOpoW ABNsIeTCS i ) Behavioural
reHepaums Ka4eCcTBEHHOW peannsaumm i é
annapaTHOro o6ecrneyeHnst ypoBHS 5 RTL
pernctpoBbix nepeaay (RTL) ns | 5
cneundmrKaumm BbICOKOro YpOBHS. i Structural +>f logic synthesis
- )
Netlist

AnanoB PomaH, Kadegpa BT, YHuBepcutet UTMO

coobuectso FPGA pazpaGotumios



3a4yeM Hy)XeH HLS?

Higher level of abstraction
* Modeling complex designs
* Reduce design efforts

« Fast turnaround time

« Technology independence

Ease of HW/SW partitioning

._" FPGA-SYSTEMS.RU
coobuwectso FPGA paspat

https://slideplayer.com/slide/11914849/



Ab6CTpaKkuus

C/C++/SystemC

lloh =i design entry
- i
o 2
7] Behavioural
o Q@
= %
] >
‘S 5] i
HDL design entr
5 = RTL g Y
> 3
1] o
- £
1]
v Structural

http://www.zyngbook.com/

)= FPGA-SYSTEMS.RU
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[lporpaMmMHO/AnnapaTHbI Noaxon,

[ Specification }

{ SW/HW Coding }

{ SW/HW Partitioning }

l

[ SW Compilation } [ HW Compilation}

v V‘
—[ SW Profiling 1 [ HW Profiling }—

tLd

FPGA-SYSTEMS.RU https://slideplayer.com/slide/11914849/

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa



Status Compiler

AUGHe
eXCites
Bambu
Bluespec

CHC
CoDeveloper

HDL Coder
Stratus

CyberWorkbench

Catapult

DWARV
GAUT®

Hastlayer

DEFACTO
Garp
MATCH
Napa-C
PipeRench
SA-C

Aban-
doned

SeaCucumber

FPGA-SYSTEMS.RU

coobuectso FPGA pazpabor
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HLS ecTb Yy MHOIMX

Owner

TIMA Lab.

Y Explorations
PoliMi
BlueSpec Inc.

Altium
Impulse Accelerated

Math\Works

Cadence
NEC

Mentor
(Siemens business)

TU. Delft
U. Bretagne

Lombig Technelogies

U. South Cailf.
U. Berkeley
U. Northwest
Samoff Corp.
U.Carnegie M.
U. Colorado
U. Brigham Y.
U. Cal. Irvine

License

Academic
Commercial
Academic
Commercial

Commercial

Commercial

Commercial

Commercial

Commercial

Commercial

Academic

Academic

Commercial

°
Academic
Academic
Academic
Academic
Academic
Academic
Academic

Academic

Input

C subset
C

C

BSV

C subset

Impulse-C

MATLAB, Simulink, Stateflow, Simscape
C/C++ SystemC

BOL, SystemC

C, C++, SystemC

C subset
CIC++
CHIC+H+F#. .
(.NET)

G

C subset
MATLAB
C subset
DIL
SA-C
Java

G

Output

VHDL
VHDLVerilog
VHDLVerilog
System\Verilog

VHDL/Verilog
VHDL

VHDL / Verilog
RTL

VHDL/Verilog

VHDL/Verilog

VHDL
VHDL

VHDL

RTL
bitstream
VHDL
VHDL/Verilog
bistream
VHDL

EDIF

VHDL

Year

2012
2001
2012
2007
2008

2003

2003
2015

201

2004

2012
2010

2015

1959
2000
2000
1998
2000
2003
2002
2003

https://en.wikipedia.org/wiki/High-level_synthesis



CPU/DSP vs FPGA

. In
#define NUM_TAPS 4 + [ B H [
cPU Rl
void fir(int input, int xoutput, int taps[NUM_TAPS]) stoie
{ branch
static int delay_line[NUM_TAPS] = {}; u
int result = 0;
for (int i = NUM_TAPS — 1: i > 0; i——) { input(n) —
delay_line[i] = delay_line[i — 1]; |.DA.| E y
i fay Jine[0] = Task Interval = 4
elay_line[0] = input; FPGA —~—
for (int i = 0; i < NUM_TAPS; i++) { nocnegosaTefibHas | I,{‘
} result += delay_line[i] * taps]i]; peanusaums (@) N O-:-l
To Register Resets —
soutput = result; and Clock Enables Task Latency = 4
}

Task Interval = 1
-~

input(n) - o .

FPGA “ 1k :

taps|0] taps[1] taps([2] taps(3] :

napannenbHada M

peanunsauus Ou
O—O—— ] S

output(n) Task Latency = 1

FPGA-SYSTEMS.RU

coobuectso FPGA pazpaGotumios
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LleneBble HanpaBieHna HLS

Communications

Aerospace and Defense
» LTE MIMO receiver

» Radar, Sonar

» Signals Intelligence » Advanced wireless antenna
positioning

Industrial, Scientific, Medical Audio, Video, Broadcast

» Ultrasound systems » 3D cameras

» Motor controllers » Video transport

Automotive Consumer

» Infotainment » 3D television

» Driver assistance » eReaders

Test & Measurement Computing & Storage

» Communications instruments » High performance computing [

» Semiconductor ATE » Database acceleration o

FPGA-SYSTEMS.RU http://files.meetup.com/3753142/VHLS_NY_Final_Distributed.pdf
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CokpallaeM BpeMs pa3paboTKu

Conventional C-based Approach

HDL-based approach
Seconds per iteration

Functional

Verification
C with C
Compiler

Hours-days

per iteration m-awmj

Functional

Verification '

Using HDL l

simulation .
Validation

Verified Verified
RTL RTL

Optical flow video example

Input RTL Simulation Time C Simulation Time Acceleration
10 frames of video data 10 seconds | ~12,000X |

*RTL Simulations performed using ModelSim

http://files.meetup.com/3753142/VHLS_NY_Final_Distributed.pdf



ONTUMN3UPOBAHHbIE BUOBINOTEKN

 Arbitrary Precision Data Types Library
e HLS Stream Library

« HLS Math Library

« HLS Video Library

 HLSIP Library

« HLS Linear Algebra Library

 HLS DSP Library

* OpenCV libraries

* + MHOXECTBO ApYyrux 6ubnmoTek

FPGA-SYSTEMS.RU

coobuectso FPGA pazpaBotumio

Xilinx UG902 High-Level Synthesis




CokpallaeM BpeMs pa3paboTKu

“In an HDL design, each scenario would likely cost an R = — T
aqar sign onventiona sing vivado
With Vivado HLS these changes took minutes” Floating-Point data path | HDL Approach Synthesis
Nathan Jachimiec, R&D Engineer, Agilent Technologies Design Language VHDL (RTL) c
Design Time (weeks) 12 1
‘I was able to design mmplex linear algebra algorithms Latency (ms) 37 21
10x faster than before with VHDL, and yet achieved
better QoR with Vivado HLS." Memory (RAMB18E1) 134 (16%) 10 (1%)
Design Engineer, Major A&D contractor Memory (RAMB36E1) 273 (65%) 138 (33%)
Registers 29686 (9%) 14263 (4%)
“..we always use C to quickly build a system-level LUTs 28152 (18%) 24257 (16%)
model for validation of key algorithms.. problem .. Source: Design Engineer at Major A&D contractor
quickly and efficiently convert C into a HDL".
“With Xilinx Vivado HLS, .... ... used C to implement a s ey -
project where we used Vivado HLS, we
key aklgorllthm ... into Varllogl. We verified both thf: saved 2-3 weeks of engineering time."
functionality and performance in Xilinx devices ... B—
Henggqi Liu, Central R&D Data Center CTO, ZTE Inc. CTO, Major broadcast equipment company

FPGA-SYSTEMS.RU http://files.meetup.com/3753142/VHLS_NY_Final_Distributed.pdf
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MapLpyT NpOeKTUpoBaHUSA

Test C, C++, Constraints/
Bench SystemC, Directives
OpenCL APIC
L ] Y ¥
C Simulation C Synthesis
¥ "
. e
RTL Vivado HLS VHDL
Adapter Verilog
¥ Y ¥
RTL Simulatian Packaged IP
|
Y Y
Vivado
Design Gsaisatfar:cr
Suite

K1EME

FPGA-SYSTEMS.RU Xilinx UG902 High-Level Synthesis

coobuectso FPGA pazpaGotumios



NHTepnpeTauna pyHKLUN

» Functions
— Functions define hierarchy and control regions

void fir
. ta try,
» Function Parameters: coef t 4]
data tx
— Define the RTL 1/O Ports "
Types: :tca::tnct gséé_t shift_reg[4]
— Data types define bitwidth requirements
— HLS optimizes bitwidth except for function parameters o o;i_){
if (I—-
gt i i)
— Define iterative execution regions that can share HW shift. reqlil=shifisagli-1]
resources ) acc+=shift_re m clil;
» Arrays: IR

H

— Main way of defining memory and data storage

» Operators:
— Implementations optimized for performance
— Automatically shared where possible to reduce area

http://files.meetup.com/3753142/VHLS_NY_Final_Distributed.pdf



NHTepopenc HDL moayns

Argument

Type Scalar

Array Pointer or Reference HLS::
Stream

Interface Mode Input Return I 1[0 0]

ap_ctrl_none

I /0 0 ITand O

ap_ctrl_hs

ap_ctrl_chain

axis

s_axilite

m_axi

ap_none

D
ap_stable

ap ack

ap vid

ap_ovld

ap_hs

ap_memory

D D
bram

ap_fifo

ap_bus

I:I Supported D = Default Interface I:’ Not Supported
FPGA-SYSTEMS.RU
coobuwectso FPGA paspaGoruuios
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OanH Ko, — HECKO/IbKO peannsauuin

io;op: for (i-3:1>-0;l-...) {

OnuH NCxXoaHbIA TEKCT — if (1-0) {

MHOXECTBO BapUaHToB accE-XTClU],
& shift_reg{0]-x;

annapaTHoOW peanusauum else (

shift_regfi}-shift_reg[i-1]);
acc+-sift_regfi]*cfil:

¥

-

OpHu 1 Te e aneMeHTbI UHauBuAayansHbifn anemMeHT OpHOBpEeMEHHOE BbINONHeHue
ANA BCeX uTepauui: ONA KaXaon urepaumu: BCEX UTepaumit:
- Manas nnowagb - bonsLue nnowans - BonbLue nnowaak
- Bonbluas NaTeHTHOCTL - Manas NaTeHTHOCTL - Manasi NaTeHTHOCTb
- mManas nporyckHas - Nyvlwe nponyckHas - HaMny4Lwas nponyckHas
cnocobHocTb cnocobHocTb cnocobHocTL
Mo ymonuyanuio PasBepHyTbIA LUK Koneenep
0
—@D’ [ 41“0]
C
* A
» C M
> A
alC 4
x2
B &3

| o=

FPGA-SYSTEMS.RU https://www kit-e.ru/preview/pre_40
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BanaHc Mexay pecypcamMun u 3aep>KKoi

tirme
T T T
(1) ----
EXENEN igency = 11
2 A .
¥ latency = 5

Resources

Key:

(3) Adder (fabric)
IR ultiplier (fabric)
Adder (DSP48x)

[%X ] Multiplier (DSP48x)

[*]

—F latency = 1

kLl

)5 FPGA-SYSTEMS.RU https://slideplayer.com/slide/11914849/




J1Ba Kno4yeBbIX 3Tana

» Scheduling & Binding
— Scheduling and Binding are at the heart of HLS
» Scheduling determines in which clock cycle an operation will occur
— Takes into account the control, dataflow and user directives
— The allocation of resources can be constrained
» Binding determines which library cell is used for each operation
— Takes into account component delays, user directives

{C’ c++’ svs‘Bmc) -

Scheduling Binding

J

RTL
(Verilog, VHDL, SystemC)

J

1, FPGA-SYSTEMS.RU http://users.ece.utexas.edu/~gerstl/ee382v_f14/soc/vivado_hls/VivadoHLS_Overview.pdf

o FPGA paspa AKOB



Scheduling & Binding

2 3
Clock Cycle |
( . .
Scheduling int foo{char X,
Ph char y;
ase y = x*a+b+c;
- return vy;
}
=+ — .
_ Y
N J/
(.. . N
Initial Binding Mul AR
Phase
AddSub
N J
- . N\
Target Binding
kphase DSP48 AddSub

FPGA-SYSTEMS.RU

coobuectso FPGA pazpaGotumios

X14220-061518

Xilinx UG902 High-Level Synthesis

char a,

char b,

char c)

{



Tpu KNto4eBbIX onpeaesieHns

« Area: Amount of hardware resources required to implement the design based
on the resources available in the FPGA, including look-up tables (LUT),
registers, block RAMs, and DSP48s.

« Latency: Number of clock cycles required for the function to compute all
output values.

« Initiation interval (II): Number of clock cycles before the function can accept
new input data

._" FPGA-SYSTEMS.RU
coobuwectso FPGA paspat

Xilinx UG902 High-Level Synthesis



Initiation Interval & Latency

Function Level Loop level Function Level Loop level
void top (a,b,c,d) { void sub_func(...) { Voli B (B8, €8¢ void sub_func(...) {

. func_A(a,b,i1[N]); func A for (i=1;1>83i--) {
func_A(a,b,i1[N]); for (i=1;i>=@;i--) { func_B(c,i1[N],i2[N]); [T op_Read; TI
func_B(c,i1[N],12[N]); op_Read; [ ®o | func_C(12[N],d) func_C op_Compute;  cup
func_C(i2[N],d) op_Compute; CMP op_lirite; WR

op_krite; WR }
} }
} }
: il il gl iy Sy g Hg H g Ny
oo 8 cycles J cycles
Initiation _ 4 y hitiation 3 €Ycles 1cycle
e giglaNaN ol (O p— e, 0
w | w0
s [ s aw  ov
[rRo cmp [ wrR | RD | cMP [ wR | e WR | WR
Latency E— \ >
Latency 8 cycles B cycles - 5 cycles 4 cycles
(2iterations) (2iterations)

FPGA-SYSTEMS.RU https://www.cnblogs.com/wordchao/p/10916470.html

coobuectso FPGA pazpaGotumios
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[1Ba cnocoba ynpaBfe€HUSA CUHTE30M

Using Tcl Commands or Embedded Pragmas

In the Vivado HLS Directive Editor dialog box, you can specify either of the following Destination

settings:

¢ Directive File: Vivado HLS inserts the directive as a Tcl command into the file directives.tcl in

the solution directory.

¢ Source File: Vivado HLS inserts the directive directly into the C source file as a pragma.

The following table describes the advantages and disadvantages of both approaches.

Table 2: Tcl Commands Versus Pragmas

Directive Format

Advantages

Disadvantages

Directives file (Tcl Command)

Each solution has independent
directives. This approach is ideal for
design exploration.

If any solution is re-synthesized, only
the directives specified in that solution
are applied.

If the C source files are transferred to a
third-party or archived, the
directives.tcl file must be included.

The directives. tel fileis required if
the results are to be re-created.

Source Code (Pragma)

The optimization directives are
embedded into the C source code.

Ideal when the C sources files are
shipped to a third-party as C IP. No
other files are required to recreate the
same results.

Useful approach for directives that are
unlikely to change, such as TRIPCOUNT
and INTERFACE.

If the optimization directives are
embedded in the code, they are
automatically applied to every solution
when re-synthesized.

FPGA-SYSTEMS.RU

coobuectso FPGA pazpaGotumios
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N3 C/C++ B HLS

46 finclude "matrixmul.h"

48 void matrixmul (

: mat_a t a[MAT A ROWS][MAT A COLS],
mat b t b[MAT B ROWS] [MAT B COLS],

51 result t res[MAT A ROWS] [MAT B COLS])

52 {

5 // Iterate over the rows of the A matrix

54 Row: for(int i = 0; 1 < MAT A ROWS; i++) {

55 // Iterate over the columns of the B matrix

56 E Col: for(int j = 0; j < MAT B COLS; J++) {

57 res[11[J]1 = 0;

58 // Do the inner product of a row of A and col of
59 = Product: for(int k = 0; k < MAT B ROWS; k++) {
6 res[i1[J] += alillk]l * blk1[jI;

61 }

82 }

2 + }

65 L}

O6bl4yHbIN C/C++ Kop,
CuHTEe3npyemMblin, HO He ONTUMasbHbIN
no Il n Latency

B

#include "matrixmul.h"

48 Evoid matrizmul(

52 o

0

mat_a t a[MAT A ROWS][MAT A COLSI,
mat_b_t b[MAT_B_ROWS] [MAT_B COLS],
result_t res[MAT A ROWS] [MAT B_COLS])
{
#pragma HLS ARRAY RESHAPE var

] b complete dim=1
le=a complete dim=2

pragma HLS ARRAY RESHAPE varila
gma HLS INTERFACE ap_fi port=a
gma HLS INTERFACE _fifo port=b
#pragma HLS INTERFACE ap fifo port=res

mat a t a row[MAT A ROWS];
mat b t b copy[MAT B ROWS] [MAT B COLS];
int tmp = 0;

// Iterate over the rowa of the A matrix
Row: for(int i = 0; i < MAT A ROWS; i++) {
// Iterate over the columns of the B matrix
Col: for(int j = 0; J < MAT B COLS; J++) {
#pragma HLS PIPELINE rewind
// Do the inner product of a row of A and col of B
tmp=0;
// Cache each row (so
if (= 0)
Cache_Row: for(int k =
a_rowlk]l = alillkl;

it's only read once per function)

; k < MAT R ROWS; k++)

// Cache all cols (so
if (1 == 0)
Cache_Col: for(int k = 0; k < MAT_B_ROWS; k++)
b_copy[k1[j]1 = bIkl1[]l;

they are only read once per function)

Product: for(int k = 0; k < MAT B ROWS; k++) {
tmp += a row[k] * b copyl[kl[jl:
}
res[i]1[]j] = tmp;
}
}
}

nTuMnsmpoBaHHbin C/C++ koa ana FPGA




MeTopnonorma ontumMm3sayum

Simulate Design e Validate The C function

Synthesize Design Baseline design

hYd

L]

Define interfaces (and data packing)

1: Initial Optimizations . .
P Define loop trip counts

\ /
;

2: Pipeline for Performance Pipeline and Dataflow

. J
>
3: Optimize Structures for e Partition memories and ports
L Performance * Remove false dependencies )
>
4: Reduce Latency * Optionally specify latency requirements
> / :
5: Improve Area ¢ Optionally recover resources through sharing
L vy

FPGA-SYSTEMS.RU Xilinx UG1197 UltraFast High-Level Productivity Design Methodology Guide
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Bepundpukaumsa npoekTa

Functional Verification C/RTL Cosimulation
Original Testbench Cosimulation Testbench
(automatcally generated)
( C test inputs j Vivado HLS ( C ftest inputs j
C/HRTL Cosimulation
Process

Golden
Ref.

( check outputs j [ check outputs j

—

FPGA-SYSTEMS.RU NCcToYHUK

coobuectso FPGA pazpaGotumios



CKBO3HOe npoekTupoBaHue B Vivado

4 C based IP Creation N\ User Preferred System Integration Environment )
| &% e 4;| ' I V.
C, C++ or SystemC ] T i € g L
q . - ~ _
¥ £ p -.]‘“"*-"J"
Vivade™ HLS System Generator for DSP
\ 4 e
[ VHDL or Verilog J Vivado IP Integrator
s g [P Catalog e
\ JL Vivado RTL Integration )

http://files.meetup.com/3753142/VHLS_NY_Final_Distributed.pdf



ocumentation Navigator

1 Xilinx Documentation MNavigator 2019.2 - Design Hub View

Catalog View Design Hub View @

O '_J Design Hubs 2020.04.02 (Xilinx Design Tools 2019.2/14.7)

v Design Checklists
My Methodology Checklist

IE——— UltraFast Design Methodology - System-Level Design Flow

V2019.2 - Published 2019-12-02

>

Find Text: | v]em

=

Create Design Checklist... ; :
L Getting Started - Design Flows Ove W

Y
n C-based Design Model-Based Design with
System Design Entry | with MATLAE® and Simulink® Software | [52fovare Development

10 and Clack Planning yigh-Level Synthesis( <, - =

High-Level Synthesis (C based) System Gersraror Model Composer

Designing with [P Configuring l Development
Using IP Integrator Xilinx and 1P Packager - IP Intearator Software and
Applying Design Constraints Third Party IP - Processor 05
Power Estimation & Optimizati.., Configuring EmbE'dEIE'd

Legic Simulation SL,bs{fstﬂms Prg;;sg:;’cr

Logic Synthesis Development -

Implementation l

Dynamic Function eXchange

System Generator for DSP Logic Simulation |
Timing Closure 8 Design Analy...
Programming and Debug l

Installation and Licensing Dynamic Assi . .- .
; gn Logical and Physical Constraints
v Embedded Design Function eXchange

Vitis Embedded Software Devel.., l
Vitis Application Acceleration ..,
Zynq UltraScale+ RFSoC Desig..

Legic Synthesis |

Zyng UltraScale+ MPSoC Desig... l

- Boot and Cenfiguration . Implementation |
- Security

- Debug l

Zyng-7000 SeC Design Overview
- Data Movers
- Power Management l

- Boot ?"d Configuration 4—| Generate Bitstream, Programming, and Debug |¢—
- Security

- Performance and Acceleration
X Export to SDK

pe_taL'"ux Tools Hardware Bring-up and Validation and Debug

MicroBlaze Soft Processor

™ FPGA Design

Timing Closure and Design Analysis |




JlnTepaTtypa

« Xilinx UG902 - High-Level Synthesis
« Xilinx UG871 - High-Level Synthesis: Tutorial - JlabopaTopHble
« Xilinx UG1197 - UltraFast High-Level Productivity Design Methodology Guide

« Parallel Programming for FPGAs — must have! (6ecnnaTtHasa KHura)

« ZyngBook — 6ecnnaTHasi KHUra

« Kypcbl no Vivado HLS - plis2.ru — ABTOpn30BaHHbIN TPeHUHT LeHTp Xilinx

« CtaTtbu Adam Taylor Ha hackster.io

e |
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../../kastner.ucsd.edu/hlsbook/default.htm
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../../www.zynqbook.com/default.htm
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../../https@plis2.ru/training/high-level-synthesis-with-vivado-hls.html
../../www.plis2.ru/default.htm
../../www.hackster.io/default.htm

[lpncoepgmHANnCA

Youtube: www.youtube.com/c/fpgasystems

ﬂl% Cant: www.fpga-systems.ru

0 Telegram: @fpgasystems

B E-mail: fpga-systems@yandex.ru

km OucTtpubbrotop Xilinx: www.inline-ctc.ru

w Twitch: www.twitch.tv/fpgasystems

o Facebook: www.facebook.com/groups/fpgasystems.ru/

E—=T"T= TpenuHr uenTp Xilinx: www.plis2.ru

L

O Twitter: @fpgasystems

Q VK: vk.com/club185679360
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