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ANl

AES encryption

Hand-coded RTL, Stratus-coded SystemC, and MATLAB code
GlobalFoundries 12nm at 500MHz

Hand-coded RTL area = 20,694

Pipeline
Throughput Hand-Coded SystemC MATLAB-generated SystemC

Area Power Area
2 11,063 /7.1 13,194 10.1
4 6,572 4.6 9,877 7.5
6 4,427 2.9 8,139 9.9

11 2,355 1.3 6,339 4.5

Cadence and MathWorks Announce Flow from MATLAB to RTL
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¥ Returns an adaptive FIR filter System object,

¥ HLMS, that computes the filtered output, filter error and the filter
% weights for a given input and desired signal using the Least Mean

¥ squares (LMS) algorithm.

¥ Copyright 2011-2822 The MathWorks, Inc.
clear( 'mlhdlc_lms_fecn'};

hfilt2 = dsp.FIRFilter({...

‘Numerator', firl(le, [.5, .751));
rag( default'); ¥ always default to known state
x = randn{l8@@,1}; % Noise
d = step(hfilt2, x) + sin(9:.85:49.95)"; % Noise + Signal
stepSize = @.81;
reset_weights =false;

hsrc = dsp.SignalSource(x);
hDesiredSrc = dsp.SignalSource(d);

hout = dsp.SignalSink;

hErr = dsp.Signalsink;

A A R A AR A M AR R
%Call to the design

A A R A AR A M AR R
whi r g fharct

##codegen
function [filtered signal, y, fc] = mlhdle_lms_fen(input,
desired, step_size, reset_weights)
‘input' : The signal from Exterior Mic which records the ambient noise.
‘desired’: The signal from Pilot's Mic which includes
original music signal and the noise signal
‘err_sig': The difference between the 'desired' and the filtered 'inpv

It represents the estimated music signal (output of this b’

%
*
%
%
*
%
% The wMs filter is trying to retrieve the original music signal(’s
% from Pilot's Mic by filtering the Exterior Mic's signal and usi
% cancel the noise in Pilot's Mic. The coefficients/weights of

%

are updated(adapted) in real-time based on 'input® and ‘ern

% register filter coefficients

persistent filter_coeff;

if isempty(filter_coeff)
filter_coeff = zeros(1l, 48);

end

% Variable Filter: Call ‘mtapped_delay_fcn' fup e

_ lay
Idelayed_signal = mtapped_delay_Tcn(input); I

[y, ] = mlhdlc_Ims_fecn(step(hSrc), step(hDesiredsrc),

stepSize, reset_weights);

step(hOut, y);
step(hErr, e);
end

figure('Name', [mfilenams, '_signal_plot']);
subplot(2,1,1), plot(hOut.Buffer), title('Moise + Signal’);
subplot(2,1,2),plot(hErr.Buffer), title('Signal’);

% Apply filter coefficients
weight_applied = delayed_signal .* filter_coeff;

% Call treesum function on matlab path to sum up the results
filtered_signal = mtreesum_fon{weight_applied);

% Output estimated Original Signal
td = desired;

tf = filtered_signal;

esig = td - tf;

y = esig;

% Update Weights: Call 'update_weight_fcn' function on MATLAB path to

Fcalenlete the oo adchis

MATLAB BXPO

function tap_delay = mtapped_delay_fon({input)

% The Tapped Delay function delays its input by the specified number
% of sample periods, and outputs all the delayed versions in a vector
% form. The output includes current input

% NOTE: To instruct MATLAB Coder to compile an external function,
% add the following compilation directive or pragma to the function code
K#codegen

persistent u_d;
if isempty(u_d)

u_d = zeros(1,42);
end

u_d = [u_d(2:48), input];

tap_delay = u_d;

updated_weight = update_weight_fen(step_size, esig, delayed_signal, ...
filter_coeff, reset_weights);

MATLAB Testbench

% update filter coefficients register
filter_coeff = updated_weight;
fc = filter_coeff;

MATLAB Design

function weights = update_weight_fon(step_size, err_sig,
delayed_signal, filter coeff, reset_weights)
% This function updates the adaptive filter weights based on LMS algorithm

% Copyright 2887-2022 The MathWorks, Inc.

% NOTE: To instruct MATLAB Coder to compile an external function,

% add the following compilation directive or pragma to the function code
¥#codegen

step_sig = step_size .*
correction_factor = delayed_signal .® step_sig;

err_sig;
updated_weight = correction_factor + filter_coeff;

if reset_weights

weights = zeros(1,4@);
else

weights = updated_weight;
end

MATLAB functions
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. H- B 23O Generate C++ with Timing (Leverage FXPD, HDLC, MLC)
SySte m C 1{ EE_’I a1 }ﬂZblLﬁ‘E Connectivity with Cadence ASIC toolchain (Xcelium, Genus, Joules)

4\ Workflow Advisor - heq.prj — O X
=06 QH D[)L;:::]:rl;f]l;l\:\il;:;/i::r by © Propose fracion engths @ & > @
. Q Analyze - il feg - M Propose word lengths Advanced  Validate Test Help
N efault word length: .
@ select Code Generation Target ~ Dt e g v Types  Numerics ¥
@ systemC Code Generation DATA COLLECTION NAVIGATION TYPE PROPOSAL VERIFICATION HELP
SEHDL Varifcation 1 3393393%2%%%%335550022%%%3330000225%%%333099502%%%33390559222%%333995%%23%%% =
~{_I Verify with HDL Test Bench
2 % heqg.m
3 % Histogram Equalization Algorithm ### Begln SystemC Code Generation
A FERELLELLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLEY it Working on mlhdlc_heq_fixptClass.hpp as mlhdlc_heq fixptClass.hpp.
9| tumetiem [ ewt, y_ewt, pixel out] = coc ### working on ml.tcl as ml.tcl.
e mihdle_heq(x_in, y_in, pixel_in, width, hd s Generating HDL Conformance Report mlhdlc_heq_fixpt_hdl_conformance_report.html.
7 : :
, ### HDL Conformance check complete with O errors, O warnings, and O messages.
8 % Copyright 2011-2015 The MathWorks, Inc. .
0 ### Code generation successful: View report #prAgEE Once
o . - ### Elapsed Time: ! 24.9706' sec(s) e i
persistent histogram #include "rtwtypes._hpp
11 persistent transferFunc
12 persistent histInd class mlhdlc_heq fixptClass
’ 13 persistent cumSum public:
Y 14 " sC_uint<1l= mlhdlc_heq fixzpt_histogram[16334];
TR = sc_uint<17> mlhdlc_heq fixpt_transferFunc[16384];
Variables | Function Replacements | Output ‘ s5C_uint<15= mlhdlc_he q_f ixpt_histInd;
Variable Type Sim Min Sim Max Whole Nu... Proposed Type Log D... Max Diff s5C_uint<17= mlhd lC_th__FiIF-E _CUmSLMm;
B Input o ~ wold mlhdlc_heq_fixpt_initialize_ram_wvars( )
x_in double 0 343 Yes numerictype(0, 9, 0) v {
y_in double 0 303 Yes numerictype(0, 9, 0) v int 32_T £_&8;
pixel_in double 0 255 Yes uint8 v int32_T t_1;
width double 324 324 Yes numerictype(0, 9, 0) v Li:
height double 256 256 Yes numerictype(0, 9, 0) o for (@ =8; t @ < 16384; t 8 =t 8 + 1) {
2 Output v mlhdlc_heq fixpt_histogram[t_8] = @;
x_out double 0 343 Yes numerictype(0, 9, 0) v :"
y_out double 0 303 Yes numerictype(0, 9, 0) v
pixel_out double 0 82944 Yes numerictype(0, 17, 0) v L2:
O Persistent for [t 1 =8; t_1 < 16384; £ 1 =t 1+ 1) |
histogram 1x 16384 double 0 1326 Yes numerictype(0, 11, 0) ITI1?"{:'1':--'-“:-":'—r:I-:':l:'t—:r-'a-nlgFE"F":IJI-“: [t--j'] = 8;
transferFunc 1x 16384 double 0 82944 Yes numerictype(0, 17, 0) ¥
histind double 0 16384 Yes numerictype(0, 15, 0) }
cumSum double 0 82944 Yes numerictype(0, 17, 0) i . i
S Local vold mlhdlc_heq_fixpt_initializef)
histValRead double 0 1326 Yes numerictype(0, 11, 0) v {

mlhdlc_heq_fixpt_histInd = &;
mlhdlc_heq fixpt_cumSum = a;

1

10
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MATLAB HDL Workflow Advisor

4\

ERENHDL Workflow A

Workflow Advisor - Untitled1.prj

| Define Input Types
-2 Fixed-Point Conversion

your selections.

HDL Advisor helps you generate synthesizable HDL code from your fixed-point MATLAB
design. It also helps you convert your floating-point MATLAB design to fixed-point based on

[ P (= W ¢

9 Select Code Generation Target

- SystemC Code Generation Code Generation Worlflow: |MATLAB to SystemC

-

| HDL Werification
------ [ werify with HDL Test Bench

Fixed-point conversion:

|Conver‘t to fixed-point at build time v|

= Synthesis and Analysis |Pr0ject e

-~

Build folder:

Workflow Advisor - Untitled1.prj

4

HOL Workflow Advisor Set the target device and synthesis tool

@ Define Input Types

@ Fixed-Point Corversion |High Leve| Synthesis

‘Workflow:

lv]sclect Code Generation Target |

Synthesis tool: |Cadence Stratus

] SystemC Code Generation
HOL Werification

.~ verify with HDL Test Bench
=1 synthesis and Analysis

“[ Run Synthesis

Rl

=[] HOL Workflow Advisor
@ Define Input Types
@ Fixed-Point Conversion
'Q Select Code Generation Target
0 SystemC Code Generation
__| HDL Werification
. “[] Verify with HDL Test Bench
= Synthesis and Analysis

[ Run Synthesis

Workflow Advisor - Untitledl.prj [ AR

Generate SystemC code from the fixed-point MATLAB code.

Target \ Coding Style \ Optimizations '\ Code \

rOutput Settings -
[] check HDL conformance

### Begln SystemC Code Generation
### viorking on mlhdlc _sfir fixptClass.hpp as mlhdlc sfir fixptcClass._ hpp.

### viorking on ml.tcl as ml.tcl.
### Generating HOL Conformance Report mlhdle sfir fixpt hdl _conformance report.html

### HOL Conformance check complete with © errors, © warnings, and O messages.
Code generation successful.

### Elapsed Time: ! 14.2050' sec(s)

]

11
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11 k#tcodegen
1EE function [filtered signal, y, fc] = mlhdlc_lms_fcn{input,

MATLAB HLS {245

.4
X
*
/\ N7 5" N=— Il N 17 ¥ 'err_sig": The difference between the "desired’' and the filtered "input’
i?%ZOO% I I/i\l ﬁ&ﬂ:\n I _E_{'T 18 : It represents the estimated music signal (output of this block)
X
%
.4
%

desired, step_size, reset_weights)
"input' : The signal from Exterior Mic which records the ambient noise.

. T "

‘desired”: The signal from Pilot's Mic which includes

@?E-DSP HDL TOOIbOXﬂEuVISIOn HDL 3; % The LMs filter is trying to retrieve the original music signal(’err_sig")
ToolboxH BY &K £ !

% from Pilot's Mic by filtering the Exterior Mic's signal and using it to
¥ cancel the noise in Pilot's Mic. The coefficients/weights of the filter
% are updated{adapted) in real-time based on ‘input’' and ‘err_sig’.

24
sz\: S a1 25 % register filter coefficients
~ D ” . pp
| /}ILI *E 26 persistent filter_coeff;
- 27 if 15empt_,."-11tE| coeff)

FReI1/0O — A Z 3SR FE/LEHA | e et e, o

I 1 N IR W S U L VT Wy Sy S gy

3a
- _I‘R-—-E/ El‘ié T F/ ;:FU 310 if\-‘al‘iasle Filter: Call 'tapped_delay_fcn' function on path to create
IL’\XE = I~ = 32 X 4@-step tapped delay
33 delayed signal = mtapped delay fon{input);
yed_s1g pped_ y_Ten{input)
| = 34
 BATBRTRERE (BHEBHRAM) | oo
36 u.clght_applled = delayed_signal .* filter_coeff;
\::L—'):l—l 37
1* A — 38 % Call treesum function on matlab path to sum up the results
Q 39 filtered_signal = mtreesum_focn{weight_applied);
hY V4
A AT E
¢§R§&’ H RAM 41 % Output estimated Original Signal
2 td = desired;
A A = ¥
- Fcoder.load \MATXXHHINEIE = | e
® 44 esig = td - tf;
45 y = esig;

AY \Il
% r Y \il \& 46
u 7,
#‘ E. u y 47 [C] % Update Weights: Call 'update_weight_fcn' function on MATLAE path to

48 || % calculate the new weights

—_ Coder\ . hdl . loopspec ?}E}Z;EJ:F 49 updated_weight = update_weight_fcon(step_size, esig, delayed_signal,

filter_coeff, reset_weights);

e e e b omn o by

58
o \ - 51 ;:
— COder‘ . hdl . Const Palnlatency iE_ \*;E, 52 % update filter coefficients register 4
53 filter coeff = updated weight; 1
54 = fc = filter_coeff; j
Ayttt B e B e o el e e . e, ottt A S pin, b e e i i el B Bt W e e e, [ din.

12
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3e
31
32
33
34
35
36
37
38
3g
40
41
42
43
44
45
46
47
48
49

class mlhdlec_lms_fecn_fixptClass
{
public:
sc_fixed<14,1> mlhdlc_lms_fon_fixpt_filter_coeff[42];
sc_Tixed<14,3> mlhdlc_lms_fon_fixpt _u_d[48];
void mlhdle_lms_feon_fixpt_initialize_ram_wars()
i
intiz T t_@;
int32 T t 1;
L1:
for (t @ =9; t @< 48; te=te+1){
mlhdlc_Ims_focn_fixpt_filter_coeff[t_8] = sc_fixed<14,1:(@.8);

e i 7Y LSt P ¥ W

¥

L2:
for (t1=0; t1<48; t1=1t14+1){
mlhdlc_Ims_fecn_fixpt_u d[t_1] = sc_fixed<14,3:(0.8);
¥
¥

void mlhdlc_lms_fon_fixpt(sc_fixed<14,3> input, sc_fixed<14,3> desired,
sc_ufixed<14,-6> step_size, boolean_T reset_weights, sc_fixed<14,3:
&filtered_signal, sc_fixed<14,2» &y, sc_fixed<14,1> (&fc)[48])

sc_Tixed<14,3> delayed signal[4@];
sc_fixed<14,2> weight_applied[4@];
sc_Tixed<14,2> esig;

sc_Tixed<14,-4> step_sig;
sc_Tixed<14,-2> correction_factor[48];
sc_Tixed<14,1> uvpdated weight[4@];
sc_fixed<14,2> vi[20];

int32_T i;

sc_uint<sr k;

PTG R WG WU ¥ [ SRS S Y T NI A W

sc_Tixed<14,2> vi_@8[18];
int32_ T i_1;
w*@ma k a; R L T

MATLAB BXPPO

E K EY SystemC XS ER

### Begin SystemC Code Generation

### working on mlhdle_lms_fen_fixptClass.hpp as mlhdlc_lms_fen_fixptClass.hpp.

### vorking on ml.tcl as ml.tcl.

### Generating HDL Conformance Report mlhdlec_lms_fen_fixpt hdl_conformance_report.html.
### HDL Conformance check complete with O errors, O warnings, and O messages.

### Code generation successful: View report

### Elapsed Time: '

25.0014' sec(s)

ml.tcl

zet
set
set
set
set
zet
set
zet
set
zet
set
set
zet
set
zet
set

BDW_IMPORT_ML_DUT_CLASS mlhdlc_lms_fon_fixptcClass

BDW_IMPORT_ML_DUT_FUNC mlhdlc_lms_fon_fixpt

BOW_IMPORT_ML_DUT_IWIT_FUNC {}

BDW_IMPORT_ML_DUT_FUNC_INPUT_ARGS { input desired step_size reset_weights }
BOW_IMPORT_ML_DUT_FUNMC_OUTPUT_ARGS { Tiltered_signal v fc 3
BOW_IMPORT ML _DUT_ARRAYS TO SPMEMS {}

BDW_IMPORT_ML_DUT_ARRAYS_TO _DPMEMS { mlhdlc_lms_fon_fixpt_filter_coeff mlhdlc_lms_fon_fixpt_w_d }
BOW_IMPORT_ML_DUT_MEM_INIT_FUNCS { mlhdlc_Ims_fon_fixpt_initialize_ram_vars }
BOW_IMPORT_ML_DUT_FUNC_STABLE_ARGS {

BOW_IMPORT_ML_CLOCK_FREQ {8}

BOW_IMPORT_ML_DUT_FUMC_INTERFACE { }
BOW_IMPORT_ML_DUT_FUMC_INTERFACE_IMAGE_SIZE {}

BOW_IMPORT ML _DUT FUMC_INTERFACE WORKIMG SET _SIZE {}
BOW_IMPORT_ML_DUT_FUMC_INTERFACE_CORIGIHM {}
BOW_IMPORT_ML_DUT_FUNC_INTERFACE_BOUMDARY _FILL_CONDITION {}
BOW_IMPORT_ML_DUT_FUMC_INTERFACE_COWSTAWT_FILL {}

13



4\ MATLAB R2024a

G aa

APPS

EDITOR PUBLISH Try the New Desktop

X

Search Documentation

B & oo

¥ ~ @ @ @ B @ 8 & g @
Design Get More Install Package Curve Fitter Optimization PID Tuner System Wireless Signal Analyzer Instrument Application HDL Coder MATLAB Coder Fixed-Point Avnet RFSoC
App Apps App App Identification Waveform Ge... Control Compiler Converter Explorer
FILE APPS a
S Hal A b C: ¥ Users » hengzhao » Documents » MATLAB » Examples ®» R2024a » hdlcoder » SystemCCodeGenerationForLMSFilterExample » v R
Current Folder ® ﬂ Editor - C\Users\hengzhao\Documents\MATLAB\Examples\R2024a\hdlcoder\SystemCCodeGenerationForLMSFilterExample\SystemCCodeGenerationForLMSFilterExample.m ® x Workspace ®
Name « ~ SystemCCodeGenerationForLMSFilterExample.m ‘|T‘| Name = Value
=/ Folder 1 %%#.igh-Level Synthesis Code Generation for LMS Filter A-o
B " codegen 2 = % This example shows how to generate High-Level Synthesis (HLS) code from a MATLAB(R) design that
=l Function 3 % implements an LMS filter. The example also illustrates how to design a
-JScr:ﬂ mihdic_Ims_fcn.m 4 - % test bench that cancels out the noise signal by using this filter.
5| Seript 5
:ﬂmIhdtc_lms_nowe_can_celer_tb.m_ 6 % Copyright 2022 The MathWorks, Inc.
SystemCCodeGenerationForLMSFilte..... .. .. 7
1 PNG File 4 : :
E mlhdlc_Ims_noise_canceler_project.p..... .. ... 8 %% LMS Filter MATLAB Design
&I HDL Coder Project 9 = % The MATLAB design used in the example is an implementation of an LMS (Least
[ mihdic_Ims_ncprj 10 % Mean Squares) filter. The LMS filter is a class of adaptive filter that
11 % identifies an FIR filter signal that is embedded in the noise. The LMS
12 % filter design implementation in MATLAB consists of a top-level function
13 % |mlhdlc_lms_fcn| that calculates the optimal filter coefficients to
14 ~ % reduce the difference between the output signal and the desired signal.
15 design_name = 'mlhdlc_lms_fcn';
16 testbench_name = 'mlhdlc_lms _noise_canceler_tb';
17
18 %%
19 % Review the MATLAB design:
20 open(design_name);
21 %%
22 L] % <include>mlhdlc_lms_fcn.m</include>
23 %
24 % The MATLAB function is modular and uses functions:
25 %
26 % * |mtapped_delay fcn| to calculate delayed versions of the input signal 7

1

Command Window

Details

Select a file to view details

f =

MATLAB BXPO

14



MATLAB BXPO

SystemC X34 gk 7= 451
MATLAB HLS X5 X\1%; 15 S LB AN E{G A TE M B 7=~ 1

A

Get Started with MATLAB to
High-Level Synthesis

Warkflow ligina the

CR3e

Auto A

Keep angns byes -

arvert to hsed-po nt st curd tame

Rl

Working with Fixed-Point
_Code

antimaied T X

IR EEFRAL
Map Persistent Variables to
Equalzaton ©

Use the RAM mapping optimization
in HDL Coder to map persistent
matrix variables to block RAMs in
hardware.

Get Started with MATLAB to
High-Level Synthesis
Warkflow Lisina HDI Cader

Verify Generated HLS Code
Using MATLAB Desktop Host

|
Bt g e e e e
L‘ _"Ln_g..
ErET "
o o et - - I — — . SystemC Code Generation

for Contrast Adjustment

Fixed-Point Type Conversion
and Derived Ranges

Generate HDL-Compatible
Lookup Table Function
Replacements Using...

Fixed-Point Type Conversion
and Refinement

Working with Generated
Fixed-Point Files

Floating-Point to Fixed-Point
Conversion

LTHPORT_HIL_DUIT_CLASS Rls_zobel fixptClass
_IMPORT_HIL_DUT_FUHC hls_sobel fixpt
THPORT ML_DUT TNIT_FUNC {} chieve

IHFORT_HIL_DUT_FUNC_INPUT_ARES { ws }
CIMPORT_ML_DUT_FUNC_OUTPUT_ARCS { ¥ |
CIMPORT_HL_DUT_ARRAYS_TO_SPHENS {}
_TMPORT_HL_DUT_ARRAYS_TO_DPHEMS { }

CIMPORT_PL_DUT_MEM_INIT_FUNCS [) I

TTHPORT ML _DIT_FLNESTARLE_ARES { point code using the HOL
CINPORT_ML_CLOCE_FREQ {8)

TMPORT_ML_DUT_FUNC_INTERFACE { ws }

_THPORT_ML_MWIT_FUNC_TNTERFACE_TMAGE_STZE {488 752}
_IMPORT_ML_DUT_FUNC_INTERFACE_WORKING_SET_SIZE {3 3}

IMPORT_ML_DUT_FUNC_INTERFACE ORIGIN {1 1}
CIMPORT_ML_DUT_FUNC_INTERFACE_BOUNDARY_FTLL_CONDITION {C
IMPORI_FL_DUT_FUNC_INTERFACE_CONS TANT_FLLL (8]

Create a Line Buffer
Interface for SystemC Code
Generation

Generate HLS code from MATLAB
code for Sobel filter.
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HRIEN]

EFK RS ~

MATLAB BXPPO

ToteR R

ERILERTH PSRRI TR, TR LM
2 (OTA) MIN/BHXE AR TIEE, B2 FPGA 5 SoC
R FaRBE IR D TRERE.

Wireless HDL Toolbox R 4IAEAITENRLT P 18R
MFERS, BEERELE. P @SETRE, ERNEE
MATLAB SREEAIRTHE LS/ Simulink PEITERS
SCHUER, PR IP R EmEN, R, EILUER
Fixed-Point Designer™ EIREFINAIBRESUEERIELL,
SAEEEF HDL Coder #7802,

MATLAB and Simulink

Test and
Verification

Baseband

Embedded HDL
Coder Coder

A S

AR O F 12 ¢

IZELIRRET FPGA (BB LFMEfTRRHI S AA01ERE, [
HAEFEAET FPGA BUE(H TR SRR TR,
HDL Coder [ iZ3rid ¥R = AR EEOE e A iFE
(9:19) HDL 1X834ERE, 1HEBEEM Simulink EE/E)ARE
.

MEBETEAFUMT TR AT RLRT SoC #FZ, &AL
ERPESERIBLITS M, ZREHREIRETA.
ERILISE RS EM, Speedgoat B (7:53)8E098
TEMHR.

BB DB FEHELTES FPGA T84, JHEF FPGA NIERS (fili Speedgoat I/0 &
B) RIEHER IR SRR T,

SFNESR RN

FGET FPGA FIFAIERE MATLAB 0 Simulink 5, e
LIAFEE BafThEiEEaER HDL 70 C RS, LUHTH
WEARELSTT, FERE, ERLMERSE IR R
R STIERY, LASEIET ., FINEER. BTE
SEIETE. SNBRTERIELRISEIES.

IS ASERIER B R RS AIEIR FPGA 1FEEM. 3%
&, NREREHERAT USRS, BthaLiEsE
M MATLAB # Simulink ZEJ/&R5Y,

{5/ MATLAB j#1T FPGA, ASIC & SoC #%

A

IRE SRR
HEL4 MATLAB %54, BDEJ7E FPGA #1 SoC 1R Higitia
FEALIMEFEFZIER. S, Ealioth FPGA
ROMERE. TEEERLE. EATESR. EFEE, AT
MATLAB PBHTRIEIL(, B2, ERILAdER ke
EfRE9 HDL IP i%, SSEEREiEIRAHTSEEL.

IP core interface

DL Processor II
HDL

Application
logic

B
BN MATLAB WA YIaiTET FPGA IFRESSEN, RS ERRESSI HDLIP #%,
LATETE FPGA a6 ASIC EIHHTERE.
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A FHE I AMD-Xilinx FE4E 37 $

- BUTZHEESRIER SoC
Blockset Support Package for Xilinx
Devices Y8 :

— Communications Toolbox Support
Package for Xilinx Zyng-Based Radio

— Vision HDL Toolbox Support Package
for Xilinx Zyng-Based Hardware

— SoC Blockset Support Package for
AMD-Xilinx Versal ACAP Devices

- YEBIEH Xilinx SoC Rk {ERBE—

Linux $51&

— R2024azgi: E—EHRFEFEEINMT
[E8Y Linux 183X, ZHEFIMAER
BHEZ#EFE (HSPs)

— R2024azfg: BMRF—1ME—5R%,
TEE#H SD *

R2023b

Comms Toolbox
Zyng-Based Radio

R2024a

Comms Toolbox

SoC Blockset

Xilinx Devices HSP

I IN r I‘
) ' v

Xilinx Devices

Xilinx Versal ACAP

Vision HDL Toolbox
Zynq Based Vision

Absorb into Xilinx Devices HSP:
1) Zyng-Based Radio (from Comms)
2) Zynq Based Vision (from Vision)

3) Versal ACAP HSP (from SoCB) )

Vision HDL Toolbox

2
y

MATLAB BXPPO
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Rambus {H HDL Coder &R 4ZE 4 ASIC HF (5 IBREIR

{£F Simulink #1 HDL Coder, Rambus &

DSP &Y% TR ZEE R RTLKME. FERFLL

1Z RTLXIEASE, NhZERISH %L PPA ik

E’JE%‘J@EMO %Hﬂ_ﬁﬂl?‘iiﬁ, IUEF R i L3S

IS LRI B A s ftt 189 T4

KERRMNTE .

» SITARTEN—FEHEER=1H, HHBIE{FER HDL
KRIBER, AANESIEERAH, ExASWH
REE T 80%BYAE R KR,

= IMEMMER A AZMNBEIERE RTL XEBBHE, 5&
#l RTL A& BB HITHIT,

= FERITHARIER 2B FE MER A [E]SEI] 2 8]
Yl#e, FF Simulink 28 FFERNEKRIEE LS

Rambus Develops DSP Blocks for ASICs Using High-Level Synthesis with HDL Coder

/A HDL REBE K. RTL WIEFEHI1LAY
HFESAIE ASIC TIERIE

“BEIERLT, HEZTFHEAIE—TARTL £
HFZFI, FuE s T A, X T #]
ZEHR A A BET T T 5. RAE T HDL Coder 49
THERFE, AUMBZRIUERTIRE P — L
HDL, XM KA TEHFHIATE, m.HITE
HIA e — T S AT .

- Ehud Nir, Rambus #(% T #2455 4 18
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gImM_MVUK_EXampie_nai_4x4_paruai_systolc_mg

®

O & E 8L ®

[5_]gm_MVDR_exampIe_hdI_4x4_partial_systolic_mq >

" pp.
[800x4)

T

valid

| .| L_EMS (c) [1x4)
cataln sfix in30 {c) T
- dataOut 1
=
1 valfdlr'\ !, 1
u efxf6_Entd () (@) oo
sy’ steeding

nterface ToCosimSrc MVDR HDL ToCosimSink

En15
gﬁ;igln_re_o
erﬂgln_re_'(
& In_re_2 dataOut_re|
'ﬂgln_re_:&
e'.‘a{gln_nm_o
g}gm_um_i
gg In_im 2
datain_MogeIsim

ggﬂln - taOut_im|
L

StggringVector_re_1

B~

sfix32
sfix32

dole ) 00x) ||

double (c) [400x#300x1]

MVDR HDL - Spectrum

[400x1]

MVDR HDL - Constellabion

E R, TestbenchBnER L& IER &1L R

MATLAB BXPO

19



SN SRAY PR S

of ASIC projects
6690 |behind schedule

of FPGA projects
are behind
Schedule

/0%

84%

of ASIC projects

/690 | require re-spins

of FPGA designs

have bugs that
escape into
production

MATLAB BXPPO

of project time is
consumed by
verification for

ASIC projects
(on average)

56%

Ratio of Design
~1:1 | vs Verification
Engineers

- REAWNIEERATEXRMEZAMAAR, Eifix. BRI BT IR/ E)HARZE RIR.
- BRAR—HBREEEFNTREMITIERE.

Source: 2022 Wilson Research Group Functional Verification Study
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HDL Verifier

4 S'EMENS
N Model Sim

1—-—- =~
\cadence

\/nUPS\/S =
vCS B

RN N\

ESTXILINX [N

VIVADO#

HDL Co-simulation

SYSTEM-LEVEL ENVIRONMENT
Simulink model

Data Source mp A|goril|'1rn — Anﬂ|y5is

HDL
Verifier
oo™ UVM

SystemVerilog
= ¥ _{STEMVERILOG UVM ENVIRONMENT

DPI-C

Scoreboard
Sequences |

Design Under Test

Sequencer wmmp  Driver —_— (DUT) =——  Monitor

UVM Testbench / SystemVerilog DPI-C

Test Components Generation

AMD{1
XILINX

mtel

MICRUEHIP

MATLAB BXPO

FPGA Debugging (Data Capture and AXI
Manager)

System-C TLM 2.0 Components
Generation
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ASIC Testbench for HDL Verifier

HDL
Verifier

4
e

Algorithm Verification

i HDL Cosimulation
A
FPGA-in-the-Loop

FPGA Debug

B AXI Manager

& Data Capture

SystemVerﬂog

\||’ UVM

E:Y":-TLMC

23b: ASIC Testbench for HDL Verifier

MATLAB BXPPO
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Vivado BX&1HE
5 Vivado Simulator Bx &1 E

- - =
File Edit View Insert Tools Desktop Window Help L] ragsaa [
= 5 — Jms g lsctsfents et
Qede|@ 08[LE oo =
068 Output Signal with Noise Filtered Out
o
0.025 | -
]
o e S
[
0.02 g IS u
ToCosimsic ConslatorPaakbetactar ToCosmSink
0.015
co magaquare F il
il
|
0.01
Vivado )
TR L
0.005 Sirmu ator
| J )
SELIY NIV | - el
0 500 1000 1500 2000 2500 3000 3500 4000
HOL Design DLL
I FromCosimSre | oM oaKkDatR_ Compars
1 Vivado 2022.1
File Edit Tools Reports Window Llayout View Run  Help
= o X 10 us v
SIMULATION - Simulation Result - hdlverifier_cosim_waves.wdb
Scope Obj Untitled 1*
a = 2 o Q &
Name Design L ™ Name
13 CorrelatorPeakDete Correlat W oclk
B u_MatchedFilter Matchec W reset
W u FilterBank  Filter W clk_enable
1 u_PeakDetector  PeakDet # dataln[15:0]
4 u VectorPeakP VectorPe W validin > M dataln[15:
H ceout i validin
W magsquare[15:0]
> W quare[15:
W detected
4 validout Wl detected
# MatchedFilter_out1 #l validOut
o .
18 MatchedFilter_out2 ) W Matched...1[15
¥ PeakDetector_out1]
@ Matche..r_out2
18 PeakDetector_out2
1 PeakDetector_out3 > M Pea [150]

4 compare: magsquare

swasllwoue File Tools View Simulation Help
I

2-a-E-Fd-

cosim

£ Simulink {280

ComponentName xfft_0

1P Symbol

Show disabled ports

|4 s_A03_DATA
{4 S_AXIS_CONFIG
— aclk

M_AGS_DA
event_frame _st
event_tlast_unexp
event tlast_mi
event_status_channe
event_data_in_channe

event_data_out_channe

Data_Re

Data_Im

Valid_In

Ready_In

Source

s_axis_data_tdata_re = m_axis_data_tdata_re

s_axis_data_tdata_im m_axis_data_tdata_im

s_axis_data_tvalid

m_axis_data_tvalid

s_axis_data_tready m_axis_data_tready

W{E Vivado IP #%17E

Sink

Data_Re

Data_Im

o

Xilinx FFT IP Core

Double-click to
regenerate HDL design DLL

Generate DLL
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Y58 =1E USB 3.0 flsiE 2.0 1
BNiEEN R

Thmoughput (Mois)

MATLAB 1&

1500

GO0

14 1

USB 3%

USB LUK DHCP W& B shfit &
TENMREIRA
EREEHREE RS

Write Memory: System RAM

I 56 a5 Emarmat (LPM dabied)
PS Etharnat (330)

13X

128M

Read Memory: System RAM .Q.X..

[

\

]

Tl

2CU102 jumper settings for Peripheral mode

o J7-OFF
* J10113-1-2

* N-12

o 1109- No jumper

MATLAB BXPPO

500 T

SB as Ethemet (LPM diabled)
I 5 Ethernet (28]

450 F

400 -

Thmughput fdb's)
5]
=

200+
50+
o0 -
ol 0.6X.
7s5F
a5 b
|

i

7X

Zm 128m

Data Size (Bytes)

For large data up to 13x Faster performance

4 Hardware Setup

Select Board and Interface

Board:

Interface:

[Xilinx Zynq UltraScale+ MPSoC ZCU102 Ev... ¥ |

| USB Ethemet

v)

About Your Selection

Select a board and interface type to
display which interfaces the selected
board supports.

Additional Information

Use the Hardware Setup app to
configure a target hardware board for
use with FPGA-in-the-loop (FIL), FPGA
data capture, and AXI manager over the
JTAG, Ethernet, PCI Express, and USB
Ethernet interfaces. For the full list of
supported boards and interfaces, see
Supported FPGA Devices for FPGA
Verification.

| Cancel \ | Next> |
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MATLAB ZE3% FPGA/SoC 13is

[Pa|zynoRadicHWSWOFDMADI361ADI3645 Verify » [Pa| OFDM HDL b [Pa| OFDMTx Channel OFDMRx » [Pa|OFDM Rx b @whd\OFDMRX Model (whd|OF DMRxVerify) ¥

Perform frequency and time synchronization and Recover header information and data bits using
OFDM demodulation to get subcarriers header information
—_ 2 e ds N— ) — 2 —
e fix16_Ent4 c) I
[} I I I I \ R sfix16_Enté () _l shx16_Ent () | i
_— la dataBitsValid f——————————

ufx2
boolean modTyse|
Discrete FIR Filler

MATLAB % Simulink il FPGA e =

headecErr]
) <ix16_End i) headerCRCEmor
headeratain boolean

LY o Fiter
kvd | == -
_— headerConsislationData
e CorecbonTyper i Enti bosiaan
n n regf [freq] T —. Wim\n dataConstelationVabd |
datsConsalaionans
~ - . N — p— N eroyomee sypeb
= £ MATLAB = Simulink 15k = e L E—T
1.3. Set Target Interface
~ [ HDL Workfiow Advisor "
\ D D R v W 1. 5et Target Processor/FPGA synchrenization: | Free running ~
@ 1.1, 5et Target Device and Synthesis Tool Y e
@ ~12.5et Target Reference Design
Y - - A / —
= 1+ MATLAB ¢ Simulink #
-

T

boolean

ix16_Ent4 (c)

boolean

(& HDL Workflow Adviser - zyngRadieHWSWOFDMADS361ADS3645Verify/OFDM HDL - [m] x

Tt

efault AXI4 sl

[F 413 Got Tarnet Intarfars
4\ FPGA Data Capture X et platform interface table

»

Zl~

get Platform Interfaces

tErrors Outport  uint32 A14-Lite ~

[\
AN |

Read more about the data capture workflow :RE(Ei i ——— ALt Lt
. “2 3 \derConstellation Testpoint sfix16_En14 | FPGA Data Capture + Data
I I_I | : _IJ:- \ output \gerConstellationvalia  Test point  boolean FPGA Data Capture + Triooer and Data
n } 1 I # 7 ﬁ A Y Output variable name: avala Test point  boolean FPGA Data Cacture | Triooer and Data
l/ aConstellation Testpoint sfix16_En14 | FPGA Data Capture +[Data
dataCaptureOut Display data with Logic Analyzer 1derCRCEror Test point  boolean FPGA Data Capture | Triooer and Data
relationData Testpoint ufix30_En24 | FPGA Data Capture v Data
Trigger  Capture Condition  Data Types esholcData Testpoint ufix30_En24 | FPGA Data Capture +[Data
relationvalid Test point  boolean FPGA Data Canture + [ Trioger and Data
Sample depth: 32768 ingOffset Test point  ufix13 FPGA Data Capture | Trioger and Data
|Numbe, of capture windows: |2 | Number of trigger stages: [1 v seaksearchDone Test point  boolean FPGA Data Capture v Data
) ( R IrchHeld Test point  boolean FPGA Data Cacture | Tricoer and Data
MAT LA B F PGA / Soc B OA R D |T"99er position: 16383 v I IncedFrames Test point  uint32 FPGA Data Canture [Data
F
Trigger Stage 1 | S v
DC]"G CO pr re App signal Operator Value Change operator Help Apply
Data , F
_» tp_headerCRCError_1 == v High | v

Capture
||OP Generated or

handwritten
H DL Status: Successfully c:
— 4—— <

tp_headerConstell:

Command Window AXI

>> writememory (h, 0,100) Master I I
>> readmemory (h, 0,1) IP Memory controller
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Meteorcomm £ Z N EAE A EIRERFT

I HDL Verifier BIBE& 1A EINEE,
Meteorcomm % MATLAB ££41&&F1 HDL
HELSER#ITEEERELE, WIET  HEF
T Sasi%it, T8 VN IEUERTE),

KR RMILE -

= BiEE HDL BFE{fFEHEA Simulink JiXF &,
TETHEHELD THEIR, TEFE
SystemVerilog BRI I&E HDL SC3Y.

» AEAEHESY HDL TS E&EEZRE R
1ZEELER .

= 7£ Simulink PERIZETHN, EFMELRR
=85 RTLEKGHEERERZENESE, &
= TERIEE.

Meteorcomm Uses Simulink Testbench for Cycle-by-Cycle RTL Verification Using Multiple Cosimulation Blocks

MATLAB B>PPO
RTL X & HAISIE

B RHREEITERY, —&EFPGALFEIFEAE—1
NETRITERE T =20 it Efh. 7/ T =/KEEHFE T
B -FE. SEFTFLATEMNERLE T =/, it
ERGIRIBTEET E RTL FI1EK, BEITE-FEES
AT TRAFHTIZE .

- Frank Xiao, Meteorcomm
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Meteorcomm Uses Simulink Testbench for Cycle-by-Cycle RTL Verification Using Multiple Cosimulation Blocks
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PeakSqRef

LocationRef

FilterOutRef

PeakSglmpl

Locationimpl

FilterQutimpl

CheckDetection

FIRETSAR TR

P peassgRa

I — T T

ey [T

fouble | #] Locaticaitagiin

Rt utlmp

_Jr|_|'r| Frameium

Ly

?
ErvuePercentage |- DWP
i EmorParcentags s

’

@ Block Parameters: Check Static Upper Bound A X
pssaenin 44 Checks_SMax (mask) (link)

CheckPulseDet:

Assert that the input signal is less than (or optionally equal to) a static

upper bound.

Parameters

Upper bound:

CheckPulseDett | : Erro rThreIShOId

v¥! Inclusive boundary

== pErrorThreshold
pErrorThreshold =
Parameter with properties:

| value: 5 |
CoderInfo: [1x1 Simulink.CoderInfo]
Description: "'
DataType: 'auto'
Min: []
Max: []
Unit: "
Complexity: 'real'

E Y SV DPI 4AHFE S UVM A IR R

MATLAB BXPPO
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- AN B SystemVerilog 2B 4

¥ MATLAB =% Simulink & &g
EE5H K SystemVerilog A

= 4 C KEEHIBEE DPI-C #3RA
SystemVerilog 404

= RBIhp RS A R setparam K3,

FEARIR E HI 4 B EY SystemVerilog X
i

= AJ7E Windows 4 A% SystemVerilog
‘A, SRETE Linux E#HITHZF

= EIFANERY SystemVerilog #i#E S BURg
B OMEERELIE, BmeEAER

MATLAB BXPPO

GenPulse

\\\\\\\\\\\\\\\\\\\\\\

1 >> dpigen

clk
ce_out

clk_en
rst PulseDetectorRef

dpi_instO(...)
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CorrFilterRaf Fom=m—— o
SN of 2 RctignalRaf | RxSignalFiet
g SHR »  convert :smncmrF o b:D"F“-:I:JlseDaectchrapEil‘E:lrr:_ S =
Location|mgd Locatonimpl | Locationimpl
RxSignalToim '*“:R.-*Sig“a' FiterOulime! [ p| FilterOutimpl
3 ) f o ch
uvmbuild
- BshEm UVM IR SE & fnsa 4
- TR SystemVerilog 5 Simulink £58 —2
- ATINIEE/RFERZA:

— Siemens EDA (Mentor) M
— Cadence Incisive/Xcelium
— Synopsys VCS

odelSim/Questa

Top

Test

Agent
Interface Driver
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P— S
] ] AS \II
F -
N,
1T = orfiter & B PeaksaRet
} Simulink = "/ﬁy J UVM
| comvert |—ato "
\ A — : : o fpt Rocsignal " —
}nlJ , m GenPulse PulseDetectorRef N - B
E—
mmmmmmmmmm el
P—
T seDeecto oL B FierOuti!
CheckDetection
——

# Simulink % DUT F&—E5E
BRI FEHE UM FEH

nnnnnnn

SEIMM ZR G152 HDL H & BY:5ERT . l >> uvmbuild
BRI TRYRZ A

- —EENATE, BIF stimulus. b
prediction, check

FETEA UVM KT 3 & 244
A . ETEF

L i
A N Y S |
]E -l'ﬁ -l'-|_ l%. 1—t [ B e (i) =
run_test() I I
clk, rst gen

dutif
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MATLAB BXPO

31



£ UVM IR 2 & B min 29 sk B A/ 56 e Th gE

|SMA of 2

% SMR - convert

Lal

subsystem (mask)

Parameters

75000 MEE/F 5
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5&64 //\ﬂ;}/\#]‘ggﬁzug Pulse location pl'ul-;m:-Lc:r:;ntum

vals{

ConFilterRef
CorrFilterRef
CaorrFilterRef
RuSignalRef 1 p| RusignalRef
| SHR
PUIEBDEEGIWF%IM | Pesksgimpl
CorFiterTolmgd p| CorrFilter PeakSqlmpl
Locationimgl - g Locationimpl
m
RxSignal Tolmgpd | R Signal FifterOutimg! |— p| FitberOutimpl
b FitberOutlmpl
Fulsabetector CheckDetaction
Block Parameters: GenPulse et B
18 // S8imulink tunable parameters
15 rand int unsigned RTWStructParam pPulselocation;
== pPulselocation i
pRlcs scation = 21 // Simulink tunable parameter default values
Parameter with properties: 22 = constraint mw PulseDetector seguence default prm val{
X . i == 42 .
l volue: 2160 ! 23 RTWStructParam_ pPulseLocation==32'd2100;
oK | cancq ' ' rinfol § 24 B ]
S - Description: *° 25
| e DetaTxne. uint 32 ; o )
Min: O 26 // S8imulink tunable parameter ranges
Hax: 4536 27 E_] i
T < C
Complexity: “real® 28 RTWStructParam_ pPulseLocation>=32'd0;
Disensions: f11] 29 RTWStructParam pPulselocation<=32'd4d4536;
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14 A AY SystemVerilog DPI &% E] UVM Framework (UVMF)

it A R YE IR P E R ER R e
UVM 8% ]

= Siemens UVM Framework X
BFMNERE BN Ea

= {FHEM MATLAB %Y SV
DPI-C 7 UVMF &1}

= 24t mtlb2uvmf T4E

= EECGHRIGUEIMEA
==Ky ok AU FE 7 S
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=3
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SystemVerilog DPI A+ SerDes fE &5 =k

SerDes
— M SerDes Designer app ﬁlJi_Eéi” TN T @
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2 i R gel2]
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4\ MATLAB R2024a

E[uj ™ H |is) Compare

New Open Save B Pt ¥ Go To
A4 v v & Export ¥ v
FILE

{ Find ¥
H Bookmark ¥

NAVIGATE

Search Documentation

Ad Title v {;J == Ej & Refactor v b |Z] section Break l) @5

B I u Code Control Task Run @ Run-and Advaice Run Step Stop
v v ®i e Section b Run to End

i— | z| & z
TEXT CODE SECTION RUN

Text

<L Fal ﬁ ~ » C: » Users » hengzhao » Documents » MATLAB » Examples » R2024a *» hdiverifier » GenParamUVMTB5 *

Current Folder ® | Project - pulsedetector_proj é Live Editor - GenerateParameterizedUVMTestBenchFromSimulinkExample.mix
Name =~ Si.| DT GenerateParameterizedUVMTestBenchFromSimulinkExample.mix ] + I
= Folder
@ B pulsedetector_proj 20 Fo-. Generate Parameterized UVM Testbench from Simulink

= Live Script
£ =| GenerateParameterizedU..33... 20... Liv...

This example shows how to develop a design and testbench in Simulink® and generate an equivalent simulation for a universal verification
methodology (UVM) environment using uvmbuild. You can then extend this testbench to refine your verification using protocol-specific drivers,
constrained random sequences, and parameterized scoreboards.

Details v

Select a file to view details

4

Introduction

This example walks you through a top-down design development process of an HDL implementation. In such a workflow, you design a behavioral
algorithm in Simulink and test it using surrounding blocks for stimulus generation and results checking. Once the simulation confirms that the design
meets its requirements, you deliver any collateral needed to the downstream HDL implementation team. You need to reverify that the HDL
implementation meets the requirements as simulated in Simulink as well as any other unique aspects of the design, such as protocol interfaces that
were not modeled in Simulink.

Ordinarily, the hand-off process can be tedious and the source of many errors. The HDL implementation and HDL design verification (DV) engineers
must:

= Translate written specifications to HDL and testing environments.

= Understand the run-time behavior of the Simulink simulation environment such as how the stimulus is created, processed, and checked.

= Translate the run-time behaviors to SystemVerilog implementations.

= Integrate the stimulus, design, and response checking into a runnable SystemVerilog model to confirm that the translated behaviors behave
the same as the original Simulink simulation.

= Integrate these main SystemVerilog components into a UVM context to allow extending the Simulink testing with DV-authored verification.
This extended testing might include randomized testing, SystemVerilog assertions, functional coverage, and code coverage.

The HDL Verifier™ UVM generation capabilities automate this hand-off process. The DV engineer gets a verified UVM test environment that
matches the testina nerformed in Simulink and can easilv undate that environment to meet their downstream verification needs.
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