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Block Parameters: Check Static Upper Bound ~

Checks_SMax (mask) (link)

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

>> pErrorThreshold
pErrorThreshold =
Parameters Parameter with properties:

Upper bound:
Toderinfor (141 STmulink G

Description
¥ Inclusive boundary DataType: 'auto’
o 5 Min: []

Max: []

Unit: '°
Complexity: 'real’
Dimensions: [1 1]
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fx get_fimath 38 % multiplier chain fi{udz + ud7, 1, 14, 12, fm)
39 mi = fi(h_inl1 * ai, 1, _ );
40 m3 = fi(h_in3 * a3, 1, | °*° el );
a1 Class: embedded.fi
42 % adder chain Complex: Mo
43 a5 = fi(m1 + m2, 1, 14,
44
45 % filtered output DataTypeMode : "Fixed-point: binary point scaling'
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ASIC/FPGA/SoC & MATLAB High Level Synthesis

Simulink MATEAS

MATLAB function block
Stateflow

SystemC
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MATLAB/Stratus Flow

Conventional Flow

w Manual RTL creation

I Little if any, architectural
exploration

w lterations required to
meet PPA goals

From MATLAB to Optimized RTL in Minutes with HDL Coder and Cadence Stratus HLS

W No visibility into

downstream PPA

Synthesis

Netlist

Place & Route

New Flow

MATLAB®

Design, TB,
Meta-data

v
Stratus™ HLS

Genus™ Joules™
Synthesis RTL Power

©
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Netlist

.

GDS

A Automated creation of
synthesizable SystemC

A Automated import and
Stratus project creation

o Includes design and TB

Benefits
A Early PPA visibility

A Productivity force multiplier
A single engineer produces
results previously requiring
a team


https://www.mathworks.com/company/events/videos/from-matlab-to-optimized-rtl-in-minutes-with-hdl-coder-and-cadence-stratus-hls-1694469912578.html

MATLAB BXPPO

AES encryption
Hand-coded RTL, Stratus-coded SystemC, and MATLAB code

A
A

A GlobalFoundries 12nm at 500MHz
A 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



https://community.cadence.com/cadence_blogs_8/b/breakfast-bytes/posts/matlab-stratus

MATLAB HLS v

¥ 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;

EEERSESFEES SRR SRS SR

%Call to the design

EEERSESFEES SRR SRS SR

whi 3 (hercy)

[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’);

##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

% 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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Generate C++ with Timing (Leverage FXPD, HDLC, MLC)
SySte m C \JJ Connectivity with Cadence ASIC toolchain (Xcelium, Genus, Joules)

4\ Workflow Advisor - heq.prj — O X
=06 oH 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.
5§ function [x out, y out, pixel out] = ... i 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 : 5
, ### 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 ginclude "rtwtypes._hpp
11 persistent transferFunc
12] | persistent histInd clazs mlhdlc_heq fixptClass
’ 13 persistent cumSum public:
Y 14 " sC_uint<1l= mlhdlc_heq fixzpt_histogram[16334];
TR = I ‘ sc_uint<17> mlhdlc_heq fixpt_transferFunc[16384];
Variables | Function Replacements = Output s5C_uint<15= mlhdlc_he |:|_1: 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 int32_ T t_@;
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) mih ::Ilc,_heq_rnpt_ transferFunc [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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E#tcodegen
function [filtered signal, y, fc] = mlhdlc_lms_fcn{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 "input’
% It represents the estimated music signal (output of this block)
#

% The LMs filter is trying to retrieve the original music signal('err_sig")
% from Pilot's Mic by filtering the Exterior Mic's signal and using it to
% cancel the noise im Pilot's Mic. The coefficients/weights of the filter
% are updated(adapted) in real-time based on 'input' and 'err_sig’.

% register filter coefficients

persistent filter_coeff;

if isempty{filter_coeff)
filter_coeff = zeros(1l, 4@);

end

% Variable Filter: Call 'tapped_delay_fcn' function on path to create
% 48-step tapped delay
delayed_signal = mtapped_delay_fon(input);

% Apply filter coefficients
weight_applied = delayed_signal .* filter_coeff;

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

% Output estimated Original Signal
td = desired;

tf = filtered signal;

esig = td - tf;

y = esig;

% Update Weights: Call ‘update_weight_fcn' function om MATLAB path to

% calculate the new weights

updated_weight = update_weight_fcn(step_size, esig, delayed_signal,
filter_coeff, reset_weights);

% update filter coefficients register
filter coeff = updated weight;
fc = filter_coeff;

"'H.-n.—-h..g_._,..ﬁ D T I R T i T T P R R T WP W

!
?
|
|
5
I
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LMS Filter

14
15
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17
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19
20
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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

SystemC v

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

### 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

set BOW_IMPORT_ML_DUT_CLASS mlhdlc_lms_fon_fixptClass

set BDW_IMPORT_ML_DUT_FUNC mlhdlc_lms_fon_fixpt

set BDW_IMPORT_ML_DUT_INIT_FUNC {}

set BDW_IMPORT_ML_DUT_FUNC_INPUT_ARGS { input desired step_size reset_weights }
set BODW_IMPORT_ML_DUT_FUNC_OUTPUT_ARGS { filtered_signal y fc }

set BOW_IMPORT ML_DUT ARRAYS TO SPMEMS {}

set BODW_IMPORT_ML_DUT_ARRAYS_TO_DPMEMS { mlhdlc_lms_fon_fixpt_filter_coeff mlhdlc_lms_feon_fiwpt_w d 3
set BOW_IMPORT_ML_DUT_MEM_INIT_FUNCS { mlhdlc_lms_fon_fixpt_initialize ram_vars }
set BOW_IMPORT_ML_DUT_FUMC_STABLE_ARGS {

set BOW_IMPORT_ML_CLOCK_FREQ {@}

set BOW_IMPORT_ML_DUT_FUNC_INTERFACE { }

set
zet
set
zet
set

BDU_IMPORT_ML_DUT_FUNC_INTERFACE_IMAGE_SIZE {3}
BDU_TMPORT_ML_DUT_FUNC_TNTERFACE_WORKIMG_SET_SIZE {}
BOW_IMPORT_ML_DUT_FUMC_INTERFACE_ORIGIM {}
BDW_IMPORT_ML_DUT_FUNC_INTERFACE_BOUNDARY FILL_COMDITION {}
BDU_IMPORT_ML_DUT_FUNC_INTERFACE_COMSTANT 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
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MATLAB HLS w

5

Get Started with MATLAB to
High-Level Synthesis

Warkflow Ligina the

ut

Auto A

rlsar helps you gener:
point MATLAR v

nihesizable HUL code from your fiked-p
e it benaed am yuur vl om.

sir corversion: | Kmep ong -

Working with Fixed-Point

Map Persistent Variables to
RAM for Histogram
Equalization

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

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

midk i fonm
nput

BRI '\II
y .'I } I |I|I|I|I. I |.|II| "
=I "II‘ I||I|I||. .- III_III !',I,i i

Floating-Point to Fixed-Point
Conversion

Verify Generated HLS Code
Using MATLAB Desktop Host

R T uE e —
IMPORT_PL_DUT_FUNC hls_sobel_$lupt
THPORT WL DUT TNIT FUNC 1}
_IMPORT_HL_DUT_FLHC_INPUT_ARES { ws }
“IHPORT_WL_DUT_FUNC_OUTPUT_ARES { y §
CIMPORT_HL_DUT_ARRAYS_TO_SPHENS {}

CTMPORT_ML_DUT_FUNE_STADLE_ARES { }
INPORT_PL_CLOCK_FRE

TTWFORT_FL_OUT_FUNE_INTERFACE § ws |
|_TMPORT_ML_DUIT_FUNC_TNTERFACE_TMAGE_STZF {488 752}
INPORT_ML_DUT_FLMC_INTERFACE_WORKING_SET_SIZE {3 1}
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of ASIC projects of ASIC projects
6690 |behind schedule 6% | require re-spins

of FPGA projects of FPGA designs

0 are behind 0 have bugs that
0% Schedllle 84% escape into
production

Source: 2022 Wilson Research Group Functional Verification Study
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of project time is
consumed by

56% verification for
ASIC projects

(on average)

Ratio of Design
~1:1 | vs Verification
Engineers
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