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Fixed-Point Converter App for Automated
Conversion of Floating-Point MATLAB Code

Standalone Ul enables automatic conversion of MATLAB code to

fixed point

= Run test benches
and/or code snippets to
autodefine input types
or manually specify
input types.

= Iteratively refine
numeric types with
simulations and derived
ranges before building
and testing the
converted code.

= Works outside of
MATLAB and HDL
Coder workflows
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Live editor for
easy design

/ modification
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3 Convert to Fixed Point
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Integrated editor for simultaneously
viewing source files and generated
artifacts
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Commands for Scripting Fixed-Point Conversion

and Accessing the Collected Data in Simulink

Command-line API for model data-type conversion

Enable scripting workflow
steps with data from
simulation or range
analysis.

Enable streamlining fixed-
point conversion for large
scale models through
automated scripts

Command-line access to
range and data-type
information for analysis
and reporting

3 Open example model

exampleModel = '"fxpdemo feedback':

load aystem{exampleModel);

3 Define System Under Design

exampleSUD = [exampleModel '/Controller']:

Create conwversion interface
converter = DatalypeWorkflow.Converter (exampleSUD)
% Gather a floating-point benchmark for the model.
converter.applySettingsFromShorteut {('Model-wide doubkle override and full instrumentation');
converter.similateSystem() »

% Create a ProposalSettings object to control the proposal settings.
propSettings = DatalvpeWorkilow.Proposal3ettings:
propSettings.FloatingPointDefaultDatalype = "fixdt({l,16,0)";

% Propose data types for the system using the settings specified
converter.proposeDatalypes ('Doublelverride', propSettings):

% Apply the data types proposed for the DoubleOverride run to the model.
converter.applyDatalypes ('Douklelverride’)

% Simulate the model with the new fixed-point data types.
converter.applySettingsFromShorteut {"Model-wide no owerride and full instrumentation'):
converter.CurrentRuniiame = 'FixedBun’';

converter.simlateSystem() ;

% Access Result objects for comparison
Double0wverrideResult = converter.results('Doublelverride’, ...

@(r) (strcmp(r.ResultName, 'fxpdemo feedback/Controller/Down Cast'))):
FixedPunResult = converter.results('FixedBun’,...

@(r) (strcmp(r.ResultName, 'fxpdemc feedback/Controller/Down Cast')));
% Compare the Result object from the Double0werride run to that from the FixedBun.
diff = converter.compareResults (DoubleOverrideResult, FixedRunResult) ;

plot(diff.diff);

» DataTypeWorkflow.Converter (gcs)
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Automated Fixed-Point Conversion for

Commonly Used DSP System objects

Propose and apply fixed-point data types for some System
objects based on simulation range data

|z Fived-Point Converter - UseCase.prj

Enable conversion of following DSP ———
System Toolbox™ System objects to M oo o B oy

fixed point using the Fixed-Point | ccsen

Converter app: || mmmm—re——
" dsp.BiquadFilter :

= dsp.FIRFilter, directformonly . :

Simulation Qutput | Variables | Function Replacements

= dsp.FIRRateConverter p—

Type Sim Min Sim Max Static Min Static Max Whole Number Proposed Type

'
1 d L T l S l v 22 double 75 15 Mo numerictyped1, 16, 10)
Sp.LoOwerlriangularoolver ,
] 2x2 double -1 4 Yes numerictype(l, 4, 1)
'
= dsp.UpperTriangularSolver . bk | sl b o, .1
© h.CustarndecumulatorDataType -2 5 Yes numerictype(l, 4, 1)
h.CustarnOutputDataType -2 5 Ves numerictype(l, 4, 1)
H d A t A d d hL.CustornAccurnulatorData Type =073 26,23 No numerictype(l, 28, 22)
sp.ArrayVector er _
hl.CustomQutputDataType -20.75 26.25 No numerictype(l, 26, 22)
12 double -1 1 Ves nurnetictypedl, 2, 0)
vl 12 double -10.25 15 Na numerictype(l, 16, 1)
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Simulation Range Collection for MATLAB o

Function Blocks in Simulink

Visualize simulation ranges of named variables of a MATLAB
function block within the Fixed-Point Tool

File Collect Autoscaling Results Run View Tools Help

B O] {Zi}ai oT o @ ] IE Show: | All results -
Model Hierarchy Contents of: sobel_edge_detection (dbl)
v ¥ Fixed-Point Tool Root ) . —
v cornerdetection_Vectors_HDL_codegen_fltpt* Column View: | Simulation View +| Show Details
v [% Corner Detector (mmo) Name Run CompiledDT | SpecifiedDT} SimMin SimMax DesignMin  DesignMax | OverflowWraps  Saturations

- Compute Corner Metric HH sobel_edge_detection : fmo_1 Run 1

= sobeledge_detectlon (dbD H sobel_edge_detection : fmo_2 Run 1

¥ |& f_line_buffer
|| f_line_buffer>1
|| f_line_buffer>2
f_filterdelay HH sobel_edge_detection : yfo Run 1
|| f_filterdelay>1 H f_line_buffer>1: ctr Run 1
|| f_filterdelay>2 H f_line_buffer>1:u Run 1
& f12_xf EH f_line_buffer>1: u_d Run 1

H sobel_edge_detection : u Run 1
H sobel_edge_detection : xfo Run 1

17| f13_yf f_line_buffer>1:y Run 1
e flli_sobel_ﬁlrer . . f_line_buffer>2 : ctr Run 1

»> -serialize and Extract corner information .
EH f line_buffer=2 : u Run 1

1} Ighage From Workspace | fi )

> rialize f_line_buffer>2 : u_d Run 1
H f line_buffer=2:y Run 1
(i f filterdelay>1: u Run 1
H f_filterdelay=1: u_d Run 1
H f_filterdelay=1:y Run 1
H f_filterdelay=2 : u Run 1
H f_filterdelay=2 : u_d Run 1
[aE] f_filterdelay=2 : y Run 1
B f12_xf:al Run 1
H f12_xf: a2 Run 1

Explore functions and variables
from the Fixed-Point Tool tree.
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Data Type Proposals for MATLAB Function

Blocks in Simulink

Propose fixed-point data types for MATLAB variables from the

Fixed-Point Tool

File Collect Autoscaling Results Run View Tools Help

B ® 4 07 o5 @

Model Hierarchy

furd IE Show: | All results

ar

v ¥y Fixed-Point Tool Root

v cornerdetection_Vectors_HDL_codegen_fltpt*

v Corner Detector (mma)
Compute Corner Metric

E sobel_edge_detection (dbl)

v | f_line_buffer
|7 f_line_buffer>1
\#] f_line_buffer>2
v | f filterdelay
|7 f_filterdelay>1
| f_filterdelay>2
| F12_xf

e

Inspect additional details on a
MATLAB variable.

eno

" Result Details

cornerdetection_Vectors_HDL_codegen_fltpt/Corner Detector/sobel_edge_detection/f_line_buffer>1:

ud

®Run: Run 1

* CompiledDT: double

« SpecifiedDT: Unknown

sSize: 1x 80

* Complexity: Real

= Scope: Persistent

* The variable has no attached Fimath
Needs Attention:

' 8 The Fixed-Point Tool ‘Apply Data Types' button will not automatically apply data types proposed for MATLAB variables t your MATLAB code. For details on
how 1o apply proposed data types to your MATLAB code see below links

Documentation:

« Howr to apply proposed data types to MATLAR variables

Proposed Data Type Summary:

+ Autescaling proposed replacing floating-point type 'double’ with fixed-point type 'numerictype(1,8,-2).

Property Data Type Minimum Maximum Precision
CompiledDT double -9.223372036854776e+18  9.223372036854776e+18 2.220446048250313e-16
ProposedDT numerictype(1,8,-2) -512 508 4

Range Information

Property Minimum Maximum

Simulation 255

ion

Contents of: sobel_edge_detection (dbl)

Column View: | Automatic Data Typing with SimulaW"M
1

Name

t2 sobel_edge_detection :
E sobel_edge_detection :
% sobel_edge_detection :
E sobel_edge_detection :
Hg sobel_edge_detection :
2 fline_buffer>1:
g f_line_buffers1:
2 fline_buffers>1 : u_
E f_line_buffer>1:
% f_line_buffer>2 :
E f_line_buffer>2 :
2 f_line_buffers2 :
2 fline_buffers2 :
o f_filterdelay>1:
2 f filterdelay>1:
E f_filterdelay>1:
% f_filterdelay=2 :
E f_filterdelay>2 :
2 f filterdelay>2 :

Mg f12_xf: al

ctr
u
u_d
¥
ctr
u
u_d
Y

u

u_d

Y

u
u_d

Y

fmo_1
fmo_2
u

xfo
yfo

Run

Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1

CompiledT Accept

ProposedDT
numerictype(0,8,0)
numerictype(0,8,0)
numerictype(0,8,0)
numerictype(0,8,0)
numerictype(0,8,0)
numerictype(0,8,1)
numerictype(0,8,0)
numerictype(1,8,-3
numerictype(1,8,-3
numerictype(|
(
(
(
(
(
(
(
(
(

0,8,1)
numerictype(1,8,-4
numerictype(1,8,-3
numerictype(1,8,-3
numerictype(0,8,0)|
numerictype(1,8,-3
numerictype(1,8,0)
numerictype(1,8,-4
numerictype(1,8,-4
numerictype(1,8,-4

(0,8

numer\cgE iO)

SimMin | SimMax ProposedMin | ProposedMax  OverflowWraps Sz
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Overflow Diagnostics to Distinguish Between
Wrap and Saturation in Simulink

Separately control the diagnostics for overflows that wrap and
overflows that saturate by setting each diagnostic to error, warning,
or none

int32

) uintlé
—P uintl6

Data Type Conversion
Saturation = off

65538

Constant

uintle

S uintle

Data Type Conversionl
Saturation = on

Wrap on overflow: warning -

Saturate on overflow: none -

v

~ Simulation © 1

Display
3:52:47 PM Sep 18, 2014 Elapsed: 1 sac
& Wrap en overflew detected at time 0 in 'template/Data Tvpe Conversion'.
Suppressing additienal wrap on overflow warnings and centinuing simulation.
You can guppress this message by setting 'Cenfiguration Parameters >
Diagnostics > Data Validity > Wrap on overflow! parameter to 'none'.
Component: Simulink | Category: Block warning
65535]
. Wrap on overflow: none -
Displayl ;
Saturate on overflow: warning -

v

+ Simulation @1
3:57:08 PM Sep 1B, 2014 Elapsed: 1 sac

‘;1\‘ Saturate on overflow detected at time 0 in '"template/Data Tyvpe Conversionl!.

Suppresaing additienal saturate on overflow warnings and continuing
simulatien. ¥You can suppress this message by setting 'Configuration

Parameters > Diagnostics > Data Validity »Saturate on overflow' parameter to

'none’ .

Companent: Simulink | Category: Block warning
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Cast Net Slope Computations Using R2014b

Rational Numbers

Enable data type conversion using rational approximation for more
accurate results and easier to read code

Select: Simulation and code generation Il
Solver Block reduction Conditional input branch execution
Data Import/Export
4 Optimization Implement logic signals as Boolean data (vs. double) Application lifespan (days) 1
Signals and Parameters
Stateflow Use division for fixed-point net slope computation |Off
> Diagnostics
Hardware Implementation Use floating-point multiplication to handle net s’y
Model Ref v i i
) Siﬁqiat\sne;':sgg Default for underspedified data type: [double Use division for reciprocals of integers only
DR Disabled Enabled
Use division for fixed-point net slope computation | Off Use division for fixed-point net slope computation |On
Simulation More Accurate Results
;
sfix8_Sp7 sfix32_S1p1 sf@_Sp7 sf32_S1p1
77 = p, Convert Tt »( 1) n »  Convert »(1)
DTC_Out i - DTC_Out
DTC_In Rounding = Simplest - DTC_In Rounding = Simplest
759
—|eese? o PRSPl
\—> sfix16_S1p1 r— \—b % |s16_S1p1
rod_In
Prod_In1 X - (2] & >
= o P 0O Roundina = Simplest Prod_Out
ints Rounding = Simplest fpT 1 i S i
1
Prod_In2
Prod_In2
imi Code i
O_ptlmlzgd for Spee_d . Easier to Read
Using Shift and Multiply Generation
DTC_Out=DTC_In*81>>7; DTC_Out=DTC_.In*7/11;
Prod_Out= (int16_T)((Prod_In1*Prod_In2 >> 1) * 5213 >> 12); Prod_Out= (int16_T)(Prod_In1*Prod_In2*7 / 11);



