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System design to implementation gap
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Integrated Design Flow for Embedded Software
and Hardware

® Design, simulate, and validate MATLAB® and Simulink®
system models and algorithms in Algorithm and System Design
MATLAB and Simulink |
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Case Study: Sobel Edge Detection Algorithm
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Floating-Point System Specification

= Start by developing a golden specification
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Fixed-Point Modeling
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Fixed-Point Modeling
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Implementation on DSP, GPP, or an FPGA?
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Implementation on DSP and GPP
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grt.tlc Visual C/C++ Project Makefile only for the "grt" target
grt_malloc. tlc Sagsric Real-Time Target with dynamic memory allocation
grt_malloc.tlc Tisuad C/C++ Project Makefile only for the "grt_malloc"
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= Build and execute
= Auto-generate ‘C’ and ASM

= [ntegrate RTOS and scheduler
= Create full CCS project

= |nvoke compiler, linker, and
download code

= Run on target

= Profile code performance

MATLAB&SIMULINK
Code Execution on Target and Profiling

%" Web Browser - Profile Report _ o x|
File Edit Wew Go Debug Desktop indow Help A | 7 X
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Design Verification and Visualization:

Simulink as verification test bench
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Review: Code Generation for Embedded Software

= Code Generation
= Real Time Workshop — ANSI/ISO C code for rapid prototyping, acceleration
= Real Time Workshop Embedded Coder — Embedded deployment

= Links
= Link for Altium TASKING
= Link for Analog Devices VisualDSP++ Se“\‘\'
= Link for TI Code Composer Studio
= Targets
= Target for TI C6000 DSP
= Target for TI C2000 DSP
= Target for Infineon C166 Microcontrollers
= Target for Freescale MPC5xx Microcontrollers
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Code Generation for Hardware

Simulink
data path

Simulink HDL Coder

Correct-by-construction
VHDL and Verilog code

Generated Verilog code
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) &0 .clk _enable(clk enable), // boolean
EOQF Ptsfp———————— — —
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z 80 end
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84 end
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£ -u'H'. 88 assign mul_temp = Step_Size * Sum_outl;
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Fixed-Point Implementation on an FPGA
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Design Space Exploration

. S p e e d Select: Clack settings %
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Code Generation Options

~Hardware Implementation
- Miodel Referencing
= Real-Time Warkshop

Y, Vo —

Check model for errors

#4, Configuration Parameters: edge_detection_ready_ko_use § 5'
Select: —Code generation control file l%
= Solver iy I Load... |
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More Code Generation Options

# Configuration Parameters: edge_detection_ready to_use SHC/ x|
S elect: —Clock zettings D-E
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i Data Y alidity —&dditional seftings ]
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i Lonnectraty
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I~ Real-Time ‘Workshop Entry conflict posthis: I_E:r'ltit_'.-' Package postfis |_|:|kg
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Generate HDL Test Bench

#%, Configuration Parameters: hdlcoderlms; Configuration (Ackive) il
Select: | — Test bench
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Automatic HDL Code Generation

= ‘Correct-by-construction’
= Matches Fixed-Point System Model
= Faster design implementation
= Reduces verification burden

= Benefits Include:

Q Rapid FPGA implementation 0 Reference code for HDL engineers

A-utomatlc T Automatic
- HDL E-% hDL |

v

Hand
Customized
- HDL
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Verification with system specification
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129 END IF:
130 END FPROCESZ DelayzZ process;
121
132 =
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Making full use of the system model

= Promotes parallelism in design and verification tasks

= Improves focus on critical areas
Verify Interfaces
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Making full use of the system model

= Promotes parallelism in design and verification tasks
= Improves focus on critical areas
= Accelerates verification at all levels

| RGH
RO |_> EoF ModelSint ModelSint  py .
Lirve Repository —— e Repasitary
EOF ) Message = b2z zage
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Output
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= Promotes parallelism in design and verification tasks
= Improves focus on critical areas

= Accelerates verification at all levels

= Supports re-use and “what-if” scenarios

MATLAB&SIMULINK®
Making full use of the system model
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Implementation on an FPGA

e
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........................... =
#Selected Device @ 4wvsHZSffeed-1z EE z EE'
'-'I: e i;: =
Nurmber of Slices: 1105 out of 10240  10% tEE EEEEFEEEEECEE E
Number of Slice Flip Flops: 1903 out of 20480 EREEEEEEEEEEEEEEEEE £
Nurber of & input LUTs: 156 out of 20480 FEEEEETErEEEr E
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Hiniman period: 4.106n= [Maximun fredquency: 2435 .54cMH=)
Hinimwn input regquired time before clock: 3.883n=
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Review: Code Generation for Hardware

= Code Generation

\‘
= Simulink® HDL Coder — FPGA and ASIC deployment using VHDL we
and Verilog

= Filter Design HDL Coder — Filter implementation from MATLAB

= Links
= Link for Mentor ModelSim
- Link for Cadence® Incisive® we'
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Summary

= Design and Verify MATLAB® and Simulink®
Algoerith d System) Desi
software and hardware [ i et o
frOm MATLAB and SImUIInk Real-Time Waorkshop Simulink HDL Coder

Embedded Coder, Link fer ModelSim®

margets, Links Link for Cadence® neisive?
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= Accelerate product
development using
Model-Based Design
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Verify
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