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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




I{ENESAS APPLICATION NOTE
SuperH RISC Engine Family

Example of Using Huffman Coding Data Compression

Introduction

In any embedded system memory is a valuable resource. The use of code, compiler and linker
optimisation techniques can make the most efficient use of both the Flash/ROM and RAM available
in a system. In some situations it may be possible to squeeze more out of the available Flash and
RAM resources by compressing code and/or data and storing it in Flash and then decompressing
this information when it is needed. This is particularly suited to environments where there is
limited Flash memory but an abundance of SRAM or SDRAM memory. In such a situation code
can be stored as a compressed image in Flash and then decompressed at runtime into the RAM from
where execution can continue. The demonstration project available with this application note
shows how this can be done with the SH-2 microcontrollers and the SH-2 simulator within HEW.

The compression method used in this application note and example application is that of Huffman
coding. It is not the objective of this document to explain Huffman coding in any detail as this
topic is extensive covered by articles available on the Internet. A Google search for ‘Huffman
coding’ should lead to many of these documents. The compression of data is performed on a
Windows® based PC using a custom command line application called ‘motice_huff.exe’ provided
with this apps note. This utility compresses the contents of an s-record file and formats the
compressed data into a constant C structure which can be added to a project. The decompression of
this data is then performed at runtime by code executing on the microcontroller, in the case of the
example an SH-2 based microcontroller.

Extensive use of source code from the book "Mastering Algorithms with C" by Kyle Loudon,
published by O'Reilly Media Inc has been made. It is recommended that this book is read in
conjunction with this apps note. Along with data compression techniques this book is also a
valuable resource of information and source code relating to data encryption, sorting, searching and
data structures.
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Example of Using Huffman Coding Data Compression

Compressing the Data

The compression of s-record data is performed using a Windows® command line application called
‘motice_huff.exe’ which is available with this apps note. This utility is used as follows.

motice_huff <source> <destination> <structname>

Where:

source is the filename of the Motorola S-Record file to be processed

destination is the filename of the C file to be created

structname is the name of the constant C structure contained in the destination file

The resulting C structure is of type ‘rom_data’ which is defined as.

struct rom_data {
unsigned long start_address;
unsigned long orig_data_length;
unsigned long compressed _data_ length;

unsigned char data[];

Decompressing the Data

The Huffman coded data can be decompressed using the function *huffman_uncompress’ which has
the following prototype.

int huffman_uncompress(const unsigned char *compressed, unsigned char
*original);

Where,
compressed is a pointer to the compressed data
original is a pointer to an area of RAM where the data can be decompressed into

Note that this function has been altered from that supplied with "Mastering Algorithms with C".

REG05B0035-0100/Rev.1.00 December 2008 Page 3 of 8
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The user is responsible for ensuring that sufficient RAM is available for the decompressed data.
The function returns the size of the decompressed data if decompression is successful or -1 if it is
not.

Demo Application

A HEW4 workspace is available with this apps note containing two projects.
‘CompressedApplication’, as the name suggests is the application linked to RAM which is
compressed by ‘motice_huff’ and the project ‘HuffCompression’ decompresses the image into
RAM and calls it via the reset vector. These projects have been built for the Renesas SH-2
microcontroller family and executed using the HEW SH-2 simulator. Using the simulator means
this application can be easily evaluated without the need for any hardware. The compiler used is
the Renesas SH compiler toolchain version VV9.00.01.001 with HEW4.

‘CompressedApplication’ Project

The code in this application is linked to address H’00200000 to emulate RAM based addresses.
This application simply writes text strings to the simulated I/0 window of the SH-2 simulator. The
linker is configured to generate a Motorola s-record file which is then processed by
‘motice_huff.exe’ to compress the data in the file and format it as a constant C structure. The
screenshot shown in figure 1 shows how ‘motice_huff’ has been added as a build phase within
HEW.
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Figure 1: Motice_huff.exe Build Phase
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The operation of this application should be easy to understand by reading through the source code
of the project. In particular, the file ‘CompressedApplication.c’ should be studied.

‘HuffCompression’ Project

This project contains the main application and includes the file
‘CompressedApplicationConverted.c’ which is the output from the ‘Motice_huff’ build phase of the
‘CompressedApplication’ project. This file contains the constant C structure ‘Compressedimage’
of type ‘rom_data’ which consists of the compressed image and size and address information.
Space for the decompressed image is allocated in the ‘RamCode’ array located in the ‘RAMCODE’
linker section using the #pragma directive shown below taken from the file “HuffCompression.c’.

#pragma section RAMCODE
unsigned char RamCode[ RAMCODE_SIZE ];
#pragma section

The RAMCODE section is linked from address H’00200000 which is the same address to where the
‘CompressedApplication” was linked to. It is important that this project and the RAMCODE
section are linked to the same addresses. The compressed image is then decompressed by the
function call shown below.

i = huffman_uncompress( Compressedlmage.data, RamCode );

This function returns the number of bytes in the decompressed image and so can be used to check
whether an error has occurred during the decompression by comparing the returned value with
‘Compressedlmage.orig_data_length’. If no error is detected the RAM based code can then be
called by loading its reset vector and populating a function pointer with its contents. The new
application can then be called using this pointer.

By loading and executing ‘HuffCompression.abs’ file in the SH-2 simulator with the simulated 1/0
window visible it should be observed that the decompressed ‘CompressedApplication’ running
from RAM writes text strings into this window.

REG05B0035-0100/Rev.1.00 December 2008 Page 5 of 8



2 SuperH RISC Engine Family
u EN ESAS Example of Using Huffman Coding Data Compression

Compression Statistics

When the ‘motice_huff.exe’ utility runs as a build phase within HEW information relating to it
operation can be observed in HEW’s build window. Figure 2 below shows information relating to
the size of the original and compressed data.

Compressed Application

Original Size Compressed Size Saving
24692 bytes 21843 bytes 2849 bytes
(11.5%)

Figure 2: Compression Statistics

From figure 2 it can be seen that the original application image of approximately 25kB has been
reduced by 11.5%, a saving of 2849 bytes. If this same compression ratio was achieved with the
256kB flash memory contents of a Renesas SH7145F microcontroller an additional 25kB of code
could be squeezed into the flash memory. The size of the decompression program used within the
‘HuffCompression’ project is approximately 7kB. So, the use of this type of compression can be
beneficial when used on large program images.

The decompression code makes extensive use of dynamically allocated memory and as such a heap
of 16kB is required. However, in a system where code is to run from RAM it is unlikely that this
memory requirement would cause concern. The decompression time for this 25kB image stored in
32-bit 1-state flash decompressed into 16-bit 3-state (external) SRAM with the heap in the same
external SRAM was approximately 500ms for a 50MHz SH-2.

Conclusion

In embedded systems where an application is too large to fit into the available flash/ROM resources
and large amounts of RAM are available an alternative to moving to a device with more flash could
be to compress the flash/ROM contents and decompress them to RAM at runtime. Even in systems
where RAM resources are limited parts of the flash/ROM based code could be decompressed into
RAM when required.
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Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
csc@renesas.com

All trademarks and registered trademarks are the property of their respective owners.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and
software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment
for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.

© 2008. Renesas Technology Corp., All rights reserved.
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