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Overview

WindSpring is an OEM software development company with compression technology called Data
Miniaturization Technology or DMT. WindSpring has been awarded three patents in the area of
compression, editable compression, and stream compression. DMT is now implemented on over
one million vehicles, providing compression and advanced editing capabilities.

Introduction

WindSpring SDK provides an elegant software-based compression solution for the data
challenges presented by navigation applications and navigation data.

Map providers generally collect, aggregate and

attributes

{name, addr, class, speed) supply data in a well-defined and documented file
— link format that is intended for information
shape point (lon,lat) interchange, e.g. SIF and GDF. Data consists of

{lon,lat)

nodes that identify locations, attributes that
identify the characteristics of nodes and points of
interests that may be adjacent to these nodes.
Runtime formats are typically proprietary,
preventing interoperation of maps between
different navigation systems.

The map provider database is reorganized into navigation data by a navigation provider
through a compilation process that includes at least the following five steps:

1. Check for navigation data consistency,

2. Assignment of identifiers to all entities in a systematic manner.

3. Creation of multiple sets of indices for entities to facilitate searching the database.

4. Replacement of multiple occurrences of data items (street names, coordinates,
etc.) by indices into tables containing a single copy of each such item.

5. Apply other compression techniques to reduce the overall size of the database.

(Reference: http://en.wikipedia.org/wiki/Map database management)

DMT provides a data format (MDF) that is ideally suited for compressing all areas of
navigation data used in both on-line and off-line GPS Navigation. DMT compression can
be tuned for search indices, data indexes and data tables. While search indices may
require fast access and transfer, data indices and data tables require high compression.
DMT 6 s neaded solutions enables the selection of both codec and data format that
enable the best solution for both compression and performance.

In addition, the large amounts of update data often preclude timely navigation data
upgrades resulting in inaccurate navigation and POI data and poor user experience.
However, DMT can provide the user with a richer experience by reducing the time to
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send update information, providing a mechanism to update compressed stored data, and
enabling the application of on-line real-time updates to stored datasets.

Embedded Device Navigation

Data Issues

Compression and Access  Performance

In the area of performance, key embedded data issues relate to memory utilization, compression
and speed of operation. DMT allows the customer to balance these three competing requirements
by selecting different encoding methods for specific regions of the dataset. For example, DMTc will
yield the highest compression while DMTe will give the highest performance. Each codec can be
selected and used transparently to the software interface. Other key issues include up-to-date
point of interest (POI) data, memory expansion and on-line connectivity.

Software Development and Integration

During implementation, the user will typically want to be able to tune the performance of the
navigation application software to the dataset. The best outcome is maximum compression with
maximum performance and minimum run-time memory utilization. DMT allows the user to achieve
a balance that is not achievable with other compression schemes such as ZLib or GZIP. The
WindSpring development tools provide a flexible method of selecting and testing DMT compression
options.

In addition, it is allows the user to tune for update. Normal compression does not allow update
except on a file basis.

Updating Compressed  Database s

The DMT edit process is well suited to navigation database as individual edits can be applied to
single blocks. If the block size does not grow then edits are applied directly to the database block.

Compression versus Performance

Compression

Final data compression results are usually driven by the type of compressor used. Typical
compressors used in navigation systems include GZIP, ZLib and BZ2. While these compressors can
result in overall size reduction, they typically impact performance to an extent that they become
unusable. When data is retrieved is has to be decompressed. To limit the impact on performance,
some mechanism needs to be implemented that allows data to be retrieved from the compressed
dataset with decompressing the entire file.

Another method of compression is to implement data-specific index tables and minimize the size of
those tales. The data is then coded using some form of dictionary. However, while this fixed format
may yield superior compression, it is very difficult to provide updates without updating the entire
dataset.

Performance

The access method that is implemented for compressed data determines the overall performance
of the navigation system. In general, each navigation application provider implements some form
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of block access to retrieve data from the compressed file. The access patterns to the navigation
data and the average transfer size vary with the different data types. For example, looking up an
index table to retrieve street names may require several accesses to the index file followed by one
large access to the data table.

The performance is then driven by the random read access characteristic of the codec. If only one
codec is used, its performance may be acceptable for indices but poor for data tables.

Memory Utilization

To overcome performance issues, some navigation applications pre-load the search indices into
memory. However, with navigation data growing into tens of gigabytes, the indices are growing as
well. Eventually, in embedded systems, there is not enough run-time memory to allocate to the
navigation sub-systems as well as the in-vehicle infotainment systems.

DMT allows the user to achieve a balance of these competing requirements that is not achievable
with other compression schemes such as ZLib or GZIP.

Embedded Issue DMT ZLib, GZIP
Compression High to Moderate High
Performance High to Moderate Poor Access speed
Memory Moderate Low to Moderate
Editing Yes No

Codec Tuning Yes No
Runtime Tuning Yes No
Variable Block Size Yes Yes
Caching Yes Not available
Jump-points Yes No
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DMT for Navigation Data

DMT Compression and Performance Parameters

DMT consists of two compression codecs and a series of APIs that are used by the applications
programmer to access compressed data In addition, DMT provides analysis tools to allow the
programmer to assess the results of the codecs on the different types of navigation data present in
their system.

Compression and performance are affected by the codec parameters selected during encode and
during data access. These parameters may affect the block size used for the encoding, the
maximum dictionary size used for the encoding process or whether files have been grouped into a
common filesystem for access.

This section will discuss each of the parameters used and how they can be optimized in a
navigation data system.

Compression

Block Size

Block size is a critical parameter for any data compression system. The original data is divided into
blocks of a selected but constant length. Each block is then compressed, and a table is created to
index into the compressed data. This technique is used in most block compressors and compressed
file systems.

The compression results for most systems are driven by the block size. The larger the block size,
the better the compression. During compression, the more data items that can be included, the
better the chance of finding recurring patterns.

DMTe uses a patented multiple index system to reduce the effect of block size on the compression
performance of its codec. The multiple level dictionaries produced describe the entire file.
Individual block level dictionaries provide enhanced compression as data changes.

DMTc uses the same mechanism with regional compression to improve the compression
performance.

Compression Parameters

The key compression parameters for DMTe are block size, window size, sequence length and
dictionary size.

The key compression parameters for DMTc are block size, sequence length and dictionary size.

Performance

Block Size

The block size sets the access time for the compressed data. If the block size is too small, then the
compression performance is poor and the block access table becomes too large. If the block size is
too large, then the time to decompress the block data to access information affects the
performance.

DMTe can directly seek within the compressed data without decompressing the data.

DMTc uses a similar, but slower, mechanism to improve the access performance.
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The block access table and DMTe dictionaries are loaded only once when the file is opened. File
opening provides for multiple threads to reduce opening time.

Cache Size

DMT provides block-level caching. Once data is accessed from a particular region of a block, the
information is held in cache. The cache is a multi-level cache and uses an LRU algorithm to remove
stale data.

The cache size and number can be set and changed dynamically at run-time. The effectiveness of
the cache is driven by the size of the data being accessed as well as the read pattern of the data. A
completely random read such as occurs in index lookup will probably not benefit from a large
cache. However, the data retrieved from a data table can be re-used many times during image
preparation.

Jump Points

DMT provides a method of reducing the data access time in the blocks by partitioning the block into
regions. These regions provide a short-hand method for direct access for DMT. DMT is able to seek
or decode forward or backward from these points providing significant increases in speeds for
accessing data within a block.

Performance Para meters
The key performance parameters for DMTe are block size, cache size and number of jump-points.
The key compression parameters for DMTc are block size and cache size.

Memory

Block Size

The block size usually sets the minimum memory requirement for reading. In general, a buffer
equal to the block size must be allocated in order to read the block. This is driven by the fact that
some blocks may not be compressible. Usually, a second buffer equal in size is required for
decoding. Data is then decoded from the read buffer to the decode buffer before being transferred
to the application.

DMTe requires only the read buffer. It can directly transfer data from any location in the read
buffer to the application without requiring a second decode buffer. If caching is used, the data is
first cached before being transferred.

The block access table and DMTe dictionaries are loaded when the file is opened. The block size
directly affects the size of the block access table as one word is required for every block start in the
encoded dataset.

Cache Size

DMT provides block-level caching. The size and composition of the cache can be dynamically
allocated as the file is opened for reading.

Using WFS
The block buffers are usually allocated for each file. DMT provides the WindSpring File System

(WFS) which allow files to be grouped together. This allows only one file instance, one dictionary
allocation, one set of caches and one set of buffers to be used for all files within the WFS.
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DMT Software Integration Process

Overview

DMT is a software only process that transforms the original navigation data into the Micro Data

Format (MDF). This MDF is an exact representation (lossless) of the original data stored using

Wi ndSpringo6s Data Miniatur i zattallows high-speedsées,gsgarch,Tedit and f o r m:
access of the encoded data while stored in the compressed state.

The key steps required for this navigation implementation were:

1 Analysis of the navigation data set using the DMT analysis software.

1 Optimization for specific speed, file size reduction requirements, and device storage space
constraints

1 Integration of DMT APIs into the existing application.

Integration

File and Stream APIs

DMT provides file APIs and Stream/Buffer APIs. Using the MDF file APIs, an application programmer
can develop an application that accesses DMT compressed files. The implementation style of these
APIs is similar to standard POSIX file APIs. DMT Stream APIs make it easy to develop DMT enabled
client/server applications. DMT Buffer APIs allow simple development of in-memory (buffer)
applications. File, Stream and Buffer APIs internally make use of the DMT Codec APIs. The File,
WFS, Stream and Buffer APIs report error conditions using an error code. The error code is always
a negative number, so as to distinguish error conditions from valid return values.

The DMT APIs are reentrant. Multiple threads accessing the same instance of a DMT codec should
do so only one at a time; the codec is thread-safe for threads accessing different instances of the
DMT codec.

Win32 APIs

DMT provides a number of APIs for applications development. The Win32 File APIs are suited to

integrating DMT technology into an application that was written using Microsoft Win32 File APIs.

The current implementation of Win32 File APIs allows MDF files to be read and edited. Other DMT
operations such as fAseedd and fiencoded are not current]
performed using the DMT Fil e APl , or by wusing WindSpringds QP and
The DMT Win32FileAPIs are re-entrant. Multiple threads accessing the same instance of a DMT

codec should do so only one at a time; the codec is thread-safe for threads accessing different

instances of the DMT codec.

Tuning

Codec Tuning

The Performance Tool is a command line application that runs a series of tests to find the best
compression and speed parameters for the specified file or collection of files. The output of the
Performance tool is a comma delimited text file (csv) that can be used to find the most appropriate
parameters for the codec. With the csv file you can use a graphing utility such as excel to identify
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points were compression, memory usage and speed are acceptable for your target application and
device.
Some of the features found in the Performance Tool are:

1 Automatic processing to find the best compression.

1 Automatic process to keep the dictionary size as small as possible.

1 Run multiple WFS containers within one INI file.

Runtime Tuning

The runtime performance tuning libraries are a special build of the standard file API and/or the
Win32 file API. The existing APIs and interfaces are not changed.

The application programmer provides a configuration file that controls the data to be collected. The
performance libraries write a binary data file for each DMT file or WFS container opened (sub-files
in a WFS container do not generate separate data files). The applications programmer then can
inspect the generated files following a data-gathering session.

These files can then be analyzed for performance goals such as access times, cache hits, and data
transfer sizes.

Caching

The application programmer can use the DMT APIs to assign values to the cache lines and the
cache multipliers. This causes the block data to be cached at run-time. The size of the cache is only
limited by the available memory.

iSt aurptdo caching is the term usadaching. Ith éhiscase, wbenfaifileées i nst a
opened, the information about that file is cached. This includes the Block Access Tables and

dictionaries. These file handles are then cached until the file is closed completely, or until re-used

by the LRU algorithm. The file handle cache uses an LRU algorithm for frequently used files.

In some cases, it is faster to group files together in a WindSpring File System (WFS).

Only one set of control data and one dictionary is required to access all the data in the files
contained within the WFS. This can also reduce startup time as only one WFS instance needs to be
opened at startup. WFS also has a file instance cache as well as a block data cache.

Jump Points

These are encoding options that can affect speed.

Mid-point (-G option)
This remembers the location for halfway through the compressed block. It can effectively
double the access speed, but is dependent on the average read size. It is only effective for
DMTe.

Jump-point (-J<n> options)
This remembers the locations of seek offsets through the compressed block. If jump-points
are set to 4, it remembers four equally spaced locations. Once again, this effectively
increases the speed, but itsd effectiveness is | imit
transferred. It is only effective for DMTe.
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These options are only effective at encode time.

DMTc versus DMTe

DMT provides two codecs optimized for different types of data.
DMTe is effective for data that requires high speed access and can tolerate moderate compression.
DMTc is effective for data that requires high compression but can tolerate moderate access speed.

Codec DMTe DMTc
Compression Moderate High
Performance High Moderate
Memory Block, BAT, Cache, Block, BAT, Cache
Dictionary
Editing Yes No
Codec Tuning Yes Yes
Runtime Tuning Yes Yes
Variable Block Size Yes Yes
Caching Yes Yes
Jump-points Yes No

WindSpring, Inc. 1735 North First Street, Suite 102, San Jose, CA 95112, USA Tel: 408.452.7400 Fax: 408.452.7444
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Real Navigation Data Use Cases
Tuning KIWI Dataset

DMTe/DMTc applied to navigation data.

FSR FSR

File DMTc Size DMTe Original DMTc Mix
DCAO.ARO 234,930,842 305,252,422 524,822,106 55.2% 41.8%
DCAO.AR1 19,583,462 19,583,462 44,227,044 55.7% 55.7%
DCAO0.AR2 5,363,614 5,363,614 12,877,369 58.3%  58.3%
DCAOQ.AR3 2,615,378 2,615,378 6,722,837 61.1% 61.1%
DCAO.AR4 161,604,674 161,604,674 465,034,561 65.2% 65.2%
DCAOQ.AR5 137,242,786 137,242,786 395,407,238 65.3% 65.3%
DCAO.AR6 160,319,050 160,319,050 466,157,623 65.6% 65.6%
UO001_01.BAS 497,467,214 497,467,214 1,081,372,647 54.0% 54.0%
U0001_02.BAS 1,136,365,842 1,136,365,842 2,388,753,746 52.4% 52.4%
U0130_02.ROA 40,149,478 40,149,478 147,992,451 72.9% 72.9%
VRDB_ENU.bin 375,207,650 375,207,650 1,773,651,632 78.8% 78.8%

11 of 16

2,770,849,990 2,841,171,570 7,307,019,254

Performance Using SD Card on Moblin

DMT performance using CD cards.

Tel: 408.452.7400 Fax: 408.452.7444
www.windspring.com
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DMT Update Process

Normal Online Update Strategies

Current on-line navigation map update services such as GBOOK are implemented with a mixture of
web services, XML, and JavaScript. These technologies can be delivered in real-time to connected
in-dash devices, using a data communications module.

Connections are provided using phones (GPRS, HSDPA, 3G or other wireless), Radio (RDS/TMC,
Sirius) or WAN (Internet) connections.

In general the operation is:

1. Download the update or real-time data
2. Expand this compressed data to internal memory
3. Adjust navigation/LBS information based on the downloaded data

It is important to understand the internal resources that are required for embedded systems:

1. Communications buffer memory is required to buffer the compressed information
2. Information is then decompressed into another region of memory

3. For an update, the information must then be verified before it is used to replace the
existing stored navigation data
4. Finally, the stored information is deleted and replaced with the downloaded dataset.

5. For an edit, the changed information must be verified
6. The stored information is then de-compacted, edited and re-compacted before being stored
back as navigation data

7. For real-time data, such as parking or traffic, the downloaded data must be stored
8. This data must then be scanned whenever it is likely to affect either routing or LBS decision
making.

Normal Offline Update Strategies

Offline navigation data updates are usually provided on DVD or a downloaded dataset for HDD or
SD systems. Uncompressed formats compete for in-dash storage space and can be slow to update.

Real-time data updates, such as traffic or road works, are still provided over the air by carriers on
FM radio, mobile phone networks or WANSs.

Point of interest information, including real-time pricing is very important for user satisfaction.

DMT allows the in-dash storage (HDD or SD) to be updated using edits applied to the navigation
data. This can significantly reduce the amount of data required as well as the amount of time to
update.

Edits can be applied in-dash or using a host computer for SD based systems.
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DMT Navigation Data Update Strategy

DMT is implemented as a block oriented compression strategy. This allows updates to be applied to
individual data items in a block or appended at the end of the blocks.

By separating the descriptors for the data blocks, DMT can easily implement edit for HDD based
navigation map data. These changes could be delivered as updates to the system or as downloaded
packets of information.

The same strategy can be used for dynamic data changes.

DMT Incremental Update Strategy

DMT can deliver updates to NAVIGATION data that are smaller in size than complete updates of the
dataset. These updates can be applied directly to the compressed DMT compressed NAVIGATION
map data without decompressing that data. Any defragmentation can occur in the background
when the system is not being used for navigation.

Se:tvet DMT : | - : : : : - Navigation
Application

4 -Map-fte ~Qreation~of-}-‘--A‘»-U--Map~§~ e 7 G REERTICUPLS TR S
7 : : . ClientDMT

Publishing | ¢ Updates @ DeIiveryE
: E' % : f - Center :
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DMT Results for Data Compression and Access

DMT achieved a 63% file size
reduction for the database data
and indices.

This was achieved with no

detrimental impact on the search

performance of the database. For a
Rl . : : : ~ facility search the performance

i 200~ , 5 LS N 5  increased marginally. When coupled

: : : : with a Afacility+streeto

......... e | | | Aifacility+routedo perforn

; | : : . improved up to 20%.

o}

i"“VthSlz)rihgcdrifidéﬁﬁa'l' i Windspriné
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DMT Results for Data Update

______ _____PND Personal Navigation Device ..awmeom
DMT achieved an overall
reduction of approximately - Incremental Update Size (KB) - - - Time to Update Record(ms) -
35% in the size of the . Original =MDF : . Original sMDF :
update data for changes to : : : : : '
the database.

Tests included update of 1, 10
and 100 records.

Reduction was achieved in
both the size of the data and
the time of update
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Summary

DMT provides advantages for navigation mapping data in the area of size, performance and
updating. In general, compared to original data, DMT will provide compression ranging from 40%
to 80% while delivering speed increases up to 30%. When compared to compressed data (such as
LZMA data), DMT will provide similar compression performance and speed increases of the order of
5-10%.

More importantly, DMT provides the ability to update that data in the field, whether this is by direct
update of the map data or by update of auxiliary database files such as POI.
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