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Goal

Provide a technical introduction 
to NAVTEQ geospatial data, 
AJAX mapping APIs, and Web 
Services best practices.
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Agenda

•Location Is Everywhere
•Global Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java™ Platform: deCarta
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Introduction to NAVTEQ
• Leading global supplier of digital maps 

for vehicle navigation, portable 
navigation, Internet mapping, enterprise 
systems, and a variety of wireless 
location-based services applications

• Over 90 million consumer touch points 
every day

• 60 countries on 6 continents—
and counting

• More than 600 geographic analysts 
worldwide driving the roads to collect up 
to 200 attributes per road segment
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Road Geometry

+ Lane 
Markings

+ Pedestrian 
Crossings

+ 3D City and 
Landmark

+ Textured 
Landmark

+ Landmark 
Metadata

+ Pedestrian 
Stairwells
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Location Is Everywhere

• Adoptable, Convenient, Pervasive

Maps/Directions Make Up 33% of Mobile Application 
Downloads by Revenue—The Largest Segment*

Source: Telephia’s Mobile Application 
Report (Q1-06 to Q4-06).
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Driving directions

Location search
(ATM, gas station, etc.)

Got directions
(Non-walk, non-drive purposes)

Nearby entertainment options

Played LBS game

Locate friend/family

Kept track of child

Got location-based e-coupon

Got directions for walking

Other 13%

10%

11%

12%

13%

14%

18%

20%

27%

41%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

How Consumers Use Location 
on Mobile Devices

* Source: Telephia’s Mobile Application Report (Q1-06 to Q4-06).
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Agenda

•Location Is Everywhere
•Global Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java Platform: deCarta
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—Entry Map

—NAVTEQ Map

Global Specification

• Coverage in 60 countries and counting
• One global specification
• 144 offices in 27 countries
• Approximately 12 million miles of roadway in the NAVTEQ® database
• Approximately 600 geographic analysts updating and verifying around the world
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One Global Specification

• Consistent data saves time and money!
• Coverage means relatively the same thing in 

one country vs. another:
• “Detailed City” coverage in the U.S. is similar to that 

in Brazil, meaning full inclusion of addresses, turn 
restrictions, dividers, etc.

• Differences based on reality are documented by 
country in our Country Profiles, e.g., The U.S. 
has 4 administrative levels, while Canada has 5
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Agenda

•Location Is Everywhere
•Global Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java Platform: deCarta
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NAVTEQ Production Environment

NAVTEQ
Data Products

Released Database
(seamless)

RDF™
(Seamless)

NAVTEQ
Production Database 

(seamless)

GDF
(Regional)

SIF+
(Regional)

NAVSTREETS®

(Regional)

Extraction
Software

NAVTEQ
Customers

NAVTEQ Production and Extraction
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High Level Extraction 
Format Characteristics

• GDF 3.0 (Geographic Data Format)
• European standard, emerged as de-facto international 

standard for exchanging navigable databases*
• ACSII file structure, with record types related by pointers
• Data is sequentially ordered by Record Type
• No out-of-the-box tools to read format 

• A GDF Viewer is available, which allows browsing the GDF file; 
the viewer is not a GDF parser)

• The GDF conceptual data model comprises three entities: 
features, attributes, and relationships

*Despite status of international standard, GDF has flavors preventing 
usage of single GDF compiler worldwide to serve all map suppliers
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Data Model
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Agenda

•Location Is Everywhere
•Global Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java Platform: deCarta



2007 JavaOneSM Conference   |   Session TS-64745 | 16

Named Area (Zones) in GDF

• I could go into a detailed training of the GDF, but that 
would take all day! 

• Instead, let’s focus on the challenges related to 
communicating the city level location of a street or 
POI or lat/long

• Other challenges exist when working with map data 
for geocoding, routing, and map display such as:
• Washington Twp, MI existing separately in 3 counties
• Dallas, TX crossing over into 3 counties
• Duplicate cities within a county
• Large areas of the US are not within an incorporated city

• But what does this have to do with Zones? Zones can 
help solve these problems
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Named Area (Zones) in GDF 

• Named Area: Postal Area (Zone type = PA)
• GDF Feature 3120
• Used in Denmark, Finland, Norway, Sweden, 

the U.S., Puerto Rico, the U.S. Virgin Islands, 
and the Netherlands only

• PA Zones reflect the names the Postal Service 
uses for an area; They can reflect names 
incorporated cities, military bases, unincorporated 
communities, or even O’Hare Airport

• Residents may refer to their postal area name 
rather than the city in which they live!
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Named Area (Zones) in GDF 

• Named Area: Known As Zones (KA)
• These Zones represent names that most end users feel 

is the “city” name, regardless of whether or not it really is 
the administrative name; An example is Manhattan; KA 
zones in the U.S. are located in only two areas, New York 
and Boston

• Named Area: Known As That Does Not Replace the 
Administrative Name Zones (KD)
• An example is Hollywood; In reality, there is no city of 

Hollywood; The true city name is Los Angeles, but almost 
every visitor to LA wants to go to Hollywood

• In all cases, the Named Area is an alternate name to the 
Built-up Area name for destination selection



2007 JavaOneSM Conference   |   Session TS-64745 | 19

Example 1: There is no city name for the roads displayed in yellow. Postal Area 
(PA) Zones represent the primary name of an area used by the post office for 
mail delivery. They are VERY important for address resolution. People use them.

Named Area (Zones) in GDF 
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Named Area (Zones) in GDF 
Here are the PA Zones: Light blue to the NE is Tahoma, while the white to the North 
is Georgetown. With the use of Zones, and application should geocode to Tahoma.
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Zones in GDF 
Example 2: Los Angeles, CA is the biggest offender of duplicate addresses 
within the city limits! Zone’s can be used to differentiate between the two.
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Zones in GDF 
Properly used Zones in Google Maps
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Zones in GDF 
Properly used Zones in Google Maps
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Zones in GDF
• Merging Zones: It’s common for a city and zone of the same 

name to exist
• In GDF 3.0, merging the city and zone features can be done via the 

Official Code (OC), which will be the same for both the 3110 feature 
(city) and the 3120 feature (zone); In the case of Los Angeles, both 
have OC =44000 

• 53      5068     31100    1      4323    2   2154380   2154381                 0
• 44   2154380               1OC 44000 0
• 44   2154381               2ON         567835@4         900101  0
• 41    567835     ENGLOS ANGELES 0

• 53      6198     31200    0    1   2133100                                     0
• 44   2133100               3ON         547913OC 44000#Z     PA        0
• 41    547913     ENGLOS ANGELES 0
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New York
OC 61

Bronx
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Queens
OC 81
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New York
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Agenda

•Location Is Everywhere
•Global Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java Platform: deCarta
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Free
Development

Tools

Technical 
Information

Free
Technical
Support

Sample
Map Data

Active 
Discussion

Forum

Searchable
Knowledge

Base

Industry
Expert
Blogs

Training
Resources

Explore the Resource
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Foster a Healthy Ecosystem
• Holistic Developer Offering

• Access to desirable partners, channels, 
and support

• Free NAVTEQ® sample map data (for 
development and demo) with support

• Knowledge base: forums, tech docs, etc.
• Program communications and activities

• Accelerating Partner Success
• Access to pre-qualified developers for recruitment 
• Free NAVTEQ sample maps and support for 

partner’s developers
• Developer work-flow tools and utilities
• Co-Marketing opportunities via NAVTEQ partner 

programs
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Agenda

•Location Is Everywhere
•Single Specification and Data Model
•Use Case: Zone in GDF
•Developer Support
•Use Case With Java Platform: deCarta



2007 JavaOneSM Conference   |   Session TS-64745 | 30

Server Architecture

Drill Down Server

Tomcat

NAVTEQ
Data

HSQLDB

OpenLS
XML
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Enterprise
Information Source

Generic Architecture

Web Service

RDBMS

XML

Data
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Use Case Objectives

• Introduce basic geospatial functions
• Overcome JavaScript™ technology 

programming challenges in location
• Share experiences in developing deCarta’s 

software stack
• Widely applicable to Web Services developers
• Sample code and best practices for building 

Web 2.0 servers
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Basic Geospatial Functions

• Geocoding
• Turning a street address into a Lat/Long
• Cleaning up/normalizing user-entered address

• Reverse Geocoding
• Turning a Lat/Long into a street address

• Map Display
• Tiled draggable maps have replaced static maps

• Routing
• Server must calculate route
• Client must display route on tiles
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Understanding the JavaScript 
Technology Landscape

• JavaScript Map APIs pioneered Object-Oriented 
JavaScript Technology

• Object-Oriented JavaScript technology will 
appear familiar to Java platform developers 

• Asynchronous callback-based programming 
• Familiar model to Swing or SWT programming
• “onZoomEnd”, “onDragEnd”
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Object-Oriented JavaScript Technology
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Geocoding Process

1. Send freeform address to server
2. Server responds, invoking callback
3. Two arrays passed into application callback:

1.positions: an array of possible locations for the 
address

2.addrCandidates: an array of addresses, from 
the map database, corresponding to the positions

4. Application should use the highest quality match:
1. positions[0], addrCandidates[0]
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Anonymous Function Callbacks

var ffa = new FreeFormAddress(“4 N 2nd Street 95113"); 
var geo = new Geocoder(); 

//positions is array of candidate locations
//addrCandidates is array of possible address matches
geo.geocode(ffa, function(positions, addrCandidates) { 

if(positions.length==0) alert("unable to geocode"); 
else alert(“Best address match: ”+addrCandidates[0]); 

}); 
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Pitfalls of Asynchronous 
JavaScript Technology
var map = new Map(document.getElementById("map"));
var originAddr = new FreeFormAddress(“San Jose CA");
var destinationAddr = new FreeFormAddress(“94105"); 
var geo = new Geocoder(); 
var originPos = null;
Var destinationPos = null;

geo.geocode(originAddr, function(positions, addrCandidates) { 
originPos = positions[0]; //first position match

}); 
geo.geocode(destinationAddr, function(positions, 
addrCandidates) { 

destinationPos = positions[0] //first position match
}); 
//the following is a bug! No guarantee originPos
//or destinationPos is set.
map.routeMap(new Array(originPos,destinationPos));//show map
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What’s the Bug in Previous Example?

Web Service

XMLGeocode
Origin

Geocode
DestinationTI

M
E

Show 
Route Map

Bug: originPos and destinationPos are
null because callbacks not returned yet
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Correcting the Routing 
Function (First Pass)

var map = new Map(document.getElementById("map")); 
var originAddr = new FreeFormAddress(“San Jose CA");
var destinationAddr = new FreeFormAddress(“94105"); 
var geo = new Geocoder(); 
var originPos = null;
Var destinationPos = null;

geo.geocode(originAddr, function(positions,addrCandidates ) { 
originPos = positions[0]; //first position match

});

geo.geocode(destinationAddr, function(positions, addrCandidates)
{ 

destinationPos = positions[0]; //first position match
map.routeMap(new Array(originPos,destinationPos));

}); 
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Expected Outcome

Web Service

XMLGeocode
Origin

Geocode
DestinationTI

M
E

destinationPos set,
Show Map

originPos set
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There Is Still a Bug

Web Service

XMLGeocode
Origin

Geocode
DestinationTI

M
E

Bug: Out-of-order arrival 
causes originPos to be null

destinationPos set,
Show Map
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Correcting the Routing Function
var map = new Map(document.getElementById("map")); 
var originAddr = new FreeFormAddress(“San Jose CA");
var destinationAddr = new FreeFormAddress(“94105"); 
var geo = new Geocoder(); 
var originPos = null;
Var destinationPos = null;

geo.geocode(originAddr, function(positions, addrCandidates) { 
originPos = positions[0];
if(null != destinationPos)

map.routeMap(new Array(originPos,destinationPos));
}); 
geo.geocode(destinationAddr, function(positions, addrCandidates)
{ 

destinationPos = positions[0];
if(null != originPos)

map.routeMap(new Array(originPos,destinationPos));
}); 
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Looking Underneath the Hood

• Client-server communication protocols
• Server-side implementation details 
• Architectural/deployment considerations
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Client-Server Communication

Web Service

XML

Browser Based Standalone
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OpenGeospatialConsortium (OGC) 
Open Location Services

<XLS xmlns=http://www.opengis.net/xls xmlns:gml=“http://www.opengis.net/gml” >
<RequestHeader clientPassword=“x" sessionID="999" clientName=“y"/>
<Request requestID="1” version="1.0">

<PortrayMapRequest>
<Output height="400" width="400">

<CenterContext SRS="WGS-84">
<CenterPoint>

<gml:pos>41.002 -72.002</gml:pos>
</CenterPoint>
<Radius unit="KM">0.3</Radius>

</CenterContext>
</Output>

</PortrayMapRequest>
</Request>

</XLS>



2007 JavaOneSM Conference   |   Session TS-64745 | 47

Standards Alphabet Soup

• OGC Open Location Services (OpenLS)
• XML for Location Services (XLS)

• OGC Web Feature Server (WFS)
• OGC Web Map Server (WMS)
• OGC Web Coverage Server (WCS)
• OGC Geography Markup Language (GML)
• GeoRSS
• Keyhole Markup Language (KML)
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JavaScript Technology API Provides Insulation 
From Geospatial Protocols/Standards

Web Service

XML

Web Client Application

Map API
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What if Your App Isn’t JavaScript 
Technology Based?

• Java 2 Platform, Standard Edition (J2SE™ 
platform) APIs are available for deCarta Drill 
Down Server

• Other vendors offer different APIs for .Net, etc.
• Reality: There will always be some platform/ 

language where no API is available
• Must communicate directly with server using XML
• Interesting discussion in geospatial community on 

JSON vs. XML
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Application Directly Produces 
and Consumes XML

Web Service

Application

XML
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Standards Are Great…
So Many to Choose From 

• Consider the following when evaluating a 
product that implements a geospatial XML:
• How many schemas compose the standard?
• How stable are the schemas
• Are vendor extensions available/necessary?
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Implementing Direct XML 
Communication

• How to tackle a geospatial XML 
vocabulary where:
• There are multiple schemas
• Multiple namespaces
• A potentially overwhelming number 

of data types
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XML-to-Object Binding for 
Non-Browser Apps

• Java Architecture for XML binding (JAXB)
• xjc compiler reads schemas and emits Java source files

<target name="jaxb"> <!-- run Java-to-XML binding 
compiler-->
<java fork="yes" classname="com.sun.tools.xjc.Driver">

<arg line="-extension -d ${src} -p 
com.telcontar.openls.xml

${schema}/LocationUtilityService.xsd
${schema}/RouteService.xsd
${schema}/DirectoryService.xsd
${schema}/PresentationService.xsd/>
<classpath>

<fileset dir="${lib}">
<include name="**/*.jar" /> 
</fileset>

</classpath>
</java>

<target>
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XML-Over-HTTP Serverside 
Processing Pipeline

Servlet 
InputStreamXML JAXB 

Unmarshaller

Domain Model 
Object TreeService Object

Domain Model
Response 
Objects

JAXB 
Marshaller

Servlet 
OutputStream XML



2007 JavaOneSM Conference   |   Session TS-64745 | 55

Service Invocation

Domain Model 
Object TreeService Object

Domain Model
Response 
Objects

Authentication

Authorization

Interpretation

Communication

Transformation
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Map Mashups

•Connect to multiple sources of geospatial 
information
•Client makes concurrent asynchronous 
connections

Browser

Mapping API Web Service1
Web Service1

Web Service
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Map Mashups
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Is It a Real Mashup?
•Use HttpWatch browser plug-in to snoop findnearby.net
•All search queries are proxied through findnearby.net
•Why?
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Accessing Third-Party Content/APIs

ABC.com

XMLHttpRequest

Application:
HTML/JavaScript 

technology

xyz.com

Web Service

Domain of 
Origin Policy

Browser
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Workaround 1:
Proxy Around Domain of Origin Policy

ABC.com

XMLHttpRequest

Application:
HTML/JavaScript 

technology

xyz.com

Web ServiceProxy

Browser
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Disadvantages of Proxy

• “Triangle routing” is inefficient
• Customer has to deploy a proxy
• Customer has to serve JavaScript 

technology API
• Versioning/maintenance
• Bug fixes/patches

• Customers cannot easily try out the 
JavaScript technology
• Scripts are supposed to be easy to access 

and run, not hard!
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Workaround 2:
Customer Hosts Web Service

ABC.com

XMLHttpRequest

Application:
HTML/JavaScript 

technology

Web Service

Browser
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Advantages of Self-Hosted

• Security/reliability meets needs of “enterprise”
• No triangle routing
• Gives customer control over hardware/ 

software/data environment

Disadvantages of Self-Hosted
• Forces large-scale/expensive model onto 

customer
• Software versioning still an issue
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Next Topic: 
Scriptlets, a.k.a. Dynamic Script Tags

• Asynchronous access
• Can be mashed up on anyone’s application
• Can be integrated with a JavaScript 

Technology API
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Dynamic Script Tag

•Script src not subject to Domain of Origin
•API methods internally invoked as <Script> tags

• <Script> added to DOM on-the-fly
• src attribute set on the fly 

•Parameters passed in script src URL
•<script src=“http://MapAPI.com/map?center=42.0,-128.0”/>
•Valid JavaScript technology returned
•callme({“URL”:”http://MapAPI.com/2345124.gif”})
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Dynamic <Script> Tags 

ABC.com

<Script>

Application:
HTML/JavaScript 

technology

MapAPI.com

Web Service

Browser
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Dynamic <Script> Tags Inside APIs 

ABC.com

API

Application:
HTML/JavaScript 

technology

MapAPI.com

Web Service

Browser

deCarta.com

Web Service

API
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Dynamic Script Tag Callbacks

•Script URL must include callback to *your* 
application
• <script src=“http://MapAPI.com/map?center=42.0,-
128.0&callback=callme”/>

•Server returns dynamically created JavaScript 
technology that calls your callback when evaluated
•callme({“URL”:”http://MapAPI.com/2345124.gif”})
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JSON

•JavaScript Object Notation
•Parameters passed into callback are 

• JSON Object {}
• JSON array []

•Example JSON Object with key:value pair  
{“URL”:“http://MapAPI.com/2345124.gif”}

•JSON.org has complete set of productions for JSON 
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Issues With Dynamic Script Tags

• Length of allowable 
URL is limited on 
different browsers

• 2,083 chars can 
be too small to 
accommodate 
many requests

190,000 Opera

80,000 Safari

65,536 charsFirefox

2,083 charsInternet 
Explorer

Maximum 
URL lengthBrowser
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Sending Data in Chunks

•Large request split into numbered chunks
•Each chunk delivered asynchronously to the server 
via a dynamic <Script> tag

• <Script> tag added dynamically to the DOM
• <Script> tag removed when script returns

•Server orders and assembles chunks
• When final chunk received, request executes 

on server
• All non-final chunks return an empty JSON Object
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Chunking Data in Dynamic <Script> URLs

• The following URL sends chunk 1 of 3
• http://MapAPI.com://map?

• callback=callme
• &requestID=3436233
• &chunkNum=1
• &maxChunks=3
• &data=XXX

• requestID is globally unique across clients
• maxChunks is the total number of chunks 

that data is split across
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Serverside Chunk Assembly

Chunk Queue 
1

Chunk Queue 
2

Chunk Queue 
3

Chunk 
maxChunksChunk 

1
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Assemble and Process Full Queue

Chunk 
maxChunksChunk 

1
Chunk 

2
Chunk 

4

Assemble
and

Process

Chunk Queue 
1

Chunk Queue 
2

Chunk Queue 
3
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Zombie Requests

• Client disconnects before all chunks sent
• Leaves zombie queue of allocated memory
• Server continues to wait for more chunks 

to arrive
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Chunk Class Used on Server
public class Chunk implements Comparable{

Integer order; 
String data;

public boolean equals(Object o){
return hashCode() == o.hashCode();

}

public int hashCode(){
return order.hashCode();

}

public int compareTo(Object o) {
return order.compareTo(((Chunk)o).order);

}
}
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Assembling Chunks on the Server

//this code has a bug, can you find it?
//hint: memory leak!
public Map<String, SortedSet<Chunk>> chunks =

new LinkedHashMap<String, SortedSet<Chunk>>(){       
protected boolean removeEldest(Map.Entry eldest){
return size()>1000; //expire zombie chunk queue
}
};
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Finding the Memory Leak

• java -XX:+HeapDumpOnOutOfMemoryError
• NetBeans™ Software HeapWalker
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Assembling Chunks on the Server
(Fixing the Bug)

//Typo in method name meant removeEldestEntry
//was not overridden. 
//Use @Override to detect problems at compile time
public Map<String, SortedSet<Chunk>> chunks =

new LinkedHashMap<String, SortedSet<Chunk>>(){ 
@Override
protected boolean removeEldestEntry(Map.Entry eldest){
return size()>1000; //expire zombie chunk queue
}
};
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Q&A
Come visit us at Booth #918 for more information
http://developer.navteq.com
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