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puter programs encoded on a computer storage medium, for cach-
ing tiles in an interactive mapping system. A request is received
from a first client, the request being for a root node of a directory
structure in which resource locators for nodes are generated based
on a hash of resource locators of respective descendant nodes, and
wherein leaf nodes are associated with corresponding resource loc-
ators for tiles in an interactive mapping system. A first configura-
tion of tiles is served to the first client as cacheable resources. A
new node is added to the directory structure corresponding to a
new version of a tile. A second configuration of tiles is served to a
second client, while continuing to serve the first configuration of
tiles to clients that requested the root node before the resource loc-
ators for ancestor nodes of the new node were added.
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CACHING RESOURCES

BACKGROUND
This specification relates generally to caching resources in a network.
In a typical interactive mapping system, tiles of map data are served over a
network through multiple intermediary servers. Tiles may be cached on each of the
intermediary servers. For a tile that has been cached, subsequent requests for that tile

result in a local copy of the cached tile being served to a client.

SUMMARY

This specification describes technologies relating to caching resources in an
interactive mapping system.

In general, a directory structure is created by the interactive mapping system to
control caching of tiles. Clients traverse the directory structure by making subsequent
requests for resource locators at each level of the directory structure to ultimately obtain
tiles corresponding to a set of map coordinates. When a new tile is added to the system,
only ancestor nodes of the new tile are updated. Thus, while new tiles and their respective
ancestor nodes are uncached, unchanged tiles remain cached.

In general, one innovative aspect of the subject matter described in this
specification can be embodied in methods that include the actions of receiving, from a
first client, a request for a root node of a directory structure in which resource locators for
nodes are generated based on a hash of resource locators of respective one or more
descendant nodes, wherein requests for parent nodes generate responses containing
resource locators of respective one or more descendant nodes, and wherein leaf nodes are
associated with corresponding resource locators for tiles in an interactive mapping
system; serving, to the first client, a first configuration of tiles, wherein each intermediate
node and each tile is served as a cacheable resource; receiving an indication of a new
node added to the directory structure, the new node corresponding to a new version of a
tile; adding to the directory structure one or more new ancestor nodes of the new node;
receiving, from a second client, a request for the root node; and  serving, to the second
client, a second configuration of tiles including the new node, while continuing to serve
the first configuration of tiles to one or more other clients that requested the root node
before the one or more new ancestor nodes of the new node were added. Other

embodiments of this aspect include corresponding systems, apparatus, and computer
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programs, configured to perform the actions of the methods, encoded on computer storage
devices.

These and other embodiments can each optionally include one or more of the
following features. Adding one or more new ancestor nodes of the new node includes
switching from serving the first configuration of tiles to serving the second configuration
of'tiles after a new root node is added. Switching to serving the second configuration of
tiles includes swapping a root node indicator from the root node to the new root node. A
response containing resource locators of one or more descendant nodes of the new root
node is served in response to receiving, from a second client, a request for the root node.
The resource locators for tiles include a version. The second configuration of tiles is
served with an indication that one or more tiles are cacheable. Updating resource locators
for each of one or more ancestor nodes of the new node comprises adding to the directory
structure the one or more ancestor nodes for the new node. The resource locators for tiles
include map coordinates. The resource locators for tiles include a hash of tile data.
Resource locators for the root node and each parent node are generated by a hash
function. Resource locators for the root node and each parent node are generated by a
hash of a concatenation of resource locators of one or more respective descendant nodes.
A separate directory structure is generated for each of one or more zoom levels in the
interactive mapping system. The directory structure is a quadtree or a B-tree. The
method of claim 1, where the indication that the tile is cacheable comprises an HTTP
header.

Particular embodiments of the subject matter described in this specification can be
implemented so as to realize one or more of the following advantages. The directory
structure can reduce latency for client devices and reduce load on servers by increasing a
cache hit rate. New tiles can be served without simultaneously invalidating all caches for
all users. Tiles need not be specified by predictable uniform resource locators (“URLs”),
and can instead be specified by arbitrary URLSs, such as those based on tile contents.
URLSs based on tile contents result in identical URLSs being assigned to visually identical
tiles, further increasing cache hit rates throughout the system.

The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent from

the description, the drawings, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a graphical user interface of an example interactive
mapping system.

FIG. 2 is a diagram of an example network environment for serving map data.

FIG. 3 is a diagram of an example directory structure for caching tiles.

FIG. 4 is a sequence diagram of an example client interaction with the interactive
mapping system.

FIG. 5 is a diagram of an example update of the directory structure for caching
tiles.

FIG. 6 is a sequence diagram of an example client interaction with the interactive
mapping system after a tile is updated.

Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

Interactive mapping systems provide access to vast amounts of map data,
particularly when provided in a networked environment, e.g., the Internet. The
interactive mapping systems can store the map data in a distributed storage environment
and serve the map data to client devices over the network.

Client devices (e.g., data processing apparatus such as personal computers, smart
phones, tablet computers, or laptop computers) can request map data for a geographic
region of interest. The map data provided can be defined by a viewport, for example,
which can be an element of the interactive mapping system graphical user interface
(GUI). The viewport can be different shapes, e.g., rectangular or square, and can present
map data of a particular geographic region. In response to the request for map data, one
or more service providers can send the client device map data, which may be in the form
of an image.

The client device then displays the map data or image in the viewport of the GUI
(e.g., using a client web browser application). Map data can include map images (e.g.,
political or topographic map images), satellite images, business locations, popular
landmarks, driving or walking directions, and vector graphics defining paths and regions
overlaid on map images. Map data can also include various layers of related data, for

example, a layer illustrating volcanoes in the Pacific Ocean or current traffic conditions.
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FIG. 1 is a diagram of a graphical user interface of an example interactive
mapping system 100. The interactive mapping system 100 contains a map image 110
showing a map of a portion of the earth’s surface. The region displayed by the interactive
mapping system 100 is defined by a viewport 140.

The interactive mapping system can include interface elements to control
operation of the map, such as a panning control 120, a zoom control 130, a tilt control
(not shown), or a rotation control (not shown). In some implementations, the user
specifies a pan command by using an input device, e.g., a mouse, to drag the map image
or manipulate the panning control 120. In some other implementations, the user specifies
a pan command by dragging a finger across the screen of a touchscreen device. The
interactive mapping system can provide data at multiple zoom levels (e.g., in response to
a user input to the zoom control 130). Each subsequent zoom level provides more detail
corresponding to a smaller geographic region.

Map data servers can provide images of map data in the form of tiles. Tiles are
images that can be combined to form a larger, composite image. For example, a tile can
be a 256x256 pixel image. Four such tiles can be combined to form a 512x512 pixel
image. The map image 110, for example, can be broken up and provided as four
separate tiles 141, 142, 143, and 144. Tile boundaries may or may not be visible in the
viewport of the client device.

The tiles provided depend upon the current zoom level of the interactive mapping
system. When zooming in using the zoom control 130, map data corresponding to a
region of a previously provided tile can be subsequently provided as a composite of
smaller, potentially higher resolution tiles. For example, map data for the region
corresponding to tile 142 can be provided in a subsequent zoom level as tiles 151, 152,
153, and 154.

Client devices can request tiles based on coordinates. The set of coordinates can
be specified by the range of the user viewport. Coordinates can be latitude/longitude
pairs or can be coordinates assigned by the interactive mapping system. Each tile can be
referenced by a unique [x, y] pair of coordinates. For example, a client device can
request tile 141 by the assigned coordinates [3, 4]. Tile 142 can be requested by assigned
coordinates [4, 4]. Tile 143 can be requested by coordinates [3, 5], and tile 144 can be
requested by coordinates [4, 5].

Particular tiles can be requested by including their coordinates in a URL of an

HTTP request. For example, tile 141 can be requested by appending “?x=3&y=4"to a
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resource locator (e.g. a URL) for the interactive mapping service. In mapping systems
with multiple zoom levels, tiles can also be specified by a zoom level, z. Thus, at zoom
level 3, a client device can request tile 141 with x=3, y=4, and z=3, formulated as an
HTTP request as “?x=3&y=4&z=3". Tile 151 (which is a smaller tile provided at a
higher zoom level than tile 141) can be requested by specifying a higher zoom level, such
as “7x=3&y=4&z=4".

As an interactive mapping system gathers more map data, tiles in the system can
be updated. The updated information can, for example, reflect additional road
information, higher resolution satellite imagery, or corrections to errors in existing map
data. Tiles in the system can be assigned a version number to distinguish tiles with newer
or older information. Client devices can request tiles of a specific version number, v, in
an HTTP request. For example, version 2 of tile 141 at zoom level 3 could be requested
by appending “?7x=3&y=4&z=3&v=2" to a resource locator (e¢.g. a URL) for the
interactive mapping service.

FIG. 2 is a diagram of an example network environment 200 for serving map data.
Serving map data over a network often involves communication between multiple servers
in a series of requests. Map data ultimately served to a client device can be routed
through multiple intermediary proxy servers or Internet service providers (ISPs). A proxy
server is a server that mediates requests from clients to other servers in a network. An
ISP provides client devices access to other servers on the network, which can be provided
by a dial-up connection through a public switched telephone network, a digital subscriber
line (DSL), cable broadband, WiFi, or any other network connection technology.

Specifically, the example network environment 200 includes map data servers
210. Map data servers 210 receive requests from client devices 242, 244, 246, and 248,
respectively. The map data servers 210 serve map data back to the corresponding client
devices. The requests and provided map data can be routed through proxy servers 222
and 224 and ISPs 232, 234, and 236 before reaching map data servers 210.

The provided map data can be cached by intermediary devices between the map
data servers 210 and the client devices 242, 244, and 246. Client devices can also cache
map data on a local storage device. Caching a resource on a network (e.g. map data)
means that a device stores a local copy of the resource corresponding to a given resource
locator and retrieves the copy of the resource on subsequent requests for the same

network location instead of requesting the resource directly. Consequently, upon the next



10

15

20

25

30

WO 2012/103237 PCT/US2012/022577

request for the same resource locator (from the same or a different client device), the copy
of the resource is served instead of requesting the resource again from the original server.

Caching network resources can reduce latency experienced by client devices by
reducing the number of intermediate requests for a resource, and can also reduce load on
upstream servers by reducing the number of requests for the original resource. In some
implementations, a server will not subsequently modify a resource that has been
identified as a cacheable resource. Cached resources that are subsequently modified
introduce the possibility of client devices receiving inconsistent data.

In some implementations, a server identifies a resource that should be cached by
including an appropriate header in an HTTP response providing the resource. The header
includes a field indicating that servers forwarding the resource should store a copy of the
resource and serve the copy on subsequent requests for the same resource. The header
can also identify a time period after which the cached resource will expire, at which point
the original resource should be requested again by the intermediate servers.

Alternatively, a server can indicate with the HTTP header that a resource should never be
cached.

For example, map data servers 210 can indicate that a particular tile should be
cached. When the tile is requested by a client device (e.g., client device 244), the tile will
be provided to proxy server A 222, which will provide the tile to ISP B 234. The ISP B
234 will then provide the tile to the requesting client device. When proxy server A 222
receives the tile from map data servers 210, the proxy server A 222 reads the HTTP
header and determines that the tile should be cached. Proxy server A 222 then creates a
local copy of the tile to be served on subsequent requests for that tile. For example, if
proxy server A 222 receives a subsequent request for the same tile, proxy server A 222
responds by serving the stored local copy of the tile rather than requesting the tile from
map data servers 210. ISPs 232, 234, and 236 cache the tile in the same way by reading
the HTTP header of received tiles. Client devices 242, 244, 246, and 248 can also cache
a local copy of the tile, which will be read from a local storage device rather than
requesting the tile from their respective ISPs.

“Cache hits” refer to instances of a client device or an intermediate server
finding a locally stored copy of a cached resource. “Cache misses,” on the other hand,
refer to instances where no locally stored copy of a resource is found on the client device

or on any of the intermediate servers, or when a locally stored copy has expired or is
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otherwise invalid. Cache misses require requesting the original resource from the original
server, e.g., map data servers 210.

Because cache hits reduce latency and decrease load on servers, an interactive
mapping system can attempt to maximize the number of cache hits and minimize the
number of cache misses on requests for resources such as tiles. To improve caching
performance, an interactive mapping system can implement a separate directory structure
used for serving and caching tiles.

FIG. 3 is a diagram of an example directory structure 300 for caching tiles. The
example directory structure is implemented as a quadtree, in which each node of the
directory structure has four child nodes. Tiles in the interactive mapping system can also
be organized in a quadtree structure, but the example directory structure for caching
shown in FIG. 3 is not necessarily related to the structure of the interactive mapping
system and can be implemented as an entirely separate structure. Furthermore, the
directory structure in FIG. 3 could be implemented as another kind of tree, e.g., as a B-
tree.

The leaf nodes shown in FIG. 3 (e.g., nodes 311-314, 321-324, 331-334, and
341-344) correspond to individual tile versions in the interactive mapping system. Each
leaf node contains information required to retrieve the corresponding tile. For example, a
leaf node could contain the information, [x=2, y=3, z=2, v=2], for map coordinates x and
y, zoom level z, and tile version v, which could be used to request a tile with a URL
containing “?x=2&y=3&z=2&v=2". In response to a URL request for this tile, the
interactive mapping system can provide the corresponding tile data. In addition, leaf
nodes of the directory structure can contain per-tile data (e.g., locations of businesses
within the tile region). For brevity, however, only the version number of each tile is
shown in FIG. 3.

In some implementations, a separate directory structure is generated for each
zoom level of the interactive mapping system. Thus, all tiles corresponding to the leaf
nodes of the example directory structure shown in FIG. 3 are at the same zoom level in
the interactive mapping system. The example directory structure contains only 16 leaf
nodes, and therefore only two levels. However, an interactive mapping system can
contain millions of tiles at a given zoom level, and thus the directory structure would
accordingly contain more levels than the example directory structure shown in FIG. 3.

The intermediate nodes 310, 320, 330, and 340 contain a hash of the contents of

their respective child nodes. For example, node 310 can contain a hash of the
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concatenation of the contents of leaf nodes 311, 312, 313, and 314. A hash is a string of
characters generated by a hash function. A hash function converts input data into a hash,
which is a sequence of hash characters. Each hash character can correspond to a bit string
and can be represented in various character encodings, such as hexadecimal or Base64.
Similarly, the root node 350 contains a hash of the concatenation of its child nodes, nodes
310, 320, 330, and 340.

In some implementations, hashes are also used to assign identifying URLs for
map tiles. When the identifying URLs are maintained in a directory structure such as the
one shown in FIG. 3, the URLs of the map tiles do not need to be predictable (e.g.
“x=3&y=4" for [x=3, y=4]) and can instead be arbitrary. The URL of each map tile can
then be generated by a hash of the image data in each map tile, instead of a predictable
concatenation of coordinates, version number, and zoom level. When URLSs are thus
generated by a hash of image data, visually identical tiles (e.g., solid color tiles for
oceans, uninhabited regions, or regions for which data is unavailable) are assigned
identical URLs, which further increases cache hits. Visually identical tiles particularly
increase cache hits on the client device itself, eliminating HTTP requests to a server.

The contents of each node in the directory structure can be used to access that
node as a network resource location. For example, the hash contained in node 310 can be
used as a URL for a client device to access node 310. The URL request for node 310 can
be a URL that includes “?1d=261b6”, where “id” represents the hash identifier. In
response to a request for an intermediate node, the interactive mapping system can
provide a list of that node’s child nodes. For example, in response to a URL request for
node 310, the interactive mapping system could provide identifying information for the
child nodes of node 310, which are leaf nodes 311, 312, 313, and 314. The identifying
information can include the x and y coordinates, the zoom level, and the version number
of each respective tile.

When the contents of a child node changes, the contents of the child node’s parent
node will also change (because each intermediate node contains a hash of a concatenation
of the contents of its child nodes). Therefore, changes in the directory structure get
propagated up all the way to the root node. In other words, the root node changes
whenever any child node in the directory structure changes.

In some implementations, because the leaf nodes of the directory structure are
cacheable resources (e.g. map tiles), the contents of individual child nodes do not change.

Instead, a new child node is created and associated with an appropriate parent node.
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Therefore, requests for an old map tile can still result in access to the old map tile, even
after the map tile has been updated. Accessing the root node thus provides a snapshot of
tiles of the world because only branches of the directory structure reachable from the
accessed root node will be subsequently traversed by a client. Newly added nodes are
reachable only after re-requesting the root node.

When a client device loads the user interface of the interactive mapping system
(e.g. the user interface as shown in FIG. 1), the viewport identifies the map tiles that
should be loaded. In this situation, the interactive mapping system can immediately
provide identifying information for URLs of the most recently updated tiles, such as the x
and y coordinates, zoom level, and version number, as well as URLs for all ancestor
nodes. The tiles are served through intermediate proxy servers and ISPs and are cached,
and subsequent requests for the cached tiles result in cache hits.

However, in some implementations (e.g. when a client device does not indicate a
region of interest by a viewport), the interactive mapping system must be interrogated in
order for the client device to obtain identifying information about which version of map
tiles should be requested.

FIG. 4 is a sequence diagram of an example client interaction with the interactive
mapping system. The client device interacts with the interactive mapping system through
a proxy server to obtain identifying information about which version of map tiles should
be requested.

The client device 410 requests the root of the directory structure for caching tiles
402. In some scenarios where a separate directory structure is maintained for each zoom
level, the client device specifies a zoom level in its request for the root. The proxy server
420 forwards the request 404 to the map data server 430. In response to the request, the
map data server 430 provides a list of the root’s child nodes 406, which the proxy server
420 forwards 408 to the client device 410.

For example, in response to a request for the root node, the client device receives
a list of child nodes [[26fb6, b7f03], [c7090, f1038]] when requesting a tile at x=1 and
y=2. The client can specify which of the four child nodes should be subsequently
requested by a pair of indices, e.g., [0, 1] or [1, 1]. To identify which child of the root
node should be subsequently requested, the client device uses the x and y coordinates of
the currently requested tile. In some implementations, bits in the x and y coordinates
identify the appropriate child of the root node. The identifying bits correspond to the

level of the current node in the directory structure. For example, because the root node
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is at the first level of the directory structure, the first bits (i.e. the most significant bits) of
coordinates x=1 (binary “01”) and y=2 (binary “10”) identify the child that should be
subsequently requested, yielding 0 and 1 respectively. Therefore, the client device would
next request the node identified by [0, 1] in the list of returned child nodes, which is
“b7103”.

The client device 410 makes a request for a node 412 using the node identifier
“b7103”. In some implementations, the request is a URL generated by appending the node
identifier to the map service URL (e.g. “http://example.com/map?node=b7f03”). The
proxy server 420 forwards the request 414 to the map data server 430. In response to the
request, the map data server 430 provides a list of the node’s children 416, which the
proxy server 420 forwards 418 to the client device 410.

The client device again uses the x and y coordinates of the tile being requested to
identify which of the child nodes should be requested. In this example, the children of the
requested nodes are leaf nodes containing identifying information for map tiles. For
example, the client device could receive a list of nodes [[x=0&y=2&z=2&Vv=2,
x=0&y=3&7=2&Vv=2], [x=1&y=2&z=2&Vv=2, x=1&y=3&z=2&v=2]]. The client device
identifies the appropriate tile identifier information using the x and y coordinates being
requested. Because these are leaf nodes, the last (e.g. least significant) bits of the tile
coordinates are used to identify the appropriate tile. In this case, the least significant bits
of x=1 (binary “01”) and y=2 (binary “10”) are 1 and 0 respectively, so the node with
identifier “x=1&y=2&z=2&v=2" is identified.

The client device makes a request for the map tile 422 using the tile identifier
“x=1&y=2&7=2&v=2". In some implementations, the request is a URL generated by
appending the tile identifier to the map service URL (e.g. “http://example.com/map?
x=1&y=2&7=2&v=2""). The proxy server 420 forwards the request 424 to the map data
server 430. In response to the request, the map data server 430 provides the tile data 426,
which the proxy server 420 forwards 428 to the client device 410.

The map data server 430 can include appropriate headers with responses so that
map resources requested by clients are cached. After the proxy server 420 receives tile
data 426, subsequent requests for the same URL will result in cache hits. If the client
device 410 requests the same tile URL 432, the proxy server will respond with a cached
copy of the tile data 434. In some implementations, the tile data is also cached on the
client device 410, and thus the client device can retrieve a cached copy of the tile data

without requesting the tile data from the proxy server 420.
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Similarly, if the client device 410 requests the URL of a previously requested
node 442, the proxy server will respond with a cached copy of the node data 444. In
some implementations, only the root node is never cached. Cached resources can be
served to multiple different clients, so if another client different from client 410 requested
the URL of a previously requested node (e.g. request 442), the proxy server 420 would
respond with a cached rather than requesting the original data from the map data server
430.

FIG. 5 is a diagram of an example update of the directory structure for caching
tiles. Because each intermediate node contains a hash of the contents of its respective
child nodes, updates to child nodes are propagated up the directory structure, changing
each ancestor along the way. Updates to any child node will thus update the root node.

The tile corresponding to leaf node 514 is updated in the interactive mapping
system. A new leaf node 515 is created, corresponding to version 3 of the tile. As a
result of the update, a new parent node 516 is created, containing a hash of the contents of
its child nodes 511, 512, 513, and new node 515. As a result of new parent node 516, a
new root node 555 is created, containing a hash of the contents of its child nodes 516,
520, 530, and 540.

In some implementations, the old root 550 and old parent node 510 are still
accessible by their URLs for a specified time period after the new root 555 is created.
However, the map data server immediately identifies new root 555 in response to requests
for the root node. After a specified time period has passed, the map data server can carry
out a garbage collection process that will erase root node 550 and node 510. However, if
node 510 has been cached on an intermediate proxy server, requests by client devices for
this node will continue to generate cache hits until the root node is requested again.

FIG. 6 is a sequence diagram of an example client interaction with the
interactive mapping system after a tile is updated. Until the client device re-requests the
root node, the client device will continue to receive cached copies of requested tiles.

New tile data becomes available and a new version of a tile is created 602,
resulting in a new parent node being created 604, and a new root node being created 606.
In some implementations, new tiles versions are added rather than new tiles replacing old
tiles.

The client device requests a tile at a specified set of coordinates 612. Though a
new version of the tile at the specified coordinates is available, the client device receives

a cached copy of old tile data 614. Requesting client devices continue to receive the
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cached version of the old tile until a request for the root node is received from a client
device.

In some implementations, the client device re-requests the root node when a new
session is started 616. The root node can also be re-requested if the cached entries on
proxy server 620 expire. After requesting the root node, the client device will send a
series of requests to traverse the directory structure in order to obtain a resource locator
for a requested tile.

The client device requests the root node 622 in connection with a requested tile
located at coordinates [X, y]. The proxy server 620 forwards the request 624 to the map
data server 630, and the map data server 630 responds with a list of the new root’s child
nodes 636, which the proxy server 620 forwards 638 to the client device 610. The client
identifies which of the root’s child nodes should be subsequently requested by using the
most significant bits of the x and y coordinates. Among the new root’s child nodes will
be a resource locator for a new intermediate node created after and in response to the
addition of a node for the new tile.

The client requests the new node 632. The proxy server 620 forwards the request
to the map data server 630. In response to the request, the map data server 630, provides
a list of the node’s children 636, which the proxy server 620 forwards 648 to the client
device 610. The client device again uses the x and y coordinates of the tile being
requested to identify which of the child nodes should be requested. The client device
makes a request for the tile 642, which the proxy server 620 forwards 644 to the map data
server 630. In response to the request, map data server 630 provides the new tile data
646, which the proxy server 620 forwards 648 to the client device 610. Subsequent
requests for the tile at coordinates [x, y] (e.g. request 652) will result in the proxy server
620 responding with a cached copy of new tile data 654.

Embodiments of the subject matter and the operations described in this
specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Embodiments of the
subject matter described in this specification can be implemented as one or more
computer programs, i.e., one or more modules of computer program instructions, encoded
on computer storage medium for execution by, or to control the operation of, data
processing apparatus. Alternatively or in addition, the program instructions can be

encoded on an artificially-generated propagated signal, e.g., a machine-generated
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electrical, optical, or electromagnetic signal that is generated to encode information for
transmission to suitable receiver apparatus for execution by a data processing apparatus.
A computer storage medium can be, or be included in, a computer-readable storage
device, a computer-readable storage substrate, a random or serial access memory array or
device, or a combination of one or more of them. Moreover, while a computer storage
medium is not a propagated signal, a computer storage medium can be a source or
destination of computer program instructions encoded in an artificially-generated
propagated signal. The computer storage medium can also be, or be included in, one or
more separate physical components or media (e.g., multiple CDs, disks, or other storage
devices).

The operations described in this specification can be implemented as operations
performed by a data processing apparatus on data stored on one or more computer-
readable storage devices or received from other sources.

The term “data processing apparatus” encompasses all kinds of apparatus, devices,
and machines for processing data, including by way of example a programmable
processor, a computer, a system on a chip, or multiple ones, or combinations, of the
foregoing The apparatus can include special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) or an ASIC (application-specific integrated circuit). The
apparatus can also include, in addition to hardware, code that creates an execution
environment for the computer program in question, e.g., code that constitutes processor
firmware, a protocol stack, a database management system, an operating system, a cross-
platform runtime environment, a virtual machine, or a combination of one or more of
them. The apparatus and execution environment can realize various different computing
model infrastructures, such as web services, distributed computing and grid computing
infrastructures.

A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled
or interpreted languages, declarative or procedural languages, and it can be deployed in
any form, including as a stand-alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing environment. A computer program
may, but need not, correspond to a file in a file system. A program can be stored in a
portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in

multiple coordinated files (e.g., files that store one or more modules, sub-programs, or
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portions of code). A computer program can be deployed to be executed on one computer
or on multiple computers that are located at one site or distributed across multiple sites
and interconnected by a communication network.

The processes and logic flows described in this specification can be performed by
one or more programmable processors executing one or more computer programs to
perform actions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for performing actions in accordance
with instructions and one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. However, a computer need not have such
devices. Moreover, a computer can be embedded in another device, e.g., a mobile
telephone, a personal digital assistant (PDA), a mobile audio or video player, a game
console, a Global Positioning System (GPS) receiver, or a portable storage device (e.g., a
universal serial bus (USB) flash drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of non-volatile memory, media
and memory devices, including by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks
or removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a computer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for displaying
information to the user and a keyboard and a pointing device, e.g., a mouse or a trackball,
by which the user can provide input to the computer. Other kinds of devices can be used

to provide for interaction with a user as well; for example, feedback provided to the user
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can be any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any form, including acoustic,
speech, or tactile input. In addition, a computer can interact with a user by sending
documents to and receiving documents from a device that is used by the user; for
example, by sending web pages to a web browser on a user’s client device in response to
requests received from the web browser.

Embodiments of the subject matter described in this specification can be
implemented in a computing system that includes a back-end component, e.g., as a data
server, or that includes a middleware component, e.g., an application server, or that
includes a front-end component, e.g., a client computer having a graphical user interface
or a Web browser through which a user can interact with an implementation of the subject
matter described in this specification, or any combination of one or more such back-end,
middleware, or front-end components. The components of the system can be
interconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN”), an inter-network (e.g., the
Internet), and peer-to-peer networks (e.g., ad hoc peer-to-peer networks).

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.
In some embodiments, a server transmits data (e.g., an HTML page) to a client device
(e.g., for purposes of displaying data to and receiving user input from a user interacting
with the client device). Data generated at the client device (e.g., a result of the user
interaction) can be received from the client device at the server.

While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to particular embodiments of
particular inventions. Certain features that are described in this specification in the
context of separate embodiments can also be implemented in combination in a single
embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may be described above as acting

in certain combinations and even initially claimed as such, one or more features from a
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claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to
achieve desirable results. In certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various system components in the
embodiments described above should not be understood as requiring such separation in
all embodiments, and it should be understood that the described program components and
systems can generally be integrated together in a single software product or packaged into
multiple software products.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel processing may be

advantageous.
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What is claimed is:
CLAIMS

1. A method for caching tiles in an interactive mapping system comprising:

receiving, from a first client, a request for a root node of a directory structure in
which resource locators for nodes are generated based on a hash of resource locators of
respective one or more descendant nodes, wherein requests for parent nodes generate
responses containing resource locators of respective one or more descendant nodes, and
wherein leaf nodes are associated with corresponding resource locators for tiles in an
interactive mapping system;

serving, to the first client, a first configuration of tiles, wherein each intermediate
node and each tile is served as a cacheable resource;

receiving an indication of a new node added to the directory structure, the new
node corresponding to a new version of a tile;

adding to the directory structure one or more new ancestor nodes of the new node;

receiving, from a second client, a request for the root node; and

serving, to the second client, a second configuration of tiles including the new
node, while continuing to serve the first configuration of tiles to one or more other clients
that requested the root node before the one or more new ancestor nodes of the new node

were added.
2. The method of claim 1, wherein adding one or more new ancestor nodes of the
new node comprises switching from serving the first configuration of tiles to serving the

second configuration of tiles after a new root node is added.

3. The method of claim 2, wherein switching to serving the second configuration of

tiles comprises swapping a root node indicator from the root node to the new root node.
4. The method of claim 3, further comprising serving, in response to receiving, from
a second client, a request for the root node, a response containing resource locators of one

or more descendant nodes of the new root node.

5. The method of claim 1, where the resource locators for tiles include a version.
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6. The method of claim 1, further comprising serving the second configuration of

tiles with an indication that one or more tiles are cacheable.

7. The method of claim 1, where updating resource locators for each of one or more
ancestor nodes of the new node comprises adding to the directory structure the one or

more ancestor nodes for the new node.

8. The method of claim 1, where the resource locators for tiles include map
coordinates.

9. The method of claim 1, where the resource locators for tiles include a hash of tile
data.

10. The method of claim 1, where resource locators for the root node and each parent

node are generated by a hash function.

11. The method of claim 10, where resource locators for the root node and each parent
node are generated by a hash of a concatenation of resource locators of one or more

respective descendant nodes.

12. The method of claim 1, further comprising generating a separate directory

structure for each of one or more zoom levels in the interactive mapping system.

13. The method of claim 1, where the directory structure is a quadtree or a B-tree.

14. The method of claim 1, where the indication that the tile is cacheable comprises

an HTTP header.

15. A system comprising;:

one or more computers; and

a computer-readable storage device storing instructions that, when executed by the
one or more computers, cause the one or more computers to perform operations
comprising:

receiving, from a first client, a request for a root node of a directory
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structure in which resource locators for nodes are generated based on a hash of resource
locators of respective one or more descendant nodes, wherein requests for parent nodes
generate responses containing resource locators of respective one or more descendant
nodes, and wherein leaf nodes are associated with corresponding resource locators for
tiles in an interactive mapping system;

serving, to the first client, a first configuration of tiles, wherein each
intermediate node and each tile is served as a cacheable resource;

receiving an indication of a new node added to the directory structure, the
new node corresponding to a new version of a tile;

adding to the directory structure one or more new ancestor nodes of the
new node;

receiving, from a second client, a request for the root node; and

serving, to the second client, a second configuration of tiles including the
new node, while continuing to serve the first configuration of tiles to one or more other
clients that requested the root node before the one or more new ancestor nodes of the new

node were added.
16.  The system of claim 15, wherein adding one or more new ancestor nodes of the
new node comprises switching from serving the first configuration of tiles to serving the

second configuration of tiles after a new root node is added.

17. The system of claim 16, wherein switching to serving the second configuration of

tiles comprises swapping a root node indicator from the root node to the new root node.
18. The system of claim 17, where the operations further comprise serving, in
response to receiving, from a second client, a request for the root node, a response
containing resource locators of one or more descendant nodes of the new root node.

19.  The system of claim 15, where the resource locators for tiles include a version.

20. The system of claim 15, where the operations further comprise serving the second

configuration of tiles with an indication that one or more tiles are cacheable.
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21.  The system of claim 15, where updating resource locators for each of one or more
ancestor nodes of the new node comprises adding to the directory structure the one or

more ancestor nodes for the new node.

22. The system of claim 15, where the resource locators for tiles include map
coordinates.

23. The system of claim 15, where the resource locators for tiles include a hash of tile
data.

24, The system of claim 15, where resource locators for the root node and each parent

node are generated by a hash function.

25.  The system of claim 24, where resource locators for the root node and each parent
node are generated by a hash of a concatenation of resource locators of one or more

respective descendant nodes.

26. The system of claim 15, where the operations further comprise generating a
separate directory structure for each of one or more zoom levels in the interactive

mapping system.

27. The system of claim 15, where the directory structure is a quadtree or a B-tree.
28. The system of claim 15, where the indication that the tile is cacheable comprises
an HTTP header.
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